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Adhesion of Bifidobacteria to Caco-2 Cells and in Relation to Cell Surface
Hydrophobicity
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Abstract

The adhesion of 16 bifidobacterial strains, including 10 isolates from Korean infants, to Caco-2 cells and their
cell surface hydrophobicity were tested. The results of adhesion and cell surface hydrophobicity of for various
pifidobacterial strains were obtained and correlations between adhesion and hydrophobicity were
strain-dependent properties. Any correlations between species of tested strains were not observed. Among the
tested strains, Bifidobacterim longum D6, B. longum H4, B. thermophilum ATCC 25525, B. suis ATCC 27533,
and B. animalis subsp. lactis BB12 had higher adherent properties and B. bifidum B3, B. longum D6, B. longum
H4, B. thermophilum ATCC 25525, B. suis ATCC 27533, B. animalis subsp. lactis BB12, and B. longum 2 had
stronger hydrophobicity, respectively. Due to the strain-dependant correlation between adhesion to Caco-2 cells
and cell surface hydrophobicity of bifidobacteria, these results provide a possible method for preliminary
selection of bifidobacteria potentially adherent to Caco-2 cells by means of cell surface hydrophobic properties.
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Bifidobacterial> 1899\ 3}t~E| 274 9] Tissierel] &3]
25 dgote] B HE BelEglon, A4 B F
W T3 =9l|A| Bacteroides, Eubacteriumel] ©]o]A] 32
Wo] wh =]z ¢lch(Mitsuoka, 1978; Ishibashi®} Shimamura,
1993). W+ Tissieri= Yoh ] 913 A Aol Akt 43
2 SN A 32 AIHT & dthn Aha Fob
Hale] xlEHbE o2 bifidobacteria?] AH#E AAFEATH
(O'Sullivan &, 1992).
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(Finegold 5, 1977; Mitsuoka, 2000). Bifidobacteriax 78
W Eael st 24 AFRE 94 5 AEa, 7
7, 87, A, A, A7 5o vekat ATl e A4e
3 9t} ED bifidobacterial™ Peptostreptococcus, Eubac-
terium, Clostridium, Bacteroides 53}t U280 39 +4E
o7 olE #Ee A ULE 1g7 10°~10" $Foz 24
g Mitsuoka, 1978). T7ellA W= 35S A&l Abg
5-2ll9] bifidobacteria, £3] ZHollA i€ bifidobacterias
sl el dERm Urk ol Aiktel

Ao Mz 1AM o7} 3 Yt Saxelin 5, 2005). F&
A A2 8= B. bifidum, B. longum, B. breve, B. infantis
S Apgate, AAE THA BEAZE 9 5o BH O F Lac-
tobacillus acidophilus\} yogurt culture?] Lactobacillus del-

ojn o
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brueckii subsp. bulgaricus$}; Streptococcus thermophilus® 3
A AgsE S
Azol 982 ALRF = bifidobacteriat} probiotics: <55
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Soldolut HAHA AU A T& 1 o AAAM &
2]3k #28 Algajo} 3}1(Huis in't Veld S, 1994), <44
o] B2¥ GRAS(Generally Regarded As Safe) AYefj<] ®|H
F-8 Alg3fo} 3T} Probiotics®2 AF2-3 AAMFS A
= A, 715 EY, R, A, g EE
3%, B9 Ashs, faT dAT B), T 71S(7ol
Aol A, #eE B4, At 33 2 18 o EAH
AEH 5L 3z 8ok grHHolzapfel#} Schillinger, 2002).
BifidobacteriaS X33t probiotics 2] A@7|E 4
A FBAE B BAGL o SR8 Mdr|Eol =
olgjgt 542 HHAIY A A do|t AL Ao
"

B2 4 v Aoz dEA St g Al 3
Ao AT EHe P2 240 BE 9L Wi, 59
HE Ee) 294 (hydrophobicity)o] 8.3 e R0
d#H A ArHKirjavainen, 5, 1998; Pérez 5, 1998).

¥ Ao A& probiotics T2 F2 3§ A9 AE
A E Ho} Agsha dHs Adehs Y S AEs
71 sl Thgd Rejdel M 22 bifidobacteria Tl
Caco-2 AEol) the 2447 o] BF59) AE T 254 E
23] olo] Yigt FAWAE WA ATE FHSAT

JERET

ALE O]d=2t x|

B Ao A2 bifidobacterials <] A doA A3
127093 o)ate] 17e fof 1599 BAozRE R}
07} ok FA

o FFolFZE FYATL BHHFA |
o7 VN g5 2 Adees AuE e ) B 5 F 1670
TFE Aol AS-SIitHTable 1). At FE+= Bifido-
bacterium asteroides ATCC 25910, Bifidobacterium longum
ATCC 15707, Bifidobacterium suis ATCC 27533, Bifidobac-
terium thermophilum ATCC 25525F American Type Culture
Collection(ATCC, Manassas, VA)| A T4 3f] AFE-3I% T
T3 AgH o2 A=l 9= B. animalis subsp. lactis(for-
merly Bifidobacterium lactis) BBI12(Chr. Hansen A/S, Her-
sholm, Denmark)®} B. longum 2(Wiesby Laboratorium, Nie-
biill, Germany) 5-& 7 FWALRFE £ Wolx] ARSI
A8l Al_¥ bifidobacterial= paraffin oilo] F2%H
modified BL broth(Teraguchi 5, 1978)Z A}8-3tod 37C A
18~24A17F vieFatd om, A3 Hel 28] o]ide] Al uj¥
2 5ol B2 223 £l Fol Agsanh erve 2
Z=2o| 2 5% bifidobacteriat= paraffin oilo] £33 modi-
fied BL brothol] 18A]7F wjek3al £ 3,000 rpmol| 4] 2087t €

A1 -2} (Unton 32R, Hanil Science Industrial, Korea)d}xl 4%

Table 1. Bifidobacterial strains used in this study

Species / strains Source

Bifidobacterium bifidum Al Korean infants feces

Bifidobacterium infantis Bl Korean infants feces

B. bifidum B3 Korean infants feces

Bifidobacterium longum D2 Korean infants feces
B. longum D6 Korean infants feces
Bifidobacterium breve El Korean infants feces

Bifidobacterium adolescentis F1 Korean infants feces

B. longum H4 Korean infants feces
B. breve M1 Korean infants feces
B. bifidum N3 Korean infants feces

B. longum ATCC 15707 Adult intestine

Bifidobacterium thermophilum

ATCC 25525 Swine feces

Bifidobacterium suis ATCC 27533 Swine feces

Bifidobacterium asteroides ATCC 25910 Hindgut of honeybee

Bifidobacterium animalis subsp.

lactis BBI2 Commercial culture

B. longum 2 Commercial culture

-8 3% sodium glutamate7} T-FH 12% 2 SAER|H
= X8ste] —70T deep freezer(MDF-U6086S, Sanyo Elec-
tronic Co., Ltd. Japan)ol] B#spHA] 23 Al&slth

== M=

g Ao A3t Caco-2 H|EE American Type Culture
Collection(ATCC)ol| 733} ©.™, passage number 50~702]
AEE HEe] o] 8319} Caco-2 4| E= DMEM(Dulbe-
cco's modified Eagle's minimal essential medium, Gibco-BRL,
Rockville, MD) v x}ol} 10%2] B-AJ3lel fetal bovine serum
(FBS, Gibco-BRL)¥} 1%2] "] <~ amino acid(Gibco-BRL)7}
58 A LSS BE RS CO; Hi7|(Sanyo,
Japan)oll A 5%2] CO»2t 95% air A 02 37T oA AAJsH
How, gHg AX wEo) 4L Y7 Y WAE m
sele drlges B ANa AZ Al v
< A X o] FAE T PBS bufferZ 33) A& 31a 0.25%
Trypsin-EDTA £ 10 mLE #7}8le] CO; incubatorel 5&
7t wjekstel #2171 F, DMEM Hjix] ¢t E3ste] 343t
Sk EgE AEE 1,300 mpmelA 383 A4RE] st
DMEM HjA| 2 43] A3 T A vt
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M= B 24=A(Cell Surface Hydrophobicity, CSH)

A3 o] AE ZH &5 HAE Pérez 5(1998)9]
WS S8k ARG Hed A48 #FE PBS
buffero]] A &Esled 600 nmol A e FFE=E 1.0 = 0.05%
ZAstATE 48 #3Fo] d=) 3 mLo] E&2] hexadecane
(Sigma)S 231 187} vortexing?d}l ol 2o 2083t w
Aslo] Fo] EBlEEE Stk BEE S35l a2y
4 29 FAEE 600 oA S5t A FH 254
< olfe} o] Attt BE APL 33 Wl
L=

% of hydrophobicity =
(OD g, before — OD g after)
OD ¢, before

x100%

ODgoo before = %27] 3%

58 5(0Dgo = 1.0),
OD600 after = 3‘4% %ﬁ T

HYASHol et BAY 5F

AY zrd wE R WHElE S5k fetd
bifidobacteria®] T4} Caco-2 A& B2 dk-g Al7lo]| wlE
Hade] Wsles EFFrh FAE S AFASY
(Direct counting) & AIA|8}Th Bifidobacteria®] <=l
M2 2ayge wae Z4s) dstd, & AgAS 94
EE FZ30) 10°~10° CFU/welle] B olx ukg 42
ZA 39S v ¥ 2731 t) Bifidobacteria®] Caco-
2 AT BA 9hgA| 7] mE Rabade] Wk 10° CFUML
o] A¥ FF5 H7Ietar CO, v oA ksl 2412F
A0 2 24X 7 E9t AZEH T

AE FFe] B 2382 24 well plateo] B glass
cover slip(12x12 mm, Coming)S 38}, of7]] Caco-2
M ZE wjokste] AT thEo] FAAH 718 Tuomolas} Sal-
minen(1988)2] HMH-& /A dtad AlE-E T AR R 3
¥ FAE PBS buffer= 33 A3 &, A detdS A
%3l 610 nmol|A] EU3E bufferE o] &3le] FHEE 1.0
o8 ZRsA AN AR FFY AEFE SFIALE

Caco-2 cello] A X @33 /d3sle] glass cover slipe] &
o] 9J& 24 well plateZ PBS bufferz 33 A3 2, 0l
Zu)5 7 A=kl 200 ¢ Lo} FBS$} streptomycin/penicillin G
7} G852 & Eebd DMEM HiA] 1.8 mLE &35t
7{3,56}211:} Hzg 24 well platex= CO; W7o 2413
ufjek3t & PBS buffer2 53] A|2]3}31 methyl alcohol Z 5+
7 2748 4171 Fol Gram B4E sfo] AuiFoz 4Y 7
Fol RS Bl Ao PAY W pANE

205-912 7 sle] 100702] Caco-2 Ao H2 ol Qe
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bifidobacteria®] & AlFstn 1 HEXE R o2 ALl
ST

B folel B0 B 1059 2e FEsh 43
o} FA] T3B. longum ATCC 15707, B. thermophilum
ATCC 25525, B. suis ATCC 27533, B. asteroides ATCC
15910) 2 2=9] A31-8 FH(B. animalis subsp. lactis BB12,
B. longum 2)9] A X W £2573E 533 23+ Fig. 19
A BE vis go| ZF weh uls e AE Uee
o, FE7] QP AFe BAA ke

A 75 S|4 B. longum D6, B. longum H4, B. breve
M1, B. thermophilum ATCC 25525, B. suis ATCC 27533, B.
animalis subsp. lactis BB12 58] #7} Al EH A5Ado]
80% oo = 7l vekge. vl Ee] 3 ATAE 2
2 AE FH &F/do] 85% o] do] Holof A AEAME F
Z/gol dtka BHaE Y tPérez 5, 1998).
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Bifidobacterial strains tested

Cell surface hy drophobicity (%)

Fig. 1. Cell surface hydrophobicity of bifidobacterial strains.
Error bars indicate standard errors.

1 : B bifidum Al, Bl : B. infantis Bl, B3 : B. bifidum B3,
D2 : B. longum D2, D6 : B. longum D6, El1 : B. breve El, F1 :
B. adolescentis F1, H4 : B. longum H4, M1 : B. breve M1, N3 :
B. bifidum N3, 15707 : B. longum ATCC 15707, 25525 : B.
thermophilum ATCC 25525, 27533 : B. suis ATCC 27533, 25910 :
B. asteroides ATCC 25910, BB12 : B. animalis subsp. lactis
BBI12, BL2 : B. longum 2.
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Fig. 2. Adherence abilities of bifidobacterial strains to Caco-2
cells by direct counting method. Error bars indicate
standard errors.

Al : B. bifidum Al, Bl : B. infantis Bl, B3 : B. bifidum B3,

D2 : B. longum D2, D6 : B. longum D6, E1 : B. breve El, FI :

B. adolescentis F1, H4 : B. longum H4, M1 : B. breve Ml, N3 :

B. bifidum N3, 15707 : B. longum ATCC 15707, 25525 : B.

thermophilum ATCC 25525, 27533 : B. suis ATCC 27533, 25910 :

B. asteroides ATCC 25910, BB12 : B. animalis subsp. lactis

BBI12, BL2 : B. longum 2.
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dy= 3

AF 73 1678 Fo)A Caco-2 AE 10071 2007) <] 4
ol @47} A3 E T3 B bifidum B3, B. longum D6, B.
longum H4, B. thermophilum ATCC 25525, B. suis ATCC
27533, B. animalis subsp. lactis BB12, B. longum 2 S22
AT TR 2547 ol R FEde] A BREA
sttt Fado] sesta AX 9 A 01 80% °]/d<
T+ B. longum D6, B. longum H4, B. thermophilum ATCC
25525, B. suis ATCC 27533, B. animalis subsp. lactis BB12
= 57 @532 A=t B. thermophilum ATCC 25525}
B. suis ATCC 275332] 7%- Eajgo] Atz o] gh x|
oA #-2l3 @F2A Caco-2 AEol gk F2Ao] =A
el Wb, oA B2)3 B. asteroides ATCC 289102 v
§ e RIS Jepfich dutd oz A A A A
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Fig. 3. Adhesion of bifidobacterial strains to Caco-2 cells and
their cell surface hydrophobicity.

Al : B bifidum Al, Bl : B. infantis B1, B3 : B. bifidum B3,
D2 : B. longum D2, D6 : B. longum D6, El1 : B. breve El, F1 :
B. adolescentis F1, H4 : B. longum H4, M1 : B. breve Ml, N3 :
B. bifidum N3, 15707 : B. longum ATCC 15707, 25525 : B
thermophilum ATCC 25525, 27533 : B. suis ATCC 27533, 25910 :
B. asteroides ATCC 25910, BB12 : B. animalis subsp. lactis
BBI12, BL2 : B. longum 2.

gk 223& probiotic Fa Ae] F23 71 Fo) Rt

o, oleigt B4 falEel ) 4AE A sAL 42
% probiotic TF2] & zlto|v} A FAITE AT FHHo] 9L

THSimmering¥} Blaut, 2001; Tuomola &, 2001).

Caco-2 Al 3ol g F2/dat AE E pdite] 33
FAE 33 A= Fig 304 Bg npe} o] A o
o) Bat T} Agad7ke] A 74]7} 2le] Hautt C

o] 7hssithal A AT
Pérez 5(1998) fole] Bzl WF fA| oA Eal3t
bifidobacteria 19 #3535 At .2 Caco-2 Ao ol H2t
A1, autoagglutination, hem-agglutination 2 hydfophobicity &
=438 A1), F2HAo] 93 #F= hydrophobicity 9} au-
toagglutinationo] A YehA ol F/93te] ARAAE
B3dlg e, Del Re 5200002 137] #39] B. longum<
o] g3} Caco-2 A tfdk B-2Al autoagglutination 2
hydrophobicityZ =33t A3, F34o| 3 #F+ hy-
drophobicity 9} autoagglutination®] =7} JERdT L K118}k
vl 28} Ouwehand 5(1999)& 17 #=29] AAHHL.

rhamnosus, L. johnsonii, L. casei, L. plantarum, L. delbrueckii
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subsp. bulgaricus, Lc. lactis subsp. cremoris, Enterococcus,
Propionibacterium freudenreichii subsp. shermanii)e] Caco-2
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Fig. 4. Adhesion of bifidobacterial strains to Caco-2 cells.
(A) B. longum D6, (B) B. longum HA4, (C) B. bifidum N3.
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