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A portion of these bacteria, more than 500 species of human gut microbiota, with an
estimated total weight of approximately 1.5 kg, is excreted with the feces - nearly one trillion
per gram of dry feces. The whole analysis of gut microbiota is gradually coming into focus
through the efforts of our laboratory. Recently, an association has been found between gut
microbiota and many diseases beyond those of the gastrointestinal system, including today’s
three leading causes of death - cancer, heart disease, and cerebrovascular disease - as well as
allergies and dementia. Qur group is trying to capture the whole analysis of gut microbiota,
which constantly changes with age and lifestyle-related factors such as diet, and apply it to
preventive medicine.

Probiotics have been defined in several ways, depending on our understanding of the
mechanisms of action of their effects on health and well-being of humans. At present, the
most commonly used definition is that of Fuller (1989): Probiotoics are live microbial feed
supplements, which beneficially affect the host animal by improving its intestinal microbial
balance. Recently a European expert group (Salminen et al., 1998, Salminen & von Wright,
1998) widened the definition to include mechanisms other than just microbiota mediated ones.
Now, the definition was as follows: Probiotics are live microbial; food ingredients that have a
beneficial effect on human health (Salminen et al., 1999).

To include the current application and scientific data on proven effects of probiotics, we
proposed the following definition: Probiotoics are microbial cell preparations or components of
microbial cells that have a beneficial effect on the health and well-being of the host.

In my presentation, I will introduce a new culture-independent analysis of human gut
microbiota and the new function of probiotics. Then, I also need to describe my research

history of human intestinal microbiota in RIKEN for above 30 years.

We were only seeing 20% of whole gut microbiota ?

In the mid-19th century, Theodor von Escherich of the University of Vienna found bacteria
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in feces-the species that would eventually be called Escherichia coli. However, until the
mid-20th century, few fecal bacteria other than E. coli had been successfully cultured, leading
most to believe that the majority of bacteria existing in the intestines were dead. The dispeller
of this long-held belief was Dr. T. Mitsuoka, a RIKEN scientist who, in the 1950s, began to
reveal that there are many living bacteria in the gut tract using some agar media and an
anaerobic culture procedure. It turned out that most gut bacteria are anaerobic bacteria that
cannot survive in the presence of oxygen.

I spent my younger days with gut microbiota and joined Dr. Mitsuoka’s laboratory at
RIKEN approximately 30 years ago. Our work can be likened to artisanship - creating agar
medium by trial and error, and counting individual culturable bacteria to record bacterial
species and numbers as given in Table 1. Numerous microbial species consist of the gut

microbiota in 30 health Japanese. Microbial species with high numbers and incidence in

Table 1. Composition of fecal microbiota in 30 Japanese

Low counts

High counts

High occurrence High occurrence

High counts
Low occurrence

Bacteroides fragilis group
Bacteroides vulgatus, Bacteroides distasinis,
Bacteroides thetaiotaomicron, Bacteroides uniformis
Bacteroides spp.
Prevotella buccae
Prevotella oris
Prevotella spp.
Fusobacterium prausnitzii
Fusobacterw/ium russii
Lactobacillus catenforme

Bifidobacterium

Bifidobacterium adolescentis

Bifidobacterium longum

Bifidobacterium spp.
Collinsella aerofaciens
Eubacterium rectale
Eubacterium spp.

Ruminococcus productus

Peptostreptococcus spp. Closotridium perfringens
Ruminococcus spp. Closotridium beijerinckii
Veillonella parvula Closotridium coccoides

Closotridium butyricum
Clostridium innocuum
Clostridium ramosum
Clostridium clostridioforme

Closotridium paraputrificum

Bacteroides ovatus
Bacteroides splanchnicus
Bacteroides ureolyticus
Bacteroides putredinis
Prevotella veroralis
Fusobacterium naviforme
Fusobacterium nucleatum
Fusobacterium mortiferum
Fusobacterium varium
Mitsuokella multiacida

Bifidobacterium breve

Eubacterium moniliforme

Peptostreptococcus anaerobius
Peptostreptococcus prevotii
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human gut microbita are Bacteroides vulgatus, B. thetaiotaomicron, B. disitasonis, Collinsella
aerofaciens, Ruminococcus spp., Faecalbacterium prausnitzii and Bifidobacterium adolescentis.
Then, fecal microorganisms with low number and high incidence were Clostridium
clostridioforme, C. innoccum, C. ramosum, C. perfringens, Enterococcus faecalis, E. faecium
and Esherichia coli.

Not only does it require a great deal of perseverance and energy, but also the stool
specimens are malodorous and pose a constant risk of bacterial infection. No one is excited to
take on this assignment.

Dr. Mitsuoka received the Japan Academy Award in 1988 for his work on systematic
research on gut microbiota utilizing original culturing techniques. “Everyone thought that we
knew all there was to know about gut microbiota, and that Dr. Mitsuoka’s work was
complete.” However, we could not help but wonder if the culturing methods would be
available at that time had really taught us everything. Culture-independent analysis, which
became available for the study of gut microbiota in the mid-1980s, enabled researchers to
determine the presence of gut microbiota without culturing. In 1996, we came across a
stunning paper produced by a group of molecular biologists who analyzed DNA extracted
from bacteria isolated from human feces, reporting that 10% to 25% of the bacteria can be
cultured but the remaining 75% are either extremely difficult or impossible to culture, and that
the gut microbiota that had been thought to comprise approximately 100 species are in fact
500 to 1000 species. The gut microbiota that seemingly had been almost fully elucidated by
the culturing methods available at that time, which were the sum total of the efforts of many

researchers, were merely around 20~30% of the extant bacteria.

Capturing the whole analysis of human gut microbiota

In 1998, we shifted his research focus to elucidating the whole analysis of gut microbiota,
including those “Yet-unexploit” bacteria, by incorporating DNA analysis with conventional
culturing methods. Seven hundredand forty-fourth DNA clones bacteria isolated from the fecal
specimens of three healthy Japanese subjects, and found that 75% were novel gut bacteria, and
that there are great individual variations in the composition of gut microbiota.

The human gut microbiota from three healthy subjects and elderly persons were compared
using sequence analysis of 16S rDNA libraries (Hayashi et al., 2002, Hayshi et al., 2003).
Direct counts ranged from 1.9x10" to 4.0x10"cells/g (wet weight) while plate counts totaled
6.6x10" to 1.2x10" CFU/g (wet weight). Sixty to seventy percent of the bacteria in human
intestinal tract cannot be cultured with currently available methods. The 16S rDNA libraries
from three healthy subjects and three elderly subjects were generated from total community

DNA in the intestinal tract, using universal primers sets. Randomly selected clones were
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partially sequenced. All purified colonies detected from the surface of the agar plate were
used for partial sequencing of 16S rDNA. On the basis of sequence similarities, the clones
and colonies were classified into several clusters corresponding to the major phylum of the
domain Bacteria. Among a total of 984 clones (744 clones from three healthy subjects and
240 clones from elderly subjects) obtained, approximately 25% of the clones belonged to 31
known species for healthy subjects and 46% belonged to 27 known species for elderly
subjects. About 75% in healthy subjects and 54% in elderly persons of the remaining clones
were novel “phylotypes” (at least 98% similarity of clone sequence). The predominant
intestinal microbial community consisted of 130 species or phylotypes for healthy subjects and
56 novel phylotypes according to the sequence data in our study. The 16S rDNA libraries
(Table 2) included the Bacteroides group, the Streptococcus group, the Bifidobacterium group,
and Clostridium rRNA clusters IV(Fig. 1), IX, XIVa (Fig. 2), and XVIII in healthy subjects
and the Bacteroides group, Clostridium tRNA cluster IV(Fig. 1), IX, Clostridium rRNA

Table 2. Composition of fecal microbiota in three healthy subjects and three elderly subjects
as reveled by 16S rRNA gene libraies (%)

Healthy subjects Elderly subjects
o B S A B C

Clostridium Cluster 1 0 1.1 0 0 0
Clostridium Cluster IV 22.7 12.4 11 34.7 16.1 9.5

(Clostridium leptum group)
Clostridium Cluster IX 0 9.8 34 0 35.8 14.3
Clostridium Cluster XI 0 04 0.8 0 1.2 0
Clostridium subcluster XIVa 58.8 23.7 29 25.3 2.5 3.5

(Clostrodium coccoides group)
Clostridium subcluster XIVb 0.5 0 0 0 0 0
Clostridium Cluster XVI 0 4.1 0 4 0 0
Clostridium Cluster VXII 0 83 0 0 2.5 0
Clostridium Cluster XVIII 0 0 04 0 0 0
Bifidobacterium 0 04 53 0 0 0
Lactobacillus 0 0 0 0 1.2 0
Cytophaga-Flabobacter-Bacteroides 5 9.4 16.3 20 8.6 15.4
Streptococcus 3.7 28.8 0.4 2.7 12 0
Gammaproteobacteria 0.5 0.8 1.6 5.3 17.3 54.8
Others 8.8 0.8 1.2 8 13.6 24
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Fig. 1. Phylogenetic tree showing the relationship of 16S rDNA sequences from fecal samples of healthy
subjects and elderly subjects within the Clostridium rRNA cluster [V (Clostridium leptum group).
The tree was constructed by the use of neighbor-joining analysis based on 16S rDNA sequences.
Bootstrap values (n=100 replicates) of = 50 are considered pereparentages. The scale bar
represents 0.01 substitution per nuclectide position. Clone from the 16S rDNA library are shown by
each character (NO, sample O; NB, sample B; NS, sample S; OLDA, sample A, OLDB, sample B;
OLDC, sample C).
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Fig. 2. Phylogenetic tree showing the relationship of 16S rDNA sequences from fecal samples of healthy

subjects and elderly subjects within the Clostridium rRNA subcluster XIVa (Clostridium coccoides

group). The tree was constructed by the use of neighbor-joining analysis based on 16S rDNA
sequences. Bootstrap values (n=100 replicates) of = 50 are considered pere{)arenta es. The
scale bar represents 0.01 substitution per nucleotide position. Clone from the 16S rDNA library

are shown by each character (NO, sample O; NB, sample B; NS, sample S; OLDA, sample A,
OLDB, sample B; OLDC, sample C).
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subcluster XIVa (Fig. 2) and “Gammaproteobacteria® in elderly subjects. In addition, a
number of previously uncharacterized and uncultured microorganisms were recognized in clone
libraries. Our results also showed marked individual differences in the composition of
intestinal microbiota.

Subsequently, around 2000, we began to use T-RFLPs (terminal restriction fragment length
polymorphisms) to facilitate determination of the compositional patterns of human gut
microbiota (Sakamoto et al., 2003). T-RFLP analysis consists of extraction of genes for 16S
ribosomal RNA gene from various gut bacteria in feces,‘ amplification using primers
(molecules that provide a starting point for DNA synthesis) labeled with fluorescent dyes, and
digestion with two different restriction enzymes (Mspl and Hhal). Restriction enzymes cleave
DNA, which is composed of four different bases, at specific sequences, generating DNA
fragments of various lengths depending on the number of bases. The amount of each DNA
fragment is determined based on the intensity of its fluorescence signal, and aligning the DNA
fragments by the number of bases provides a gut microbiota profile reflecting the composition

of gut microbiota and their amounts illustrated in Fig 3.
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Fig. 3. Terminal restriction fragment length polymorphism (T-RFLP) method.
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Novel phylogenetic assignment database for terminal-restriction fragment
length polymorphism analysis of human colonic microbiota.

Various molecular-biological approaches using the 16S rRNA gene sequence have been used
for the analysis of human colonic microbiota. Terminal-restriction fragment length
polymorphism (T-RFLP) analysis is suitable for a rapid comparison of complex bacterial
communities. Terminal-restriction fragment (T-RF) length can be calculated from a known
sequence, thus one can predict bacterial species on the basis of their T-RF length by this
analysis. Finally, we can build a phylogenetic assignment database for T-RFLP analysis of
human colonic microbiota (PAD-HCM), and demonstrate the effectiveness of PAD-HCM
compared with the results of 16S rRNA gene clone library analysis. PAD-HCM was
completed to include 342 sequence data obtained using four restriction enzymes (Matsumoto et
al., 2005). Approximately 80% of the total clones detected by 16S rRNA gene clone library
analysis were the same bacterial species or phylotypes as those assigned from T-RF using
PAD-HCM (Table 3), Moreover, large T-RFs consisted of common species or phylotypes
detected by both analytical methods. All pseudo-T-RFs identified by mung bean nuclease
digestion could not be assigned to a bacterial species or phylotype, and this finding shows that
pseudo-T-RFs can also be predicted using PAD-HCM. We conclude that PAD-HCM built in
this study enables the prediction of T-RFs at the species level including difficult-to-culture

bacteria, and that it is very useful for the T-RFLP analysis of human colonic microbiota.

Exploring the relationship between gut microbiota and disease

Gut bacteria live in the colon, which is a “wellspring of disease”; in fact, the colon is
associated with the greatest number of different diseases of any human organ. The
gastrointestinal tract is also on the “front line of immunity”, as it is connected to the outside
world. Certain gut bacteria generate putrefactive products such as ammonia and hydrogen
sulfide, bacteriotoxins, and carcinogens. These toxic substances damage the gut tract and
induce colon cancer and a variety of other colonic diseases, and some of them are absorbed
and circulated throughout the body by the blood, causing damage to various organs. Thus,
there is an increasing body of evidence that gut bacteria can be the causes of carcinogenesis,
aging, and various pathological conditions, including arteriosclerosis resulting from cholesterol
deposition, liver damage, dementia, autoimmune diseases, and weakened immunity.

For example, Clostridium species are found at high levels in the feces of persons suffering
from senile dementia. Once the toxic substances produced by these bacteria are spread

throughout the body, the functions of neurotransmitters etc. are inhibited, resulting in impaired
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Table 3. Bacterial species and phylotypes detected from a Japanese feces by 16S rDNA clone
library analysis

. No. of o
Species or phylotype clones (%)
Uncultured firmicute clone N062 13 14.1  AB064740

Human intestinal firmicute clone CB17 6 6.5 AB064890
Uncultured bacterium clone HuCB21 5 54  AJ408996
Phylotyoe 41A10 1 1.1
Uncultured human intestinal bacterium clone JWI1A10 1 1.1  ABO080866
Uncultured firmicute clone NB4F10 1 1.1 AB064778
Clostrisium nexile 2 22 AF499909
Eubacterium rectale 6 6.5 AY169438
Uncultured firmicute clone NO16 2 22 ABO064715
Phylotype 41F10 1 1.1
Uncultured human intestinal bacterium clone JW1A1 3 33 ABO080865
Phylotype 41F09 1 1.1
Uncultured bacterium clone OLDA-F10 2 22  AB099739
Uncultured bacterium clone p-2431-55GS 8 8.7 AF371596
Uncultured firmicute clone NBSF9 1 1.1  AB064783
Uncultured firmicute clone N02-21 1 1.1  AB064784
Uncultured firmicute clone NS2D7 1 1.1 AB064710
Butyrate-producing bacterium A2-165 15 16.3  AJ270469
Faecalibacterium prausnitzii 6 6.5 AY169427
Uncultured Clostridium sp. clone NO6 3 3.3 ABO064860
Streptococcus mitissalivarius 1 1.1  AF393762/
AY188352
Uncultured Ruminococcus sp. clone NO44 3 33 AB064754
Uncultured Ruminococcus sp. clone NB4Cl1 1 1.1  AB064765
Uncultured bacterium clone p-2746-24E5 2 22  AF371546
Ruminococcus obeum 3 3.3  AB064755
Uncultured Ruminococcus sp. clone NO3 1 1.1  AB064755
Ruminococcus sp. CO12 1 1.1 AB064896
Eubacterium halii 1 1.1  L34621
Total 92 100.0

Bacterial species and phylotypes detected from both of T-RFLP and 16S rRNA gene clone
liblary analysis in red
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brain function. Recent molecular biological studies suggest that toxic substances produced by
gut bacteria may promote cholesterol deposition in blood vessels, inducing arteriosclerosis,
which in turn causes heart and cerebrovascular disease. The gut bacteria have also been
reported to convert bile acids into secondary bile acids, thereby promoting the development of
colon cancer. To date, six species of bacteria that produce secondary bile acids have been
identified, three of which were identified and proposed by our laboratory. Thus our lifespan is

evidently controlled by the endogenous bacteria in our bodies.

Developing an gut environment database

While the relationship between gut microbiota and disease is becoming clearer, we strongly
feels that conventional research methods require significant modification if we are to further
advance gut microbiota research and to apply the knowledge gained to actual preventive
medicine and other fields. “Previously, researchers primarily targeted bacteria that can be
cultured, and studied bacterial dynamics in patients with particular diseases, which did not
produce the intended results. Now we need to focus on studying the interactions between
bacteria as a whole and our bodies and food, and identify the substances they produce. The
first step is to develop an gut environment database integrating gut microbiota profiles that
reflect the composition of gut microbiota as a whole, with gut metabolic profiles that reflect
the composition of the products they generate, namely metabolites. The accumulation of
lifestyle-related data on diet, medical condition, and so on, and a study of the correlations
present provide information about healthy gut environmental states and gut environments
associated with particular diseases. We can then utilize this gut environment data for
prevention and early detection of diseases. Our laboratory is leading the way in this area
through research aimed at elucidating the whole analysis of gut microbiota and linking the
data obtained to preventive medicine.

The gut environment is unique to each individual, and changes depending on lifestyle
factors such as diet and age. Therefore, the development of a gut environment database
requires both samples from a broad range of areas and age groups and quick analysis of large
numbers of samples. We are attempting to expand the routes to acquire large numbers of
samples (100,000+) from throughout Japan. Recently, the number of colon cancer patients,
including young people, has been increasing nationwide. If we could use the gut microbiota
patterns associated with high susceptibility to colon cancer to screen for individuals at high
risk, we could implement prevention and early detection at the national level and greatly
reduce medical costs. Colon cancer has some of the highest associated medical costs among
diseases. The gut microbiota research will bring us closerto order-made medicine, which

allows selection of drugs suitable for an individual.
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Connecting medicine and diet with gut microbiota

The Japanese like to say ‘Food is medicine’, but the door between food and medicine can
only be opened with gut microbiota. Development of gut microbiota research has brought with
it progress in our understanding of the mechanisms of lactic acid bacteria, which confer
beneficial effects on our health. These advances have triggered -a boom in probiotics -
functional foods incorporating these bacteria. The best-known examples of probiotics are
fermented milk and yogurt, which are both listed as “food for specified health uses
(FOSHU)”. The “FOSHU” designation is permitted by the Japanese government on labels for
foods expected to confer health effects based on data obtained in medical and/or nutritional
studies. Japan became the first country to adopt this system in 1991.

“Health claim” for FOSHU utilizing lactobacilli and bifidobacteria is limited to regulation of
gut function at present, but there are data suggesting the potential for future enhancement of
health claims to include reduction of cancer risk via immune reactivity, prevention of atopic
dermatitis, prevention of respiratory infection, regulation of blood glucose level, blood
pressure, and cholesterol, prevention and improvement of gastric ulcers, and inhibition of the
causative bacteria of diseases such as periodontal disease. The boom in FOSHU is not merely
a transient fad, but is founded on solid evidence presented by the elucidation of the functions
of microorganisms such as lactobacilli and bifidobacteria along with the whole analysis of gut
microbiota. The keys are individual efforts to improve one's lifestyle, including diet, thereby
altering the overall balance of gut microbiota, and to practice health promotion and disease

prevention.

Impact of Bifidobacterium lactis Bb-12 yogurt on improvement of

intestinal environment of the eldedy persons.

The health effects of probiotics seem to be induce by improvement of intestinal
environment, which depends on metabolites produced by probiotics or improved intestinal
microbiota composifion. Bifidobacterium lactis Bb-12 is a probiotic strain with ideal properties
including acid-tolerance and adhesion to human intestinal mucosa (Matsumoto et al., 2004,
Matsumoto et al., 2002). The improvement of intestinal environment by intake of B. lactis
Bb-12 yogurt was examined using polyamine (Fig. 4), haptogloblin (Fig. 5) and mutagenecity
(Fig. 5) as indexes, which directly reflect the health condition of the host (Matsumoto et al.,
2001). The concentration of spermine in feces increased significantly by 3-hold (P<0.05) at
week 2 of the Bb-12 yogurt intake compared with before administration, and that of putrscine

and spermidine also tended to increase with the yogurt intake. The haptogloblin content in
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feces decreased significantly (P<0.05) at week 2 of the yogurt intake. Fecal mutagenecity was

measured using fecal extract and fecal precipitate. Both preparations showed similar significant

decrease (P<0.05) by the Bb-12 yogurt intake, as well as a negative correlation with

polyamine content. Theseresult indicates that antimutagenecity due to the Bb-12 yogurt intake

was not based on binding of the mutagen to the bacterial cell wall. Many reports have

suggested that polyamines increased by the Bb-12 yogurt intake led to inhibition of

inflammation and mutagenecity in the human intestinal tracts.
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ANFE) wE-wo) = B4 o2
A AR WAL A2 Tzro)2E E3}

LAIO| Bl EIAK==CJAL

AR oot PL AEAANY AR #F29

W L5kge) F FHE 7IAE 5009 F o] AAY F7Fo d7 Z 24 1g%
ok 107 5 "‘zoi P Fo2 vjddd 3 A74Y k¥E Foto "}Lﬂﬂ'—‘——‘] ZAHQ
4o i Aol Aa B45 e, A2 B4 Uiy 37MA FL AMEAD 2EA &,
A% A%, 834 A% 2 o, & ]FJIL} 2] Hﬂ' +o 7tE ABES ANFETH 4
Aol WAL itk E ATHAANE 98 € Ao|g 722 A3 AAH QA5 A
HatEs ANFEe d SAAHA EA4YE -8t oolstd &t JHEL At

= Zu}o] Q E(probiotic)o} & 17+e] A7} P& WA= &ste)] i A2 71FE o|FA o
g5t 7t wElA o8 JEAE Fodoh A, 7P BUHOE AMEHL e Z2uo| LY
9 Ao A vjAE 78S PININEEN £F FE AT 9FE FE 2ot e A
B Fol BEA =2 = gitkFuller, 1989). A £9f, 9 AEE2 VAT 5% 482
RAFE o2 7)12FE Eostes o s z2blo] Yo HoE dd sjAsl=(Salminen et
al., 1998 ; Salminen & von Wright, 1998), ZZu}o] Q €l.& Ao}l Ql&= w|AIEZ A Q1A A7}
o3 32 = AZ 2AZE Aotk (Salminen et al., 1999). 3HH T Zujo] Q€ o] &3} 9
Zo) B F5HAQ ARG 71E9 $4 Borg XFAIN] S8iA, fEle v 2 AAE

Aty F, TZujo| Qo &9 AR PR FAF aAE Ul v E AE 4
oy A Eojge Aol

B Fz 2B AE %S 3A 43 QA FHFFT S BHE M2 P Z2hieleY
o] 715 tsted AT Rojrk T3 Qo] 304 d o) Y& oA LA FEE AA
AU FEel A A7 dFHE A g

-

HA HUzE2l Tl 20% 22

194)7] Zule] Viennat]$+9] Theodor von Escherich 4 ¥ ZoA v E-S A A
Escherichia coli2 Bttt 28U, 20417 S397tA] E. coli 0199 B9 fa vAEo] A
o2 WFHA 27l WEol, Aol EXste kY AFES F2 U SR o
BEo AMgEo] WAF HAh ol 2 93-S A WA & Alge] & oAt Aa
9] T. Mitsuoka HALZ A, T& 1950856 B 7k & wix g Frluj g 718 S ol &3t
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22 v Eo] Aol gltke A& Way] Asidch B gFEe] AAES A
oM MEZ F gl 714 rEolEe A HIAh
A ARe BUFET W Ryow, of 304 X olsFAFLY Mitsuoka
Bl Ao FFslAnh $2le A7 Huke APALE FIAA 5 ASuAE AL,
Table 1¢] A A G vie} o] v E FFF 55 ZAE7] S48t w o] 7Hd A9 o4
& Agdts doldth 3059 A%e dEde ANAFE 782 VNS 2FLE HAEHA
=g, oA AFE FoA =& F44 NEE AAEFE FHFEE Bacteroides vulgatus, B.
thetaiotaomicron, B. disitasonis, Collinsella aerofaciens, Ruminococcus spp., Faecalbacterium
prausnitzii, 18] Bifidobacterium adolescentis S22 B3 Zt}. W] B2 FF9 L E
AA sk A FEL Clostridium clostridioforme, C. innoccum, C. ramosum, C. perfringens,
Enterococcus faecalis, E. faecium, 718]3. Esherichia coli S92 W& A}

olgidt AFolE F B JdUig o] o wut oz, B AR 4FH 2 WAE 2
do] gl FA =EHY Q7] g, ol FFAAE FUEL 9& ottt Mitsuoka ¥HAF
T 259 wd 71ed olgste] A FUdFe s AAHLE A1E FYT dFH S <
Zutol 19880l A& &S FASIATh ZE AHES 7t Al Fol disiA Fofok dt
= RE ZE 47 E£3F Mitsuoka BFAFS] st 9AE Aoz AR, Iy, = 1
FAe] o]& FHERY wigHe] #A A ZE AAE dEFAEt e A A 9
74 MR 4 + gk

Wobol SEa b TR BAWE 198040 Fuke) AiFF ATl o857 AFagl
ou), A7AZ selF WYL A FTAE FUFE FAS FUT & WA I 1996
o $2lE QA A BdA RelP VAZERE 227 DNAS 248 duo) RAAE
Sagol YEH Hehe ATEES WA ATk ATETE NAE T4 A 10-25%
gol W9k 4 T velx) 75%E wake] wlS olFAY Brks e, tie 1000 o2 o)
old ATHL Azts) 2 AFEo] AHAS 500~1,000F 0127 BIHYh FEL AxAESY
oz, FA o f 7t MGIIHLRE BRI FT teiA AL A HERAT, dAZ
T d&ste MAE 739 DA 20~30%00 =33kt

B
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QM HUBSY SHHY BAH

=

HI
Jlok

19980 $-El& AEAQ wokdzt DNA #AHE AFAA HARAE o A3] WEAR &
T AE vAES TFY BE AHEFTS FAHLE s £4skes 972 238& A
Atk 744719) DNA cloneg 774 399 JEQ Euozng g, o714 75%71
A2 FF AW v B oH, AUgFEe 22 AMAER A AAE BATE A
Ag WA ATk 47 399 AR AL £ 2RE Bl A% FWFEL 168 DNA
A7INE FHME o83t HlZY ZFNHayashi et al, 2002, 2003), 3F AFPAIME
1.9x10"-4.0x10" cells/g(wet weight) $Z¢ 745 vy e, Y= 6.6x10"-
1.2x10" cfu/g(wet weight) 429 F4THS Ve

- 79 —



AA F& Fef vAEL 60~70%% A ol 7Hed Y22 s wFE 71 vk ahA
universal primer setE o]-&3te ztz} 399 AZFE Alga = @ e TEZQ A DNA

Z2E 16S IDNA ¥7IM¥E 28 E HEolWrh F2AAZ A H cloned FEH22 G714 Y
< BAsen, A FUCENH EEed B A2 165 1DNA9] F
HE E4o] o) &HAt. HIIMEY A5l 2AstY, clonest s A
(phylum)e] 53k B 719 ZHoE ER3IAT

AA 984 clone(3H 9] A7 Algo2RE 9 744 clonedt =) £ <] 240 clone) 9
A, e 25%9] cloneo] 773 AFFOZRE RFAE 31719 o|n] ¥&F FFol &3l AR
Fsnen, =9 & clonefﬂl*il‘— t2F 46%2) cloneo) 2771 9] o9 & F FFo| &3t
Ro 2 FAFHYth YA clone(A7}Fe Al el 9] clone FolA ¢F 75%2F 2l 29| clone
Zo M o 54%)& N2 72| AEH(phylotypes, Zol%E 98%9] clone H7|NE 454 B
)8 ALz FAaHY

B A7y A7 Agdd Qstd, A7 AHLEREH EH 3o A 152 130
Mo FENAG AFTH, 222 567}1-4 N2ZE Fi7e AFEL2 FAHAU Bacteroides,
Streptococcus, Bifidobacteriumoll th& 16S rDNA F7|M ¥ Z]—E_—C Table 2¢l] Yehjom, A7}
8t AV S0 9] Clostridium rRNA clusters IV, IX, XIVa @ XVIIIo| s} = Fig. 134} Fig. 2
o] Jebdth w3 k9§ Bacteroides, Clostridium tRNA cluster 1V, IX, Clostridium
rRNA subcluster XIVa @ Gammaproteobacteriad] | A= Fig. 13} Fig. 29 Yelych H&
of, dlAdl BA4o] st i wieFo] EHE AT v Eo] cloned] F71XE 44 s &
Q5. |

=g 29 A7 A ANFFY A A AQEE EA T 2o o] dvke AHE
BAFT Ut o]F, 200084 EAMAAN = AA JUFFE At AES &4A4 2
A5t T FZ A T-RFLP(terminal-restriction fragment length polymorphisms) ¥3g-& ©]-&3}7]
A &3+ ti(Sakamoto et al., 2003). T-RFLP E47|H & ¥ Fo thddt A¢ v|YE25H
16S IRNA §-AAE F&3o] FFEL S ¥<l primer(DNA T4 AAHE AF3tes £AME
o] &8t Z2EZA F, F A9 thE AFELMsplT Hhal)g ol-&3ta] E3fats ot
AFELE 50129 IS 7HIAE 471R9 B8 9718 FA4=He] Y& DNAE #3)st=H, °1
A A719) Foll w2bA v Aol DNA £8<& fheofuth. Ztzhe] DNA £99 #3F
HaN5 9 B ZANM ARHY, G715 Wi DNA £9& FEaH Flg$o fé"é
3 FFE s FUaFe] HH S AMAEA AriFig. 3).

QIHILY CHE |ef 0|ME 752 T-RFLP 240 28t MZ2R2 AISeHH
HIIME 24

16S IRNA #2A gAML S o &8 chokgt BANESH HI2 L A R /Ao vIBE
729 A% o]453 Utk T-RFLP ¥4 EFE e thFd nAETe A&T ¥
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ol A gsiel. T-RF(terminal-restriction fragment)2] ZolE oju] &zl HrixLe 93] At=
2 & glon, T3 ol g £y o3 T-RF UolE ZAZ std flAE 5§ A5E
th. AEA0Z, 9= T-RFLP BAHE o4& A4 diF sl & 73] AFsHE d7INE
A B (PAD-HCM, phylogenetic assignment database for T-RFLP analysis of human colonic
microbiota)& T%3}908, T 16S rRNA 24 cloned| 471MY ¥4 ZAset HZHA
PAD-HCM¢] Z&A4<$ Y58t

PAD-HCMZ 4712]9] ARELE ol §3te] Boj7 342709 94712 AR E S £
83 9l ti(Matsumoto et al., 2005). 16S IRNA 47 clone} F7INE B4 osf 2428 4
) clone Zo|A thek 80%7} PAD-HCMS o] 43 T-RFERH ¥4d ZAFe 4% vAE
FZo)AY AEH o)At Table 3). Ath7l, A) T-RFE2 27k4 BA¥ 3 24€ 554
FZo|U AEHoZ FAI o] Utk %F(mung bean)?] nuclease digestion M E FHE EE
pseudo-T-RFsE mlAE FZolu AZHOZ A4 4 dlen, ol2d ¥7d2 PAD-HCM S
o] &3}t pseudo-T-RFsE )28 4 Aote AL BaFoh & ogd A7 AHE 754
PAD-HCMo| Hjokaby] olel¢ vl4ES T8 2% £204 TRRY 32 7157 392
o, £% IR AX A v E 759 T-RFLP ¥4 mjg {838 RS2 AEANUT

HUigEa Adatel HAzdo] e B

AR A A2sed dFS Ao AP & F o AAE S B
AH 7139 dEurs A dAH A, FFE AR AAS} ddH] A7) W]
Qe ARAM) AFUT & & Aok PE FWAFS FRYol, gien, AFAY 54, 1
TORLEA 5o oA AES ARtk od SAEEL AV &35 doie, A%
2 gdd 25 o Ay WS APk @8 28 SAHELL AUE S50 89
B8l B AR FHAA o AA /1B A E oM

wabA Aol el k), thpst Heda 24, o Y SY2HE FH4 BE F

L3
]

o=
i~
k!

AL

\

to wo

AgE, 7re] &4, A, AV AE, AdY s T3 2E FE] AN £ Yvs st
A ZA7 AU Aok & 9, Clostridium 7% X7
o] EuoA thgoz wAAY dg o|E A A ANE SAHED] §F AAE A
HAA SR AAAGA 59 7150l dAHe oI5 SFLE ojojynh

HZ9 BANES AxAe] ostd Aol M e FHERL 3 U9
ZU2HE £4& A8 FYHIE Yo, I FAFHE AT § HEAA] 28-S oA
' AL Byt AAEES £ FFELE 24 FESLE WEANA gALY AME A
AN A "ok HZo 24 FEAS AAshE 639 AFe] FRHULH, 1 79 3Fe] 7 AT
A A N2 FFOE AGHA G gty 229 FEE 2] 5 <o WAFHA A
o g8 2EHT YL £HI & & Atk



AL EtA database2| 7Kt

ANEEz Ade Aol Bo o YA JAT, AHgFl HE q7E U 2
AFIZ BT G714 Lol AHE AZAQA dpefdtojy b Eopdl $&317] Adde A
QA A3 Wel g syt stk e AFAES gl e Ade dAF
ERE AR5 54 285 71 @20 glolA Al HaAE QFAUAT dest=

Z)

AA) $2E DA AZH AA L AF Alole] AEAEE AT, B TT0] AAsHE
& £AsEd o ol WL T A0A WAE AREE AN 24 9% ol
A ANEE AGH GRo) IS0l AASE B, 3 LR 24 4G vAE )
NP AAHCR FHY 4 Ak AUD7 dawbased AW Rolth Holoh AT =
B3 ABE Aol £3 B 4Bl UF ATE AW AN 4H 2 5
AR FUBA) hF AR AT DA Sk oldF FNBA A42E 2
v B 27 Al ol&¥ 4 A "k

T ATaE AUFEE FAACE B4, A9SE S BEE dE A7E FAA A
QolW ARE APl QAAIE LokE AEs) WhT Qoh ANBRL AR makA

EE53y ot} AR 7+ A& 92l oA WA Hrh wEkd FuU$7] database]
Akl UG g3 APZ T RE Y AR BFE Y2 &9, = thF AEE &8
A B4 4 Qlojor gk fEle & AQOoZRE 100,000 o439 tFe] ARE dv A=
g gustzat Azt gl

o & AES TEANA dFG BA Frt AFAHLR Frbety Ak whofo] o) et
S Z44AS e AEFE dES o8t AAEE Ax9 AYE 55 screening®
F Ao, SElE /A Ahol otz 2AAE EUE F AT 9 v LS uL A%
& F A Bk gk s giade oderix] AW FolA egnist P B s dAH
Q7] Yol FFH o, AUl Ut A7 s MAAAA HEF e JHE
AA s FEAF gt B} shrte] 74 & A F Aotk

ojotm Aloje] ISl A

Y& AFHES A Fo| ooy e RAE FolstAR, o2 g HFF ek Alele] Add
A ANESe A A7 SN #59F F Aok 3N gs 479 AL $AEd 3%
of f8 AFE st FAt7d S 713 UE olaYe Bok AYRY 5 A ok
olg|gt ABE FAFE Edsle 7154 AEQ Z2uto) ¥ tig #4S S
Z 483 Z2ulolQEe] He: LEFEAN EF 5PRALYFE(food for specified health
uses, FOSHU)2. 2 SAHUth A& AR e g3 ot d43ded d7ZAAE dojd AR
ZANAN A7 El Ndshs 222 ZigqEHE AF9 Ao FOSHUZ: BA & A48 &
AEZ 3Tt Jded, dES o)yt A2 E 191 =Y Hx9 F7tolth
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fAzkd(lactobacilli)#} AT AFE o] &5te EPRAEAF health claimE dA Fa

7159 ZAel@ Fusle] Utk AL AEo] AHH FF vlAlE health claim 7FAZ
& 9E Tad AYE D Ak RO FEHT Utk 98 ¥, B W) A9 <
Al A, SHEAY WP oY, 557 BA A%, 4T £ 99 % FA208)

X
23, A% s A4, AT AFY 53 2 Y 2L AAHE A 5L E 4
1t
FOSHUS| tj@ Atjg B4 3] B8 IAAQ f3o] ohle Ahzdel e
AR BAF B fa2d g aF 5o AR 5ol U A6l M AT
= sl BT ZAT BART Ak FH GHE N0 ERF AU 4RI A4
AAZA S AL kolw, 1B FHFEe AN FEL WAL & o,
A% 20 2 28 A% 498 F Atk

Ce e

=

HlZ|O A QF2ET L0129 Ff&td Ji40f| n|X]

rr
i

l‘ll“

Z2utol o] ARFR A FHEA] AP fFEdhe 222 BAA, olfd &3
T ZZulo]ege] AAste tiAIEClY FllwF 2 M oA Fsdnk A=
Bifidobacterium lactis Bb-12 5+ U443 A A A A& & Ade 5248 7142
U+ o]4HE gl EAe] Zznlo] Q¥ H4kFoltMatsumoto et al., 2002, 2004). B. lactis Bb-12
LFEES AFd wE A MM ARE «F9 A7 FHE AFH2LZ 9P
polyamine, haptogloblin, mutagenecity 5& AEZ AlLsto FAMG Axes o233 2o
(Matsumoto et al., 2001).

¥ %9 spermine FEE AFH A v ES W, LFEE AFH 2Fa 3uizkA] {FeHL
7FeFATH(P<0.05). 18] 1 putrescineZ} spermidine T % Q7 ZE A Fd) wzty Z718}
¥ Uetdth £ F9 haptogloblin §#2 QFE2E 4 2F3td] FoH o8 A3}
AUTHP<0.05). &4 &£¥ 28 9 &9 JAHES ol &std 4 EQWdN L SAHS e
oh& 3 22tk 23719 preparation B QFEE Q] HH e wlatA polyamine T} o} At
DAL S BT oyt BT fAHA £oAA A A4S JERITHP<0.05). o133 A2
FH QT2EQ A g% F-FdHo|d L WU Edo] AFY AxHd AFsS
o]FolAE o] otz A& UA HAUTh B A7 A, FZEY 4 s FtH
t polyamine> Abge] A3 WlelAl dFd EQWlAAN S dAE Aoz FET Ut

=z

od. OIN
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