MK EEBHE Modern Food Science and Technology 2015, Vol.31, No.9

BRI E S-EEB X I E AR A
= I 21 B 18 58 A S2 i

FImS ', BEER", SFEE’, BE, R, ER
(L TRRKFHFEFRAER, AT THR 315211 Q. FIFERFRASAFLEEREA, THHT 210097
TE: i E R S-E R QAT B EBITE A M e Rs A E 4k KA EF T, HRR S-E&E A Bt 408 78 B s
BaAR S0 %5h . R AM RALAZIRIE B JUAT I ATCC 4356 69 R BB &, BT A Il iR 5 7 17 2] S-£ & &, SDS-PAGE
WA ESFE. AR BARON R IATA L 37 CHF 42+ (0 h~55h) g REFEEF ) TE N RFE MR LR S-2&
8 A S BRSUAT B 2T 45 0 8 e i, HT-29 ¢4 85 L Ak, 4% S-B &G 5 Edmit RAW264.7 % F 2h /5, MTS il & s 74
oL, FFRMIEBRARR IR ARSI T T, EREY: TREEGAEBRITE S-5%8 (45T F M=46ku). "E#IL
AFE A RBEEEEM TR EGER®ZINE EASLYE, XRS-EEAS, BRARBEERRAL, HMAAT AR HT29 mit e 5
M Z 4B R Y, L S-BE G feltit B A n 0 5 B LR BE AR Ak
KB S-BEG; M BEER; mIeigia; BBEK
M &S 1673-9078(2015)9-51-55

Al

DOI: 10.13982/j.mfst.1673-9078.2015.9.009

Effects of Lactobacillus acidophilus-S-layer Pratein on Adhesion to

Intestinal Cells and Macrophage Proliferation

YIN Qiong-fang®, PAN Dao-dong"?, GUO Yu-xing?, ZENG Xiao-qun*, SUN Yang-ying*, CAO Jin-xuan*
(1.Food Science Department of Marine Science School, Ningbo University, Ningbo 315211, China)
(2.Food Science & Nutrition Department of Nanjing Normal University, Nanjing 210097, China)

Abstract: To investigate the autoaggregation and adherencerrate to HT-29 cells of Lactobacillus acidophilus ATCC4356 with or
without S-layer protein as well as the influence of S-layer protein on the proliferation and lysosomal secretion of macrophages, S-layer
protein of L. acidophilus ATCC 4356 was extracted by 4 M lithium chloride, followed by further purification using centrifugation,
dialysis, and microfiltration. The molecular weight was then confirmed by SDS-PAGE. Autoaggregation rate of L. acidophilus at 37°C
was measured by using a microplate reader during the incubation (0 to 5.5 h). Adhesion of L. acidophilus ATCC4356 to HT-29 cells was
observed by light microscopy. After incubation.of.S-layer proteins with RAW 264.7 macrophages for 2 h, proliferation and changes in
lysosomal secretion were evaluated by MTS and Lyso-Tracker Red, respectively. The results showed that the protein extracted was
S-layer proteinAfrom L. acidophilus ATCC 4356 with a molecular weight of about 46 ku. L. acidophilus ATCC4356 autoaggregation rate
and adhesion. to HT-29 cells were reduced when the S-layer protein was removed. L. acidophilus ATCC 4356 autoaggregation rate
increased as the incubation time was extended. S-layer protein could also promote macrophage proliferation and lysosomal secretion.

Keywords: S-layer protein, adhesion, autoaggregation, macrophage proliferation, lysosome

FLIRAT AR Nk iE A ) DhRetE s AR B, [
I 2 W TE R A P B B ) £ 284y, B RER PR T
SERE T IR R AT, S B 20 P 4 52 0 Sk
VIR E . TR LR W 518 A EAEA
WisHHA: 2014-10-19
E4TWH: ERERRFES (31471598, 41276121) ; STHAEBERRZEE
& (BK20141447)
fEE®N: FEI5(1990-), &, MLMRE, MiRsE: AR
BEE. BER094), B, BIR, WRAR: ARNF

EE SRR . M pE. Rim&AY, #EikE
B P Ay o6 . o, i 2R (R
MURE () 250 S DR VR AE T2 Bt 9E . S-JZ
(S-layer protein) ff Jy 3L A & & % W 0 K 1 H A
(SLP, Surface layer protein)z—, f&—KlEHR
A R R AR AR EE R, AR BN H W — 2R
RIZEEHP . S R 1 DR AU £ 5 A 235 ) 7T LA Ay
S TN AR G, [FRS, ER S 51E B4
PRLFI 385 B AT B0 R AR N, L REAE 5 1Y)

51



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

i TR, s vk i AL . ER BRI AR
LI T 4 e 3 Th A S5, BRI BB B A8
e EHTATT LIRS S-BEH . N TN E
SLANM AR AL, FLBRAT B80T 32 40 Pt () 26 B 22 e %2
KHARA LSS, Hir% M Caco-2 & HT-29 &7k
MR R E AR . ot 5T Western blot
KILFATHE JCM1081 4 g B 25 1 O 73 R0 2 1 B
SR HT-29 4R i B &= 24k, 52

&a.

Boot H JI¥f Lk BIWE R FLFTF 14 ATCC 4356 .
HSEEH, HorTrE2h 43k, MEHERKILER
FRIR T 5 R R Bk sk bk 4= i, (HA
K H 738 S B T e WL M A AT . Ak
WETR FLFT B ATCC 4356 1F NSiin Bk, W9t S-2 &
OO BR A R EBRER . TR AR B i 0 4 B 2
FHet H A DR AT WP AR AL, VB IR FLAT
ATCC 4356 S-Z & H I DI ReRr IR AL 5 S 58 5 1y 2
WA, SNt — DRI H S e LB 24 5 Al

1 MR5RE
11 AR5 A

g AL A ATCC  4356(Lactobacillus
acidophilus ATCC 4356)4 T H [ 35 i@ T AE ) b Ff O
R EE 0 s HT-29 N 45 e gl i . B 40
RAW264.7 T+ iy 48 AR ) TREFH IR A 75
MTS — 257k 20 B 38 B A A5 promega- 5 1% 2 4%

b0 EEARA R AT SDS-PAGE HritdEl

PR B A RS SUER . IR DR
HAMRAFR: FH % R-4 5 2 %BH(100X) |
Lyso-Tracker Red ¥ BARLT €58 etREr 2 RAY)
FARW 7T 0.25%f-EDTA, fitd-1iii%, Gibco
Aw]; DMEME; 7% Hyclone 227

1.2 /B8 5% &

MAREKESS DR 2RSS TR A A
TEIRIERE FRAE TR XA TNl b
TR B SLIG AN 2 A PR A F] s BEFRIX infinite 200pro
TECAN A #]; A iE; 7246 MCO-18AIC =ik
Aeat; MHZEBIE KOG B 1X-53 BEAKE T,
1.3 7&

1.3.1 migAminizi

B S K95 BUR IR AR AT I H PR

BT 50 mL MRS #ifkk: =3t TiE, 37 C

52

1 7 5% 9% 45 ODsgo 214 1.000 . K515 1L J5 I B % 1%
AR LB N MRS WA RS 953, 37 C1H
mEFE 24 h 2R .

HH TR S AEAR: K 4HM B T 120 mL/L g4
M 10 mL/L XPL(100X 58 R-5EH RIEH)H
DMEM g i, 37 C. 5% CO, ) S Lhk
BFARE, BEREOR, 4~5 d B0k, BillEE
TR 3~5 min RAMARE, IMASEFER LR,
WA R BV SRR A
132 #BMIAFH S-EZH HIRR A
SDS-PAGE

S- 28 (IS L yaar kDAl Kathene. C Bl )y
%, MWEREE, RGeS EREN, &
WA (5000 r/min,. 15 min), 0.1:M PBS ZZk
VeiiE TR (pH=7.4), WEREMAYTIEH 4 mol/L LiCl
#EE, 37 CWEE 60 min g, A LiE (12000 r/min,
15 min), - 0.01 mol/L PBS (pH=7.4) 1 4 ‘CiEHr AR
BT, BT ATRES 025000 r/min, 15 min), Y4
IR, LIRS (0,22 pm), AR TS RIERR
FAMEREMED, ET-20 C&H.

KR E AWM E 4 Sephadex G-75 kit g
EMraidk, 0.025 mol/L Tris-HCL 2k T4 E 4T
s EREREA 1 mL.WERLCA 0.025 mol/L Tris-HCL,
280 nm ACAS IR LR, AR DELE, FIRET, &
HTRERAERIAMNE S EEA, BT-20 CHKF
A%

¥ S-Z R VIS 5> EAEZZ M KB 5 min,
K 120 g/L 43 B R AN 50 /L W4 i AN IE LR i
BERErL YK, AL EFAE 10 b, K462 80 V {HIEL)
30 min, ZrEE 100 V {EEZ) 35 h, HDHREHE
R-250 #fh,

1.3.3 #BRIATH S-Fa iS5

Y1’ SDS-PAGE #tfii %7, 0.01 mol/L PBS
(PH=T7.4)% 3 IR, TCwR/KPeid . MRER IR 5 34T
Maldi-TOF-TOF % E, MH MASCOT #fr44
% NCBInr £ Fiik % i Bl e TR R
AT TER
134 BHRBETLE

%% Xueyan ChenP)f¥1777%, WERRFLFT T4 I
FRZE ODsgo Z174 1.000 /47, UNEER, PBS Jeifds
7k, H PBS K 4 M SULHE 5 B RIAZ ODsgo
200 05, KBEERHZ 3 mL SR TEZAELET,
37 ‘CIHEIAIFE . £EkE 30 min Wl ODsgo, AHIME 15
ERAES, WATRSIES] 10s.



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

BET TR = [1- 2: }100%

E: AL nBTE) ODsgy 1, Ay 0 Bt 69 ODggo 18
1.3.5 EBRIATH x4 MR mie HT-29 4945
by

W EEFRUT I HT-29 40 BB A0 5 A2 A T 7S FLAR
o, RIS R T 80% T HHATHE R FLAT B 52
%

WETRFUAT 1 B R 37 CHE IS 74 ODsgy N 1.000
oA, WK 5 mL EE(5000 g, 3 min), PBS yEids
F73£(5000 g, 3 min), WCEERATTEH 1 mL B r2
MR R E g, SRR 500 uL B8R, Xf
HRA AR AR FERR AT R, SEIR4H A2 4 mol/L
SR HL S PR AAT (LB S-EEA), AR
BEWAESE. EIRIAES HT-20 4Ii3LFRFE 2 h
(37 °C, 5% CO,), 0.1 M PBS Wik FUR 3%, S
B MUEE IR
1.3.6 S-EBEZ& &t B4 4m 038 74 ROA BN
PN D

¥ E R RAW264.7 FREGH 1L LIBEFL 100 pL
(AR B T 96 LA, AHIE T2y 4X10°, B4
L 5 AR K20 0%, K S-E R VAR T
PriERE R, R REN 0. 1.25. 2.5, 5mg/mls;
BAFRIREER S-ZE AN 96 FLAR A+, 4L 2000 uL
AR, BNREHAEE 5 NEE, KBS 3 h
J&, PBS WG IIR 3 Ik, F¢ BiF. BEFLITA2000L
PR IR K 20 pL MTSIE, 4 ha 4 bRz,
BRI 490 nm 4b %% FLMR AR .

Lyso-Tracker Red 4% 1:20000. [ Ht. 451 i\ &1 fitg £
FrEEHECH R TAEWR . . S92 B T i ) 20
Brgriih, EREZIREEA 125 mg/mL. E/SFLAR Y
NG A B, PRk ER4H . RAW264.7 LA
4510° A BEBRIF AL, Al A K2
80%IMJ, MM, S-EEE HIRK S B4 3L R i E
3h(37 'C».5% COy), LRI AAMAERETRIK, PBS ¥ 3
R, BN 3 mL TAEM, 37 CHEE 2 h 5Lk L
YEW, PBS Wik 3K, i, FREMMPr e Kl
TG R TSI,

1.3.7 #ABESAT

A A FRABEER 2R 2 M S AE IR - Origing.0
B, SPSS13.0 HAxT A Fa 25 St AT Giit )
e

2 ZR5H

21 wEmIATHEH ATCC 4356 S-Z7%& B SDS-

PAGE B fft it 4

ku M 1 2
250—
130—m—
100— S—

70—
55— -

35—

25—

1 REBRFLATEE ATCC 4356 By S-/2ZEH SDS-PAGE
Fig.1 SDS-PAGE of S-layer/protein from Lactobacillus
acidophilus ATCC 4356
M T EATA; 1. 2: R ILAFH ATCC 4356

S-E& A (AM RAATL 32),

LATRL. 2 SUKIE NG AM EAHE AL I — 2
aify JE BT AN S-E A, BURKW SR —, o1
LN 46K i A R AM S ARV LTSRS R LA 1A
S-EEERORELF, HERA PR, ToREH,
AT 5 2L G e SEER AT

100 133570 4700 Reflector Spec# 1 MC[BP = 1335.7,6015]

80 4

D
=1

intensity (%)

N
(=]

1076.48 1650.78
1956.85

0 ! IH 1 |I . | ‘ . ) L -
1000 1500 2000 2500 3000
Mass (m/z)

[&] 2 REERZLATE ATCC 4356 S-REARILE
Fig.2 Mass spectrum of S-layer protein from Lactobacillus
acidophilus ATCC 4356
¥ 1 R —EEZA TR EY, Maldi-
TOF-TOF xf t BT BT il %7€, & 2 Nk .
MASCOT #4442 NCBInr $dit i, Hoxn & 3 B orpT
FERA NG AN S-REA, 77 TEL 46ku.

22 BBRIATEE REE

3 NPETRFLT B B AR A I I R R A2
D, FEAE A I TR AN R B SER R B AR 2 L

2265.18

]
o

2896.38
L
E T

53



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

EIrHIES, AM SRR S-REAE, ERRFAT
F) E B R A TR AL A

4071
b —e— A
35 —e—Licl
30i
S 25t
b i
w 207
B2os5¢
10}t
ST
% T 2 3 4 5 6
57 HE] / b
3 S-RERA R EREITEERZLITE ATCC 4356 SHEEZRMIF,
i)

Fig.3 Effect of S-layer protein and incubation time on
Lactobacillus acidophilus ATCC 4356 autoaggregation
GERELH 4 M SR FRREIR LM N, £FR S
AR, Wik E BRI,

2.3 B IATE M HT-29 40 fo 0y 25 Mt

a A3
& 4 FEREFL TR S AR AR HT-29 RAFHE
Fig.4 Adhesion of Lactobacillus acidophilus ATCC 4356 to
HT-29 cells
E:oar AR S-EFANERIMEASL HT-29; b: A&
B S-E& Gt BT 5 HT29 A K184 100%

4 v a BN SRR S RIVERR AT R 5 45
[N HT-29 JL[FF E 2h JREIBEFHE DL, 4 p)E
BB AT DL ISR R 040 . b RN IESR R 1 E R
FUFFES HT-29 RO R NG00, TR 2 REFT 740
i, BT I

bt avib PR, £Bk S-Z2EAE, MERIAAE
XA RS N E R SRS R S-EEASE T
XS B4R IR H, JFAERE T AR A R SCE .
2.4 B vk 20 o V5 BR AR K Ot

5 NEWE4N I RAW264.7 48 Lyso-Tracker Red
PR QO R IR, WG ARG AR e K
ML, B a NERYIH RAW264.7 TEAKE,

JEORAEHCN 400%, HIEAIEH . B b, ¢ d =,
MAS-ZEAKR, KEc 5K d3umziEl b HlE

54

BN, FOCHARIE K. WERRILAT I S-/E & A Refeit
IR 2 P Tl A o, TS SR A D 1 B e P RE o

-

5 ERELHRE RAW 264. 7 B ABEIRSERE
Fig.5 Lysosomal fluarescence of macrophages RAW 264.7
JE: a: RAW264.7 4mjitL; b: Adw SSE&EE; ¢ A
S-E%& ¢ (1.25mg/mL); d: AeA|S-E&E & (2.5mg/mL); a B
ARAEEH 400 by ¢ d BAKRAZE A 100,

25 S-EEAXNE 4RI Y

* 1 S-EEAXERMAEILTETE T
Table1 Effect of S-layer protein on macrophage proliferation
MTS 52 7R H.4% (490nm)

E v 4m i, S-E%& @ REI(mg/mL)

w3
125 2.50 5.00

AT £ 1.2640.026 1.8440.080 1.8740.063 1.8940.040
R 2 Gttt R
Table 2 Analysis of compared means
Bk ERAQRESA P& 3£

1 2 0.31 0.038

LSD 1 3 0.17 0.052

2 3 0.70 0.014

1 4 0.00 0.58

Dunnett t 2 4 0.00 0.62
3 4 0.00 0.63

E: S-BEEERENEA 1-1.25 mg/mL, 2-2.50 mg/mL,
3-5.00 mg/mL, 4-kAL3EL,

K SPSS13.0 B AExT MTS e 45 itk T 4i 2%
ST, AT R HRAE . #r- 35 4E Lt -One Way
ANOVA. HEREREHIMAN S EZEA )G, Bk
2 490nm AR FRIROGAE 5 0T A 22 5 S5 2

BEAE S AL G N, OB 3K, R
YfEIGTEIY R, KA. SRR AR
HEE AN RAW264.7 (385, —EIRkEIEEN, S-
JEE A RIIREER N, EWEAN AR5 5E RE S thpE 2 #n.

3 g



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

31 HAHl, SEHEARIRIEGE S BER RIS
R S AM SEACEI A BE LA R, 4l
— AR DS RIARAT I S-EE R, H46E
HTEBAR C i PR B AT/ B AT 08, AT LR
BRI SRR A -

3.2 Xueyan Chenl® Fi] 401448 VA 77 kb P2 B LT B
ZJ001 [ WEFRFLIT I ATCCA356, K ILEHEXT Hela 41
PFIEE R, ELR AR B FREE R (4 h) B35
Ko Xt RV R A Gkl 2 0 h~5.5 h Py REER FLAT
BRI L FREEEE 2R, S5k 37 CHM TN, W& E
B[] R RE K, B A B FRBEE 2 2B 1 -,
4 M S LBRARATE SEEREAE, WikEREE
R,

3.3 HHICHT 7 3% WA L B AT 1 i 58 ML TE T 38 3 L2
b R SR S S T R0, T 3
FME [ S5 D% . Dayong Rent™ i Fi i SUAT 1 &%
TP FLRT BT Caco-2 4, FFHR 78 REma 26 B i A
25, GERFHINFA L Licl kTR 1E A 5 g R %
RE A FLAT B IO ZH B BE 7 238 P, HT-29 55 Caco-2
YU —FE, SO LR IE A AR AR, oA S
HT-29 fENANMAEAL. SEI6 R SRR FLAT H fE K&
(RIZERTE HT-29 5 i A0 Ji [, A0 Bl Ak BRI 1R
FUFFBE, 2B S-EEAE, 405 K5 = R R e
S-ZH FE NG TR AL B I R R < — e
W B R ) B TR R K B AR Jy . AT YR
W TE R A R4S I 7 2B Th RE T D6 R 4 B B
H.

3.4 S-EHEAGEXTTE 3 I G A 45 B 5 Ak
Mo BT R I VE IR R A 18 S-JZ2 8 H i i AR
caspase-3 MG 14, ATAM ] B VLG EE B A 1
Caco-2 #fIH -, ARMEMIR 2 M AT SLPs g5
AL A O% 28 SR TR0 77 AR 8 LR 40 B IE % 2R PR AIS
081, o SO A 5 RIEaN i RAW264.7 JE[F i

MTS e 255 REIIN S-J2 5 A 5 40 Ao B
BER PG, WES-EEARENTE, M
RGO, HEBEAR e e st R S E & A
REAE ik B A I B A (1) o0l o R S-E R ATE—
SEFERE L ReIGE B R AN S 68 1, SH O AT 4
WH—

35 S-EEAMNIIGRERZ, FEARAERHEES.
85 M L 400 B0 T 12 e i e,
R L2 SR T S5 R AT BN T AR S T, B
FEAHRHEFCRIRN,  S-J2 8 S A ¢ .4 58
7R

B I HK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

R EAE, T8 — Z8 e FURR AT W 3R TH 2 A 25 AR
DHRERRT L R [9]. bk -5 s N E 57,2009, 16(6):368-372
LIU Zhi-hua, SHEN Tong-yi, QIN Huan-long. Research
Progress of Lactobacillus Surface Layer Protein and
Biological Function [J]. Parenteral and Enteral Nutrition,
2009, 16(6): 368-372

Kos B, Suskovi J, Vukovi S, et al. Adhension and
aggregation Lactobacillus
acidophilus M92 [J]. Journal of Applied Microbiology, 2003,
94(6): 981-987

Sleytr U B, Beveridge T J. Bacterial S-layers [J]. Trends in
Microbiology, 2000, 7(6): 859-868

Jakava-Viljanen M, Palva A. Isolation of surface (S) layer

ability of probiotic strain

protein carrying Lactobacillus species from porcine
intestine and faeces and characterization of their adhesion
properties to different host tissues [J].
Microbiology, 2007, 124(3): 264-273

T, B A AT T 200 R B S TG A 5 R 4R IR 2
SE[J]. A4 A1k 2% &,2005,13(14):1762-1766

WANG Bin, WEI Hong. Extraction and identification of
Lactobacillus

Veterinary

cell-wall  surface adhesion-associated
protein [J]. World Chinese Journal of Digestology, 2005,
13(14): 1762-1766

Boot H J, Kolen C P A M., Van Noort J M, et al. S-layer
protein of Lactobacillus acidophilus ATCC 4356:
purification, expression in Escherichia coli, and
nucleotide sequence of the corresponding gene[J]. Journal
of Bacteriology, 1993, 175(19): 6089-6096

2R JEAR UK, TR, 55 FLIRA AT M8 S-RE A
PRAL S S AL BT 9] B A RH,2012,33(7): 172-
175

XIAO Rong, FAN Yu-bing, ZHANG Li-li,

Purification and biological characteristics analysis of

et al.

milk-derived Lactobacillus brevis M8 S-layer protein [J].
Food Science, 2012, 33(7): 172-175

Johnson-Henry K C, Hagen K E, Gordonpour M, et al.
Surface-layer protein extracts from Lactobacillus helveticus
inhibit enterohaemorrhagic Escherichia coli 0157: H7
adhesion to epithelial cells [J]. Cellular Microbiology, 2007,
9(2): 356-367

Xueyan Chen. The S-layer proteins of Lactobacillus crispatus
strain ZJ001 is responsible for competitive exclusion against
Escherichia coli 0157: H7 and Salmonella typhimurium [J].
International Journal of Food Microbiology, 2007, 115:
307-312

55



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.9

[10]

[11]

[12]

56

BRI, 2 25 e, 32 3% v ST T 00 1 RO B RE O A
[3]. IUAR & S RH,2013,6:1247-1251
YU Han-li, TUO Yan-feng, Al Lian-zhong, et al.

Antimicrobial and adhesion properties of four Lactobacillus
strains [J]. Mordern Food Science & Technology, 2013, 6:
1247-1251

Dayong Ren, Chang Li, Yanging Qin, et al. Inhibition of
Staphylococcus aureus adherence to Caco-2 cells by
lactobacilli
attachment [J]. Anaerobe, 2012, 18:508-515

and cell surface properties that influence

Pengcheng Li, Yinyan Yin, Qinghua Yu, et al. Lactobacillus
acidophilus ~ S-layer  protein-mediated  inhibition  of
Salmonella-induced  apoptosis in  Caco-2 cells [J].

[13]

[14]

Biochemical and Biophysical Research Communications,
2011, 409: 142-147
E. Collins L, Lynch M, Marszalowska I, et al. Surface layer
proteins isolated from Clostridium difficile induce clearance
responses in macrophages [J]. Microbas and Infection, 2014,
2(1): 1-10
Sara M, Sleytr U B.S-Layer Proteins [J]. Journal of
Bacteriology, 2000, 182(4): 859-868



