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Bile acid is a host factor that regulates the composition

and metabolism of rat cecal microbiota
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The complex microbial community (Gut Microbiota) colonizing throughout human
gastrointestinal tract contributes a lot to a multiple set of functions. Recently, the idea that gut
microbiota influences host health has become popular. It has been argued that an imbalanced
bacterial population affects the development of metabolic diseases. Consequently, much
emphasis has been put on assessing changes in the gut microbiota associated with high-fat diets
and/or diseases and on how such reshaped gut microbiota mediates the development of metabolic
diseases. However, the most important questions about why and how high-fat diets and/or
diseases induce changes in the bacterial population remain to be elucidated. This seems to be due
to a relative lack of knowledge about the effect of host factors on gut microbiota formation in
vivo.

In this context, we hypothesized that the host factor; bile acids, the main component of
bile, might be a good candidates that have not yet been well characterized. By virtue of their
detergent effect bile acids are bactericidal and thus seem to exert strong selective pressure on the
gut microbiota. Therefore, to examine the possibility that the gut microbiota population is
controlled by bile acids in vivo, rats were fed a basal diet or a cholic acid (CA; a primary bile
acid) supplemented diet, and their cecal microbiota were analyzed by 16S rRNA gene clone
library sequencing and fluorescence in situ hybridization (FISH). The composition of fecal bile
acids and cecal organic acids were analyzed, as were some host responses. The overall results
revealed remarkable effects of CA on both the gut microbiota population and their metabolism.

1. Effect of cholic acid supplemented diet on microbiota composition; a clone library
approach. Cecal microbiota composition following administration of cholic acid supplemented
diet was investigated in 3 groups (namely, control group, M-CA group and H-CA group fed basal,
1.25 mmol CA/kg supplemented and 5 mmol CA/kg supplemented diet, respectively) of male
WKAH/HkmSIc rats. Analysis of the 16S rRNA gene clone library sequences revealed striking
alterations in the bacterial populations of both the M-CA and H-CA groups. The control
microbiota was dominated by Firmicutes (54.1%) and Bacteroidetes (30.7%), together with
minority populations such as Proteobacteria (6.1%) and Actinobacteria (2.6%). In contrast, in the
CA-fed groups, Firmicutes expanded significantly, to approximately 95% of the total clones, at
the expense of Bacteroidetes and Actinobacteria. The increase in Firmicutes resulted from
expansion of the Clostridia class in particular, as well as the Erysipelotrichi class. Within these
two classes, the genus Blautia and the genus Allobaculum dominated, and accounted for
approximately 60% and 15% of the total clones, respectively. In Proteobacteria, the class
Gammaproteobacteria expanded with increasing CA concentration, and the remaining classes
nearly disappeared in the CA groups. Analysis of OTUs (Operational Taxonomic Unit; using 97%
identity as a cutoff) identified 123 OTUs and revealed that specific bacteria at the genus and
species levels were highly concentrated in the CA groups. These bacteria seemed to be highly
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resistant to bile acid. The diversity of the OTUs in the M-CA and H-CA groups, expressed as
Shannon indices (2.936 and 3.591, respectively), was lower than that of the control group
(5.852). In particular, the changes in the gut microbiota were similar to those observed in mouse
models fed high-fat diets.

2. Impact of cholic acid on gut microbiota composition as revealed by DNA staining
and Fluorescence in-situ hybridization (FISH). Because biases are inherent in all molecular
methods employed for microbial ecology studies, we used DNA staining by DAPI and FISH
technologies to further confirm the observed alterations in the bacterial populations. DAPI
staining revealed higher variety of morphologies; from cocci to long rods in control group,
whereas the CA-fed groups showed much less variety and primarily displayed cocci and short
rods. Total bacterial counts were also significantly decreased with increasing dietary CA
concentration indicating alteration of bacterial community. In FISH technology, we deployed
Eub338, Erec482 and Bac719 probes to detect total bacteria and major bacterial groups in
Firmicutes and Bacteroidetes, respectively. FISH results revealed that although Bac719-positive
cells remained detectable in the CA groups, these populations were significantly smaller than
those in the control group and decreased significantly as the dietary CA concentration increased.
Simultaneously, a significant lower total count by Eub338 but a significantly higher proportion of
Firmicutes in CA fed groups was also observed. Overall, the results obtained by FISH agreed
well with those obtained using the clone library method, and thus we conclude that CA in the diet
increases the relative abundance of Firmicutes and decreases that of Bacteroidetes in the rat cecal
microbiota.

3. Impact of Cholic acid administration on rat cecal fermentation and host’s
parameters. To study the overall effect of cholic acid on host, some host’s parameters were also
monitored. Though other parameters weren’t affected much, cholic acid significantly affected
epididymal adipose tissue weight, serum cholesterol and adiponectin in one or both of the CA-fed
groups. Fecal bile acid analysis clearly indicated that CA in the diet was extensively transformed
into DCA (Deoxycholic acid) by bacterial 7a-dehydroxylation reaction. The average cecal DCA
concentration (0.07 mM) in the control group increased as high as 2.55 mM in a CA group
suggesting them high enough to-exert great environmental stress upon the cecal microbiota.
Consistently, the total bile acid concentration for the M-CA and H-CA groups increased 6-fold
and 20-fold, respectively, compared to the control group. As expected, bile acid stress affected the
fermentative metabolism of the gut microbiota. The concentrations of short-chain fatty acids
(SCFAs) decreased as the CA concentration in the diet increased. Among the SCFAs, acetate and
butyrate showed marked and significant reductions. In response to these changes, the pH of the
cecal contents became significantly higher in the H-CA group. These changes suggested that the
metabolic activities of the gut microbiota are repressed and altered as a result of the antimicrobial
activity of DCA.

In conclusion, using simple rat model, for the first time we have clearly demonstrated the
hitherto unexplored role of bile acid as a host factor that controls the gut microbiota population
and their metabolism in vivo. Moreover, bile acid appeared to affect host health by modulating
the secretion of adiponectin, which contributes to the pathophysiology of obesity-linked diseases.
We deeply believe that our study findings not only open a new door to the better understanding of
the host factors regulating gut microbiota but also providing a new insight into the understanding
of the metabolic diseases and their pathophysiology in relation to gut microbiota composition.
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Bile acid is a host factor that regulates the composition

and metabolism of rat cecal microbiota
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AWMIOIEC179H, H22, £12, 100ENSARD, SER X IEAGINTY
5.
b FOBAME BRI L BESREINTER. EF, BIIEEORELB
NHERORENEEINTHY, BEHROBRICL2BRMER/NS > ADE
BEEHESUDRLARRBMBEOAIRY v 7L 2 RO—-LAORE & OREEED
BbhTws., HE, BEHROBRCRBERICI2BRMEEORL, ik,
PELZBAMERIC L SRBAEBFEROBBICIONWT, ERLHERTORTW
5. Lhl, BEHREERREESBY, ¥, E0X3ICU TBAMEEE2L
XRZ0Hh, TOBEBIZIOWTIRE<EENRW. ZHNIIBAMEEZHET 515
FROERFIZTONWTOHEBNZLWC EZFERVAH 5. ZHEIIZOEZHLNT
TRL, BERATFOFEHREME L THAOERS THLBEITEREZEEL, BAM
HEOBRICRTTEHBOEEEZRN LD THS. BHERIIRHAREEE
ERICE D RAF OIRE DL#E & RIZHEBI L TV 578, —75 THPIHE S o R
ZHRETHE0, MALRBREERRHS. #-T, BHEIZBARMEICHL THERA
REIEZ N ARF 2o TWARREMEN S 508, EERIZIEH B A5 A S 2 O
REZHBEL TRBEINENZOVWTIIRHATH 3.

ZFZT, EMSy PORENEZBEHBTHS2I—)VEE (CA) 2EFRITHEM
L7=8&fH%, B WKAH/HkmSIc T MZ 10 HEERE R, EAERICNL CEBR
RHIEHROMR, EBNEHRBRAER, BHEBRH, 52V OMOBEOEE
B —h—REDKSITEMNTZH, 2Rz, CA BRBIEALRIT 1.25 mmolkg
D CAZHMU = PIRE CA BB (M-CA®), 5mmolkg ® CA ZFEML =5k
ECAEBHE (H-CAE) D2BEL

1) Sy NEBARBICRIETO-IBREROESE

M-CABRBLIUVH-CARHOLET, AEBRNE, AEEMBSIEFRBLENR
Mo =0t B2 H-CA BT, BHHBGOEEB LMY adiponectin MBENEA AR
BITHRTABICET UL, H-CA BTHEBNA BB BE IREARB DK LN
BFLA BYEHBBEOREICLY, #5INECATFELTTAFa—
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JVEE (DCA) ITEBI NI ENWREN, HEICL2EBA DCAETRER, £
AEFD 0.07 mMITHL, M-CA #TIX0.98 mM, H-CA ETIi2.55 mM 2K
U7z. DCAX CAIZHARTHEAEMED 10 FRM<, s OBHNMEICNT 24F
HEERICBNWT, ImM THWHEIHREINTWS. &> T, CA BRI TIX
DCA EBNMEZICEAVWEFTHEZRIZL, ARBRBEZNHL TVWB Z LM
EZ2 507,

2) Sy FEBRBNMEROMRICRIETI—-IREROEE

16STRNA BETFI/O—251 75U —0OEFIREICLD, EHOFHAMER
ZRNRI2EZ A, M-CAB KT H-CABICF L NIV TOKRE /2B R OERRABRH
Ih7z. EAXBBTII Firmicutes (2D 01— ¥ D 54.1%)& Bacteroidetes (|7
30.7%) & L E T HHRTH o 7= H DA, CA #EHEE Tl Bacteroidetes 235k L, 1F
' Firmicutes D&M 5725 HERHRICE(L L=, Fimicutes DHFTHY 5 AL N))
TR &, CABHEE TIIRFIC Clostridia 238k L (BL RV TR S & Blautia B
EEO7 O— DK 60%E THK), KW\WT Erysipelotrichi 38k L 7= (BL XV
R.% & Allobaculum BASFEIH) 15% £ THK). ZOXSIZ CAEBRBTII Blautia &
& Allobaculum [B7ZVIT, 207 O— 2 EOK 75%%2 DTV, 16S RNA &
BFOR—EN 97%LL L AR U 27— (operational taxonomic unit; OUT) & R/
LTON—ErTT5L, 2FTI117 O OTU BRIEEN, CA BREIZIIECE
LARJIVTRED OTU NBEICERINTED, OTU DERENMET L TWE. £
7=, BEZBD7=% fluorescence in situ hybridization (FISH)%IZ & o TR L NIV TOH#
FEIERANAL, 16SIRNA BETFI/O—254 75V —E L FIFEBREENS
bN. LBEOHENS, CA XSy FERAMEREICBNT,
Firmicutes/Bacteroidetes (L ZAI B I ENHEMNTR- . ZOLIREBILD
EEORERIZ, HEEEORNZDCADBRELATHELEZONZ-D, BB
AWM S ERPRERMEZ 7L, TN 50O DCA B2 Z B L. TO#E,
WG S N/-HPETI, Firmicutes IZf85 % OTU D4 #ERKIX Bacteroidetes IZ /BT %
OTU DR L D HE WDCAEZR L 7=, 2D Z &5 5, Firmicutes/Bacteroidetes
oKL, DCABZEDEICLS Z EANRBEINE.

PAE, ABFETIE, CAMBERTEL TS Y FEBAMEBOBRS & VTR
RAZHFHT D EEZHSHITL, TN CANSERI NI DCA OHBEEEIC
KB EER L. F, CAEHU adiponectin D WRIEHMIROERS, 18
FOAEBIIEE TSI LR BHBROBEEEICOWTIE, 28ERER N
TEBRBROBREIIZHH 20, BRSEOBRIZEZ 2BEIMEIN TN,
FRXIZOREHSMILERTEETHD, SSRXBAMEEEAYRY v
PURO-AREOCEREZEMFT LI LETHOAEERTIDDEEAISNS.

Lo THEEB—RIZ, K B. M. Saiful Islam 2M#+ (B%) O%MEZITZOI+
SREBREETDIHDERDE.
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