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Screening and characterization of lactic acid bacteria with
antagonistic activities against Campylobacter jejuni from
chicken manure

ZHANG Ting-Ting'? ZHAI Qi-Xiao'”* JIN Xing'? WANG Gang'? ZHANG Qiu-Xiang'?
LIU Xiao-Ming'? ZHAO Jian-Xin'? TIAN Feng-Wei'** ZHANG Hao'? CHEN Wei'?

(1. School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)
(2. Collaborative Innovation Center for Food Safety and Quality Control, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] This study is aimed to screen and identify new lactic acid bacteria (LAB) with
antagonistic activities against Campylobacter jejuni from chicken manure, to understand their
intestinal probiotic properties, and to probe the effects of LAB’s cell-free extracts on the virulence
factor, flagella formation of C. jejuni. [Methods] The inhibition activities of 40 strains isolated from
chicken manure were analyzed based on an oxford cup method to screen the strains with excellent
antagonistic inhibitory effects on the indicator bacteria C. jejuni. The 16S rRNA gene-based
technique was used to identify the selected strains. The adherence abilities of LAB strains to human
intestinal epithelial cell (HT-29) were evaluated. The tolerance of LAB strains to artificial
gastrointestinal juices was tested. Scanning electron microscopy was used to observe the effects of
LAB’s cell-free extract on the flagella formation of C. jejuni. [Results] Forty LAB strains were
isolated from chicken manure, among which X13, X14 and G20 strain showed the strongest
antagonistic activities against C. jejuni. The 16S rRNA gene sequence analysis showed that X13,
X14, and G20 strain were respectively identified as Lactobacillus reuteri, Lactobacillus salivarius
and Lactobacillus gallinarum. HT-29 cell adhesion tests showed that the adhesion index of X13, X14,
and G20 were respectively 11.5, 20.3, and 14.3 cells per HT-29 cell, such results suggests that all
these three strains showed strong adhesion abilities to HT-29 cell. Tolerance tests to artificial
gastrointestinal juices showed that all these three strains showed good capabilities. SEM observation
showed that the cell-free extracts of these three strains were able to inhibit the flagella formation of C.
jejuni. [Conclusion] Three selected LAB strains from chicken manure have inhibit the growth and
the flagella formation of C. jejuni in vitro effectively, which suggested that such three LAB strains
could be used as potential animal protective probiotics for the control of C. jejuni infection in vivo.

Keywords: Lactobacillus from chicken, Campylobacter jejuni, Antagonism, Scanning electron

microscopy
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HT-29
1 MRSk
1.1 #FaRFAE
NCTCI11168
HT-29
1.2 EZiRAFFNEE
Sigma-Aldrich-
Fluka-Supelco
Oxoid
(Noroxin)
Leica DM2000
6.0£0.1 mm
7.8£0.1 mm 10.0+£0.1 mm
S-4700
LABCONCO
1.3 BERE
30%
—80°C
14 HEHEH
30%
MRS 37°C 24 h
MRS
40 X1-X20 G1-G20
1.5 HEAIESF
2% ( ) MRS
37 °C 18 h 3

4°C 8000 r/min
0.22 pm
=20 °C
(CFSM) PBS 3
(PBS pH 7.2)
1x10* CFU/mL
1.6 =T MATERIES
NCTCI11168
( ) 37°C 5% O,
85% N, 40 h
2 800 r/min

8 min

10% CO,
2% ( ) 3
6 min PBS
1x10® CFU/mL
1.7 HEEMERNE
71 250 uL 1x10° CFU/mL

100 pL
4°C 4h 5% 0, 10%CO, 85%N,
40 h
pH3.8 MRS 0.28 g/L
3

1.8 HIF=ZHEHTEEROEE

DNA

DNA 16S rRNA

27F (5'-AGAGTTTGATCCTGGCTCAG-3")
1492R  (5'-GGTTACCTTGTTACGACTT-3")
PCR 10xTaq buffer 5.0 uL.  dNTP
mixer (2.5 mmol/L) 5.0 pL  Primer 27F (10 pmol/L)
0.5 uL Primer 1492R (10 pmol/L) 0.5 pL (DNA)
1.5uL Tag (5U/uL)0.5uL ddH,O 37 pL

95°C3min 95°C10s 55°C30s

1 min 30 72 °C 5 min PCR

72 °C

BLAST GenBank
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Ha B BE 1 8O E
70%—80%
2x10°  /mL
6 2 mL
5% CO, 37 °C
PBS 3 I mL
(1x10® CFU/mL) R/MINI-1640
( ) 2mL 2h
PBS 3
20 min PBS 3
100 20
100
1.10 ATHHE. Bk aeHnE
3 gL pH
2.0 1g/L 0.3 g/L
pH 8.0
PBS
37°C 2h

1.9 FHEEE
HT-29

1.11 HBEENZBESHTEREES R

C. jejuni 36 h( )
1 mL
1 mL MRS 5% O,
10% CO, 85% N, 4 h
4°C 2800 r/min 6 min
PBS 4°C 2 800 r/min
6 min 2.5% 4 h
PBS 3 4 °C 2800 r/min 6 min
10% 20% 30% 40% 50%
60% 70% 85% 90% 100%
4 °C 2 800 r/min 6 min
2 =80 °C 12h
(SEM)
112 #iEaE
3 “ +

” SPSS 21.0

(ANOVA) P<0.05
2 ZRELH
21 NEEHRNTHEHTEIERE
40
40
1
8—13 mm 3
( 1) X13 Xl14
G20 15.19 15.65
14.51 mm
22 HMIHIZHEHMTEERMNETE
X13 X14 G20 16StRNA
PCR 1 500 bp
GenBank BLAST
X13 Xl14 G20
(Lactobacillus reuteri) (Lactobacillus

salivarius) (Lactobacillus gallinarum)
100%
2.3 FLEREXT HT-29 AR A5 M A2

Caco-2 HT-29

(18] L. rhamnosus GG

[19]

PC-M5 HT-29
2 X13 X14 G20
PC-M5 X14
L. rhamnosus GG G20
L. rhamnosus GG X13
L. rhamnosus GG

3 HT-29
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F 1 BEERIEFEENE

Table 1 Bacteriostatic ability of strains screened from chicken

Strain number Average bacteriostatic ring diameter (mm) . Strain number Average bacteriostatic ring diameter (mm)
X1 12.47+0.31 | Gl 10.3140.25
X2 12.04+0.54 : G2 11.33+0.63
X3 12.97+0.77 G3 11.3140.63
X4 12.49+0.21 ; G4 10.43+0.32
X5 12.09+0.38 ; G5 11.110.42
X6 11.06£0.52 G6 10.42+0.93
X7 10.76+0.43 ; G7 11.72+0.66
X8 8.90:£0.38 i G8 8.10+0.31
X9 10.54+0.77 : G9 11.910.42
X10 11.3420.48 G10 105240221
X11 9.30+0.44 ; Gl1 8.91+0.33
X12 8.70+0.81 GI12 12.13+0.53
X13 15.19+0.74 ; Gl13 12.72+0.33
X14 15.65+1.28 ; Gl4 10.83+0.32
X15 12.34+0.33 G15 11.9120.37
X16 11.32+0.21 i G16 11.88+0.31
X17 10.54+0.42 G17 10.78+0.64
X18 1088031 GI8 10.130.44
X19 12.42+0.53 G19 8.32+0.31
X20 11.660.42 ; G20 14.51+1.65

MRS (pH=3.8) 7.40+0.56 Noroxin 18.57+0.31

F2 FBEXT HT-29 ZHBaATHEHi1E 2

Table 2 Lactobacillus’ sticky effect on HT-29 cells

Strain Adhesion index
X13 11.5+2.8°
X14 20.3+£3.8"
G20 14.3+2.9°
L. rhamnosus GG 14.2+3.1°
‘ N PC-M5 1.1£0.3¢
B 1 R R R R (P0.0)

Note: Different letters means significant difference between groups

Figure 1 The inhibition zone of well diffusion agar assays (P<0.05).
24 FLEREX ALEBiRAIMT 5 e 2h
3 10’ CFU/mL
2h PBS 3
3 2h
PBS G20 25 FBMEMZBEHTEEESS MR
X13 Xl14
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) 2.1 um X13 X14 G20

1.2 0.6 0.8um 2
MRS
( 20

#*3 ABREXMALBBRNTZERQCh EFHE, 1gCFU/mL)

Table 3 Tolerance of Lactobacillus to artificial gastrointestinal juices (2 h, viable count, IgCFU/mL)

PBS
Strain Artificial gastric juice Artificial small intestinal juice PBS control
X13 9.140.4° 9.3+0.3" 9.3+0.4°
X14 8.9+0.1° 9.6+0.2" 9.5+0.3"
G20 7.6+0.4° 7.7£0.1° 7.9+0.4*

(P<0.05).

Note: Different letters means significant difference between the viable count of the Lactobacillus under different processing (P<0.05).

B2 =Z=RHE AT E 4 3R (40 000%)
Figure 2 SEM of Campylobacter jejuni (40,000%)
A (MRS) B X13 C Xl4 D G20

Note: A: Control group (MRS); B: X13 CFSM treated group; C: X14 CFSM treated group; D: G20 CFSM treated group.
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