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Abstract

Adherence of probiotic bacteria to intestinal epithelium is found to be the most principal charac-
teristics among the various physiological functionality. This study was conducted to investigate the
effect of bifidobacterial growth properties and condition on the Caco-2 cell adherence and to construct
a basic data on adherence-related research. Among 20 strains of bifidobacteria tested, when measured
by cell surface hydrophobicity (CSH) and cell agglutination(CA), Bifidobacterium bifidum ATCC29521,
Bif. adolescentis K8, and Bif. infantis K9 were selected. Using these strains, variations of Caco-2 cell
adherence depending upon experimental condition were analyzed. The results obtained are as follows
. Even though Bif. bifidum ATCC29521, Bif adolescentis K8, and Bif. infantis K9 reached more 85%
cell surface hydrophobicity there was no significant difference in cell agglutination, when reached
31.54+0.54mg/ml. By direct count method for adherence, viable cell count of M3, K1, K2, K8, K9,
and K10 reached more 100 counts per 100 Caco-2 cells. When Bif. bifidum ATCC29521, Bif. adole-
scentistis K8, and Bif. infantis K9 were used to compare the adherence depending upon viable cell
counts, reaction time, and growth phase, the more viable cell count, and the more adhered cell counts,
the less adherence percentage. In addition, there was no difference in adherence percentage of bifido-
bacteria when bifidobacteria was incubated from 1 to 8 hrs after Caco-2 cells already formed
monolayer. Considering of the effect of growth phase of bifidobacteria on adherence variation, all
strains showed the highest adherence during the early stage of stationary phase. In conclusion,
adherence of bifidobacteria was affected by strain specificity, viable cell count, and growth activity.
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Table 1. Adherence factors of lactic acid bacteria to Caco-2 cell

Sources Factors Remarks References
. (8)
Enterocyte Glycoprotein Mucin, collagen Aleljung et(g;al,
Glycolipid Lactocylamide Yamamoto
Lipoteichoic acid Op den Camp et al."®
Brush border Microvilli Sarem et attV
Mucus Enterocyte membrane Mikelsaar et al
Tight junction Penetration Hochman & Artursson'™
Bacteria Fermented supernatant Secreted protein Coconnier et al."?
Cell surface hydrophobicity Negative charge(-) Perez et al.™®
Cell membrane Glycoprotein, glycolipid Lankaputhra & Shah"'®
Inoculum size Capacity dependance Lehto & Salminen'™”
Strain specificity Strain-specific Lin & Savage’™®
The others External pH Acidic pH Greene & Klaenhammer"?

Enzyme

Chymosin. pepsin, trypsin Greene & Klaenhammer"™
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Fig. 1. Comparison of cell surface hydropho-
bicity(CSH) of bifidobacteria by hexadecane me-
thod.
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Fig. 2. Adherence activity of bifidobacteria to
Caco-2 cell by direct counting method.
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Fig. 3. Photographs of bifidobacteria, intact
Caco-2 cell, and adherent bifidobacteria to Caco
-2 cell. (A) Morphology of Bif. infantis K9( X
1,500), (B) Morphology of intact Caco-2 cell
(x200), (C) Morphology of Caco-2 cell after
Gram staining( x1,500), (D) Morphology of
bifidobacteria adhered to Caco-2 cell( X1,500).
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Table 2. Adherence characteristics of selected bifidobacteria strains

Strains tested Viable count* CSH** Agglutination Adherence
(cfu/ml) (mg/ml) (per 100cell)

M3 12x10° 93874187 30.98+1.00 263+ 9

M8 23x10° 6.73+1.59 31.09+071 45+ 8

K8 15x10° 96.10+2.69 32.11+048 121+ 5

K9 1.9x10° 97.30+1.04 30.76 +0.85 110+14

Values are means+SD for bifidobacteria strains, respectively

* Viable count at OD 1,0/610nm
** Cell surface hydrophobicity
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Fig. 4. Changes of bifidobacterial adherence
to Caco-2 cell depending upon ineculum size,
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Table 3. Changes of bifidobacterial adherence percentage to Caco-2 cell depending upon the reaction

time

Adherence percentage(%)

Time(hrs) Bifidobacteria strains
Bif, bifidum M3 Bif. longum M8 Bif adolescentis K8 Bif. infantis K9
05 0.01 0.00 0.00 0.02
1.0 0.20 0.04 0.08 0.20
15 0.33 0.04 011 0.16
2.0 0.76 0.05 0.26 023
4.0 0.69 0.06 0.71 043
8.0 0.73 0.06 0.39 0.40
24.0 0.02 0.01 0.16 081
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Fig. 5. Changes of bifidobacterial adherence
to Caco-2 cell at different growth phase of Bif,
longum M8(A) and Bif. infantis K9(B).

T MY 122 A 20A1 27X 24 T R o)
o] Al7le| A HabFo] 71 ¥ Ao 9y
Aot o188 2 FE lactobacilli 2] AR
ol @7 KR ol wets A =X
Tt log phase 7o 7} 2T stationary ph-
ase A 7 BT B3738 Cook ¢ 7
FHet X RezZ JElgth %3 lacto-
bacilli f+4t#9] H3Fa YEA AlololE= o}
8 43 347 1ok Tuomola®t Salminen
el wyot= Axatx gk},

£ ARAFAAN MY 53 A2FAE R
Bif. bifidum M3 w57} ¥l < 16A17F o} A7}
Bif. adolescentis K83} Bif, infantis K9 #3-9
v A BRFF7E G o) f A A =) o) A
o] FAol AAHNY) WEY A7 AlgdR
t}. &, Bif bifidum M3 3F¢ stationary
phase 7@ A= & FFo Blal A 487+
& =7] W &olth wetA bifidobacteria®) %
AJAAZAM g4 8] A3 Aog AR



140 FFEIHFGHA A218 A25(200D)

H 7 & S e Al7lE sta-
tionary phase Z71gA1¢ Aoz JFHA}
ol 3 ARE in vivordollA FE8 B, A
TE E3]A bifidobacteria7t AFHH ) Y43}
G5 HE 2AE T3 F FYWE S0t
71 ool I @ 885 oS [ Re)
I maa F A Ee) o FRAE EF A
g Ao #od)

8 o

Z2utol o g FFo ] MXo) g A
< AR AYEA 715 FAAAM M
718o] He ez BA T Qo B A3
bifidobacteria®] &A 3 Z£A o] Caco-2 N X

PR AL R FOIFTA AR

E8E A+ 72ARE wrASt YA 33
Aot 2099% 2] bifidobacteria®] A W &
F4(CSH) 3 A X 3 (CA)E FH3d 4
o #F & Adsgoen, Ady M3, MS,
K8, K9 #F& ©)&3d 4y =4 g&
Caco-2 Ml 2ol Wiyt P25 H3E v 4
vt d¥4F FAM M3, K8, K9 #5F71
ME EE 25440 85% ©)4& JEIRA T,
AE SAAME BE #F7) 31541054
mg/ml2A fel&7t AAHA gkl Direct
counting® ol 98 A== M3, K1, K2,
K8, K9, K10 571 A X 100713 1007) o]}
o] #F7t &AEAS. Bif bifidum M3, Bif
adolescentis K8, Bif infantis K9 #F& )&
sted A APA Y FF HIF 59 wlgA
Zh g ARG AC WE JA5 L 6y 2
3, @5 A7t FF7F ENELE ARHE F
FE F/EIAT AL 0§ Lol E AL
& & AU =3 monolayer’t A Y Caco
-2 M Z o} bifidobacteria® {8 2} v 4]
HE TAZY A A AR & wEr) §ls
Ao 2 WdH o) Bifidobacteria® A A gHA o
WE AT HIdME BE FFNA sta-
tionary phase Z71GAA FF2 Ao
7t 9% Zog dEzg AEHow
Bifidobacteria®] A &5l 45 ol ¥
7, 9 Ao 23 g91o7 ALY
o},

#FoEH

. Fuller, R. : A review~Probiotics in man

and animals. J Appl Bacteriol 66, 365
(1989).

. Simon, G. L. and Gorbach, S. L. : The

human intestinal microflora. Dig. Dis. Sci.
31, 1475(1986).

. Bernet, M. F., Brassart, D, Neeser, J. R.

and Servin, A. L. : Adhesion of human
bifidobacterial strains to cultured human
intestinal epithelial cells and inhibition of
enteropathogen-cell interactions. Appl En-
viron, Microbiol, 59(12), 4121(1993),

. Brassart, D., Neeser, J. R, Michetti, P.

and Servin, A. L. : The selection of dairy
bacterial strains with probiotic properties
based on their adhesion to human inte-
stinal epithelial cells. In : Proceedings of
Lactic '94. pp.201-212. Caen. France(19-
94).

. Salminen, S., Isolauri, E. and Salminen, E.

: Probiotics and stabilization of the gut
mucosal barrier. Asia Pac. J. Clin. Nutr. 5,
53(1996).

. Saavedra, J. M., Bauman, N. A., Oung, L,

Perman, J. A. and Yolken, R. H.
Feeding of Bifidobacteirum bifidum and
Streptococcus thermophilus to infants in
hospital for prevention of diarrhoea and
shedding of rotavirus. The Lancet, 344,
1046(1994).

. Ouwehand, A. C., Isolauri, E., Kirjavainen,

P. V., Tk, S. and Salminen, S. J. : The
mucus binding of Bifidobacterium lactis
Bbl2 is enhanced in the presence of
Lactobacillus GG and Lactobacillus del-
brueckil subsp. bulgaricus, Lett. Appl
Microbiol. 30, 10(2000).

. Aleljung, P., Shen, W. Rozalska, B,

Hellman, U, Ljungh, A, and Wadstrom.
T. : Purification of collagen-binding pro-
teins of Lactobacillus reuteri NCIB 11951,
Curr. Microbiol. 28, 231(1994).

. Yamamoto, K. : Adhesion of lactic acid



10.

11,

12.

13.

14,

15,

16,

17.

18,

Bifidobacteria®) Caco-2 Cell A& mAE 4% A

bacteria to cells mediated by sugar chains.
{h8t L 8y 36(1), 26(1998).

Op den Camp, H. J. M., Peeters, P. A. M.,
Oosterhof, A. and Veerkamp, J. H. :
Immunochemical studies on the lipotei-
choic acids of Bifidobacterium bifidum
subsp. pennsylvanicus. J. Gen. Microbiol.
131, 661(1985).

Sarem, F. Sarem-Damerdj, L. O. and
Nicholas, J. P. : Comparison of the ad-
herence of three Lactobacillus strains to
Caco-2 and Int-407 human intestinal cell
lines. Lett, Appl Microbiol. 22, 439(1996).
Mikelsaar, M., Maender, R. and Sepp, E.
: Lactic acid microflora in the human
microbial ecosystem and its development.
In : Lactic Acid Bacteria : Microbiology
and Functional Aspects. Eds. Salminen, S.
and A. von Wright. 2nd Edn. Marcel
Dekker. New York. pp.279(1998).
Hochman, J. and Artursson, P. : Me-
chanisms of absorption enhancement and
tight junction regulation. J. Controlled Rel-
ease, 29, 253(1994),

Coconnier, M. H., Klaenhammer, T. R,
Kerneis, S., Bernet, M. F. and Servin, A.
L. : Protein-mediated adhesion of Lacto-
bacillus acidophilus BG2F0O4 on human
enterocyte and mucus-secieting cell lines
in culture, Appl. Environ. Microbiol. 58
(6), 2034(1992).

Perez, P. F, Minnard, Y., Disalvo, E. A,
and Antoni, G. L. D, : Surface properties
of bifidobacterial strains of human origin.
Appl Environ. Microbiol, 64(1), 21(1998).
Lankaputhra, W. E, V. and Shah, N, P, :
Adherence of probiotic bacteria to human
colonic cells. Biosci, Microflora. 17(2), 105
(1998).

Lehto, E. M. and Salminen, S. : Adhesion
of two Lacfobacillus strains, one Lactoco-
ccus, and one Propionibacterium strain to
cultured human intestinal Caco-2 cell line.
Biosci, Microflora. 16(1), 13(1997),

Lin, J. H. and Savage, D. C. : Host speci-
ficity of the colonization of murine gastric

19.

20.

21,

22.

23.

24.

25.

26.

141

epithelium by lactobacilli. FEMS Micro-
biol Lett. 24, 67(1984).

Greene, J. D. and Klaenhammer, T. R. :
Factors involved in adherence of lacto-
bacilli to human Caco-2 cells. Appl En-
viron, Microbiol. 60(12), 4487(1994).
Fontaine, 1. F., Aissi, E. A. and Bouquelet,
S. J. L. : In vitro binding of Bifido-
bacterium bifidurm DSM 20082 to mucosal
glycoproteins and hemagglutinating acti-
vity, Curr. Microbiol, 28, 325(1994),
Tuomola, E. M. and Salminen, S. J. :
Adhesion of some probiotic and dairy
Lactobacillus strains to Caco-2 cell cul-
tures. Int. J. Food Microbiol, 41, 45(1998).
Konishi, Y. S., Shibata, K., Yun, S. S,
Kudo, Y. H., Yamaguchi, K. and Ku-
magai, S. : Immune functions of im-
munoglobulin Y isolated from egg yolk of
hens immunized with various infectious
bacteria. Biosci. Biotech. Biochem. 60(5),
886(1996),

Crociani, J., Grill, J. P., Huppert, M. and
Ballongue, J. : Adhesion of different bifi-
dobacteria strains to human enterocyte
-like Caco-2 cells and comparison with in
vivo study. Lett. Appl Microbiol, 21, 146
(1995),

Tuomola, E. M., Ouwehand, A. C. and
Salminen, S. J. : Human ileostomy glyco~
proteins as a model for small intestinal
mucus to investigate adhesion of probio-
tics. Lett. Appl Microbiol. 28, 159(1999).
Saxelin, M., Ahokas, M. and Salminen, S.
: Dose response of the faecal colonisation
of Lactobacillus strain GG administered in
two different formulations. Microb. Ecol,
Health Dis. 6, 119(1993).

Cook, R. L., Harris, R. J. and Reid, G. :
Effect of culture media and growth phase
on the morphology of lactobacilli and on
their ability to adhere to epithelial cells.
Curr. Microbiol. 17, 159(1988).

(2001 3€ 219 H<)



