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Membrane filter method to study the effects
of Lactobacillus acidophilus and Bifidobacterium
longum on fecal microbiota
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ABSTRACT
A large number of commensal bacteria inhabit the intestinal tract, and interbacterial communication
among gut microbiota is thought to occur. In order to analyze symbiotic relationships between
probiotic strains and the gut microbiota, a ring with a membrane filter fitted to the bottom was used
for in vitro investigations. Test strains comprising probiotic nitto strains (Lactobacillus acidophilus
NT and Bifidobacterium longum NT) and type strains (L. acidophilus JCM1132T and B. longum
JCM1217T) were obtained from diluted fecal samples using the membrane filter to simulate
interbacterial communication. Bifidobacterium spp., Streptococcus pasteurianus, Collinsella aero-
faciens, and Clostridium spp. were the most abundant gut bacteria detected before coculture with the
test strains. Results of the coculture experiments indicated that the test strains significantly
promote the growth of Ruminococcus gnavus, Ruminococcus torques, and Veillonella spp. and inhibit
the growth of Sutterella wadsworthensis. Differences in the relative abundances of gut bacterial strains
were furthermore observed after coculture of the fecal samples with each test strain. Bifidobacterium
spp., which was detected as the dominant strain in the fecal samples, was found to be unaffected by
coculture with the test strains. In the present study, interbacterial communication using bacterial
metabolites between the test strains and the gut microbiota was demonstrated by the coculture
technique. The detailed mechanisms and effects of the complex interbacterial communications that
occur among the gut microbiota are, however, still unclear. Further investigation of these
relationships by coculture of several fecal samples with probiotic strains is urgently required.

Key words cocultivation, fecal species, interbacterial communication, probiotic strain.

The human intestinal tract contains more than 100
trillion (1014) microbial cells classified into at least 1000
different species (1–3). The majority of bacteria resident
in the gut influence the host's health, physiological
functions, resistance to infection, and responses to
endotoxins and various other stressors (1, 2). Recently,
relationships between the intestinal microbiota and
systemic conditions such as inflammatory bowel
disease (4, 5), Crohn's disease (6, 7), obesity (8–10),
diabetes (11), and autism (12–14) have been reported.

Furthermore, the composition and activity of the gut
microbiota are influenced by diet (15–18), age (19), and
antibiotics (20). It is necessary to decipher the detailed
interactions between the diversity and functions of the
microbial gut community and human health.

It has recently been reported that the bifidobacteria
and lactobacilli comprising the normal gut bacteria are
as important as probiotics for maintaining human
health (21, 22). However, the outcomes measured to
determine the effects of dietary probiotics commonly
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include changes in the composition of the normal gut
microbiota, such as the numbers of bifidobacteria and
lecithinase-positive clostridia. Such measurements do
not fully take into account the functional interactions
between dietary probiotics and the gut microbiota, nor
do they account for the environment of the human host.
A large number of commensal bacteria inhabit the
intestinal tract. Therefore, in the intestine, interactions
among bacteria need to be considered. However, no
robust method has been developed to study such
interbacterial communications among gut bacteria.
The purpose of the present study was to investigate

interbacterial communications among gut microbiota.
For this purpose, we described a cocultivation technique
using a simple nutrient soft agar medium that allows
coculture between gut bacteria and probiotic strains,
with physical separation between the strains by the
membrane filter method (23). Features of this technique
that we optimized included the following: (i) anaerobic
conditions; (ii) incubation time; and (iii) media. We
compared two different test strains (Lactobacillus
acidophilus JCM1132T, NT and Bifidobacterium longum
JCM1217T, NT) for their impact on normal gut bacteria
using this technique.

MATERIALS AND METHODS

Media

TYG agar (pH 7.0) comprising trypticase (10.0 g),
yeast extract (5.0 g), glucose (4.0 g), Tween

1

80 (0.5 g),
L-cysteine�HCl�H2O (0.5 g), 1M MgCl2 (0.4mL), 1M
KCl (20.0mL), 1M NaCl (30.0mL), 1M NH4Cl
(19.0mL), 1M Na2SO4 (0.8mL), 1M Na2HPO4 / 1M
NaH2PO4 buffer, pH 7.0 (64.0mL), agar (15.0 g or 4.0 g),
and distilled water (865.8mL) was used (23).

Preparation of bacterial strains

L. acidophilus JCM1132T and B. longum JCM1217T were
used as type strains. L. acidophilus JCM1132T and NT
were cultured on MRS agar (Difco Laboratories Inc.,
Detroit, MI, USA) at 37°C for 48 hr under anaerobic
conditions using Anaero Pack-Anaero (Mitsubishi Gas
Chemical, Tokyo, Japan). B. longum JCM1217T and NT
were cultured on BL agar (Nissui Pharmaceutical Co.,
Tokyo, Japan) for 48 hr under the same conditions as
that specified for L. acidophilus.

Cultivation of bacteria from human feces

All experimental procedures were carried out in a vinyl
anaerobic airlock chamber (Coy Laboratory Products,
Grass Lake, MI, USA), with an atmosphere composed of

N2, H2, and CO2 (but depleted in oxygen). Fecal samples
were obtained from two healthy volunteers (two males
aged 30 and 60 years) who had provided verbal informed
consent. Then, 0.5 g fecal samples were immediately
suspended in 4.5mL anaerobic phosphate-buffered
solution containing KH2PO4 (4.5 g), Na2HPO4 (6.0 g),
L-cysteine�HCl�H2O (0.5 g), Tween

1

80 (0.5 g), and agar
(1.0 g) per 1 L distilled water. Approximately 50mL fecal
samples at 107- and 108-fold dilutions were plated on BL
and TYG agar. After 2 days (BL agar) and 7 days (TYG
agar) of incubation under anaerobic conditions at 37°C,
the colonies on these agars were counted and selected
as living cells. The percentage of recovery was calculated
as (average colony count on upper layer/average total
colony count)� 100.

Coculture system using a membrane filter

All experimental procedures were carried out under
anaerobic conditions. In a 90-mm petri dish, 150mL of
the sample mixtures (0.4% [w/v] soft TYG agar mixed
with the probiotic strain at 105-fold dilution [140:10 v/v])
was overlaid onto 20mLof 1.5% (w/v) agar TYGmedium
(probiotic strain colony counts: 100–200CFU).A 70-mm
(inner diameter) polypropylene ring with a membrane
filter (pore size, 0.22mm;MerckMillipore, Billerica, MA,
USA) (Shizuko-IndustryCo. Ltd, NumazuCity, Japan) at
the bottomwas placed on the lower soft agar layer (Fig. 1).
After 100mL fecal samples at 107-fold dilution were
plated onto the membrane filter, 9mL of 0.4% (w/v) soft
TYG agar medium was overlaid (fecal samples colony
counts: 50–100 CFU). Then, plates and Anaero Pack-
Anaero (Mitsubishi Gas Chemical) were immediately
placed in bags filled with oxygen-free gas. After 7 days of
incubation under anaerobic conditions at 37�C, the
colonies on the upper layer were counted and selected as
living cells. Colonies that were too close to be selected
separately or that underwent surface spreading were not
selected.

16S rRNA gene sequencing

The colonies that were selected on the upper layer
were used to amplify the 16S ribosomal RNA (rRNA)
gene from each isolate by using the primers 27F
(50-AGAGTTTGATCCTGGCTCAG-30) and 1492R
(50-GGTTACCTTGTTACGACTT-30). The resulting
PCR products were purified with an UltraClean PCR
Clean-Up Kit (MO BIO Laboratories, San Diego, CA,
USA), then directly sequenced with a Big Dye Terminator
Cycle Sequencing Kit ver. 3.1 (Applied Biosystems, Foster
City, CA, USA) and the ABI 3730xl DNA analyzer system
(Applied Biosystems). Sequences were matched with the
GenBank database using BLAST. These isolated strains
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shared more than 98% similarity among their 16S rRNA
gene sequences.

Statistical analysis

The means of results (n¼ 3) obtained in the above tests
were compared between treatment groups using Stu-
dent's t-test and differences with P< 0.05 were consid-
ered statistically significant.

RESULTS

Colony counts

To determine the minimum number of colony counts
required for accurate determination of fecal bacterial

composition, we selected and counted approximately 20,
30, 50, and 70 colonies in succession under anaerobic
conditions after incubation of a single fecal sample for
7 days at 37°C (Fig. 2). The number of bacterial species
identified increased with the number of colonies selected
until approximately 50 colonies, but the number of
bacterial species and relative abundance of total bacteria
were no different between analyses conducted by
selecting 50 and 70 colonies. Therefore, approximately
50 colonies on the upper layer of agar were selected and
counted for further analysis using this method.

Anaerobic conditions

The culture of gut bacterial species under aerobic or
anaerobic conditions using the same fecal sample after

Fig. 1. Coculture system for the analysis of interbacterial interactions between probiotic or type strains and the normal gut
microbiota. (a) Overview of gut bacteria colonies grown on the upper layer of the membrane filter grown from a fecal sample after 7 days of
anaerobic culture at 37°C. (b) Development of detection system for the analysis of interactions between probiotic or type strains and normal gut
microbiota. 1, spacer ring; 2, upper layer of soft agar medium; 3, membrane filter with 0.22mm pore size; 4, lower layer of soft agar; 5, basal
agar; 6, inoculation of fecal sample; 7, inoculation of probiotic or type strain.

Fig. 2. Optimal number of colony counts. Comparison among the results obtained from a single fecal sample by selecting approximately
either 20, 30, 50, or 70 colonies after incubation under anaerobic conditions for 7 days. Data shown represent averaged results from two
replicate experiments. aTwo species (Bifidobacterium longum and Bifidobacterium pseudocatenulatum); btwo species (Eubacterium limosum and
Eubacterium callanderi); cfour species (Clostridium butyricum, Clostridium beijerinckii, Clostridium roseum, and Clostridium diolis).
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incubation for 7 days at 37°C is shown in Figure 3.
Bifidobacterium spp. and Streptococcus pasteurianus
constituted more than 95% of the bacteria observed
under aerobic incubation conditions, whereas higher
proportions of anaerobic bacteria such as Fusobacte-
rium mortiferum, Acidaminococcus intestini, Collin-
sella aerofaciens, Megamonas hypermegale, Sutterella
wadsworthensis, and Ruminococcus gnavus were
observed under anaerobic conditions.

Incubation time

Gut bacterial species identified following culture of a
single fecal sample under anaerobic conditions for either
2 or 7 days at 37°C are shown in Figure 4. Bifidobacte-
rium spp. and S. pasteurianus were the most abundant
gut bacteria observed after a 2-day incubation period,
whereas the number and detection rate of anaerobic
bacteria such as S. wadsworthensis, Eubacterium spp.,
Bacteroides ovatus, Eggerthella lenta, andM. hypermegale
tended to be higher after 7 days of incubation compared
with those observed after 2 days of incubation. The
results indicated that these anaerobic bacteria must have
been able to grow gradually between 2 and 7 days of
incubation under anaerobic conditions.

Media

In order to investigate whether different species of gut
bacteria would be detected on different nutrient agars,

we cultivated bacteria from human feces under relatively
simple nutrient conditions (TYG agar, 7-day incubation
period) and compared the growth of gut bacteria with
that on BL agar (2-day incubation period), previously
used to isolate gut bacteria (Fig. 5). Bacteroides spp. on
BL agar and Bifidobacterium spp. on TYG agar were the
most abundant gut bacteria observed, comprising
more than 25% of total bacteria. To further investigate
the effects of different nutrient conditions on bacterial
growth, we examined the impacts of adding horse
blood and Fildes Enrichment Solution. The horse
blood digested by pepsin (41) was added to TYG agar
(5% v/v) on the gut species obtained from culture of a
single fecal sample (Fig. 6). The results showed that the
relative abundance of Bacteroides spp. tended to increase
following inoculation of the horse blood. Additionally,
the relative abundance of Bacteroides spp. increased to
more than 90% after inoculation of the Fildes Enrich-
ment Solution.

Effects of coculture with NT and type
strains of L. acidophilus and B. longum on
the diversity of human gut microbiota

Changes in the gut bacterial species observed following
coculture with NT and type strains (L. acidophilus
JCM1132T, NT, and B. longum JCM1217T, NT) are
shown in Table 1. The findings showed that coculture
with these strains significantly promoted the growth of
R. gnavus, R. torques, and Veillonella spp. and inhibited

Fig. 3. Influence of aerobic and anaerobic conditions. Gut bacterial species identified from a single fecal sample following culture under
either aerobic or anaerobic conditions for 7 days. Data shown represent results averaged from two replicate experiments. aThree species
(Bifidobacterium longum, Bifidobacterium pseudocatenulatum, and Bifidobacterium adolescentis); btwo species (Eubacterium limosum and
Eubacterium callanderi).
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that of S. wadsworthensis (P < 0.05, 0.01). Coculture
with the probiotic strains increased the detection
rate of R. gnavus more than did coculture with each
type strain. Although the detection rate of S. wadswor-
thensis was almost the same following coculture with
each of B. longum NT and JCM1217T, coculture with
L. acidophilus NT significantly decreased the detection
rate of S. wadsworthensis, compared with that observed
following coculture with JCM1132T. Additionally, the
Bifidobacterium spp. that were observed on the upper
layer of agar following incubation were not affected by
coculture with these strains.

DISCUSSION

The human intestinal tract contains more than 100 tril-
lion (1014) microbial cells classified into at least 1000
different species (1, 2). Advances in culture-independent
molecular techniques have suggested a relationship
between the gut microbiota and the pathogenesis of
various diseases (4–11). However, over 70–80% of the
total number of gut bacterial species have not been
cultivated in spite of the development of culture and
molecular culture-independent techniques (3, 24). The
reasons as-yet-uncultured bacteria remain unclear are
speculated to include the following: (i) anaerobic
culture techniques require special training for inves-
tigators (25, 26); (ii) most of the microorganisms in the
human intestinal tract are highly oxygen-sensitive
anaerobes (27–29); and (iii) multiple interbacterial
communications exist in the gut microbiota. Ohno

Fig. 5. Effects of different nutrient agar types on bacterial
growth. Gut bacterial species identified on either BL or TYG agar
under anaerobic conditions (representing fecal samples from two
donors aged 30 and 60 years, respectively). Data shown represent
results averaged from two replicate experiments. aEight species
(Bacteroides dorei, Bacteroides ovatus, Bacteroides uniformis,
Bacteroides fragilis, Bacteroides eggerthii, Bacteroides coprocola,
Bacteroides vulgatus, and Bacteroides plebeius); bthree species
(Bifidobacterium longum, Bifidobacterium pseudocatenulatum, and
Bifidobacterium adolescentis); cfour species (Clostridium butyricum,
Clostridium beijerinckii, Clostridium roseum, and Clostridium
diolis); dfour species (Enterococcus durans, Enterococcus faecium,
Enterococcus lactis, and Enterococcus faecalis); etwo species
(Blautia luti and Blautia wexlerae); ftwo species (Eubacterium
limosum and Eubacterium callanderi). ‘Others’ includes strains
present at proportions of <5.0%.

Fig. 4. Influence of cultivation time. Gut bacterial species identified from a single fecal sample following culture for either 2 or 7 days under
anaerobic conditions. Data shown represent results averaged from two replicate experiments. aTwo species (Bifidobacterium longum and
Bifidobacterium pseudocatenulatum); bfour species (Clostridium butyricum, Clostridium beijerinckii, Clostridium roseum, and Clostridium diolis);
ctwo species (Eubacterium limosum and Eubacterium callanderi).

© 2015 The Authors. Microbiology and Immunology published by The Societies and Wiley Publishing Asia Pty Ltd 647

Effects of probiotics on gut microbiota



et al. (30) reported that the growth of Symbiobacterium
thermophilum is accelerated by the addition of super-
natants from Bacillus cultures. Watanabe et al. (31)
reported that the growth of Phascolarctobacterium spp. is
stimulated by succinate-producing Paraprevotella spp.,
and the metabolic products of these bacteria have
been considered important factors in interbacterial
communication, being capable of promoting or inhibit-
ing the growth of other bacteria. Recently, novel
cultivation devices have been developed to facilitate
the study of cell–cell symbiosis in soil, sludge, and
aquatic environments (32–34). However, these cultiva-
tionmethods have not yet been applied to the isolation of
gut bacteria. Therefore, no robust method has been
developed specifically for the study of interbacterial
communications among gut bacteria.
In the present study, we investigated the interactions

between probiotic strains and normal intestinal bacteria.
For this purpose, we used the in vitro membrane filter
method (23) to reveal interbacterial communications
between gut bacteria and probiotic strains.

Anaerobic conditions

Most of themicroorganisms in the human intestinal tract
are highly oxygen-sensitive anaerobes (29, 35). Duncan
et al. (36) reported that Roseburia intestinalis strains,
butyrate-producing anaerobic bacteria fromhuman feces,

all failed to grow after aminimum exposure time of 2min
to air, whereas these same strains maintained continu-
ously under anaerobic conditions showed good growth.
Total colony counts for human and animal fecal samples
incubated using the roll tube and glove box methods of
anaerobic culture were approximately two- to 10-fold
greater than those for the same samples incubated on agar
plates using the more widely reported anaerobic jars
method (26, 37). Furthermore, the colony counts for fecal
samples incubated using the plate-in-bottle method,
which enables the growth of strictly fastidious anaerobes
possible, were often slightly higher than those for samples
grown using the roll tube method (38, 39). Therefore, the
precise methods used for the anaerobic culture of fecal
samples are considered an important factor in determin-
ing the bacterial species obtained. In order to examine the
influence of the anaerobic condition on the bacterial
species obtained following the culture of fecal samples in
the present study, the relative abundances of gut bacterial
species were detected following culture of a single fecal
sample under either aerobic or anaerobic conditions. The
findings showed that there were many highly oxygen-
sensitive anaerobes on the upper layer of agar, which
were detected at a higher rate following culture under
anaerobic conditions than under aerobic conditions
(Fig. 3). This result indicates that the growth of highly
oxygen-sensitive gut bacteria was inhibited by the
presence of oxygen during the experimental procedure.
Therefore, this technique needs to be carried out under
anaerobic conditions.

Incubation time

As the gastrointestinal tract in humans contains more
than 100 trillion commensal microbes classified into at
least 1000 different species (1), the different growth rates
of gut bacterial species in culture need to be considered
for their study. Moore and Holdeman (29) conducted an
investigation into the gut microbiota of 20 healthy
Japanese-Hawaiian males using the anaerobic roll tube
method and characterized a total of 1147 isolates
comprising 113 fast- and slow-growing gut bacterial
species after a total of 5 days of incubation at 37°C.
Additionally, Tanaka and Benno (23) cultivated a single
sample of human feces using TYG agar and Eggerth-
Gagnon (EG) agar, which has been used previously to
isolate gut bacteria. Over 70% of the maximum number
of colonies detected on EG agar was obtained after 2 days
of incubation, with the number of colonies reaching a
plateau after 7 days of incubation. In contrast, the
colony counts on TYG agar increased until 14 days of
incubation; however, the final colony counts of both
media were nearly equivalent.

Fig. 6. Effects of different nutrient conditions on bacterial
growth. Effects of the addition of horse blood and Fildes Enrichment
Solution to TYG agar (5% v/v) on gut species obtained from culture
of a single fecal sample. Data shown represent results averaged from
two replicate experiments. aTwo species (Bifidobacterium longum and
Bifidobacterium pseudocatenulatum); bsix species (Bacteroides dorei,
Bacteroides ovatus, Bacteroides uniformis, Bacteroides fragilis,
Bacteroides thetaiotaomicron, and Bacteroides caccae). ‘Others’
includes strains present at proportions of <5.0%.
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In order to examine the effects of different incubation
times the present study, we cultivated a single fecal
sample for either 2 or 7 days at 37°C under anaerobic
conditions. Detection of anaerobic gut bacteria on the
upper layer of agar was higher after 7 days of incubation
than after 2 days of incubation (Fig. 4). In fact, the gut
bacteria obtained after a 2-day incubation period mostly
comprised Bifidobacterium spp. We surmised that
Bifidobacterium spp. used the glucose, which was the
sole source of energy in TYG agar, and therefore grew
more rapidly, thus dominating the cultures after the first
2 days of incubation. In addition, the growth rates of
slow-growing gut bacteria were gradually accelerated by
the metabolites (lactate and acetate etc.) produced by
Bifidobacterium spp., resulting in a high detection rate of
these slow-growing species after 7 days of incubation.
We observed interbacterial interactions among gut
bacteria through bacterial metabolites, and we suggest
that our coculture technique can play a major role in
examining the diversity of gut microbiota.

Media

TYG agar is a nutrient-restricted and high-buffer-
capacity medium that can limit the changes in pH
caused by the metabolites produced by fast-growing gut
bacteria (23). We compared the gut bacterial species
detected following incubation of a fecal sample using
BL and TYG agar (Fig. 5). The results showed that
Bacteroides spp. on BL agar and Bifidobacterium spp. on
TYG agar were the most abundantly detected gut
bacteria (comprising more than 25% of total bacteria).
BL agar contains horse blood at the final concentration
of 5% (v/v). Horse blood contains hemoglobin, vitamins,
and minerals (40). We surmised that the growth of
Bacteroides spp. in the fecal samples was accelerated by
the addition of the horse blood. In conformity with this
hypothesis, we examined the impacts of adding horse
blood and Fildes Enrichment Solution; the horse blood
was digested with pepsin (41) and added to TYG agar at a
final concentration of 5% (v/v) on the gut bacterial
species detected following the culture of a single fecal
sample (Fig. 6). The results showed that the relative
abundance of Bacteroides spp. was increased by the
addition of these agents. It has been reported that the
growth of most Bacteroides spp. is stimulated by
the addition of hemin, vitamin K1, and bile (42–45).
Although the growth of most Bacteroides spp. was
promoted, the growth rates of other gut bacteria, such as
some Clostridium, Eubacterium, Bifidobacterium spe-
cies, were inhibited in the presence of bile (44).
Therefore, we did not include bile as an additive in
the present study, given that the objective was to obtain

as high a diversity of gut bacteria as possible. The specific
growth factors in horse blood that promoted the growth
of Bacteroides spp. in the present study are still unclear,
and further research is required to identify these.

Effects of NT and type strains of
L. acidophilus and B. longum on the
diversity of human gut microbiota

Changes in gut bacterial species detected following
coculture with NT and type strains of L. acidophilus
and B. longum are shown in Table 1. After coculture
with these strains, the relative abundances of R. gnavus,
R. torques, and Veillonella spp. were significantly
increased, whereas that of S. wadsworthensis was
significantly decreased. The bacterial species whose
growth was increased by coculture with these strains
were selected and passaged on TYG agar under anaerobic
conditions.R. gnavus andR. torques formed colonies, but
Veillonella spp. did not. It has been reported that
Ruminococcus spp. produce acetate and formate from
peptone-yeast (PY) glucose broth cultures (46), whereas
Veillonella spp. produce acetic and propionic acids, CO2,
and H2 from lactate (47). Therefore, we surmised that
R. gnavus and R. torques formed colonies by using
glucose in TYG agar, whereas Veillonella spp. could not
colonize TYG agar because it does not include lactate.
Additionally, the growth of Veillonella spp. on the upper
layer of agar was accelerated significantly by coculture
with these strains. As hypothesized, this observation
indicates that the metabolites of these strains, such as
lactate and acetate, may influence the growth rates of gut
bacteria. However, the interbacterial interactions among
gut bacteria on the upper layer of agar through bacterial
metabolites should also be considered. Tanaka and
Benno (23) reported that the growth of Bacteroides
fragilis, which promoted the growth of Phascolarctobac-
terium sp. BL377, was itself stimulated by Sutterella sp.
BL252 through multistep interbacterial interactions
among gut bacteria. Although some possibilities have
been discussed, the specific factors influencing the
growth of Veillonella spp. could not be identified with
certainty based on these results. Further research is
required for a satisfactory explanation.

Additionally, the Bifidobacterium spp. that were the
most abundantly detected gut bacteria on the upper layer
of agar following incubation of fecal samples without
coculture were not changed by coculture with the NT or
type strains. It has been discussed that the changes in the
number and incidence of Bifidobacterium spp. in the
human intestinal tract were used as the main index to
improve gut microbiota following the dietary adminis-
tration of probiotic strains. Benno and Mitsuoka (48)
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investigated the effectiveness of giving oral B. longum to
five healthy volunteers (average age: 31.5 years) by
examination at the species level and confirmed an
increase in the number of Bifidobacterium spp. in the gut
microbiota. Matsumoto et al. (49) administered yogurt
including Bifidobacterium lactis LKM512 to 11 elderly
volunteers (average age: 76.9 years), and reported that
LKM 512 temporarily colonized the gut, resulting in an
increased frequency of defecation and an increased
number of Bifidobacterium spp. in the gut microbiota.
However, the mechanisms of interaction between orally
given probiotic strains and gut microbiota are not
explained by the present data and further research is
required to determine why Bifidobacterium spp. in the
intestinal tract are increased by giving probiotic strains.
As mentioned earlier, our intestinal tract contains more
than 100 trillion (1014) microbial cells, and complex
interbacterial communications among gut bacteria have
been suggested (50). These results suggest that these
probiotic strains do not directly produce an increase in
the number of Bifidobacterium spp. inhabiting the
intestinal tract, but that complex interbacterial commu-
nications occur between these probiotics and the gut
microbiota.

We have reported here on the use of a novel
cocultivation technique in which probiotic or type
strains are physically separated from gut bacteria by
using the membrane filter method in vitro. We observed
interbacterial communications between probiotic strains
and gut microbiota through bacterial metabolites by
using this technique. However, the detailed mechanisms
and effects of the complex interbacterial communica-
tions that occur among gut microbiota are still unclear.
Further study of these relationships is urgently required
by investigating cocultures between several fecal samples
and probiotic strains.
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