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Adhesion of Weissella cibaria to the Epithelial Cells and Factors Affecting its Adhesion
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We evaluated the ability of lactic acid bacteria, Weissella cibaria, isolated from the oral cavity to adhere to epithelial
cells. W. cibaria efficiently adhered to KB cells and HelLa cells. In addition, W. cibaria efficiently adhered to
Fusobacterium nucleatum. But the adhesiveness of W. cibaria disappeared upon exposure to LiCl or pronase, suggesting
that the S-layer proteins of W. cibaria mediated the adhesiveness. The molecular mass of the S-layer proteins extracted
from W. cibaria was approximately 50 kDa. When W. cibaria strains were washed with 0.45% saline, the bacteria were
efficiently adhered to the epithelial cells. In conclusion, W. cibaria has the ability to adhere to epithelial cells through the

S-layer proteins.
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Lactobacillus7} “J3j Al 3Zol] F-2+-8- 28} 31, Lactobacillusell
ofsf AAEE AAEZAo] WA HFAxE Fatel=
AL "Waflsle] Lactobacillus7F A &8-S dhvlar ¥ alE Q]
t} (4,22). HZolE= W, cibariaZt 7981 =9 shel F
nucleatum®} 23 Adlsla, A M| Lol F2ee o] 980
RaE vl 2t} (12). Schneitz 5 (25)2 Lactobacillus2] sur-
face layer (S-layer) Trdo] Jzto] Fhojdluiar A|oks)Sd
om, o5 whlAe Axy el e eI ol Ao
AT BAEAT (20). THA A2 7E Slayeri=
Lactobacillus Al 9ol 274 G222 wjdF o] glom, 4
AgHS vt sh= S22 urea, guanidine hydrochloride, A#]121
SDS, ol x|3H&2<l Lithium chloride (LiCl)oll <]3]A4]
223 5 Qrka BuEA} (20).
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1. SAMT & QS

T7Fo] 273ek 4~5419] frole] Bl A el W. cibaria
CMU, CMS2, CMS3 <2} F nucleatum ATCC 109532 2
ol ]85}tk W. cibaria &2]+5== De Man, Rogosa,
Sharpe broth (MRS broth, Difco, Detroit, MI, USA)°ll % %3}]
37C m712790A 16413 a3t F nucleatum-2- 0.5%
yeast extract (Difco), 5 pg/ml haemin (Sigma, St Louis, MO,
USA), 1 pg/ml menadione (Sigma)©] X &% brain heart infu-
sion broth (BHI broth, Difco)ell F&ale] 37°C H71=71 (85%
N, 10% Hy, 5% CO )l A 147 wjkslict. Aol o]-g-&}
7] el & wiRjol A 23] AldaiFet F Aol o83tk

2. MI|M|ZO| CHEH SEAF

*‘@011 o] &3k A EF= A3t AP AIER] KB Al
3 (KCLB 10017)9} #5738 -9HAIES] Hela A3 (ATCC
CCL-2)Z4], 2 mM L-glutamine®} 10% fetal bovine serum
(FBS)°] 7}& minimal essential medium with Earle's salts
(MEM, Hyclone, Logan, Utah, USA)Z A}&3&}te] 37T, 5%
CO, 7]l A wl Ykttt
W. cibaria®] 23S Scaletsky 5 (24)9] ol ot
=33} t). 4-well Lab-Tek 11 chamber slide system (Nalge
Nunc International, Naperville, USA)Sl welld 10° A %= 18
AJZE Hi R 5, PBSE o]-8-5ko] AEE 23] AlHslal 5 M
LiICIZ A3t Az} Hglah#] 22 W. cibaria CMS2 (10°
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bacteria/ml)& %7}3te] 37°C, 5% CO, HHOb] oA 307t Hj
Fatelck PBSZ AIXE 33 AlZ3g $ methanol= 11743}
31, 3083 Giemsa S A3kal PBSZ ThA] AlF 3 & 37
Foll AxAAA Zhzre] Aol el xS Fatan
(BX51, Olympus, Tokyo Japan)S- o]-&3sle] #AsIGl o,
100709 ATl Al Eel F-2H8k M) B AE ZAsII
2714 A2l SPSS EAIEA] 213 (SPSS version 12.0)
S AR o1, Mann-Whitney test®2 24151t}

o,

3. SDS—-PAGEE 0|&% S—layer HHHE =4

5 M LiCl =42 Yrbdo 2 Lactobacilluse] S-layer
i As deHor fFElehy] g WyoR o] g5 oA
gom (19), W. cibaria®] S-layer A8 ZA}al7] 964
o] WS o]-&3&Th W. cibaria® 3|43 & 5 M LiCIZ
HEAA Lol 151 &t HAsIelt: 42l (14000 *
g, 15 min, 4C)3te] B2 A NS Laemmli buffere} £33t
%, 10% polyacrylamide gel®} Coomassie blueE ©]-&3}¢]
SDS-PAGE= #4131t} (17).

4. W. cibaria®t F. nucleatum?te| £

W. cibaria®} F. nucleatum?Fe] F-222 335+ v| 73 trans-
mission electron microscope (TEM, H-7600, Hitachi, Nissei,
Japan)E of-&3ale] #E3IITE FEAnH S Gram A4S}
o #FG o, TEMS 57 22 WS F3dste] #
Zelgivk. Mlare] F-aheo] A whlAlS FR1sy] 918t
o] W oS A A= pronases A2 g Ziﬂr g4
2 W. cibaria CMS29} F nucleatums 2+t E3HA]7 0.1 M
sodium cacodylate buffer (pH 7.2)°ll %<1 2.5% glutaraldehyde
2 4TColA 6AIF AT T, - buffer= 33 M1E 351
t}. Sodium cacodylate buffer (0.1 M, pH 7.2)°l 51 2% (wiv)
osmium tetroxideoll 4°ColA 16A13F ZAA17] % ethanol &
Aoz g4Al7]al Epondll ¥ TS, ultramicrotome MT-
7000 (RMC-EM, Tucson, AZ, USA) S & Aekatdtt. Uranyl
acetate®} lead citrate= A A3te] 80 kvellA TEMO. 2 ¥z
3k3ick

5. W. cibaria® 2&=0| H&k2 0|x|= QIX}

AlRre] w2 Ee} Alits AlHEHE A sR9 &
QIx}F=o] W. cibaria CMSZ«] M3 T3k B2l w

Jaks <ol 1 kth 4-well Lab-Tek 1l chamber slide systemol]
welld 10° KB Al £} Hela AIEE 747} 37°C, 5% CO, Hi
7oA 18413 MlFSIITh Al E 23] AlF sk 30T
37°ColA zHz+ kst W. cibaria CMS2 (10° bacteria/ml)S

0.9% A4, 045% A9, Bt 27} AlHste] 4F
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Figure 1. Effect of 5 M LiCl treatment on the adherence of W.
cibaria CMS2 to epithelial cells. A, untreated W. cibaria CMS2
vs. KB cells; B, treated W. cibaria CMS2 vs. KB cells; C, untrea-
ted W. cibaria CMS2 vs. HeLa cells; D, treated W. cibaria CMS2
vs. HelLa cells. Magnification, > 1000. Shown in the figures are
the representative data of three separate experiments.
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1. W. cibana® BE™ HHHHZEI0| MuA| 0] CHe FE=0]
0jx|s o5t
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W. cibaria®] 3| Mazel] gk Fabdd]st A3} Licks: A
23HA] & AT W. cibaria CMS2: KB A Z¢} Hela
A3 Ho] B3} o1}, LiCle 23k W. cibaria: Al
o FatelA] Zskelt (Fig. 1). 109] KB Alze] digh
W. cibaria®] B+ F-ZE LICKS: A 2]shA] & Ao of
101.7+12.671¢1 e WHke] LiCle 23t e e <
48113713121, HeLa Al2Eol| disiAE LiCIE A2|8HA] &
S W. cibaria®] H-2=E oF 740110070 <19 ¥kt Licl
& Age 7o) B2 8241870900 (Fig. 2). o9 22
A= B2 o W, cibaria®] W wizo] dyto] 9l
S AAVske] =it} T3 LICIE ©]-8-31e] W, cibaria CMU,
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Figure 2. Numbers of adhered W. cibaria CMS2 to epithelial
cells. Treatment of W. cibaria CMS2 was as follows: [], control;
[, 5 M LIiCl. Values are expressed as means £ SD. **Signifi-
cances of differences were defined as p<0.05.
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Figure 3. SDS-PAGE of S-layer proteins of W. cibaria strains
extracted by LiCl (5 mol I™) treatment. Lane 1, W. cibaria CMU;
lane 2, W. cibaria CMS2; lane 3, W. cibaria CMS3. Shown in the
figures are the representative data of three separate experiments.

CMS2, CMS39] S-layer @S- 7}z SDS-PAGEZ -4
sk A}, Tl o] Bxjegko] oF 50kDa o] ATt (Fig. 3).
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W, cibaria CMS2¢} F. nucleatum?te] 528 343813 n| 7
2 TEMO.2 773 A3}, W cibaria: F nucleatum} 23}
Hol = A& e = AU (Fig. 4A). =3 TEMES
o]-g-3ko] W. cibaria®] 7% % F nucleatumzte] F-2h& -zt
3k A3}, pronaseE A |84 &2 W. cibaria= WPZSol 3

T TEE o|F1 e AL E 5 AU (Fig. 4B). Pronase
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Figure 4. Microscopic observations of adhesion between W.
cibaria strain and F. nucleatum ATCC 10953. A, bright-field micro-
graphs of W. cibaria CMS2 vs. F. nucleatum; Magnification,
> 1000; B, TEM micrographs of untreated W. cibaria CMS2 whole
cell only; C, and D, TEM micrographs of adhesion between W.
cibaria CMS2 and F. nucleatum before and after pronase treat-
ment, respectively. Wc represents W. cibaria; Fn represents F.
nucleatum. Shown in the figures are the representative data of three
separate experiments.

A2 eA] &2 W. cibariai= F. nucleatum3} Z335l= A
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Alate] mjF2eet Alis AlFske Ads %71 KB
AR 9 HeLa Aol gk F-2to mA]= F3ks o} &
A3}, KB Ao A= W. cibaria CMS2E 37°CollA]
G T, 045% A ATFE AFERAS W 7T -2 o] 5k
o} (Fig. 5). 17112] KB A2 F-215l W, cibaria 3+ 75+
W. cibariaZ 30ColA] w3t ¥ 0.9% 219947, 0.45% 2%
T, R AFEIE v 47 164451, 10.3£25, 7.7+
1570 o, 37 CollA wigst 3, 0.9% 2947 0.45% 2]
T, TR AXEIS W ZH7) 206422, 1253490, 8.5+
3IMEA, 37TColA vkt & 045% 2GR A6 S
u] W. cibaria®] §-2<=7} 718 @9k} (Fig. 7). B=3t, Hela
Al3Ee] sl = W. cibaria CMS2E 30TCol A wjksk &
0.45% AAT2 AHsIS wl 713 F-2eo] F9kon (Fig.

T =
6), 1719 HeLa A2 H-2 W, cibaria H+ 7I5E W
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Figure 5. Effect of incubation temperature and saline solution
on the adherence of W. cibaria CMS2 to KB cells. A, bacterial
cells were incubated at 30°C and washed with 0.9% saline; B,
bacterial cells were incubated at 30°C and washed with 0.45%
saline; C, bacterial cells were incubated at 30°C and washed with
distilled water; D, bacterial cells were incubated at 37°C and
washed with 0.9% saline; E, bacterial cells were incubated at 37 C
and washed with 0.45% saline; F, bacterial cells were incubated at
37T and washed with distilled water. Magnification, > 1000.
Shown in the figures are the representative data of three separate
experiments.
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Figure 6. Effect of incubation temperature and saline solution
on the adherence of W. cibaria CMS2 to Hela cells. A, bacterial
cells were incubated at 30°C and washed with 0.9% saline; B,
bacterial cells were incubated at 30°C and washed with 0.45%
saline; C, bacterial cells were incubated at 30°C and washed with
distilled water; D, bacterial cells were incubated at 37°C and
washed with 0.9% saline; E, bacterial cells were incubated at 37 °C
and washed with 0.45% saline; F, bacterial cells were incubated at
37 and washed with distilled water. Magnification, X 1000.
Shown in the figures are the representative data of three separate
experiments.
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Figure 7. Numbers of adhered W. cibaria CMS2 to epithelial
cells at various conditions. A, adherence of W. cibaria CMS2 to
KB cell; B, adherence of W. cibaria CMS2 to HeLa cell. W. cibaria
CMS2 were incubated at 30°C or 37°C and washed with saline
solutions as follows: [, 0.9% saline; [J, 0.45% saline; M, di-
stilled water. Means =+ SD followed by distinct letters differ stati-
stically (p<0.05).

WeissellaZo- o} 2 7b4] 37+ A73o) t)3 Zzujo] QEl o
24 JNEE A kgkom, HE3k Weissella®] —1 o FI- o}
A7A] HYAdE 7HA 3L g}u}ﬂ B aEo]7 u} gl = A
Ao M= Aol A ®2] 3 W, cibaria ¥-2]w5-7} Lacto-

bacillusil’/}h = x*f_’_ Fo ke Adstng Zrulele
goza 73 A87Fse Aolet AQFsAT (12,13).
el Z2njo 9-‘:4 o7 AFsly] Asir= HEIAE
of #2g  gli= Tl Jojof Tt (18). B2 AvAE
< A3psdo] Ax FAsEa A Avtke] glrka Bast
At (7,14,22). B3 Lactobacillus®] S-layer ©hulzo] A
of thah F-==a} whdo] dvkar dejA glow (25), B2

=

Lactobacilluso| 4] S-layer7} 2= o1 -t} (27). tHAZ, ©]
9] S-layer THiZL- Fo] HREX] o8 ThilF g o] Fo
A glom, #ApEke oF 40~50 kDao]th. o] Tl A S A
== AgdEo] dom LiClE Aate
Adeirow & 4 Qv (20). 2 ATlAE W. cibaria®]
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