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Complexity of the fate of drug
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We do not live alone

A Genomic View of the
Human—Bacteroides
. . . - "\ ‘,.J‘Carbohydrates "
thetaiotaomicron Symbiosis C g

Jian Xu, Magnus K. Bjursell, Jason Himrod, Su Deng, Lynn K.
Carmichael, Herbert C. Chiang, Lora V. Hooper,
Jeffrey I. Gordon™®

B. thetaiotaomicron

10-100 trillions of gut microbes

1. defence against pathogens

2. development of intestinal
structure

3. fermentation of dietary fibre -

4. metabolite of proteins

5. play a role in drug metabolism




Metabolomics provides method to detect the

Impact of gut microbes

NMR Spectroscopy Mass Spectrometry
Probe nuclei: 1H, 13C, 31p, 1°>N
Structure elucidation GC-MS-MS
COSY, JRES, TOCSY HPLC-MS
HMQC, HMBC etc UPLC-MSP
STOCSY family
LC-ICPMS

Hyphenated techniques

LC-SPE-MS-NMR, CE-NMR, CE-MS

In situ detection
HR-MAS (cells + tissues)



Germ-free rats showed different urinary metabolic

profiles compared to conventional rats

Germ-free creatine 2-oxo-glutarate
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J. Swann, et al. (2009) Mol. BioSyst, 5: 351-353



Germ-free rats showed different response to

hydrazine compared to conventional rats

taurine
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Diseases associated with gut microbes

Gl tract disease

Non-alcoholic

& o\ D i diabetes
= \Coronary heart
disease

Neurological
diseases



Fatty liver Is associated with gut microbes

Reconventionalized GF mice :

@ 14 days: 60%1body fat and insulin resistance, food
Intakes|

@ Microbiota promoted absorption of monosaccharides

Microbes
Non-digestible fibers > Short chain fatty acids

S T~

Essential for colonic cell Energy source

F. Backhed, et al. (2004) PNAS, 101: 15718-15723



Mice: Obesity Is associated with gut microbes

Firmicutes
100 )
Bacteroidetes

20 |

Percentage of total sequences

+/+ ob/+ ob/ob
Lean Lean Obese

Obese mice (ob/ob):

@ Firmicutes/Bacteroidetes increased 50%o
@ ODb/ob mice harvest more energy from food

R. Ley, et al. (2005) PNAS, 102: 11070-11075



Insulin resistance and metabonomoic

dysfunctions
M. Dumas, PNAS, 2006, Vol33, 12511-12516

A Habma
LFD HFD 12956 HFD
BALB/c + Htva—* TMAOBALB/ ¢ HrD
FMO3 s

129S6 :

Microbial processing in the gut
O-phosphocholine €= Choline——> Betaine aldehyde
Phoshorylecholine  Choline Choline  Betaine aldehyA

cytidylyl transferase kinase oxidase dehydrogenase
Betaine
CDP-Choline . , -
Betaine-homocysteine [riomocysteine
I Phosphotransferase -methyl-transferase [‘Methionine

PC Glycine —— Sarcosine®———— N,N-dimethylglycine
Sarcosine Dimethylglycine E
Eﬂ dehydrogenase dehydrogenase

Creatinine$———— Creatine *—— Phosphocreatine
E Creatinase E Creatine kinase



Coronary Heart Disease Is assoclated with

microbes

Nature. 2011 April 7; 472(7341): 57-63. do1:10.1038/nature09922.

Gut flora metabolism of phosphatidylcholine promotes

cardiovascular disease
Zeneng Wang'-2, Elizabeth Klipfell'2, Brian J. Bennett®, Robert Koeth!, Bruce S.
Levison'2 Brandon DuGar’, Ariel E. Feldstein'.2, Earl B. Britt!-2, Xiaoming Fu':2, Yoon-Mi

Chung'2, Yuping Wu#, Phil Schauer®, Jonathan D. Smith'-®, Hooman Allayee’, W. H.
Wilson Tang'2% Joseph A. DiDonato'2, Aldons J. Lusis®, and Stanley L. Hazen!2:68

Microbes
Phosphatidylcholine-d9 === Trimethylamine-d9 === CV

Question: Diabetes and CV share common gut microbes



Tyosc

Metabonomics investigation showed differences iIn

100

fecal extracts between control and IBD patients
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Inflammatory bowel disease are associated with

reduced levels of short chain fatty acids

Crohns disease Leu/isoleu/val
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Marchesi et al. J. Proteome Res., 6:546-551, 2007



Neurological Disorder is associated with

microbes

Table 2 Beneficial bacteria from stool analysis

Autism/ Control  P-value % Difference

Aspergers
l Bifidobacterium  16+19 28418 0002 -44%
E.coli 28217 24+16 ns

Imﬂﬂbadﬂus 20t14 1314 000002  +100%
ENterococcus 08114 09712 O005W -16%

Reduction of fatty acids is associated with autism

IJIIEIIII_EU ¥YILID @ II'u'II_I.I'I]IﬂIII'I:l.IIL L RULSEF Y I:IIIEIIJ'.“I.“.

Bacteriology culture values ranged from 0 to 4.

Adams et al. EMC Gastroenterology 2011, 11:22
http://www.biomedcentral.com/1471-230X/11/22



Two side of coin-short chain fatty acids

@ Increase
@ obesity and diabetes
@ Fatty liver

@ Decrease

@ Inflammatory bowel disease

@ Neurodegenerative disease
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Correlation between microbes and metabolites

Xyl
Acetate\
n—Bu_tyrat \ DGGE genus species S ab
Propionate band score
S-AV \ uncultured
Lac/Thr ~>—— | A-36 |Prevotella : 1.000
S bacterium
Hypoxanthine: N \?/%//
TAMCA \ / | A-27 | Alistipes bacterium | 0-885
Ala < SN Q '
Leu Q ’ ‘:I
lle < VAN -
/ Barnesiella|uncultured
Lys E-42 bacterium 1.000
Val <
Met -, Barnesiella| uncultured
Tyr & P-30 bacterium | 1-99°
ASp Barnesiella| uncultured
Phe 2 bacterium | 1-99°
DC Nun‘rber of Occurrence
Succinate in 4 DGGE gejl_s
Formate °/, 5
Choline 7 3
D-pinitol 77/ 2
Raf/Stch 7

Zhao et al. J. Proteome Res., 12:2987-2999, 2013




Antibiotics treatments also caused other

metabolic chanqges

GLVs.CTR  GHVs.CTR  CEF Vs. CTR COM Vs. CTR
|
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Different Polyphenols
l Degradated by colon micr flora

OH

0]
HOJ_\_O‘OH 3,4-dihydroxyphenylpropionic acid
colon

/ dehydroxylation§, ¢l

°*3_hydroxyN\ 9 4-hydroxy-
s Phenylpro
J_\—Q Phenylpro H@ P,hoennizlgg?d J_\—@OH pioni)c; Izil)cid

l pionic acid l P l
T Benzoic 3 -hydroxy J—QOH 4-hydroxy-
acid Benzoic acid ™ Benzoic acid
l Gchme-conjugation

uri ne T |o ;OH
o < > Oxl O%’“ ¥
H?\NH HO

4-hydroxy-Hippuric acid

liver

I;o ==

Hlppurlc acid 3-hydroxy-Hippuric acid

{.‘} Free radical biology &medicine, Vol. 33, pp 220-235




Mequindox induces metabolic changes in mice

Disturbance of gut microbes Amino acid and nucleotides
metabolisms
hippurate J, 20IC Leu
Phenylacetate \.—> PAG | oMV lle
Creatine/* — Creatinine 1 201V ¥ Tyr Val
/TMA J — TMAOJ l HPP & Inosine
Choline 2HIV Uridine
PCM—GPCH
glycolysis Lac |1
/
Lipid transportation Glc TV —’:yrlvate T Acetate J
lipid , Acetyl-CoA Formate 1"
Oxidative stress B-oxidation
itrate
taurine 1 / 2-0G 1
glutathione Malate
disulfide NADH
T Energy
Fumarate .
metabolism

Succinate 1

Zhao, J Proteome Res, 2011, 10, 5183-6190



Microbes of obesity can be transferred
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@ Feces from ob/ob can make mice fatter
@ Fatter mice harvest more energy from food

P. Turnbaugh, et al. (2006) Nature, 444: 1027-1031



High caloric intake modulates gut microbes In

primates
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Increased levels of Bacteroides is similar to
the effects of antibiotics treatment
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Amato, Microbiome, 2015, 3, 53



High caloric intake modulates gut microbes in rats

1

Abundance

Abundance
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H. Lin, et al, Scientific Reports 6 (2016)
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High caloric intake modulates gut microbes

Family level Genus level

Parabacteroides .
Lachnospiraceae_unclassified
Roseburia =
Pseudobutyrivibrio
Defluviitaleaceae_uncultured
vadinBB60_norank
Lachnospiraceae_norank _
Defluviitaleaceae_unclassified
Peptococcaceae _uncultured
Lachnospiraceae_uncultured
Coprococcus

Intestinimonas
Marvinbryantia

Blautia_

Butyricimonas

Mucispirillum

Lactococcus

Parasutterella

Alloprevotella

Bacillus

Alistipes

Anaerotruncus

Coprobacillus

Oscillibacter -
Erysipelotrichaceae_unclassified
Desulfovibrio
ratANOG60301C_norank .
Ruminococcaceae_unclassified
Clostridiales _unclassified
Erysipelotrichaceae_uncultured
Family_XIll_uncultured
Candidatus_Saccharimonas
Escherichia—Shigella
Bacteroidales_unclassified

Bacteroidaceae
Enterococcaceae
Bacteroidales_unclassified

Porphyromonadaceae

plococcaDae
Clostridiales_unclBssified

Deferribacteraceae

Rikenellaceae
sulfovibriongdeae

Verrucomicrobiaceae

Peptostreptococcaceae_unclassified
Micrococcaceae_unclassified
Ruminococcus
Prevotellaceae_uncultured
Elvmnimiibmm timmlmmnifiad Firmicutes_unclassified
Bacteroides
Allobaculum .
Bacteroidetes_unclassified
Lactobacillus

Firmicutes-

Aerococcus
Corynebacterium
Anaerostipes

° ° Anaeroplasma
Caulobacter
Comamonas_ i
Candidatus_Microthrix
Caulobacteraceae_uncultured
En{aglbgctdenum

. rinrobacier

Burkholderiaceae it 1 sinclaccifiad

Clostridiaceae_1

v ey Clostridia family

Correlated with levels

Chri;;:j:nellaceae Of Butyrate -
e
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H. Lin, et al, Scientific Reports 6 (2016)



High caloric intake increased bile acids

production in liver of rats

Control HFD
u T-a-MCA uT-a-MCA
1.94% uT-b-MCA uT-b-MCA
1.26% aTHCA
0.02% 0.00% WTHCA
s LG 0.38% MTUDCA
uTCA WTCA
; uTDCA W TDCA
0.78% _1LcA 0.41% 7 oa
u Glycine-BA u Glycine-BA
ufree BA

ufree BA




gut microbes shape host metabolism

EEEE® TUDCA;:GUDCALCT T T 1O < _ N
[ @ TLCA:GLCA [TTTI1O e
1600 DCA 180 UDCA
1400 160
%
1200 * 140
(#)]
= 1000 120 {-
()]
E 800 =19
Ocontrol c 80 Dcontrgl
600 ®HFD € &0 mHFD
400 *
o0 40 i *
P i
0 0 '
7 28 o6 81 7 28 o6 81
days days
” intestine ' : \ :
- N _,fH OH . oH . _.{?H ?H \:__“\___?H
IO RN P GRS AT
§ a§----o }I i:>----o [ ftnnn(‘-T f L " EEme [ﬁiE“JJn:“\----o
urodeoxycholic acid lithochlic acid hyodeoxycholic acid o-muricholic acid deoxycholic acid
iso-lithochlic acid INEEEO iso-deoxycholic acid [T T 1T 1@




High fat diet-gut microbes-DCA-colon cancer

HFD-increased levels of DCA

colon cancer associated secondary bile acids

Diet Induced Changes in the Colonic Environment
and Colorectal Cancer

Ursodeoxycholic Acid (UDCA) Can Inhibit Deoxycholic Acid (DCA)-induced
Apoptosis via Modulation of EGFR/Raf-1/ERK Signaling in Human
Colon Cancer Cells'?

Eunok Im and Jesse D. Martinez®

Arizona Cancer Center, Department of Radiation Oncology, University of Arizona, Tucson, AZ 85724



High fat intake (81 days) modulates other

metabolic pathways

. . NMR ' :
nglh-fat Diet Urine _r L J | Altered Metabolism
_— | | ® Lipogenesis
; > Plasma | M I

LV | @ Glucose-fatty acid cycle

- ® (-oxidation and oxidative stress
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An, J Proteome Res, 2013, 12, 3755-3768



High fat intake (74 weeks) modulates

microbes assoclated metabolites in mice

TMAO  Gut microbiota &

Choline «—* pc/GpPC
— host co-metabolism

i_ ___» TMA — " DMA
Choline i p-hydroxyphenylacetate

Tyrosine = Caffeic aci p-cresol glucuronide oc L
p-cresol ———» p-cresol sulfate 0‘5\0
Phenylalanine — Phenylacetate———> PAG %\o} OF
> Benzoate ——» Hippurate N

J. Wu, J Proteome Res, 2016, 15, 2299-2308



Action of gut microbes

@ Short chain fatty acids
@ Choline metabolism
@ Bile acids metabolism

@ Polyphenols
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