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ABSTRACT

Itis believed that an important criterion for a potential probiotic strain is that it is capable of adhering to
mucosal surfaces in the human gastrointestinal tract. The purpose of this study was to investigate a possi-
ble relationship between exopolysaccharide production and adhesion to Caco-2 cells by Bifidobacterium
breve A28 and Bifidobacterium bifidum A10. In a preselection process, the hemagglutination abilities
of these bacteria were determined prior to undertaking adhesion studies. B. breve A28, which produces
large amounts of EPS (97.00 £ 2.00 mg/l) and has good hemagglutination abilities (43) was found to
adhere strongly to Caco-2 cells. Under gastrointestinal conditions, the high EPS producing- B. breve A28
was found to have better viability and adhesion to Caco-2 cells than the low EPS producing- B. bifidum
A10. Also, B. breve A28 was found to be more effective at inhibiting Escherichia coli ATCC 11229 than B.
bifidum A10. This investigation showed that high EPS production and adhesion ability may be important

in the selection of bifidobacteria as probiotic strains.
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Some species and strains of the genus Bifidobacterium are
considered to be probiotic and are used as active ingredi-
ents in functional food products. These microorganisms
have numerous health-promoting attributes (1). To exert
beneficial effects, they must overcome biological barriers,
including acid in the stomach and bile in the intestine, in
order to at least temporarily colonize specific parts of the
intestinal tract (2). As well as the above properties, EPS
production by these bacteria is important to their viabil-
ity. A protective coating of EPS may allow the bacteria to
better withstand stomach acid and bile salts. In addition,
EPS production may improve adherence to the intesti-
nal mucosa and increase longevity in the intestinal tract
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(3, 4). However, as far as we know, there are no studies
of the factors which influence adhesion of exopolysaccha-
ride producing- Bifidobacterium strains to intestinal cells.
The effectiveness of these organisms is related to their
ability to interact with and adhere to the intestinal wall.
The ability to adhere is a prerequisite for bacterial colo-
nization; it is also essential for the balance of intestinal
microflora, intestinal bacterial enzyme activity and sta-
bilization of intestinal permeability (5). Therefore, mu-
cosal adhesion has been proposed as one of the main
selection criteria for probiotic strains (6). In addition,
it may contribute to the ability to competitively exclude
enteropathogens.
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Adhesion of bifidobacteria to Caco-2 cells

Several probiotics have been shown to inhibit pathogen
adhesion (7-9). This could be the mechanism of probi-
otic protection against ETEC infection, which otherwise
attaches to mucosal surfaces in order to release the toxins
responsible for the development of diarrhea and inflam-
mation (10). However, there is increasing evidence that
probiotics may act, not only by competing for pathogen
adhesion, but also through other diverse mechanisms,
including maintenance of mucosal barrier integrity and
modulation of mucosal immune response (11-13). How-
ever, in vivo studies of bacterial adhesion are not easy to
perform while in vitro model systems, mainly based on the
use of human enterocyte-like Caco-2 cells, are expensive
and time-consuming (14). Thus, it is imperative to select
such strains and further improve their adhesion ability by
optimizing their growth conditions, thus enhancing colo-
nization by them (15). Because of the complexity of in vitro
and in vivo studies, some researchers have suggested that
HA testing should be undertaken prior to adhesion as-
says. HA is recommended as an adhesion test on the basis
that the structure of the receptors of epithelial mammalian
cells is similar to that of erythrocytes. This ability has been
correlated with the presence of lectins on the surface of
the bacteria (16). Many enterotoxigenic bacteria have been
shown to colonize the intestinal surface via fimbrial adhe-
sions that frequently have lectin-like activities and bind to
epithelial glycoconjugate receptors (17-19).

The aims of this study were to investigate two desirable
properties for probiotic microorganisms (i) resistance to
gastric conditions and (ii) ability to adhere to mucosal sur-
faces. The adhesion to Caco-2 cells of bifidobacteria which
had been determined to have both hemagglutination abil-
ity and EPS production, and the effects of gastrointestinal
conditions on the adhesion ability of these bacteria were
examined. In addition, the inhibitory effects on E. coli
ATCC 11229 of B. breve A28 and B. bifidum A10 were
determined and related to their EPS production.

MATERIAL AND METHODS

Microorganisms and growth conditions

B. breve A28 and B. bifidum A10 strains were isolated
from breast-fed human feces during a previous study,
and obtained from the stock collection of the Biotech-
nology Laboratory at Gazi University, Faculty of Sci-
ence and Arts, Department of Biology (Ankara, Turkey)
(20). These strains were classified by their morphologic
and cultural properties, catalase test (negative), and the
API 20A kit analyzed by API LAB plus software ver-
sion 4.0 databases (bioMerieux, Lyon, France). A28 and
A10 were activated anaerobically at 37°C for 24—48 hr in
MRS broth (Merck, Darmstadt, Germany) with L-cysteine
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hydrochloride (0.05%) before experimental use. MRSC
agar plates plated with inoculates taken from different
dilutions were incubated for 48 hr at 37°C in anaer-
obic conditions. Anaerobic conditions were created by
Anaerocult A gas packs (Merck, Darmstadt, Germany).
E. coli ATCC 11229 was obtained from the culture col-
lection held at the Refik Saydam Hygiene Centre, Ankara,
Turkey. E. coli ATCC 11229, which was used as a neg-
ative control, was maintained on nutrient agar (Oxoid,
Cambridge, UK) and cultured in nutrient broth overnight
at 37°C for 24 hr before use. Active B. breve A28, B. bi-
fidum A10 and E. coli ATCC 11229 strains were grown
statically in broth at 37°C and harvested by centrifuga-
tion (10 000 x g, 15 min) in the late exponential growth
phase. Cultures were washed twice with 50 mM KH,PO,-
Na,HPOy, containing 8 g/l NaCl and 2 g/l KCI, and
pH 7.2 PBS, and finally resuspended in the same buffer.
Bacterial concentration was adjusted to ODgyp = 0.600.

EPS production and hemagglutination ability
of B. breve A28 and B. bifidum A10

MRSC (with L-cysteine hydrochloride) broth cultures
were used for cultivation of the strains and investigation
of EPS production by these strains. After inoculation, the
broth cultures were incubated at 37°C for 18 hr. After in-
cubation, the cultures were boiled at 100°C for 10 min.
After cooling, 17% (v/v) of 85% trichloroacetic acid solu-
tion was added and the resultant mixture centrifuged (21).
Thus separation of cells and protein was achieved by cen-
trifugation. EPS was precipitated with ethanol (100% v/v),
and then recovered by centrifugation at 4°C at 14 000 rpm
for 20 min. Total EPS (mg/l) was estimated in each sam-
ple by the phenol-sulfuric method (22) using glucose as
standard (23). All experiments were done in triplicate and
the mean values calculated.

HA using gel technology was determined by the follow-
ing assay. The gel tests use the principle of controlled cen-
trifugation of RBC through a dextran-acrylamide gel (Di-
amed AG 1785, Cressier-sur-Morat, Switzerland), appro-
priate reagents being pre-prepared in a specially designed
micro tube (24). The cells were inoculated into MRSC
broth and subcultured for 16-18 hr at 37°C twice before
further studies. The cultures were adjusted at MacFarland
8. Bifidobacteria cultures (125 ul) were mixed with 25 ul
of RBC from human type O secretor (0.08% suspensions)
(DiaMed AG). Micro tubes were centrifuged at 1030 rpm
for 10 min and the HA ability was measured visually.
The results were recorded as +3 and 0 (negative HA).

Antimicrobial testing

The antimicrobial activity of the B. breve A28 and B. bi-
fidum A10 used in this work was tested against E. coli
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ATCC 11229 using the assay described by Lievin et al.
(25). Briefly, nutrient agar plates containing E. coli ATCC
11229 at a concentration of 10’ CFU/ml were prepared. A
3 mm diameter gel punch was used to make four evenly
spaced wells per plate. Samples were added to each well.
Plates were incubated for 3 hr at 37°C under anaerobic
conditions then overlaid with 10 ml sterile agar. After in-
cubation for 18—-24 hr at 37°C under anaerobic conditions,
the diameter of the inhibition area surrounding the wells
was measured.

Cell lines

The Caco-2 cell line was originally isolated from a hu-
man colon adenocarcinoma and obtained from the cell
and virus bank of the Foot- and Mouth Disease Institute
(Ankara) of the Ministry of Agriculture and Rural Affairs
of Turkey. The cells were cultured in DMEM (Flow, Mis-
sissauga, ON, Canada) supplemented with 10% (v/v) heat
inactivated fetal calf serum, 2 mM L-glutamine (Sigma,
Farma, Turkey), 100 IU/ml penicillin and 100 pg/ml strep-
tomycin (Flow). This was cultured in 25 cm? cell culture
bottles in an incubator with 10% CO,/90% air at 37°C.
For the adhesion assays Caco-2 monolayers were placed in
24-well tissue culture plates. Cells were seeded at a concen-
tration of 1 x 10> cells per well to obtain confluence and
maintained for two weeks before use in adhesion assays.
The cell culture medium was changed every other day
and replaced by fresh DMEM. Caco-2 monolayers were
washed twice with 1 ml of sterile PBS before the adhesion
assay.

Adherence assays

Adherence assays were performed by adding 1 ml
(1 x 107 CFU/ml) of the bacterial strains B. breve A28,
B. bifidum A10 and E. coli ATCC 11229 in spent culture
supernatant MRSC or nutrient to 1 ml of the cell-line
growth medium. This mixture was added to a washed
monolayer of cells on cover slips placed in a twenty four-
well tissue culture dish, and incubated for 1 hr at 37°C in
10% CO,/90% air. The monolayers were washed twice
with PBS (pH 7.4), fixed in methanol, Gram stained
and examined microscopically under an oil immersion
lens. Adherence was evaluated in 50 random micro-
scopic fields and the mean + standard deviation of ad-
hering bacteria per 100 cells of epithelial cell-line was
determined.

The results of adhesion assays are expressed as “ad-
hesion index” for each strain. The adhesion index is the
numbering of adherent bacterial cells per 100 epithelial
cells.

660

Competitive adhesion

In order to study competition for adhesion on Caco-2
cells, B. breve A28, B. bifidum A10 and E. coli ATCC 11229
strains were added simultaneously (1:1 v/v) to the Caco-2
cultures before counting. The free cells of these bacteria
were removed by washing with PBS (pH 7.2) fixed with
methanol, Gram stained and examined microscopically.

Scanning electron microscopy

Bacterial attachment was also determined qualitatively by
electron microscopic examination. Cultured cells grown
on glass cover slips were used for scanning electron micro-
scopic studies. After the bacterial adhesion assay, the cells
were fixed with 3% glutaraldehyde (Sigma) in 0.1 M phos-
phate buffer (pH 7.2) at 4°C for 24 hr. After two washes
with phosphate buffer, cells were post-fixed with 2%
w/v osmium tetra oxide (proSciTech, Thuringowa, Qld,
Australia) for 30 min in the same buffer at room temper-
ature

After fixation the cells were washed with phosphate
buffer and dehydrated in a graded series of ethanol start-
ing with 70% v/v followed by 80% v/v, 90% v/v and finally
100% v/v. Cells were dried in a critical-point dryer with
CO, (Polaron, CPD 7501, Quorum, East Grinstead, W.
Sussex, UK) with CO, and coated with gold (Polaron SC
502 sputter coater, Quorum). The specimens were then
examined with a Jeol JSM 6060 scanning electron micro-
scope (Peabody, MA, USA).

Adhesion to Caco-2 cells and viability of
bacterial cells in vitro under gastrointestinal
conditions

All enzymes and chemicals were obtained from Sigma
Chemicals. B. breve A28, B. bifidum A10 and E. coli ATCC
11229 were subjected to different treatments in order to
observe the effect of various gastrointestinal conditions
on their adhesive ability. One ml aliquots of the bacte-
rial suspension were centrifuged (10 000 x g, 15 min)
and resuspended in 1 ml of artificial gastric juice contain-
ing NaCl, 125 mM; KCl, 7 mM; NaCOj3, 45 mM; pepsin
3 mg/ml, and HCI to adjust the final pH to 2.0, 3.0, 4.0
and, for a control, 7.0, after which a mixture of simu-
lated pancreatic juice and bile containing 0.15% bile salts,
1 mg/ml of trypsin, and 1 mg/ml of o-chymotrypsin was
added (26). All suspensions were incubated for 1 hr at
37°C (except for the cells treated with gastric plus pancre-
atic juice, which were incubated for two successive hours,
one with each treatment), washed, resuspended to their
original volume in PBS and combined immediately with
epithelial cells in the adhesion reaction mixtures. After in-
cubation of the bacterial suspensions with artificial gastric
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juice and artificial gastric juice plus pancreatic juice, seven
successive (1071=1077) dilutions were plated on MRSC
and nutrient agar to assess the growth of B. breve A28,
B. bifidum A10 and E. coli ATCC 11229, respectively. The
MRSC agar plates were incubated for 48 hr at 37°C, while
nutrient agar plates were incubated for 24 hr at 37°C, then
viable cell counts (CFU/ml) were estimated for each plate.
In all cases, aliquots of each bacterial suspension, with-
out chemical or enzymatic treatment, and also gastric and
pancreatic juices at pH 7, were used as controls. In addi-
tion, anaerobic conditions were created by Anaerocult A
gas packs (Merck) for all experiments. Subsequently, ad-
herence assays were performed by adding 1 ml of bacterial
suspension treated with artificial gastric juice and artifi-
cial gastric juice plus pancreatic juice tol ml of the cell-line
growth medium. The adhesion index was calculated.

Statistical analysis

ANOVA followed by Tukey’s test was used for data com-
parison among tested strains. Differences were considered
to be significant at P < 0.05. Data were analyzed using
SPSS 16.0 for Windows statistical software.

RESULTS

EPS production and HA ability of B. breve
A28 and B. bifidum A10

In this study the EPS producing capacity of B. breve
A28 and B. bifidum A10 was determined and the re-
sults are shown in Table 1. While B. breve A28 had a
high EPS producing capacity (97.64 £ 2.00 mg/l), B. bi-
fidum A10 has found to have a low EPS producing capacity
(38.00 & 1.00 mg/l). Because the HA ability of bifidobac-
teria is thought to be useful in preselecting it as having
strong adhesion adhesion, this property was also investi-
gated. B. breve A28 showed a high degree of HA ability
(43), but B. bifidum A10 showed none (0). Table 1 and
Figure 1 show the HA abilities of B. breve A28 and B.
bifidum A10.

Table 1. EPS production, HA ability, and inhibitory effect of bifidobac-
teria

EPS production HA Inhibition
Strain (ma/l)* ability zone (mm)**
B. breve A28 97.64 + 2.00 +3 9+1
B. bifidum A10 38.00 £+ 1.00 — 5+1

*Values are mean of values of three independent determinations =+ stan-
dard errors.
**Inhibition effect of bifidobacteria on E. coli ATCC 11229.

(© 2010 The Societies and Blackwell Publishing Asia Pty Ltd

———

B. breve A28 (+3)  B. bifidum A10 ()

Fig. 1. Shows strong HA ability of B. breve A28 (+3) and weak
HA ability of B. bifidum A10 (-).

The inhibitory effects of B. breve A28 and
B. bifidum A10 on E. coli ATCC 11229

Both B. breve A28 and B. bifidum A10 were determined to
be inhibitory to E. coli ATCC 11229, which is known as
an important intestinal pathogen. While the diameter of
inhibition of E. coli ATCC 11229 by B. breve A28 was 9 +
1 mm, the diameter of inhibition of E. coli ATCC 11229
by B. bifidum A10 was found to be 5 & 1 mm (Table 1).

Adhesion of bacteria to Caco-2 cells
and competition

The adhesiveness of B. breve A28, B. bifidum A10 and E.
coli ATCC 11229 was quantified by light microscopy Gram
staining. Fifty microscopic fields were randomly counted
to assess the number of bacteria attached to the epithelial
cells. The average numbers of bacteria (£ standard de-
viation) adhering per 100 epithelial cells were calculated
from these data and defined as the adhesion index. The
adhesive indices of all three strains are summarized in
Table 2. The adhesion indices of B. breve A28 (300<) and
E. coli ATCC 11229 (300<) were higher than that of B.
bifidum A10 (19 £ 1) or control groups. When compared
with E. coli ATCC 11229, the high EPS-producing B. breve
A28 showed a better capacity to adhere to Caco-2 cells
than did the low EPS-producing B. bifidum A10. All these
results were confirmed by electron microscopy. When we
compared B. breve A28 at pH 7 (Figure 2a) with B. bi-
fidum A10 at pH 7 (Figure 2b), the high EPS-producing B.
breve A28 showed better adhesion than did the low EPS-
producing B. bifidum A10. Moreover, B. breve A28, which
has a high HA ability, showed strong adhesion capacity.
In addition, when the adhesion of E. coli in combination
with bifidobacteria to Caco-2 cells was investigated, the
adhesion ability of E. coli was reduced in the presence of
bifidobacteria. When the findings were compared, it was
found that the effects of competition on E. coli ATCC
11229 were greater with the E. coli ATCC 11229- B. breve
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Table 2. Adhesion of B. breve A28 and B. bifidum A10 strains with
E. coli ATCC 11229 under competitive conditions

Adhesion index2®

Competitive conditions

A28 and A10 and
Strains Control E. coli E. coli
B. breve A28 300< 4142
B. bifidum A10 19+1 17 £ 1
E. coli ATCC 11229 300< 48 £ 2 105+ 8

aAdhesion index (number of bacteria attached/100 Caco-2 cells) was
evaluated in 50 random microscopic fields and the mean + standard
deviation of adhering bacteria per 100 cells of epithelial cell-line was
determined.

bEach value of adhesion index represents the average of at least two
independent experiments & mean S.D. of the individual experiments.

A28 combination than with the E. coli ATCC 11229- B.
bifidum A10 combination.

Adhesion to Caco-2 cells and viability of
bacterial cells in vitro under gastrointestinal
conditions

The viability of B. breve A28, B. bifidum A10 and E. coli
ATCC 11229 (as a control) was determined under gas-
trointestinal system conditions, and the results are shown
in Table 3. When the effect on viability of changes in pH
induced by artificial gastric juice was evaluated, the vi-
able bacterial count was found to decrease for all three
bacteria tested, namely B. breve A28, B. bifidum A10 and
E. coli ATCC 11229. The greatest inhibitory effected was
determined to be at pH 3. In the presence of gastric juice

at pH 3, the viability of B. breve A28 decreased by about
5.8 log cycles after 1 hr of exposure. B. bifidum A10 also
lost viability after treatment with gastric juice at pH 3.
Taken together, these results suggest that EPS production
decreases the effect of artificial gastric juice on the viability
of B. breve A28. After treatment with artificial gastric plus
pancreatic juice, B. breve A28, B. bifidum A10 and E. coli
ATCC 11229 were all determined to be more severely af-
fected by the artificial gastric juice alone. B. breve A28, B.
bifidum A10 and E. coli ATCC 11229 all lost viability after
treatment with gastric juice at pH 3 followed by pancreatic
juice. The viability of E. coli ATCC 11229 was found to be
better than that of B. breve A28 and B. bifidum A10 after
treatment with both artificial gastric juice and gastric plus
pancreatic juice.

The effect of gastrointestinal conditions on the adhesion
of bacteria to Caco-2 cells was also examined by expos-
ing bacterial suspensions to artificial gastric and gastric
plus pancreatic juices, sequentially. The results of these
experiments are present in Table 4. In the different gastric
juice conditions different adhesion results were found. All
these results paralleled the viability results. Correlations
between adhesion and viability in different gastric juice
conditions were found. Gastric juice at different pH (3, 4,
5 and 7) and gastric plus pancreatic juices treatment all
significantly reduced adhesion (P < 0.05). After gastric
juice treatment, all strains showed better adhesion ability
than after gastric plus pancreatic juice treatment. The high
EPS-producing B. breve A28 showed greater viability and
adhesion ability than did the B. bifidum A10 after artifi-
cial gastric and gastric plus pancreatic juices treatments.
These results clearly show that EPS may play protective
and adhesion-promoting roles in the intestinal ecosystem.
When compared with E. coli ATCC 11229, B. breve A28

Fig. 2. (a) Adhesion of high EPS producing- B. breve A28 and (b) low EPS producing- B. bifidum A10 to Caco-2 cells as observed by

scanning electron microscopy. (Magnification x2500).
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Table 3. Viability of bacteria (log1o CFU/m) after treatment with artificial gastric juice (pH: 3.0, 4.0, 5.0, 7.0) and artificial gastric (pH: 3.0, 4.0, 5.0,

7.0) plus pancreatic juice

Viability*®

Artificial gastric juice*

Artificial gastric plus pancreatic juice*

Strains pH 7.0 pH 5.0 pH 4.0 pH 3.0 pH 7.0 pH 5.0 pH 4.0 pH 3.0
B. breve A28 841 6+0 5+0 2+0 6+0 6+0 441 0
B. bifidum A10 742 5+2 3+2 5+1 5+0 3+0 0
E. coli ATCC 11229 9+2 9+1 842 7+2 9+1 8+1 8+0 7+1

*Mean S.D. of individual experiments.
2Viability of bacteria calculated as log 190 CFU/mI.

bAll experiments were performed under anaerobic conditions, which were created by Anaerocult A gas packs (Merck).

was more strongly adhesive than B. bifidum A10 under all
conditions. While the presence of viable bacteria was not
confirmed at pH 3 gastric juice and gastric plus pancreatic
juice treatment, these strains did show adhesion to Caco-2
cells.

DISCUSSION

Probiotics can be defined as microbial cell preparations or
components of microbial cells that have a beneficial effect
on the health and well-being of the host (27). The main
criteria for selecting probiotic strains are their acid and
bile tolerance, ability to survive throughout the gastroin-
testinal tract, ability to adhere to intestinal surfaces, tem-
porary colonization, antagonism against pathogens and
good technological properties (28). In addition, EPS pro-
duction by probiotics is important as it enables adhesion
to the epithelium and protects the bacterium. EPS pro-
duction could act as an adherence factor that may play a
role in the colonization of intestinal mucosa by probiotics
(29). The bacteria that produce EPS can protect themselves
from negative factors such as low pH by using EPS like a
covering (30, 31). According to our results, the viability

of high EPS producing B. breve A28 is better than that of
low EPS producing B. bifidum A10 under gastrointesti-
nal conditions. The protective effects of EPS production
are demonstrated by the results presented here. Although
several other probiotic bacteria have been reported to pro-
duce EPS (32), there are few studies on EPS production by
Bifidobacterium species. These studies have focused on the
structure and characterization of EPS. On the other hand,
the HA ability of bacteria may be provide an important
adhesin for epithelial surfaces. Ocana et al., taking advan-
tage of the similarity between mammalian epithelial cell
receptors and erythrocyte membrane receptors, evaluated
bacteria for HA ability and concluded that the HA test
would be a useful initial step before carrying out the ep-
ithelial adhesion test (16). In our study, the HA abilities of
bifidobacteria were determined as a selection step for ad-
hesion of bacteria. After an HA ability study, the adhesion
index of B. bifidum A10 was compared to that of B. breve
A28. The high HA ability of B. breve A28 was found to cor-
relate positively with its adhesion ability, when compared
with B. bifidum A10.

An important function of the microflora is to exert a
barrier against colonization of the gastrointestinal tract

Table 4. Adhesion of bifidobacteria and E. coli ATCC 11229 to Caco-2 cells after treatments with artificial gastric juice and artificial gastric plus

pancreatic juice

Adhesion index?

After treatment with artificial
gastric juice*

After treatment with artificial
gastric plus pancreatic juice *

Strains pH 3 pH 4 pH 5 pH 7 pH 3 pH 4 pH 5 pH 7

B. breve A28 19+2 29+0 42 +£3 43 £ 1 1M+1 17 £1 29+ 1 3341
B. bifidum A10 6+0 9+ 1 14+0 19+0 4+1 5+1 8+ 1 14+0
E. coli ATCC 11230 98 +1 112+2 127 £ 2 1173 93+0 9% +0 104+ 4 115+ 2

2Adhesion index (number of bacteria attached/100 Caco-2 cells) was evaluated in 50 random microscopic fields and the mean + S.D. of adhering

bacteria per 100 cells of epithelial cell-line was determined.

*Asterisks indicate signification differences from their respective controls at different pH values (P < 0.05) and mean S.D. of individual experiments.
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by pathogenic bacteria (33). Adhesion of lactobacilli and
competitive exclusion of pathogens from intestinal and
uroepithelial cells and mucus have recently been well doc-
umented. Since bifidobacteria are members of the domi-
nant microflora, it may be more relevant to use this genus
as a probiotic, especially in newborns (34). It has been sug-
gested that Bifidobacteria function as an anti-infectious
barrier to pathogenic bacteria (35). Increasing their num-
bers may, therefore, be desirable. In the competitive study
reported here, it was observed that B. bifidum A10 did not
prevent the adhesion of E. coli ATCC 11229 to Caco-2 cells
as well as B. breve A28 did. This difference may be due to
the lower EPS production ability of the former strain. A
similar study has been reported by Coconnier et al. (36).
Their studies showed that lactobacilli can exclude entero-
toxigenic E. coli from Caco-2 cells (36). Moreover, Roselli
et al., researched the effects of B. animalis MB5 and L.
rhamnosus GG strains when used as probiotics to protect
Caco-2 cell from inflammation caused by enterotoxigenic
E. coli K88, and observed inhibition of E. coli K88 by these
bacteria (37).

Adhesion to the intestinal mucosa is considered to be
a factor that is important for consequent colonization by
the microflora of some areas of the gastrointestinal tract
(38). Because bacterial adhesion to epithelial cells has been
considered to be one of the selection criteria for probiotic
strains, the Caco-2 cell line has been used as an in vitro
model for intestinal epithelium, this cell line having been
used to screen for adhesive strains (39). For these mi-
croorganisms, adhesion ability has become an important
property in the selection of strains for probiotic purposes.
While there are few reports about the adhesion ability of
bifidobacteria, researchers have reported their adhesion to
Caco-2 cells and mucus (38, 40, 41). In our studies, ability
of bifidobacteria to adhere to Caco-2 cells was determined.
In addition, in this study the importance of EPS produc-
tion by bifidobacteria in regard to adhesion to Caco-2 cells
has been emphasized. In the present study, scanning elec-
tron microscopy revealed that B. breve A28 adhered well to
Caco-2 cells. Scanning electron microscopic examination
also revealed that fibrils emerge from the cell surface of
B. breve A28, presumably contributing to adhesion to the
epithelium (Fig. 2).

Moreover, some studies on adhesion of bifidobacteria
to Caco-2 cells have examined them under gastrointestinal
conditions. Similarly to our study, Ram and Chander have
determined adhesive capacity of B. bifidum HI 39 and B.
bifidum HI 48 strains at different pH (pH 5, 6, 7, 8). Strains
were maximally adhesive at pH7 (80-90%), minimum de-
grees of adhesion to epithelial surfaces being found at pH
5 (15). In our study, both B. breve A28 and B. bifidum
A10 were maximally adhesive to epithelial surface at pH 7.
Hood and Zottola observed that exposure of Lactobacillus
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acidophilus BG2FO4 to pH 2, 3, and 4 for up to 5 hr did not
affect its ability to adhere to human intestinal tissue cells,
however its viability was greatly decreased (42). In our
study, adhesion of B. bifidum A10 was also significantly
reduced after exposure to artificial gastric plus pancreatic
juice. These findings may indicate that adhesion of these
strains would be reduced after passage through the stom-
ach. It also shows that resistance to low pH is not only
important for viability, but also for adhesion.

Adhesion is an important predictor of the ability of
bacteria to colonize the gastrointestinal tract. EPS pro-
duction has an advantage for adhesion by, and protection
of, probiotics. Bifidobacteria which have strong adhesion
ability and EPS production are more capable of challeng-
ing pathogenic bacteria. These results show a potential for
adhesive human bifidobacteria to inhibit cell association
and cell entry by human pathogens. According to all the
above results, EPS production results in adhesion ability
even in dead bacterial cells, and EPS may play a role in
competition. Based on our findings that adhesion ability
is only mildly affected by gastrointestinal system condi-
tions, B. breve A28 strain should be considered promising
microorganisms for the development of new probiotic
products.
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