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Figure 1 | Sources of metabolites from the human microbiom

The Microbiome Interacts
Through Chemistry

4 1. Primary Metabolite Production
2. Specialized Metabolites
3. Modification of host metabolites
4. Modification of xenobiotics

Gilbert, Quinn,....Dorrestein, Knight. Nature. 2016

e. The core
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How do we study the microbiome’s metabolome?

Tandem Mass Spectrometry

Exact Mass: 324.06
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LC-MS/MS Metabolomics
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How does the microbiome impact the
chemistry of an entire organism? &
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Metabolite Trip Down the GI Tract
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Duodenum

Cholic Acid

Taurine/Glycine
Conjugation by BAAT

Jejunum

Microbial Deconjugation
Bile Salt Hydrolase

Jejunum
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+ Microbiota
Liver/ Dehydroxylation
Deoxycholic acid
Lithocholic Acid
Secondary Bile Acids
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Bile acids as
Signaling molecules

Agonism of FXR, TGRS, , etc.
Affect Fat Metabolism, BA synthesis,
Glucose homeostasis, etc. etc.
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Discovery of Novel Microbially Conjugate Bile Acids
(MCBASs)

Molecular Network Gut Bile Acids
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The chemistry of the bile acids

Nobel Lecture, December 12, 1928

Scientific chemistry occupied itself with the constituent substances of the bile
at an early stage. L. Gmelin, Thénard and also Berzelius already did work on
the acids present in bile, and several publications of the Liebig Laboratory in
Giessen dealt with this subject. But it was only in 1848 that A. Strecker suc-
ceeded in isolating from ox-gall, the two most wide-spread acids, taurocholic
acid and glycocholic acid, two conjugated substances of cholic acid C,H,0,
condensed amide-like with taurine and glycine at the carboxyl group.
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MASST Search: They are also found in humans
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In vitro MCBA production by gut bacterium Enterocloster bolteae
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Dominant Bacterial Phyla from the Human Gut Show
Widespread Ability To Transform and Conjugate Bile
Acids
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Discovery of 44 new MCBAs

28 of 72 isolates tested
- Covering Actinobacteria, Firmicutes and
Bacteroidetes
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So cool! But what do they do?

Alter Bile Acid Signaling but AA-Dependent MCBAs are Less Antimicrobial

TGRS Reporter Assay but AA dependent

- CholicAcid

-+ Leu-Chol

min™)

- No cells
30

Growct>h Rate
2

:= . TGR5 Reporter Assay

2.500
2.000
1500 S. aureus growth rate
1.000 exposed to MCBAs
0.500 I 0 o o

T

0.000

Fold Signal Change

30uM | 30uM | 30uM | 30uM | 30uM | 30uM | 30uM | 30uM | 30uM | 30uM | 60uM | 20uM | 6.7uM | 2.2uM

Tyr |Leu|GCAThr |Ser |Phe|Asp|Glu| Ala|TCA SB-756050

Con

25

MCBAs have Antimicrobial Properties
Depending on the Amino Acid Conjugated

Doué

Guzior Growth

Curve
B. coccoides- AUC

B. fragilis {

C. hylemonae:
C. perfringens
E. bolteae/

E. lavalensis

- 500 1000
H. hathewayi Time (min)

L. aerotolerans L. aerotolerans.
L. indolis

L. plantarum)
P. anaerobius-
S. enterica

500 1000
Time (min)

13



HO™ “OH

HOW ARE BACTERIA
CONJUGATING BILE ACIDS?

Does production correlate with phylogenetic relatedness?
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What phylogenetically diverse enzyme Is known

to interact with conjugated bile acids?.
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Bile Salt Hydrolase Previously Unknown Amino-transfer
Conjugates Bile Acids

CpBSH Transfers Amino Acids to TaurCA
and GlyCA
and CA
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MCBA producers cluster based on abundance and diversity
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MCBA producers cluster based on abundance and diversity
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Amino acid sequence of BSH Determines
AA Conjugation Profile
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MCBA producers cluster based on abundance and diversity

| Lo [

Ligated Amino Acid
N |~ [
A 82 i erecais || 000
SNOZ | o TIW D

H E. bolteae II ._II. ®
H a.procca |11 R | ctne
Clostridium sporogenes WP_219649723.1 @ paims -- |I . or

e
| & clstridiororms |
1G#2855314028 I—I C. scindens I = 2:;
007861063 _Iﬂ H. hathewayi B -
H . y r8 2 B. fragilis lle/Leu
Lacrimispora celerecrescens WP_100306104.1 B. longum . Lys
g : = |

L. sphenoides . Phe
Ser

. Taur
[ R
. Trp
. Tyr

H L. indolis
Enterocloster aldenensis IMG#2855309434

Clostridium sporogenes IMG#642849186 M C. symbiosum

" E. lavalensis
Enterocloster aldenensis IMG#2855308917 E. aldenensis

E. citroniae

L. celerecrescens

-
(=]

0.0 0.5 1.0 15 1e+06 1e+07 1e+08 0.5
BSH Amino Acid Sequence Branch Length Relative MCBA Abundance MCBA Profile

=4
=}

43

So how can we study MCBA
properties and function?
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BAAT”- Mice have Altered Microbiome Early in Life
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BAAT” Bile Acid Profiles

GCA not significantly different
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Unique Conjugated Bile Acids in BAAT/-Mice
are Not Microbial - ACNAT1 and ACNAT2
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Mammalian Bile Acid Conj
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BAAT Knockout Mouse and DSS IBD Model

Experiment design of the colitis model . L.
A Mice weight changes Disease activity index
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BAAT KO mice showed more weights loss and higher
Disease scores than WT mice

BAAT Knockout Mouse and DSS IBD Model
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MCBA Gavage Alters Liver Metabolism
Depending on the Amino Acid Conjugated
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