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100 mg/L) Je il A4 g 5= ,37°C 1557 1 h, PBS st
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B3 ANEEZA KM SRR .
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CFU/HL) M AZHB AR )5 % CO,,37°CH:F 1 h J5,
PBS wh 3 Wk, F4 i A v R LR AT 1 (2 x 10°
CFU/FL) F1 S-2 26 11 (AW 100 mg/L) , 4k 4E H
2 h J5 ; PBS {50k B R A 40 T, TG B 2R 1R K 240 4l
JiL, AR AR (B0 FE U 1) G TR [ S A {2 Al R
BOEBAERN L 6.1 rhprik) . B b3 3 MEE AL
(Kb 51=2%%) o

(4) % B3 1 Se s RO JE VD T T IR B A4
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B (BSA) 3TCAEM 1 h J5; BN A R K% ZE (4
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BRT , 9K I TG BRI 26 R K SR A M, TR O T B, Ak FE
W3 AEEL(RERL) .
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Fig. 1  Extraction of S-layer proteins. A: The crude S-layer proteins of Lactobacillus acidophilus. B: The purification of the S-layer proteins from

Lactobacillus acidophilus. C: Analysis of S- layer proteins by SDS-PAGE. M: molecular weight Marker;PB1; up-spike; PB2: down-spike.

2.2 BEBRIBHERES-EEAXMRGEDIIR
HEEBt RN & Caco-2 AR 2

2.2.1  S-JEHEE ) OB ME S s 45 2R WoR, S-)2
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ML) AR, I ELAE — 2 A Tk B T P PR 2 07 A
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50 mg/LY 100 mg/L S-)2 85 [ Al &k 25 36l 2 240 7R 1) A
2, M XF AR J1 47 0 R 44.78% = 8.27% Hi

41.37% £9.62% , 5% AL L 22 T 3 (p <
0.01),

2.2.2  S-BHE PSP RAGIE TR BT IR 5 a0
P 2-B it 7R, Caco-2 4N A B 45 FE ¥ 1] G B BSA
AL S RO TR S22 E A S-EHE AN
ML () 40 i fL, A8 X AR J1 43 51 8 101.26% +
5.77% 1 82.20% +4.80% , 5 Caco-2 4 i 2 Jik 432
ARG FEV TR EA T, 2 R R B 2% {02 Caco-2
YA A B FE VD TT IR S FR A S-J2 8 H Y 4
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ML 5 B FE VD 1] R L S-2 8 1 L IE W e I T 19 40
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Fig. 2 The dose screening and control experiment of S-layer proteins
against Salmonella typhimurium invading to Caco-2 cells. A: The
dose effects of S-layer proteins against Salmonella typhimurium
invading to Caco-2 cells (to compare with 0 mg/L). B: The control
experiment of S-layer proteins against Salmonella typhimurium
invading to Caco-2 cells (to compare with SL1344 ). SL1344.
Salmonella typhimurium; S: S-layer protein; BSA: Albumin of

bovine serum.

“a” p<0.05; “# 57 p<0.0l.

2.2.3 WERRFLERAT I M H S-EE A A FE )
TG TR 2 B A 52 ) < 7E 3 Fh 6 50 v, vE R FL R AT 1A
B S-2 58 ¥ 0k B FE V0 1] TG B i 2 B e B i R
LB RIAE (B 3-A) o sE gl ae HE v ol 0 s
3R 5 1 A X BB 1 40 19.02 % +1.86 % FI
1.17 % +5.97 % 15.04 % +5.30 % F18.71 % =
1.36 % 23.61 % +1.90 % 1 10.56 % +0.92 % ,
LT AH H, 25 S 3 (p < 0. 01) ; Hop g iz
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e 3 FPEE A S h, S-R B A R ZE W TG Y
T RO B 3 = T RE R FLER AT (p <0.01)
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4.92 % ,100.00 % +9.92 % ., #Xifi,S-J2 8 1 Wt
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YEH o a4l R Fe 106 A 46l 56 09 AH X AR
F15y R 3.73 % +9.61 % 13.39 % +3.32 % .
24.19 % +£3.42 % , S5XF AL, 22 7 20K 8 F
(p <0.01), H 5% 4 2 50 1 410 1 4 ) B it 5 L A
TE 5 A i 30 A0 il 50 v, S-2 88 F o R FE VD T
[ AR Caco-2 4 B () 411 il /F A% I 3% & T W iR
FLIRAT I (p <0.01)
W ATCC4356 [ S-layer protein
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Fig.3  The inhibition assay of Lactobacillus acidophilus and S-layer
protein against Salmonella typhimurium adhesion and invasion on Caco-
2 cells. A: The inhibition assay of adhesion. B: The inhibition assay
of invasion. ATCC4356: Lactobacillus acidophilus; “ * ” 1o compare
with control; “#”, differences between Lactobacillus acidophilus and S-

layer protein;“ * or “##”, p<0.01.

3 itk

Toor “H#7, p<0.05; “x k7
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FF0 A V8RR FLIR AT T A5 1 LR AT 1 0 U b 3L RR AT
B2 IRFLIMRAT 1 R FLRR AT B Hie b FLRRAT B L
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— i Z (8] A R M Al A7 AN B S-IREH MBS
A 0 ok FLRR AT R S-JZ ER TR BR B9 0 B Al TR R
(8 A, e BRAS 52 56 2 I 70 88 9 AL AE JE /N g i /Y
FLRRAT W IFAAFAE SR E A, IR Y 0 TR FLIR AT
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Effects of S-layer proteins from lactobacillus against
Salmonella typhimurium adhesion and invasion on Caco-2
cells

Pengcheng Li, Xiaolan Ye, Zhisheng Wang, Qinghua Yu, Qiang Yang"
(College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [ Objective | S-layer proteins of Lactobacillus acidophilus were extracted and purified, then the effect of
Lactobacillus acidophilus and its S-layer proteins against the adhesion and invasion of salmonella typhimurium to caco-2
cells were investigated. [ Methods] S-layer proteins were purified by anion-exchange column { diethylaminoethyl ( DEAE)
DE52}, and the inhibition of Lactobacillus acidophilus and its S-layer proteins were studied against the adhesion and
invasion of salmonella typhimurium on Caco-2 cells. [ Results] S-layer proteins exhibited strongly inhibitory effects of
adhesive and invading properties of Salmonella typhimurium. In the adhesive experiments ( competitive, exclusive and
displacement) , Salmonella typhimurium adhesion was reduced by S-layer proteins and the ability of adherence to Caco-2
cells were 1. 17 % +5.97 % , 8.71 % +1.36 % and 10.56 % +0.92 % , respectively (P <0.01). The influence to
inhibit the competitive adhesion of Salmonella typhimurium was optimal. Furthermore, the S-layer proteins showed a
stronger effect than Lactobacillus acidophilus to inhibit Salmonella typhimurium adhesion on Caco-2 monolayers ( P <
0.01). Moreover, invasion of Salmonella typhimurium to Caco-2 monolayers was inhibited by S-layer proteins.
[ Conclusion ] S-layer proteins inhibited adherence and invasion of Salmonella typhimurium. The result can merit a
highlight for preventive or probiotic therapy in human or animals with disease caused by Salmonella typhimurium.

Keywords: Lactobacillus acidophilus; S-layer protein; Salmonella typhimurium; Caco-2 cells
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