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Roles of Enteric Microbial Composition and Metabolism in Health and Diseases

Jung Mogg Kim

Department of Microbiology, Hanyang University College of Medicine, Seoul, Korea

A complex microbiota colonizes mucosal layers in different regions of the human gut. In the healthy state, the microbial commun-
ities provide nutrients and energy to the host via fermentation of non-digestible dietary components in the large intestine.
In contrast, they can play roles in inflammation and infection, including gastrointestinal diseases and metabolic syndrome
such as obesity. However, because of the complexity of the microbial community, the functional connections between the
enteric microbiota and metabolism are less well understood. Nevertheless, major progress has been made in defining dominant
bacterial species, community profiles, and systemic characteristics that produce stable microbiota beneficial to health, and
in identifying their roles in enteric metabolism. Through studies in both mice and humans, we are recently in a better position
to understand what effect the enteric microbiota has on the metabolism by improving energy yield from food and modulating
dietary components. Achieving better knowledge of this information may provide insights into new possibilities that reconstitution
of enteric microbiota via diet can provide the maintenance of healthy state and therapeutic/preventive strategies against metabolic
syndrome such as obesity. This review focuses on enteric microbial composition and metabolism on healthy and diseased

states. (Korean J Gastroenterol 2013;62:191-205)

Key Words: Diet; Dominant bacterial species; Enteric microbiota; Host metabolism

N B
el g ER theks] BR% ogBYTe] AL
g%_ 1011

o] £l qltt. ol AltAIRES] SAtE B U=

N oo R, AFRFAIES] 10815 He AR

4 2 A u] &5 (enteric microbiota)
otal, o] &2 A Y- e Al(ecosystem)E A5

A Thofet oA A% 9L njH! &, 7

oA Zhfm A EFel= Aot B7FsT

0y

N
w3
o8
=
25

SAE HRES Y
HAA ST GPash oIS T Bt ofiet A
Aol F9e RANIL e olst g FYHA Aue
w ol Pgdel 2uk xeeh 49w ok o2 Sof

Ao e S doky) AeiE d5at o] 9
o] & 4 3111, H|¥Hobesity) ¢ HAFEFH(metabolic

syndrome)S 4o 7FsAE A7l ik 05 Y]
AETefe Ty A8 A4S ffoke] 7ot A AU
n Ao 24T

metabolism)E 5}

>

rir

1

i)

i

0,

m\i r_q‘

N

)

W

filo rir oo

OQT T:LI

[ﬁ ujrt

N,

3 =
1o
ok
o
=
S~
ey
=
t
D
@
=
o,

N
—
ofr
ox,

(diey& E AUTI B ATAS A% Tl of
Yot Bga%0] Ar/ote SR ARe YHoR Hes
o gl

&9l A7 Al MASE mdE Alolele sl

(€9 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

WMHRE ™=, 133-791, MEA| 45+ HEZ 222, stftietu outryst ojdEstud
Correspondence to: Jung Mogg Kim, Department of Microbiology, Hanyang University College of Medicine, 222 Wangsimni-ro, Seongdong-gu, Seoul 133-791, Korea.

Tel: +82-2-2290-0645, Fax: +82-2-2282-0645, E-mail: jungmogg@hanyang.ac.kr

Financial support: This work was supported by Basic Science Research Program (NRF-2013R1A1A2A10004404) and MRC program (NRF-2008-0062287) through
the National Research Foundation of Korea funded by the Ministry of Education, Science, and Technology (MEST). Conflict of interest: None.

Korean J Gastroenterol, Vol. 62 No. 4, October 2013
www.kjg.or.kr



A ek QU BB R S50 T ofA]
=elo] o3t o]} &0 HEE AtEI] A=
=599 B, g, T Atk B3 S84
wAoR det. & Sof, AdividEelel ot
short-chain fatty acid (SCFA)L HIEF 59| AL 229
A eAA 353 Fgolehs HolA 3829 ans v
How ool 7}

el gERa e 5 7
Hsto] 74733} Aol

=13

=2

oF a
ALk ARH7F 2L Qe A A b2l sFelA 74
2] %
Bl

o]

o

MU g,
N
lo
O
1B
o
Ir
ACh
koo
.
2
[yal
rlr
2
N
o,

)

o ot —

At LA (obligate anaerobes) At
TAE ARt vEFe ] 8gATE Hef 2 A
=
=

el £xdh= AT E SHCR JlastaAt o

f
=
=]
o
i
fF b 30 41 f 1o

i)

=2
R

B
o
rlo
o
)
e
o
o,
4
ru
iy
>
=
o,
i
3]
w
o
>,
=
o
i)\

num)¥} IHEAA, dleum)o] WAFER = 2UFARA
t(facultative anaerobes) Fho] FFS o|F4 ity &

Ok 072 Streptococcus spp., Lactobacillus spp.,
Enterococcus spp.2} 1324+ & Proteobacteria, Bac-
teroides spp. o] Hx3lc}

SCRAL: JUEEEE R ANEE dRAe) g
Eolc}. dRbH o2 oA SCFA+= acetate : propionate !
butyrate®] EA}2F4 H]ES-(molar proportion)e] 3:1: 1<
o] Sltt. I¥d AP HE (RS, ileostomy)&
APt BErfo A A Aol A= SCFA H[&0] 20 1 1 4%
BHE Zo] WAECH! whekA ejseta $)x o] wet v gE

g o] o] thg Aolgt= HE A &t b g
S|&Hterminal ileum)9] VAJEFT = AR )% (proximal
colon)®] A= th2 XNt sjFetd o2 AZAxlo] §17] wi
ol Wi AR IS eI o e Rele] 4
of §EFZ vA= JAEE ] 7|Es|E S
AL

T

o]

20|=(intestinal pH gradient)

R A o] pH $& Holal, o] ReERE 3
ojd5 T4 pHE WOt Bacteroides spp.9| 374
pH7} 6.0 o8} | 7+Aastch’ 18U} Firmicutes:s %3
07 7]4& 44 (active substrate fermentation)A]d 4= 31
7] wizoll AHg 2ANAE & Ad 4= et o] wiiZell pH7}

e SolA o ko] Ao felsih. A A4E
o, Adje]E e F AT dAHYEE-S pH 6569 pH
6.5 Atolofl A olstA] H3tet” wiehr] pH 6.0£0.55 7
Az FUnBEre] 24 " 34 yehs oz 34

Sl ArFAtdgtoltt 1 o fii= AbAtiAte] &
23 ARIEEAZE ¢lal IEAE Y ARER (superoxide
dismutase)e} 7V etolA| (catalase). A 2] §lojAl A A
A& A4 gtz (superoxide free radical)¥} TFAFSIS:
A5 3] AASHA] Fo7] w#ol|th. 18y Bacteroides
spp.~= cytochrome bd oxidase®}= AAE HG511 97|
o] YeE Fo AA7F EA5H= 27 (nanomolar
oxygen concentration)o] A= A&o] 7153t ? o8 4E
< ‘nanaerobes'@}1 H=27]% 3t} A o FE9] Firmi-
cutest= 7] o =EEHH 9 Fo] AbEo= AdiFARA
Fo|th® I8\ Faecalibacterium prausnitzii= flavin@}
thiolsx & MAE 4AHAR olFAl7|= 59 ER3kaL 8l
7] wizoll, wig- R AbdE oA Aol HXET| & gt
o|Z st AIEL B. fragilis®} F. prausnitzii~ AA0] thA
ey Ay Belo 24 Aol AL AlAM Eot

3) E&2Hbile acid)

7o) ZHAHERRE fHiEe 954 2F 954t
(conjugated bile acid) FE|2 A% o] EH|E T n|AE9
bile salt hydrolase®] 2]3l €2 3%H(deconjugation)e] ot
b gEAl HETE WG o

Aeos Aol A2 g7t
W& Shch G54k 43t g 7]5-S YeRdt o]
7152 ol wet 24 yehdt) 9l 91, cholic acidE
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Bifidobacterium spp.2} Bacteroides spp.& & 4 Utk 1 AL AL AAY )& B
Qo YA UG AALES 2700] Spael BE  wdsls) HE BuRale) depgol et Y 2,
ol Al TX mAyERE (Y, Staphylococcus spp., Bifidobacteriaceae?] 47} 744 %}1!, Enterobacteriaceae™=
Corynebacterium spp.)ol| k2% kg 2}od Bato] o3 Z718HeE* 654 o]4ke] 7ol B 7] (28-46M)9} Bl
A3 AMJol= ure] A/di vER o] k&g ko] Bacteroidetes”} B FF-3| A= ¥FH, Firmicutes= &
whaba] SAY 3ol HH, ARl ofsf &%t AloE olErh® IgAN AGely Beld T, B W75
Algafel ofsf Holdt Aokt o st W HI7F AUu e o] 2AdHStet I E] o A+t
Bifidobacterium spp. & 27| Hch " E0] AdZol= Bk, obd7kA] AjugEse]el 24 |
2) HoEF AFEE A7 olel A7/ geete] el 2HAsHA] gtk S AAsk

FoPIGELHEM)E B &2 2052 dSEe AT oF 1d =
ko] AI71E Eot=d], & SAdA = IESAE WY A7t
A o itk o] A7jo] e84 RS o oyl 3. YA JUndEReS =4
298 U oS0 W AYEARTY dopde WA ARl 240 g d7Ee] gRRe o
g I 2AL 238 o Pl HEe Hojsn ¥ O] HMERRYH & Zojtt metA ol Axe i Tui
1 B85 HE oly| 5L Bifidobacterium spp. H]&°] £ (distal colon) W7ol EAst= vFEFE et &
£ B2 ofo|Eof H|3| T &} AdRofA o] g1 w T ek Ao R o MEERE S3E3 small sub-
2, Alxjolo] giy n|PE ZAL Aol B ZS 1 o}y] 9] unit (16S) ribosomal RNA (1RNA)S] ¢7]4Q B4} o]
e 9l XolE KojFa 9Iglch Tela AlMolollA B & Rl metagenomic sequencingS & 4= Utk o]
A% d71-E2 oF 80%+ Bifidobacterium spp.2] A&} o 22 AFHE ol gl I AFLANE FTHoHH, 1%
AP 2l FuPERE 0 24 A GF <] Ko oF Abehe] i vAERe]= 5709 AletE(F, phylum £
E Hol7|k ¢t} & EBEX OodHo|ixL Bifidobacterium division; ¢f|, Firmicutes, Bacteroidetes, Actinobacteria,
spp., g% $Ho|AE Bacteroides spp.2} Lactobacillus Proteobacteria, Verrucomicrobia)¥} 3}1}2] Archaea (Eur-
spp. 7t S-AIBH LFERG AL ek EfoflA] HEE dE s yarchaeota)® FAF o] Uk o] FojlA ISAEe
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i o] Aletse] At x4 3o dvte] FosRY 90%Z XA|5}al 9lth* Bacteroidetes®ol EoHE= &,
S M(mammary gland)2. 2 o]=37] o7 =AH=Hrh X Genus)oll= Bacteroides, Prevotella, Xylanibacter’} 9=
Atol(preterm infant)®] 7%, 7] AWudEFdle 205 dl, ol gt 79 glycan HAAE EoiE 4= Qi
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w0l =[] probiotics®] 4T TS =T S pro- e F8 AR Aottt FS AAIE 1L Stk whet

biotics® Aolgle WAER HATH oS Folstd A7 A GAIA T A7) A AWu e 24 Mt

oIt ko g Agoh= & wekth ti3EH <l o9& Lac- AGTE vHH i AHE EEot 4 S olE AeE B

tobacillus®} Bifidobacterium®| 4= +5& 5 4 Tt =

IR vRE $AE e R vasH] weedkEl] f8

TAL dejsto] 33 Hoto] Ao gHE At It w= 4. MU O|MEZECiAH(enteric microbial metabolism)

A, e nERe] 24 W3k Ao] AolErh= 7RI AU A Ee S5 = n[dE A4lofA o
152 & olo] & & QA 37t E = vk & FARRAIA RS

of wel geAs A Bofek” a3 AT 94
g4 A= Aolare] Mol wet ot XolE HERH o tirks A= o AeAlee] 4EAEt Al Aol

<l 53] 7oA 431HA] ¢h= M (resistant starch)?] Al GFe FFkE okt @4olgta 3 4 ok 184
3ol Wt Ruminococcus bromii®} Eubacterium rectale gk of i njzo] ofd EAT tiakes AT A o
7F AABHAl S715EA. o] 2et Hoh= Aol ar] Al Y A= obAlZbA]l 4 Ao] A9 gitt. E3 nETE

ol FEE AL, Aol WS the Zlow B e 1) o] 54 el o3 A==tz gl v
i 245w HokEL ol 20 Weke W Eeo] HO1A] = Aol o3l AR HkEE HiAb

= TEZ FE AES o]&t= HEelIGAN AdAt Jigl AREE Q7] wi&o] A uFEARE dids] B3t do)
REA FUFEo] T2 WALeRE vhgsle AL oyl 2pal S 4= Qloh. XN njERE] o] AJo] of g o
t}* Galacto-oligosaccharide ¥ inuling Alo]of| B33} 011_1,]:01] wet Ay o) YEHALS AASA| R, FelH T u]AY
o Lol A= Bifidobacterium spp.7} A& 072 2715194 2271 o] 8 & Q= 7] & (substrate 0] Z2Q3jt) 1 o]
o 1Y A= oo Z2 Aol TEER] ot %% E4 71425 A== A EC] A v &
00 AR o7 49lEA] ob= E43HE] A XS WA AE Bk o)t
719 o e -7“40] HobEE A2 oA A 2 1) BUDIMEF2(0 2ot HlAekg CHEH|(non-digestible
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77 e ASHE 7 ol ore} 0}4317} ojglo] A} HAJo] =911, Bacteroides spp. @714 G2 R AA H
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g A A4AEL B43tE E3H4|(complex carbohydrate)
o} 424 RS Hofsh 2t oje} 2ol AR
© 29EA] o SpolE(H| A §H9lE, non-diges-
tible carbohydrate: ol& E9¢] dietary fiber, cellulose, xy-
lan, resistant starch, inulin)< A2 w]yEF o] o3
ol (Fig. 1). 5, ] FARA B4 B4 e
SHEL FF SCFA (9], acetate, propionate, butyrate)2}
gas (9, F4, olAtslers, gl 2344 hyrogen sul-
phide))& T =T = Alo]AG(dietary fiber)2} 2 v A
A BsES FUnjdERelof ol8) oligosaccharidet
monosaccharide® E3[%]11 FEZ 07 o|ojA SCFAR Hf
aech® Fug hgo] SCFA 5= oF 50-100 mMo|t}

A3E SCFAE AR A 08 Z4Eo] st HHo 7
o] g3ttt o & Fof, thdollA F8e Fol2(anion) 0 & A
§ Hut ofuel 529 YA o2 A butyrater 4]

ME7} F2 083, acetate 5= HAF O 8 ARGHCE

Z acetate®} propionate= 7t} Tx7|0 2 o]E3dle] I
L FAIHA (gluconeogenesis) ¥ A|H3HA (lipogenesis) S
ok 71do] FthFig. 1). ©ebA SCFA &5 IS A&l
BET U AE S4B S AR A SE g

SCFA+= thefdt "Yxd ais Yepdo. & =91,

SCFA*= histone deacetylases 24|80 AZ219] {7
Id-E 243 3HH SCFA+ A<-8-A4(gut receptor)?l
free fatty acid receptor 2 (FFAR2, ©]%19] G-protein-coupl-
ed receptor [GPR] 43)} free fatty acid receptor 3 (FFAR3,
o]# 2] GPR41)9} Z2 G-protein-coupled receptor®] A%
Adapgof Bofdir|e St o] EHEL peptide YYQ}

glucagon-like peptide 13} & A]-871E] ¥ 2 X (anorectic
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Dietary intake

Energy intake
from digestible food components,
in small intestine

Energy intake
@ microbial fermentation
inTarge intestine

Non-digestible carbohydrates — SCFA
« Dietary fiber

« Starch

« Galacto-oligosaccharide

Energy for bacterial growth

« Energy for IECs
« GPCRs signaling for regulation of anorectic hormones

Excretion

Fig. 1. Energy intake and fermentation of non-digestible carbo-
hydrates by intestinal microbiota in large intestine. Each gram of
glucose that is directly absorbed from the small intestine contributes
approximately 3.9 kcal to energy intake. Non-digestible carbo-
hydrates that are resistant to digestion in the small intestine
contribute energy indirectly as a result of microbial fermentation in
the colon to produce short-chain fatty acids (SCFA) and gases. This
contribution to the body’s energy intake is approximately 1.5 kcal/g
glucose because of the lower energy content of SCFA and their
incomplete absorption from the colon. Fermentability depends
primarily on the structure of the substrate. However, it may be
influenced by methods of food preparation and storage, by host
physiology, by gut transit, and potentially by the density and species
composition of the intestinal microbiota. Fermentation of non-dige-
stible carbohydrates by anaerobic bacteria in the large intestine
enables the recovery of only a fraction of the initial energy content
for microbial growth. SCFA such as butyrate, acetate, and propionate
are absorbed in the colon and butyrate provides energy for intestinal
epithelial cells (IECs). Acetate and propionate reach the liver and
peripheral organs where they are substrates for gluconeogenesis
and lipogenesis.
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ia), XL %Zﬂ%—g(glucose mtolerance)i’} ol&d] ATHA
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Sf rhal o 4= Stk T1RiH| 1IBD $Aks Folls, Wde] &
L2 59 F praunitziis 71A 1 Q&0 E 26k 11 Agko
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ZHE IEEE= 7

Proteobacteria®o] <3}= adherent-invasive E. coli,

Campylobacter concisus®} enterohepatic Helicobacter
spp.= 1BDS] WP7| A3} WA Bslo] Aok Bk
Qlt}.®* 2 XX adherence)d X< (invasion)o]d= EAS
7> Proteobacteriat= &FH0]7| AL o]-&8lo] A A
AR HIpA7] AL, An| eS| o 24 ¥ SKdysbio-
sis)g ©oF7|A|#A IBDE Z#d Ao® FHHt
ks ot HL{OEEF2e| =Y Hat
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of o oF FI=EEE BAE o Aok weba] 2EeHd (pro-
carcinogenic)¥} }¥9rAl(anticarcinogenic) Alo|9] #+&&
S 217} xenobiotics A&o| u}gt gl Aoz ®H Qlch*#
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