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Biological characterization of a bacteriocin produced by
L euconostoc mesenteroides inhibiting Staphylococcus aureus
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Abstract: [Background] Staphylococcus aureus is a key reason for the increase in the global
drug resistance burden. Bacteriocins produced by lactic acid bacteria are a new method to treat
pathogenic bacterial infections and has broad application prospects. [Objective] To screen the
bacteriocins of lactic acid bacteria that inhibit S, aureus. [Methods] The agar diffusion method
was used to screen the bacteriocin-producing lactic acid bacteria. Strains were identified by 16S
rRNA gene sequencing and a phylogenetic tree was constructed using MEGA 11. After the
effects of acids and hydrogen peroxide were excluded, the anti-enzymolysis property, pH
stability, and thermostability of the bacteriocin produced by this strain were characterized. The
growth curve, acid production capacity, and tolerance to simulated gastric fluid of the strain
were studied. [Results] A strain named Leuconostoc mesenteroides WJY-6 was isolated from
pumpkin in Yanji. It secreted a bacteriocin showing inhibitory effects on S aureus from
different sources. The bacteriocin exhibited a good anti-enzymolysis property and maintained
over 35% of the inhibitory effect after being treated at 100 °C and 121 °C. The bacteriocin
showcased the strongest inhibitory activity at pH 3.0-5.0. The strain entered a stable growth
phase after 18 h, with the pH dropping below 5.0 after 8 h, which steadily improved the
inhibitory effect. The strain showed strong survival ability and proliferated actively in the
simulated gastric fluid. [Conclusion] L. mesenteroides WJY-6 has a strong acid production
ability and good tolerance to simulated gastric fluid. Moreover, it secretes a bacteriocin with
excellent physical and chemical properties and inhibitory effect on S aureus. The bacteriocin is
expected to become a new alternative of antibiotics for the prevention and treatment of S
aureus.
Keywords: Saphylococcus aureus; lactic acid bacteria; Leuconostoc mesenteroides; bacteriocins;
biological characteristics
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Saphylococcus aureus, MRSA), DL &5 H BLHY
it 7 T B R 4 ¥ A A BRI (vancomycin
resistant Saphylococcus aureus, VRSA)™?!, i i
25 TR ARG ZEAE A5 KRR, B A ER AL
HERE, [ AS454 i 24 2 R A T R A PR . B2l
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PE. W PESBEFLIR K, FLE ARG, IRBETE
HIEERTA R 5 TEWE 5 b, RIS 30
ZEA R (AN 3L S A A e ML e N 12
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yeie 11 % 2R E ey . FLER I R 5 4
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FME!
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1.1 #&

A NVEEACR AR F 3 A O i i s 4
GAEERE P2 (R, & OHEERE TXY-1
GEIR) . &M OMEBRE ATCC 25923 Mk
M B 24 Be sl PR 27 BE s WA P 5 b gz it
HERAE -

1.2 FEXFIFOMNEE

BN . BEE A E A K, Jb R
K TR IRA ] 388 B . ARJNEE
A TAEY TR RMARAR; FLRRGHT
aliy, [ 25 5 Ak A BR S | s R AL (5
Mraf), REa Rib2= AR A RA A Afkdh
VWL, TR EIR 25 A BRZA vl 5 DNA 2
BT 6, m ot v MEE AR R e A BR A D

HETAES, INERE ARG RAF;
TEIREEFRAE , Thermo Al 4 H 8l R KN,
FIRBHE A A BRA W PCR X, g% (Y
TABRAT YN, WARFERAY A F
e ZE Ay, R A AIRAR; M
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TGRSR S A T 5 R ol el A 4
RAERRAF,
14 FHBMEERMBAIEHEL
B ME T MRS Wigkssidkrh, 37 °C.
120 r/min ¥ 155 24 h, B MRS P35 35 5207
WRHAT 10 15 RINHREG SR AT MRS B
FEIEFRAL, 37 °CHIRIG TR o TR TR VE H]
AR L AR S AT 2L IR, R W
HRIREA . PRI R 5 2 MRS W55
P, 37°C, 120 r/min $ERIEFEES SR 24 h )5 F
—20 °CPR-A7 7
1.5 E#k WJIY-6 B 16S rRNA EF L E
FI 1T DNA £ B0 & P2 iRtk WIY-6 [
IR 4, % i F 5 14 27F (5'-AGAGTTTGATCCT
GGCTCAG-3")Hl 1492R (5'-GGTTACCTTGTTA
CGACTT-3")%#5H DNA #17 16S rRNA K -
B PCR 1512 PCR 773 1o B IR Wi v
PRHEATA , [ H AR B, 64 TR TR (K
B A B R HEA T3 o 0 P 45 55 NCBI
B e e, YRS BAR T 51 HAT B AR
Feal, FIH MEGA 1P @ RGE L T .
1.6 Bk WIY-6 THE & B L FRAH &
MR8 SCHR[14-161 57 3R J7 v il 28 To 08 & e
TH U R WIY-6 DL 0.5%FERh T 200 mL
MRS W7 F3E, 37 °C. 120 r/min §& 7 5
24 h, 6 000 r/min &.0>» 15 min, 4153 & B
FER . £HAE 50 mm, L2 0.2 um AY%K
FLak U8 B UE PR, 2 — 2P A3 B TR kB
TR
1.7 E# WIY-6 X8 L ERIME S RNE
S5 SCHR (171K AR AR BN 4 1002 K 42
WO A EREE ATCC 25923, 4 i (O A BR T P2
4 0 40 29 3K T TXY-1 43 1) U A1 78 MH [T 44
BigRdk b, SFARNATIL(ER 2 8 mm)fillA
200 uL JoIE Al LIEW, =ik, 37 °ClE

FE:FE 18 h, MADEE E EHAR .
1.8 HiBRBHIELRY T

B4l il 5 B FRTE MRS [ 1755 38 e rp 5 55
24 h, KB 1.6 IRAGRITCH &I RiEW, H
1 mol/L E LA 1 mol/L FLERVEY pH (K
4.0 i) MRS 75 FREE, IR pH (HA TS
KW A AT, A HLERHERR IR IR
1.9 HRRESEHEER

B 1 mL CH AR FIHWT 1.5 mL EP 4
Hh, G T AR A S A 3,37 °COKf 2 he
DAARZAC PR TR K T s WO X BE, 4 v ]
EJERTA ATCC 25923 NHE/RTA, R A4 HAABUE
P BOE BRI AR AR
1.10 E#k WIY-6 HiE ZEMF4F RN E
1.10.1 ERIXMAEZENZMN

U548 1 mL MO R IS WO E 1A
Mg JBEEE G . AN K. AR (A 3
P53 59875 pH {E R 2.0, 8.0, 10.0., 6.0,
7.0, HEEFHZRE N 1 mg/L"Y, F 37 °C/KIA IR
B 4hJFEGH, F 100 °CHE/KIE 10 min. LA
FITC I &I ESSROA T IEAL, I T R
1.10.2  HE R P EY R AR E N E

5% 1 mL BTG &I B35 T 40,
60 A1 80 °C/K¥A 2 h; 100 °C K 121 °CA3Hil ik
20 min 1 15 min, PLEICE & B FIEWRAE A XT
M BRI e W 1.7,
1.10.3  E ¥k WIY-6 {AE =AY pH 2 E N E

W TR WIY-6 B JC B & % 35 W pH (B 5371
P& A 3.0, 4.0, 5.0, 6.0, 7.0, F 37 °Cib#
4 h, FHARKCHEMTCIE K BE G WAE R0 B,
AT HAMR B IR T BGOSR LA
1.11  E#H WIY-6 B9 & B2 45 1%
1111 EKHZEHNE

W HE R WIY-6 470 F] 4 mL MRS W7R; 57
Ferp, 37 °C. 120 r/min ¥R 5555 £ ODgoo M 0.5
IHVE R R0, Hoh 847 2 mL MRS W15 773
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S As O IR ORI AR T 200 mL MRS
WS, 37 °C. 120 r/min $2K RS 36 h,
BB 2 h B 2 mL B, 7E 600 nm I 4 A #
i I %% B (OD) B MR 48 JIT 75 5040 225 il P Ak 1
AR,
1.11.2 7 EREE N RYNE

B R WIY-6 3 F1F 200 mL MRS A 55
Fikerp, 37 °C. 120 r/min ¥EPR IS5 24 h,
B 2 h BOREIN pH, 25 il R AR AS W] B B 7 pHL il
1.11.3  WJY-6 & Z N #h 2k /9N E

RIG AP TR T 200 mL MRS A7 5;
Fidedr, 37°C. 120 r/min $0K K BERE SR 36 h,
F3PE 2 h BUKBERE R 2 mL (3L 18 4%), ¥ukfT
24 °C, 12 000 r/min 0> 2 min, BCE3ER, W
FE HAM B B B AR (mm), F5/R N4 5 (8 45 K
I ATCC 25923,
1.12 E# WIY-6 HIBRMZTEN
N E

KRR Z 5 mL MRS R85,
37 °C. 120 r/min #EF 535 24 h, 5 000 r/min &5
0215 min, F 5 mL Jo R AR BRER AW R AR R T EE 2
W IEVENE R A B 0.5 mL JINA 4.5 mL
pH {E°M 2.0, 2.5 i1 3.0 [AHL H #(0.2% NaCl,
0.35% 8 B, T 37 °CHIER: IR 18 h, il
HIE W ODgoo fH, 1ERiRIRA . BUSW 0.5 mL
B 4.5 mL PBS H1, 37 °CIHIREE;FR 18 h, IH:
FEFR ML ODgoo fH, 1ENXTHRZ .
1.13 #HUESHR

AR AR BRI 3 R AE YA,
DEEMETE R 50 15 80 A Origin
2021 FRAEXIRIE S R ST M. MEETE Y
(o) =120 £HL 411 1 P /%o MR AL BT P < 1005 2E KR
(%)=(iX 541 OD {H - X} HE 41 OD {H)/% #8441 OD
{E*100,

2 BER540

2.1 EHRFESFEHHE

PAkE WIY-6 7 MRS [E {55723 L IRE B
BREESEIE, REDLH, FIEOE, A7 EE
fif o KAV BERE IR (E 1A); Bk 5 22 [ PH
W, EREERR, RESHI, ALk Db
HEHES (18] 1B).
2.2 16SrRNA ERLTELER

TR IR WIY-6 200 5 15 2 7 51
#E 47 BLAST Xy, B EK Wiy-6 5
Leuconostoc mesenteroides FHIPE 75 99.24%.
iz AR AR R R R EW, 45 R R VIR
WJY-6 5 Leuconostoc mesenteroides subsp.
mesenteroides strain CBA3607 (CP046062.1)4bF
[Fl—43 3, [AHRT DAR 2 i 26 H A BRIk WTY-6
ol R R R A (] 2)
2.3 Bk WIY-6 HERBIIMBEIEES
2.3.1 Bk WIY-6 AE R AR E 1458
HE = HERR

J T HEBRM Y B A LR A AR, R
1.6 "REYJCRE AR FIEWEAT T HRRR A A b S
I, PIE W ERATERE ATCC 25923 NHE/RH ,
RINGEE WIY-6 KT8 b5 R A SR M B s

El1 E# WIY-6 MEEHRSAMEZRREE
¥ & (B)

Figure 1  Colony morphology (A) and Gram
staining microscopy image (B) of strain WJY-6.
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2 Bk WIY-6 T 16S rRNA HEEAFFHEWHRZ L BB

$5  0F B 10 GenBank %35

73 3 B RECFRERIZ S 3 bootstrap (85 26 T A IR B AR RACZR A Wy ) 22 S BB ARG S K

Figure 2 Phylogenetic tree of strain WJY-6 constructed based on 16S rRNA gene sequence. The serial number
in brackets represents the GenBank accession number; The number on the branch point indicates the bootstrap
value of the branch; The distance scale in the lower left corner represents the unit length of the biological

difference values.

PE, T pH (K 4.0 B MRS N85 35 2 0
T, FTHEWHD S Y SO ERRSS, s A
TNAT 3 AL S e 10 T PR T B B AR A, Rt
VLI RIAR WIY-6 I 4 1 2= P s /E IR 2
i EA A
232 EHRWIY-6 fIFEZNERIEREMN

FRIRE WIY-6 4HTH 2 4 B 8 AN . EE A .
I K AR IR AL 2 3 A PR 4 h s
JEREE e S 2R T K A TR WIY-6 G R IG T
HEHLBIRAC, Mtk WIY-6 1™ 40 18 Z Betk
SFHCAE A TV G | A 1 R 8 2 2R T R 7K
fif, PRFFRAFAOPIRAIETE . AR 25 2 B R T Ak
WIY-6 JIr 774 1 28 HAT 300 1) 2R 1 A RS e 1, ]
WA E —Fh B R GR 1)-
233 EHHkWIY-6 iEER) pH F2E S

Sy VR EE IO R e LIS pH JFTF 37 °C
FAF N YERF 4 h, SR A B 0 A LA B T
M4, pH 8IS AT T KV pH I Y
PR PR, AP HA 3.0-5.0 I H B
(1),

234 FEHkWIY-6 AAEEZHRIEaEM

43 ) A [m] 3k 2 o 240 B8 28 A AR 3L, 43
X} b4 i (0 A A BRI ATCC 25923 (4 .
FRem, R 1 AIA, B WIY-6 JoR AR L
T VR 1 A TR ST v T A R A HE T T
100 °CAbPE 20 min, [ 0T 4 v €0 8 25 BR 1A
ATCC 25923 {KIHA RAFRYINETGYE, MR H
RTE 17 mm 247, RATERR WIY-6 & BRI
ELA B iR PR E T, R TR P B B ) o
it B e A P A R RIS R
M1,
24 HHRWIY-6 BUEKHZk. FERIFIHER
HD & h 2k

AGRIGIE T HRE WIY-6 36 h 194 KAR KK
B, BEFRZY 8 h RIS A K], 3T 18h )5
PEAFGE W AR TRAE JI98 , 7ERER 4 h B,
pH {H FF&3 5.5 &£47, 3 8 h itf, pH T 5.0
IR, JFHAEMAS R WIY-6 BTG KB L5
THHEHAMEEME, EHEAEREEH 6 h I
TEMEIARUE . RN KMHIEFE 26 h
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x1 ZHEg. pH. REX WIY-6 HEHZMNEE
4 B 52 0

Table 1  Effect of various enzymes, pH, and
temperature on the antibacterial activity of WJY-6
bacteriocins

Item Diameter of inhibition zone

Enzyme treatment

Control group ++++
Trypsin ++
Pepsin ++++
Proteinase K ++

Pineapple protease ++++

Papain 4+
Acid and alkali
treatment

Control group ++++

3.0 ++++

4.0 4+

5.0 +

6.0 -

7.0 -
Temperature disposing
Control group (°C) ++++

40 4+

60 bt

80 ++

100 ++

121 +

++++: >25 mm; +++: 20-25 mm; ++: 15-19 mm; +:
9-14 mm; —: JCHTE

++++: =225 mm; +++: 2025 mm; ++: 15-19 mm; +:
9-14 mm; —: No inhibition circle.

RER K, 32h JEdEA TS, LK 26 h 1E
MR WIY-6 B & It E () 3).
2.5 HHk WIY-6 1R B iR 5 g
FLIR A AE sl i 8 W 18 v 3 5 0 Ok 22
WRARER . B 8 X R PR . 45
Wn, HHE WIY-6 TEAN[R] pH AL B W 1
A —E W2 e 1, Horbial e 20 AR TE AL B W
(pH 3.0)F4bHE 18 h A K FE & (3% 2), UHiX

IR R Microbiol. China
6 | [J Antibacterial diameter 30 6.0
.+ 0Dy, = 1os E '
5 - . p =l [mm | g- 5.0
ne ] 20 5140
g T : alla 1.8
=3 s I** el 155 {3.0%
S s & =
2+ = 410 § 12.0
1 i E‘; 1.0
¥ 1s 211
o0 laas <40.0
PO N R Y i N

£

| Ll 0

4 8 12 16 20 24 28 32 36
Time (h)

3 EPEWIY-6 BT RANE thzk
Figure 3 Growth curve and antibacterial curve of
strain WJY-6.

R2  EK WIY-6 15 B &M 5 58 11 ROHEINIZE R
Table 2 Detection results of simulated gastric acid
tolerance of strain WJY-6

pH  ODggo of the  ODgy of the Growth rate (%)
control group experimental group

2.0 0.76 0.89 17.11

2.5 0.80 0.93 16.25

3.0 0.76 0.90 18.42

R BRRAS(GE DA UL S T B85 , i RE A FHIZ PR B
PP, IbAh, HER WIY-6 i8] LT 32 AN [H]
pH EZ14F(2.0. 2.5 F1 3.0) A B R
3 it

Tiif 24504 BB Ry A Bk PEPR R, PR TR St &
B — PR 259 AT I R S gk 4 9 €0
PRI SEHL S MR AR 5, R0 B0 Uk
Yo, FIFE KA A, X BARAE HT XA FZ A
RESBIER7I S S <N 1 AV S
ERRYTIE, W O HAR AR A, WA
A R RR A i L s an i g P 235
WA EANFLRREEERIE R . REER . B
PR 2R A A ) BRI R S RIBE SR, BN TES)
PR o RT3 R SR T 22 B 4 B 00 A 7 1K T Uk
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ge, MR HK & sz F IR R E . B
FEVE, AR B A BRI RE RPN
. BARREPR I B AR BT 1R
AR PRASCR, WA SUR I A A R
PUTR B 28 NPT P ROR AT S SE R 220722
SR R 3 o LR B AN A R I ST T IR
A, HAERT R B 12 W FE 7 .

ARG FH D R ER R WIY-6 M BFSY
X G2, L4300 4 fi BB B R T 22 0400 o D oA A
A=W A T HA BE A . de Paula 5P
I 1 RS B B R D ) — B T R LA A0 DA A T 2R
MIRE ), Hpde RZHUE T a 25, FFRIMHXT
2 TE (Listeria spp ) AU HIVER] . Daba %12
T oy gt — bR B B 2R ULS, 2t
YR WY HORR T 7 26 1) 4 TR 3R R A Bk 22 1k 2
¥ 7 (Listeria monocytogenes) HA #llfil 1 H
I HAEE 5 Hofth 25 4= T 3L 77 . Hastings 252
Wulijideligen %5 P71 52 iz 5 B AR R 1 7 A Y
NP ZINH TARERE R A . SR, SC T AR
FR B TR R TE 7 IR AS R U 4 o5 €0 88 40 BR A R e
THT AN FHARGE 5 R B =2 . BRLIL, AR5 I St Xt
G v 0 ) 2 PR TR SRS 1 A AT A e LA
P

ARWFFEARYETE S HFAE , 454 16S rRNA FE[H
FEGI o S E bR WIY-6 NI sk . &
PUERCR I E , WIY-6 I 772 18 25 5 AN ] e U5 Y
& WO A BRI BT B MR ROR, JRREE T
121 °CHY 5 F A7 , 7€ pH 3.0-5.0 (SR FRIF I
T, HMESERIU B E . A, Wk WIY-6
25 s O R R, 205 18 h BB Ak
B ARERHYERE 17% 40, ARE, X
— 25 BN 7 A PSR bk SI03. CCo4 Al
DDOS5 (AL E ORI 25 RAFfE 2 5, bl 4
Wr WIY-6 H4 76 B IS T AT 1. Beoh,
FEAE R ZRME TRk WIY-6 HLAS R ) =

BRAE ST, BIMRIGIRIEA 12 h N, pH (EE T3]
4.0 IR, X 5INPT 8 MR A R LR P R
I I 2 SR FA— 0, SRINT, IZBRRAE 37 °C
S R SR 24-32 h U 7= B4 B 20 4 v e A
BRI R B ok RO B TG, 590 Ok i AR RO
TEPIFLFF I L3 4058 30 4 th e 45 R AL
SIEE R | P B H R TR T B A )
AIVER Tk m, Wi HE ik WIY-6 20l
{14 9 Jo 2 — i PR T AN [] 8 4 U 4 0 € e A K
PRI AN P 2 o A B B R BUE R IRIT sh iR
AN IR AT R 25 . SR n] XK AN T
AR FUATHEGE, R IA 4 o R A R B
B 5E LA

4 Hip

AT E AR T IR R ER R WIY-6 i
7 2 TR 2R 6 A ] T 4 60 2 3R TR Y 0 B TS
PE, SRAA- ARSI /O e th A T R B
R F R A L T s T D B A 0 Y IR
TN, FEMCERD -, FRATE NS WIY-6 1Y
A AR RS I AR L YR TS 52 B 7 42 40 %
AR EAA A A WIS . BRI, X A
GERIRYT 4 OO A K T S PR AL TR BT
Kol
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