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Abstract: Objective: This study aimed to enrich the functional
lactic acid bacteria resource bank and to search for excellent

starting strains of lactic acid bacteria with the antagonistic ability
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of Vibrio parahaemolyticus. Methods: Lactobacillus strains with
broad-spectrum bacteriostatic potential were screened by Oxford
cup bacteriostatic test, and their biological characteristics were
discussed by growth and metabolic performance, gastrointestinal
fluid antibiotic  sensitivity —and

tolerance, salt tolerance,

bacteriostatic spectrum. Results: Six strains of lactic acid bacteria

were screened by using V. parahaemolyticus as indicator

bacteria. They were classified into L. paracasei, L. fermentus

and L. plantarum by morphological, physiological and
biochemical identification and molecular biological identification.
Among them, the bacteriostatic activity of L. paracasei Al was
the best, the total number of colonies within 24 hours exceeded
1X10° CFU/mL, and the pH value of fermentation broth was
stable at about 4.1. After artificial simulated gastric juice
treatment for 2 h, the survival rate was 54.61%. After artificial
simulated intestinal juice treatment for 8 h, the survival rate still
reached 45.46 %. After 10% NaCl stress treatment for 24 h, the
total number of viable bacteria was > 1 X 10° CFU/mL.
Moreover, the crude bacteriocin extract of L. paracasei Al
showed good antibacterial activity against 13 pathogenic bacteria,
had broad-spectrum antibacterial potential, and no resistance to 8
common antibiotics was found. Conclusion: L. paracasei Al,

which can inhibit V. parahaemolyticus and has excellent
biological characteristics, was obtained.
Keywords:

Vibrio parahaemolyticus; Lactobacillus paracasei ;

screening; identification; biological characteristics
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L11 RE& R

A B R A IR 10l 10 L I IR Y el R L R
4 JLAEME .

112 f8R bk

M &5k ATCC10231, D41 5k i CICC22955 Bt A:
K R (63509 b R DL A B R AW
ATCC7830 , Bl 22 AR FR T ATCC19115 . 4 ¥ €8 3 %5 Bk
ATCC25923 BRI i AT B CICC221543 , K IR v IR B
ATCC25922  RAGIE VS TR CICC22956 |l 35 I 4 9K 4
CICC21618., % Y& {5 #4 s B ATCC13525., 0 4k K 9K

Zi2008 75 BN BR L IR /K AR BRI B - WV T B2E B AR
1.1.3  FZEF AR

MRS W% LB E 55 W7 LB [ 5 55 5 5 & i 1l
Y HAREGIRAF

AT HWUSP, LH) . A T/Mg i (USP, L)« I
TR A R A B

2.5 %0 [ 1 P 5 T Vs SR N DR BHECR IR D 5

Y 3 41 DNA $2BGR 7 £« 25 [ Omega Bio-Tek
/

/NG
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KAt AR E R G SR IR 4% - ZHWY-21128 T, 43
3 1T e AN o 2 A PR A D 5

ERXBEBE LML Sorvall ST 16R A, 7% [F FE Bk & i
IRBHA RA W

fif FR AL - Multiskan FC 9, 7 [ 38 B ¢t /R BB A R
NG

PCR 1% : AG22331 A, 7 [ 3L A {80 5] 5

B IR R G5 R HE 3500 B, F iR BERMHE A BR AT

Y VR M 45 A %% : FreeZone B, 5 [E Labconco 2 A ;

A= 4 B - SUS100 I, A A% JEOL A+ .
L2 WREAHE
1.2, 4ot 0 ol e T LR T R R O R JBORE
LA T MRS .37 CHiFR 24 h, Peik BA 745 JE 1
AR & 4 BT AR 8K 2 0 B R i B AP T MRS W
336,37 C# B A® 24 h,4 'C.8 000 r/min & .0
10 min, B EVE R EE R R T H 5 L WK%,
0.22 pm JEMETUE .4 CORAEST . HOM 804 0 &I s
MR O BE I 2 1107 CFU/mL, #F LB [H {k
SRR B 2R HERR L A3 SN 200 p L VR 45 k BV AN pH A
Ty 6 B AR R IR I L T B AR
1.2.2 W%

(1) B E0E Sl A4 AR 0 Pkt BA 90 30 )
1Y B PR T R 9 O 2 T £, E D BB T A B A
PN 2NN RN E 2

(D EHALEE KR ZRHERE, 2R GB
4789.35—2016 X & MR EAT AL A= B A AL 150

(3) T HEW %8 A B P 4 DNA $2 IGRR &
B R BB Bk B DNA, 2 8 3 46 W1 507 19 ik AT
16S rRNA J¥ % PCR ¥ #, H o, 1IE [ 31 4 271
5’-AGAGTTTGATCCTGGCTC-3", K [ 8] ¥ 1495r,
5’-CTACGGCTACCTTGTTACGA-3", PCR % i 4%
94 'C WiAEM: 5 min; 94 CA8#: 1 min,55 ‘C &P 1 min,
72 C FEM 90 s,30 RAFFR; 72 CEEAP 10 min, ¥ PCR
PR % A L AR AR B J Y .
1.2.3  PARHRBERAE  BOECAE K Y B0 BRI s 1
FLER T /0 B Ak . 0.2 mol/L W R 2% o Y80 V52 0% 45 0k o
FEB 6 1Y) 2.5 06 1% — 8 R B 58 TR S8 L 2% B M T AR R
BRI A R T 0 A7 451 1 Fi B0 U0 4% 4 1 2% THTRPAE
1.2.4 BMRAERKTRRIMZE K 2L ERTE 4 B Ak DL R4 5
2UHE TP R Y R T MRS WM B S b, 37 C
100 r/min B35 . B0 2 h il & ODsoo w A1 pH {H , 3£
136 ho LLBEFREF ) 8 AL 5 . LA ODsoo e A pH {H Ry 24
A R 2 1 T AR AR P IR £
1.2.5 WHRAT BB ZE ARESEEEE" 0
R+ NG DRE- WAL 7 = N = B % N AN 7R AR
MRAF TG %

S, =A,/A, X100%, @))
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MRS ARG SR b 0 B B 7 24 b B EE AR R A TR
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K.

Sy BRI R F L 00

C, NaCl & 5 0% i MRS 4 % #4915 B %
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1.2.7 AR A R BN D4 B 6 A Rk
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FLIR T 0 5 ik Ay A6 T R 4 A AR B 2 0 e Al i D
MRS W% ,37 CH#EREFF 24 h, HIREE KRS RAG T
LB 544, 4 058 3 bk Uk A7 T MRS &R, A
[ ol 288 19 25 S0 43 0 s T R RSP Al R T B8 AR G 3~
ARBIERAH A BAER& K 3 HAT, HER T
37 C ¥ 9% 12 h IR ta T 37 CHEFF 24 h. 43 500 & Hom
R E A IR 1 T E .
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Table 1 Criteria for determining drug sensitivity of

different antibiotics

i/ 2y Pk W AR #E/ mm

L 25 R

(ug* A H R I S
o] 557G Ak 10 <13 14~16 >17
AR 30 <12 13~17 >18
Fl & 5 <16 17~19 =20
I E 30 <14 15~18 =19
3k 6 8 Wy 30 <14 15~17 >18
RRER 10 <12 13~14 =15
H&ER 10 <18 19~28 =29
R e FH 30 <12 13~17 =18
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1.2.8
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2 RS0
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PR R AT 08/ (P <<0.05) 5 L MRS $5 55 35 g %) B8 L HE
FRJ5 MRS BEFHFEAZHMAE . BEFHREK
.24 pH Jy 6 B, FT HEBR B M 7= 4 6 10 B T M Y 52 e
6 A A2 0 TR 1) AR P HE B R M 7 T S AT R R i
S TR % B2 400 T8 T 0 T AR A LR AN P R 2 A

LP-AT 4004 MR 0% S 0 R ™
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KRG FBEA ] Fe 7R 28 53 .35 (P <C0.05) s ND g K A5 th
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Figure 1 Comparison of bacteriostatic effects of different

strains before and after acid regulation
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Table 2 Physiological and biochemical characteristics

of rescreened strains

K 0 6 AR Al B6 B8 E6 H4 J3
RLincy + + + + + +
LF e + - - + + -
R + + + + + +
H & e + - - + + -
US7hS; + - - + + -
S + - - + + -
iR + + + + + +
A5k - + + + - +
H¥E + - - + + -
LA - + + + + +
1% DR — - - + + -

T ROR I T R B

bp Al B6 B8 FE6 H4 I3
5000
3000
2000
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1 000
750
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250
100

B2 S #A4% PCR &k B

Figure 2 PCR electrophoresis of rescreened strains

RGEREM WK 3 iR, Wk Al 5T I ETE
(Lactobacillus paracasei) 3% 5 Z f 3T » W £k B6.B8.J3
5 % BB LT B (Limosilactobacillus fermentum) 3 %
% Z B L i bk E6LH4 ﬂfﬁ%ﬂffﬁ%ﬁ% (Lactobacillus
Planzamm)%i%ﬂé%ﬂiio SEWFBIESEE A
b5 R o TAE W 2 S 0 W TR R AL 28 T 8 2L B AT
WL AR B6.B8.J3 S Kk IR W FLAT T L T R E6 L H4 S 4K
YR I . 28 T W ZL I AT 1A B A (2 B 3.
Ho A ALAR R BE S T Re T, LG HE AR 5 B 1A
T 2 T A LV T B T R L LAY T L
it AT T B S8 4100 <1 ) L P IR L 4 B (0 T A BRI LY T IR
PSR R B0 AR R 2 ECHEBR BR M R W TR
S5 AT T P A R 1 2 T K R B AT B AL (Lactobacillus
paracasei Al, LP-AD SRR HAK=BRERE ATHE
Jo W it 52 VT R M T A R U S A A R
2.3 LP-Al B 7S451E

B &4 AT 2 10.0 KV A s #EAT 3 R S R
BEWLEE, LP-AT T4 {4 35 10 58 4F . JC HE 6 F0 36 L DL AN B
AT TC 43 3, 4 BOACR RAF . 30 5 BT 5 T I, S A AT
P RIEHA R 1.5,
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Lactiplantibacillus plantarum (MZ483878.1)

Lactiplantibacillus plantarum (MT538615.1)

78| Lactiplantibacillus plantarum (MT597694.1)
H4 (OP050065)

100 Lactiplantibacillus plantarum (MT231800.1)

71| Lactiplantibacillus plantarum (OM988228.1)
E6 (0P049922)

Al (OP049921)
Lacticaseibacillus paracaset (MT544956.1)
Lacticaseibacillus paracaset (MT544934.1)
10011 4 cticaseibacillus paracaset (MT510434.1)
Lacticaseibacillus paracaset (MT505636.1)
Limosilactobacillus fermentum (MN907436.1)
B6 (OP050063)
100[ B8 (OP050064)
69 | Limosilactobacillus fermentum (MT515936.1)
45| Limosilactobacillus fermentum (MZ604581.1)
J3 (0P049923)
59| Limosilactobacillus fermentum (MT611890.1)
Limosilactobacillus fermentum (MT463656.1)

Esz:henchm coli (CP069988.1)
EschenchLa coli (CP077316.1)
0.05 0'Escherichia coli (CP069938.1)

B3 SR Bk R I

Phylogenetic tree of rescreened strains

B
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Figure 3

B4 LP-Al BAHa#Me5E

Figure 4 Scanning electron microscope of LP-Al

field emission

2.4 LP-Al £ KB

B &S AT, T AR 4~ 12 h 2HEHOE K, 24 h ot
ODso e 35 B B2 EIR A, 18 BOA K 0 I8 B80S 1 X
10° CFU/mL A&, Bk 28 K W 86, ol ™ R il 46 ml 0,
LP-Al BB 3 pH 9 6.1 % $ A4 K 1 . & B
pH EM A T .24 h 5 BN pH ERGELE 4.1 A4, W
MR 7= R I % , LA R 1R 18T g

1.87 16.6
—-— ODle lllll
—a—pH
12f 155
s T
= .
o
0.6 —14.5
0.0 ! ! 135
0 4 36
K5 R[]
Incubation time/h
B5 LP-AlAkF®mENL
Figure 5 Growth and acid production of LP-Al
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2.5 LP-Al ATEMB R ZE

Hy &6 Al 2 N DR B W (pH 3) AL 3 2 h, LP-
Al TEIG R ALK 54.61% , FE 4 N TR i 4k S ab 7R 2,
4,6,8 h, HAFIE B8 45 50 S N AL B Ak ¥R S 40 1 R 4K
B 91.35%.83.32%.72.05%.45.46% ., A TH 85 %
(pH 3)4L#E 2 h, LP-Al i MR 3 T R (P<{0.05); AL
AU WAL 3H 0 h, LP-A1 3 18£8 1 35 B Ik (P <<0.05) ,
N TR WAk 224030 8 h, LP-Al 3& l B L B % 2%
o NLEEWm K 8 h J5. LP-AL i i 845 & F
10° CFU/mL, B R U109 B i Z 68 . X 58 AR
G RIEEPIIIIR G R A L

—~ 101
2 \
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g I\L

E 'y ﬁ‘(“\?\(‘
B 5
5

o

s 6

< = A THl

= —— N T

- 4 | I I I I L

0 2 6 8 10

4
TH AT I
Digestion time/h
INE AR R 22 5 3 (P<0.05)
B 6 LP-Al EAIHIE Wik ¥ oL KEL

Figure 6 Growth of LP-Al in artificial simulated

gastrointestinal fluid

7l LP-AL 36 T 450 R v B G 1 TH R R,
MLV FE R 2% ~6 Y0, LP-A1 35 E SR 8 50T e, Hi A
TR AR 87.20%0,19.27%0.0.51%,, M Eh e BE Ny 8% ~
10900, LP-AT 16 AT B0 8%  FLAF 1 345 31 2 0.33%0
0.11%0, LA 10 Y0 3R W BE Wi Ab FH 24 b, LP-AL 3% B 5045 78
10° CFU/mL A I, 5B R A7 19 6 137 3838 1 B8 g » H A B
FHF v R T 05 SO T B P A R
2.6 LP-Al iGN

m 3T, LP- A TR B 3 4 AR G A 2R O L Y

—
LS}

o
T

T BRI
Viable bacteria/lg(CFU + mL™)
w o

(=)

NaCl &
NaCl content/%
NG FRER R 2R 22 57 .3 (P <C0.05)
B 7 LP-Al RF %K EaZH R
Figure 7 Tolerance of LP-Al to different salt

concentrations
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®3 LP-Al HHRBRER'

Table 3 Results of LP-Al drug sensitivity test
PR Staphylococcus aureus LP-Al
TP 0 B AR/ mom 0 E AR DB R B/ mm ) B o

[IENTPIN 20.2240.28 S 19.85+0.58 S
AFHRHR 20.4340.24 S 27.73£0.31 S
Fl 8 24.5540.42 S 23.2540.79 S
INEZNES 24,3940.31 S 25.8540.75 S
SkfamEry  30.994+0.51 S 19.2040.64 S
RREFE 20.5940.43 S 16.1540.45 S
HER 28.0540.15 1 22.8440.66 1
WA e H 22.30+0.21 S 26.2140.56 S

S UEG T R UG R, T2,

W CRAIEER KRB R T H R RAKEE 8 Mt ER
Y3 b ORGSR UL 2, 5N & R %P Cai
SRS Ny LR VA B L R A A S B A R RV TE I
R — 2.
2.7 LP-Al EBRMEIL

FAR 4 R, LP-AL 4i 5 2HL 52 W) X BL IR L 22 IR
PR 2% TR T 2 A 0 T T . X i BE U A 4 IR
IR W K AR PR B S I IR L 5 O MR R L
SR LD IR IR A AT R R A IR B 9FD

F4 LP-Al fEZHEWMEIL
Table 4 Antibacterial spectrum of LP-A1l bacteriocin

crude extract

LP-A1 #H Z MY MRS R U0 LI

EERNE S 105 B 05 B N
HES
&/mm &/mm
0 AR 16.7540.13 +++ — —
T BR A 15.9740.29 +++ — -

PR HTAE U 14.814£0.06 ++ — —
BERE AT 17.274+0.12 +++ — —
LW 14.284:0.03 ++ — —
o e g A T 11.58+0.10  + — -
K%k KE  16.464+0.03 +++ — -
RO ITRE 13.27£0.02  ++ — —

BN 15.53+0.10 +++ — —
e 4 G B 18.2740.04 +++ — —

BEK A MRAEEE 16.78+20.02 +++ — —

B mER s 17.7240.03 +++ — —
PGB M  17.15420.05 +++ — —

TSR RN 15~20 mm; <+ 7 R
PR 12~15 mm; “+" FKRIME B EEN 7.8~
12 mm;* —"FIR KA B MG .
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