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Abstract: In order to establish the application platform for antibiotic and antiseptic application of
Lactobacillus rhamnosus bacteriocin, the author explored its antibacterial properties. The main
regulatory gene of Lactobacillus rhamnosus was found to be wo-a/2, which was determined by
DNASTAR as the whole gene sequence analysis software. The wo-a/2 gene was expressed by
prokaryotic expression method and its solubility, induced expression conditions, immunogenicity,
hemolytic activity and antibacterial characteristics were analyzed. The results showed that
pET-32a-wo-a/2 plasmid was successfully constructed and expressed Lactobacillus rhamnosus
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bacteriocin WO-A/2, which mainly existed in the form of inclusion body. When pET-32a-wo-a/2
plasmid was inoculated in LB liquid medium containing Amp" and induced with IPTG at a final

concentration of 1.0 mmol/L for 8§ h, the expression of bacteriocin WO-A/2 reached the maximum. It

was verified from the double-layer Oxford cup blood agar plate method that Lactobacillus rhamnosus

bacteriocin WO-A/2 had no hemolytic characteristics either at different concentrations. Bacteriocin

WO-A/2 was found to promote the apoptosis of Staphylococcus aureus, as observed by dual

fluorescence staining and laser confocal microscopy. This study provides a reference for

Lactobacillus rhamnosus bacterin to be a safe and reliable antibiotic agent.

Keywords: Lactobacillus rhamnosus, bacteriocin, antibacterial peptide, receptive cell, prokaryotic

expression
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BBt LV 20 A AR AR

1.1.2 £ ZiX#  E.coli DHSa & Z 540 E.coli
BL21(DE3) %52 A5 240 M . 105 55 P AE W) e R A BR 2>
] ;pET-32a(+) #{k ,pMD-19T #{k T4 DNA i# %
fiti x*Taq DNA A0 Hind M Xho 1 B2 i 1 4% 2
WU . 5249 T/ (KRi%E ) A R A 7 ;2xTaq PCR
Master Mix: 75 M 5 15 A& % F42 A R 2 A ;DNA
Maker DL -2000 .DNA Maker DL -5000. % [ J&i
Maker (41 %F 43 F i f# 10 000~180 000) : %8 = K /=
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i 1) wo—a/2 5K 42 )7 5] (GenBank : HV942910.1) ,
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Hind M #1 Xho 1 B il PE 4% % o D) B R AL 83, 514
M B4 T (EY) TREE AR RA AR,

1.2.2 PCR #73% Z M4 B H 24 DNA 2 B 5
UL PRI B ZLAT I XA2-14 TRBRIE R 4L, L
FEHUH B2 FLAT B XA2-14 T8 bk 3 DX 24 0 R
L RS Y #E4T PCR 9714 ,95 CHAE £ 3 min,
95 CAE M 30 5,55 Cil &k 30 5,72 CHEAH 30 s, i5
1730 MMEER 4 CIEELE 7 min, § 315 2% PCR
FE ) 2 Al Ak I v BE E) pMDI19-T 2 & 5 A E.coli
DHS5a JBAZ 820, FAMERVE 28 PCR A48 )
HE AT () TRA A R ST 3T,
123 JRkegE SRR /N E R BOLH &
WY B2 B b 3 BH M TR 9 00 TR, B AR 5 Y BH 1 Jo R
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SR 5 I S B A e e e i 3k ) & gl Ak B i 3R R
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it 3% B2 IS VWS ) K S HE AR R BT 4 ClE L 8 |,
4G N E.coli DHSa JERAZ 254N, 7 - 1L+ Pk I &
IBHPE S 5 51T PCR, PHYERVE 3270 T & Amp*
B LB AR R 72 3 55 3% 7 h, S0 B A sk 0k
AT UL V) 5 0, 5 0 TG 1 B IRz 58 P L v A
T(EY) TRA R F AT %5
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37 CIRZEEFRF T 180 r/min K5 5% , 24 ODgy 15 3|
0.4~0.6 I, A 55 F2 W h A ALK E T mmol/L 1Y
IPTG, THR & A T4k LLA S 8 h, A 5K
TR, F 0.1 mol/L PBS ¥ Uk A 1A , 15 B8 75 1 i
TAE 3 s, 815 5 s, 75 A 13 min, 12 000 r/min
B0 10 min, B LI 100 wL, I 100 pL 0.1
mol/L. PBS T &ULHE, 7E 5xSDS-PAGE % 1k Lk
ZEph R B 15 min 8 AT K 10 wL AR
I BE AL, BB VKA H R 80 V, T-AE 40 min,
Bifl 5 K R TR 22 120V, TAE 30 min ; B fiE H 9k 45

Ja % B e AR IR 1~2 h, RO
8 1~2 h, 73BT 8 B AT

125 @@ E08iFFEHFRL HE WO-A2
VB IE AO B . 3% 1.2.4 AT R R SR IR, Y
ODgy 5 5] 0.4~0.6 BF EERE IR R 5 41, B4 100
mL, 55 1 AR AL, Hgy 4 A m 3524 4o
AL E N 1 mmol/L 19 TPTG, T 37 CHEIRH 180
t/min 5, FE 2.4.6.8.12 h IH 1 mL B,
ZER KRB RE . B0 SDS-PAGE MLk, #iEME &
WO-A/2 1y A5 T 1) ]

IPTG W5 FE U E . $%¢ 1.2.4 5 ks 3%
B, 24 ODgy 15 0.4~0.6 BF K5 55 320 M 6 41,
R4 100 mL, 55 1 LA e AL, oA o 5l ¢
Wk 0.6.0.8.1.0.1.2.1.4 mmol/L. 1 IPTG %5,
8 h JF W AR 45 LR ML , 48 TR B 20 \SDS-PAGE
HLIK , 105 PTG M Ee RS Sk i
1.2.6 @ idksie  F S a0 0wk,
12 000 r/min 50> 30 min, BHEVTIE, H 20 mL & 48
5 B Binding/Wash Buffer 2 A W A UL TE , 54
5 mlL 8 AE 48 B O A SR 3 10 mL (9 D0 3E &
W, BT 4 CCUKAR #0601 R A8 M 5 i, 1D
i WO-A/2 S H AR, W H IS AR
B Elution Buffer ¥E R FE Y5 His #r & 45 & H)
H# B, EE 2 0, PE R B g4k J5 ) 28 1
R WO-A2, ¥A2 TR0k W 1T SDS-PAGE Hik,
3 WO T A AR T A Al AR RO |
1.2.7 Western-blot % #7 % & 1.2.4 ) J5 & X
WO-A2 #EATHLTK, R TP T BE ALK B8 I e 2
PVDF JBE | ¥ 5 & T 5 2t 53 8 5% 0 B fig FL b 5 741
4 h, FEBHW, HH IXTBST WUk 3~4 ¥k, FH R T
HATRPUAET 4 CHEF 12 h, FH IxTBST vk 3~4
W, B 10~15 min, 15 Ve B8 1R 58 4 R LAk .
¥ Goat Anti-Mouse IgG/HRP 4 — i, E I HF 2
h, THVE, B3,

1.2.8 Ed & 2 SR A4 A I B AR 7
ML X A 3 WO-A/2 B I35 P UE AT 2 P 2 T
TS S B T A 2% AR R SR, mE
iy 121 CK P& 20 min, JUCE THEG TAEGREE 50
C, WINIE & JC W e 2 i, Al L 2R B0k
7%, 2GR TP 90 mm - HILJS {5 A It
Tilg, IR EE BB AR R WO-A2 B
B, 510 LC 21 (4 A fe/ MR ) MC 4 (16 1%
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/NI R ) HC 4 (32 fis e /MM W E ) | b s
MU T RE S FL AR A 150 Wl bk e B ) 4 T R
WO-A/2, 15 B BE ZH R0 BH A X BE A, 9
X HEZH A 0.1 mol/L PBS 28 ik, BH 1 Xof HE 21 hy 75 14
U340 1% Triton X-100 FIZZ ik .37 C R F 48
h, BAEEME 3 MY EEA

fi 1 96 FLAR XS 4 B2 WO-A/2 By 10035 7
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W BLARBU BN 4%, Bl 5K 30 WL 192148 i
VS S5 AN TR BE AN TR 2 WO-AR IRA, £ 37 C
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21 BEBIATEAEE WO-A2 NEZRIEER
DB W ZLAT R L R A AR, DL 1-F  1-R
5191, 24 PCR ¥ 44543 T2 126 bp FI 40 % DNA
J B, Je g 42 AN SRR KN T AR R (L ]
1), K iz A B pET-32a(+ ) 8K & % )5 561k =
E.coli DH5a JE3Z 54 M, 28 PCR ¥ 3475 212y 126
bp 2% (WL 2), $£H pET-32a~wo-a/2 J5 K i
XTI I UE (VLI 3) %5 BigE0 7= B I, A5 1 )5 51
5T L IR 40 Lok 4 AR — 3
22 REBAHFHAERE WO-AR FEXEHMR
&R
WAL 4~7 FiroR AL TR AR 2 2 4 TR R 1Y 23Rk
B2, A BAHXS 7 7 B i 2928 26 000, AR
29 1.0 mmol/L i) IPTG 5% 8 h, 4l % R WO-A/2 1)
Tk K, SDS-PAGE HJkZE R R (WK 7),
WO-A2 WAL AR G v Sk 0 ds A, dife
Je A B T AHXS 4 26 000 Y E T,
bp M 1
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Fig. 1 PCR amplification results of L. rhamnosus wo-a/2
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Fig. 2 Identification of clonal vector bacteria by PCR

electrophoresis
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Fig. 3 Identification of positive plasmids by double

enzyme digestion

180 000
100 000
75 000
45 000

35000

25 000 26 000

15000
10000 M

M. 25 15 marker; 1. 85 080 5 04 B8O 138 05 2. BB 1 A1 AR
TUTE ;3. AR L W5 4. AR WERE (Y T0E
B4 HMER WO-A2 MATAESTER
Fig. 4 Solubility analysis results of bacteriocin WO-A/2
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Fig. 5 Optimized results of induction time of bacteriocin
WO-A/2
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Fig. 6 Optimized results of IPTG—induced concentrations
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Fig. 7 Purification results of bacteriocin WO-A/2
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Fig. 8 Western-blot results of identification of bacteriocin
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Fig. 9 Results of hemolytic activity of blood agar plate
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Fig. 10 Results of hemolytic activity of bacteriocin WO -

A/2 in different concentration groups
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Fig. 11 Quantification results of hemolytic activity of
bacteriocin WO —-A/2 in different concentration

groups

1h 5h 9h

Bf X

A ZEWO-A2

PR X Hit 2]

12 AO/EB WHEAXFBER
Fig. 12 AO/EB dual fluorescence staining results
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