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Relationship between gut microbiota and disease

Table 1. Gutmicrobiota on healthy adults, vegetarian and aged persons using 16S rDNA clone libraries (%)
Healthy adults Aged persons
Microorganisms Vegetarian
A B D E F

Clostridium Cluster I 0 1.1 0 0 0 0 0
Clostridium Cluster IV 22.7 12.4 11 13.1 34.7 16.1 9.5
(Clostridium leptum group)

Clostridium Cluster IX 0 9.8 34 0 0 35.8 14.3
Clostridium Cluster XI 0 0.4 0.8 0 0 12 0
Clostridium Subcluster XIVa 58.8 23.7 29 59.6 25.3 2.5 3.6
(Clostridium coccoides group)

Clostridium subcluster XIVb 0.5 0 0 0 0 0 0
Clostridium Cluster XVI 0 4.1 0 1.7 4 0 0
Clostridium Cluster XVII 0 8.3 0 0 0 2.5 0
Clostridium Cluster XVIII 0 0 0.4 12 0 0 0
Bifidobacterium 0 0.4 5.3 0.5 0 0 0
Lactobacillus 0 0 0 0 0 1.2 0
Cytophaga-Flexibacter-Bacteroides 5 9.4 16.3 6 20 8.6 154
Streptococcus 3.7 28.8 0.4 0 2.7 1.2 0
Proteobacteria 0.5 0.8 1.6 5.3 17.3 54.8
Others 8.8 0.8 1.2 7.1 8 13.6 24

T\ 2%, 1990 4R LLFE, 16S rRNA # 1x T O ¥
FLH & & &2 L7 L OV C R SE L 3R AL
L, SFSFEMEMEOMETEY T — & BEHS
N, ZNSBESIHAEWIIZEIC V% 2 &5
ERoTWh, INHLDT—4% %% &2, 16S rRNA
BIEFORERY 2N & L mHEERY T T 4
< —"% w72 PCR (polymerase chain reaction)
AT S, SREOMEMEANRIE T % 35k D 5 4%
EOWMEIRM - [ET 52 LWL ko720 T
Hbo WEROFEFRED L LT &0, Sk, Ik
M ENEEOMINE X UOFEERE L LTHwHRS
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Common primer labeled fluorescently at the terminus,
DNA extraction, PCR-amplification of 16S rRNA gene

100 mg feces
%GAGTTGTACGATGC .....
CTCAACATCCTACG s e e
—) —
Extraction of DNA 16S rRNA gene i:‘lft*z..............
amplification by PCR

l

. GAGTTGTAC@/ATG Cevees
- \TCTCAACATC TA CGoeoeee
1] —" K/ﬁ‘: — | <= % ................... %ZJZ

Detection of peaks by
GeneScan (ABI3030)

Electrophoresis by
ABI3030

Restriction enzyme digestion,
disconnection of PCR product
(Aluland Msp1)

Fig. 2. Principles of Terminal-RFLP Method
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XIVa, XIVb), Bacteroides fragilis 7" Vv — 7120
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bium cluster (2R 2 70— 7 B L U Lan-
gendijk 5Y® Bifidobacterium &\ FFE Ay 7 71—
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TR ORESRER R TH S C. coccoides-E.  rec-
tale 7 )V— 7D 16% % 5 L RBEERETH %
Z &%, Mueller 51, 230l —a v /s Ao
BN EIER Oz, FlnkE, 5, B X UERIT
DEVIZOWTHNT L, (%) 7 AIZBIT % Bifido-
bacterium ORI, FlE ISR R 7T VX,
FAY, A x2—=FT Y NOZNIHR2~31b 5
W2k, 60 EoOEEAERIZB L KR
HoIF I B AR 2 < AR EE (20~50 %) I2HRE W
Z &, Bacteroides-Prevotella 7' )V — 7 X B VEREAD

RN TE W & &2 22 IR L7z, Hay-
ashi 5%, A, BABLIOXRY Y YT O
WHTEH & 3T L, fiiti 7 o — > o 25% %
98% D AT Y — 53R 3L BB IZFE L,
Y 75% 07 a—rB9 OB e T rAas AT
(R#4%, Phylotype) IZET 52 L 2HL2IILT
(Table 1)o TD X9 7 16S rDNA 2L B 70—
TAT7 7)) —OWEIZL -T, b MpNEIERIE
Clostridium rRNA 7 2 A% — 1V, IX, XIVaB X
Y XVIII X° Bacteroides, Streptococcus, Bifidobac-
terium DX TNV —T % EIETH 70— Th D
CEERWSPICLI, L TBES N7 0—v D
9%, Clostridium rRNA 7 5 A% — IV (&7 10—
RO BEIE  11~22%) B L U XIVa (23~59%)
BT 2RMESL CEIELTVL I EBHHRITL
720 E7o, BLGFATLRZEOBNELER KL
72& 25, Clostridium rRNA 7 5 A% — XIVa, IV
BLCXVIIAEZ I SNz 512, Hils
# (75~88 i) DI HTER AN OFE R, 240 7 1 —
YEROGEEL, 0 46% % 27T OB REICFEEL,
D 54% 137 74 a8 4 T ThHhHELTNEY &
ANOBN LY oS -7 0 — 1L 83 o Wi
HHWIET7 74084 TTHY, ZO13% 1THH
DT 7AUY AT THolze BHREKADBHE L 52
7%, Clostridium tRNA 7 5 A% — XIVa O HH
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Table 2. Relationship between gut microbiota and personal and lifestyle characteristics on 3,220 healthy adults

Group Major gut microbiota Personal and lifestyle characteristics
Group 1 Firmicutes, Ruminococcus, Clostridium XIVa, Female: > 60 years old, 25%BMI<, constipation
(n=797) Bacteroides
Group 2 Clostridium 111 + XVIII, Ruminococcus, Bifidobacterium, Female: <59 years old, 25%BMI<, consumption of
(n=193) Coriobacteriaceae, Eubacterium, Actinomyces probiotics
Group 3 Clostridium 1, Eubacterium, Ruminococcus, Bacteroides Female: >60 years old, 25%BMI<, consumption of
(n=397) vegetable, seaweed, fish, Natto, non-smoking, no alcohol
Group 4 Clostridium XIVa, Fusobacterium, Eubacterium, Female: 25%BMI<
(n=476) Ruminococcus, Bacteroidetes
Group 5 Clostridium XIVa, Eubacterium, Streptococcus, Male: consumption of vegetable, seaweed, fish, Natto
(n=322) Actinomyces
Group 6 Clostridium XIVa, Eubacterium, Ruminococcus, Slackia, Male: <59 years old, non-constipation
(n=441) Collinsella, Gordonibacter
Group 7 Clostridium, Lachnospira, Selenomonas, Male: 60 years old, 25%BMI >, consumption of vegetable,
(n=482) Parabacteroides, Lactobacillus seaweed, fish, Natto, and alcohol, smoking
Group 8 Clostridium, Fusobacterium, Roseburia, Male: <59 years old, 25%BMI >, smoking
(n=112) Lactococcus, Streptococcus, Bacillus

A — Bl & B v TR < (25~36%), Clostridium
RNAZ SR —IVRIXBLUOT =717
432 71) 7 (Gamma Proteobacteria) 04
IO 5N T W5,
2-2. Z2—ZF)VRFLPEIC KB E FERETERED
FRA

165 tDNA 7 0 — > J 4 75 ) —EE BN EER
EHR LTV LR (B OBATSWRETH % 75,
ZNEATH ICIEREH EZHOBHDP KO ON L, L
7235 C, BWNFEER OB W, Mk, il
BLOKEOT Y TV ER SNL, £2TH
BRI BUE & 2 Bl & L CIER S 2 50 FAEw I T
& L CRFLP (2 & 2 S RRIEMRAT & R AT
VAT AL LA EHBMTEMAG DY
Terminal-restriction fragment length polymor-
phism (T-RFLP) f##T & XN 2 FENRE SN
72%o ZIUF 16S rRNA #fnF 7% E 2 HiR+ 5 77
A4~ — O 5K 2 TR L, HIREFERLETES
NIRRT DSR2 BIZFIT S AT 212X - T
NS 5078, ZAUZ L) HEE, B LA e EE
Loz BENETERE OSRRIEFTIC BV OREE L
16S rDNA AR % o 72 K5 FAEWMFH T &
BT D L, ZOERUIN R T — & X — A
L) HTHENTTETSH b0 FEBRIZIE Fig 218
TE)ICREPSEFEAFS Ny 10— % PCR 1
MEfR, 2 M OHRBERTENL 2L, #i&T
AT AT DA X D RIBE 72 S k% T-RF /8% —
YOY¥—sHiEE BBlE L, Tl X ) 8L
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Table 3. Classification of metabolites detected from germ free mice and conven-
tional mice

Metabolites GF>CV GF=CV GF<cv
Amino acid derivative 23.9 14.3 23.4
Amino acid metabolism relatives 4.3 3.6 9.1
Basic amino acid 8.7 26.8 0
Carbohydrate metabolism intermediates 13 0 2.6
Central carbon metabolism intermediates 2.2 3.6 6.5
Co-enzyme derivates 2.2 3.6 7.8
Lipid metabolism relatives 10.9 8.9 9.1
Nucleic acid relatives 19.6 53 15.5
Peptide 8.7 16.1 2.6
Others 6.5 17.8 234

GF: Germ free mice, CV: Conventional mice
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PN TR & BAETE - AHEE & ORISR E RS L7
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Table 4. Metabolites whose concentrations were
higher in the cerebral metabolites of con-
ventional mice than in that of germ free
mice

Compound name GF Cv
Trimethylamine N-oxide 1.87 << 82
Ethylglutamine 61 >> 14
Dopamine 53 >> 29
2-Methylserine 49 << 87
3-Methylhistidine 61 >> 1
Tryptophan 97  >> 14
Pipecolic acid 1.6 < 2.3
Tyrosine 4.8 > 35
Phenylalanine 3.7 < 5
N-Acethylaspartic acid 2.1 > 1.7
N-Acethylneuramic acid 1 >> 88
Biotin 2.2 > 1.8
Sericin 1.1 < 2.1

GF: Germ free mice, CV: Conventional mice
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As a first step towards the practical application of gut microbiota composition (GMC) analysis, we used
terminal restriction fragment length polymorphism analysis of the GMC in 3,220 Japanese adults (1692
years old) to examine the associations between the GMC and 26 personal and lifestyle characteristics, in-
cluding age, gender, BMI, dietary habits, and other habits. The 3,220 gut microbial communities were di-
vided into 8 clusters (1-8) based on their operational taxonomic units (OTUSs). For all of the clusters, sig-
nificant correlations were observed between the clusters and personal and lifestyle characteristics, as re-
vealed by the chi-square test and odds ratio analysis. Interestingly, each cluster also had correlations with
other personal and lifestyle characteristics besides gender, age, and BMI, such as defecation, frequency of
eating vegetables, and smoking habits. In conclusion, we demonstrated multiple associations between the
GMC and personal and lifestyle characteristics. Moreover, the role of the influence of the GMC on age and
obesity was also reviewed.

Recent studies have suggested that the GMC influences gut-brain communication. We analyzed the
cerebral metabolites of germ-free (GF) mice and conventionalized (CV) mice, which were inoculated with
a suspension of feces obtained from specific pathogen-free mice, using capillary electrophoresis with time-
of-flight mass spectrometry (CE-TOFMS). CE-TOFMS identified 196 metabolites from the cerebral me-
tabolites in both GF and CV mice. The concentrations of 38 metabolites differed significantly (p < 0.05)
between GF and CV mice.
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