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Our Research Areas

Lungs Guts Reefs

All mucosal associated microbial communities.

Integrated multi-omics approach
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Cells
1:1 Ratio

~40 trillion
bacteria

~600 thousand
genes

Genes
30:1 Ratio

We are a walking ecosystem

~20 thousand
genes

~30 trillion
cells

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

The Microbiome Interacts 
Through Chemistry

1. Primary Metabolite Production

2. Specialized Metabolites

3. Modification of host metabolites

4. Modification of xenobiotics
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How do we study the microbiome’s metabolome?
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LC-MS/MS Metabolomics
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How does the microbiome impact the 
chemistry of an entire organism?

Germ Free Colonized
Sarkis Mazmanian

CalTech

29 Organs

96 
samples/
animal

n=4

Map of the Microbiome Chemical Space

Soyasaponins

Bile Acids

Lysophospholipids

Eicosanoids

Peptides
Amino acids

Phosphoethanolamines
Ceramides

Flavanoids

Soyaspongenols Urobilins

Indoles

Colonized

Sterile

Shared
Colonized 14.7% Unique GF10.1% Unique

9
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0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% Uknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Uknown 
Soyasaponin
Soyasaponin I Na+ 
Soyasaponin I 
Soyasaponin 1 
MN-Taurocholic Acid 
MN-Taurocholic Acid 
MN-Taurocholic Acid 
MN-Taurocholic Acid 
MN-Taurocholic Acid 
MN-Taurocholic Acid 
MN-Taurocholic Acid 
MN-Taurocholic Acid 

MN-Bile Acid 
MN-Bile Acid 
MN-Bile Acid 
MN-Bile Acid 
MN-Bile Acid 
MN-Bile Acid 

Deoxymuricholic Acid 

Muricholic Acid 

Eso Sto Duo Jej Ile Col FCec Eso  Sto Duo Jej Ile Col FCec

Normalized Abundance

GF SPF

MN-Bile Acid 

MN-Bile Acid 

Bile Acids

Soyasaponins

Unknowns

Taurocholic
acid

Deoxymuricholic
acid

Metabolite Trip Down the GI Tract

Eso Sto Duo Jeju Ileum Cecum colon F Eso Sto Duo Jeju Ileum Cecum colon F

Liver

Stomach

Gall

Duodenum
Jejunum Ileum Cecum

ColonBile and 
Bile Acid Conjugation

Cholic Acid

11
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Liver

Stomach

Gall

Duodenum
Jejunum Ileum Cecum

ColonTaurine/Glycine 
Conjugation by BAAT

BAAT

Liver

Stomach

Gall

Duodenum
Jejunum Ileum Cecum

Colon

Microbial Deconjugation
Bile Salt Hydrolase

Cholic Acid

13
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Liver

Stomach

Gall

+ Microbiota
Dehydroxylation
Deoxycholic acid
Lithocholic Acid

Secondary Bile Acids

Duodenum
Jejunum Ileum Cecum

Colon

Liver

Stomach

Gall

Hepatic Circulation
~95%

Duodenum
Jejunum Ileum Cecum

Colon

15
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Liver

Stomach

Gall

Bile acids as
Signaling molecules

Duodenum
Jejunum Ileum Cecum

Colon

Agonism of FXR, TGR5, PXR , etc.
Affect Fat Metabolism, BA synthesis,
Glucose homeostasis, etc. etc.

Germ Free

Discovery of Novel Microbial Bile Acids

Taurocholic Acids

Deoxytaurocholic Acids

Glycocholic Acid
Glycocholic Acids

Colonized

Sterile

Shared

Taurocholic acid

17
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Discovery of Novel Microbially Conjugate Bile Acids 
(MCBAs)

Taurocholic Acids

Deoxytaurocholic Acids

Glycocholic Acid
Glycocholic Acids

???

Taurocholic acid

Colonized

Sterile

Shared

Molecular Network Gut Bile Acids

49.9789

33.9839

23.93

56.063
40.05

15.995

26.049
106.042

74.034

63.98

34.955

16.013

29.025

50.968

90.047

79.993

10.054

522.379

572.358

482.329

517.284

466.316

546.309

556.363 Glycocholic Acid

m/z572.358 = + 106.042 = Tyrosine

m/z556.363 = + 90.047 = Phenylalanine

m/z522.379 = + 56.063 = Ile/Leu

Tyr-Chol

Phe-Chol

Leu-Chol

MCBAs

19
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MASST Search: They are also found in humans

Mingxun Wang, P. Dorrestein, UCSD
Curtis 
Huttenhower, 
Harvard

Elevated in Crohn’s Disease

Julie Lumeng, 
U Michigan

ABC Baby fecal study 
n = 1362 samples

• 92% of samples
• 129 of 272 babies
• 13 different 

conjugates %
 M

C
B

A
s

21
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23

Cholic acid

Cholic acid Cholic acid

Asp-CA
Gly-CA

Ala-CATyr-CA

Gln-CA

Asn-CA

Thr-CA Ser-CA

Phe-CA

Ile/Leu-ßMCA

Gly-CA

Glu-CA

In vitro MCBA production by gut bacterium Enterocloster bolteae

E. bolteae

E. coli

Media

RCM Media
24hr Culture, 37○C
Synthesis requires 

live cells

12 MCBAs

Lacrimispora aerotolerans

Lacrimispora xylanolytica

Lacrimospora algidixylanolyticum

Lacrimispora saccharolytica

Lacrimispora amygdalinum

Lacrimispora indolis

Lacrimispora sphenoides

Lacrimispora celerecrescens

Clostridium aminophilum

Clostridium symbiosum

Enterocloster aldensis

Enterocloster clostridioformis

Enterocloster citroniae

Enterocloster bolteae

Enterocloster asparagiformis

Enterocloster lavalensis

Blautia producta

Blautia coccoides

Ruminococcus gnavus

Clostridium hylemonae

Clostridium scindens

Clostridioides difficile

Clostridium botulinum

Clostridium perfringens

Escherichia coli

0.100.10

Lachospiraceae

Doug Guzior

- Discovery of 44 new MCBAs
- 28 of 72 isolates tested
- Covering Actinobacteria, Firmicutes and
Bacteroidetes

23
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So cool! But what do they do?

5x10
5

C
RE

-S
EA

P
A

ct
iv

ity
(R

LU
)

Cholic Acid

Leu-Chol

TGR5 Reporter Assay

2.5 x10

Fo
ld

 S
ig

na
l C

ha
ng

e

Con  Tyr  Leu GCA Thr  Ser  Phe Asp  Glu  Ala  TCA    SB-756050

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

S. aureus growth rate 
exposed to MCBAs

μM

TGR5 Reporter Assay

MCBAs have Antimicrobial Properties 
Depending on the Amino Acid Conjugated

Growth 
Curve 
AUC

Phe Leu

Phe Leu

Ser Tau

Ser Tau
L. aerotolerans

P. anaerobius
Doesn’t make MCBAs

Makes MCBAs

Doug
Guzior

25
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Does production correlate with phylogenetic relatedness?
27

HOW ARE BACTERIA 
CONJUGATING BILE ACIDS?

???

28

Method

In
te
n
si
ty

m/z

Lachnospiraceae
16S Branch Length

27

28
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29
Molecular networks visualized in Cytoscape

Visualizing MCBA Production with Molecular 
Networks

30
Molecular networks visualized in Cytoscape

Visualizing MCBA Production with Molecular 
Networks

29
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31
Molecular networks visualized in Cytoscape

Visualizing MCBA Production with Molecular 
Networks

32

Visualizing MCBA Production with Molecular 
Networks

31
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33Lachnospiraceae
16S Branch Length

34Lachnospiraceae MCBA Producers
16S Branch Length 16S Branch Length

33
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35Lachnospiraceae MCBA Producers
16S Branch Length 16S Branch Length

What phylogenetically diverse enzyme Is known 

to interact with conjugated bile acids?.

??
?

35
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Bile Salt Hydrolase Previously Unknown Amino-transfer 
Conjugates Bile Acids

CpBSH Transfers Amino Acids to TaurCA

Optimum: pH 5.3

N=3

pH

and GlyCA
and CA

hydrolase transferase

37

38



4/6/2023

20

BSH Amino Acid Sequence Branch Length

40
BSH Amino Acid Sequence Branch Length Relative MCBA Abundance

MCBA producers cluster based on abundance and diversity

39

40
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41
BSH Amino Acid Sequence Branch Length

MCBA producers cluster based on abundance and diversity

Relative MCBA Abundance MCBA Profile

Amino acid sequence of BSH Determines 
AA Conjugation Profile

F A A A A L Y F A G Y A Q Y

L A I A G L N F P G Y A S F
V A M A G L N F V G N A A Y
L G C A G L N F P V Y V S Y

L S G D I Q Y L M E S S T A
V S I A A L Y F P N H A I Y

V A M A G L N F V G N A A Y

L V A S L L F L P E S I Y V
F A A A V L Y F P G Y A K Y
F A A A V L Y F P G F A S Y

L A I A G L N F P G Y A S F
L C I A G L N F V G N A H Y
L C I A G L N F V G N A H Y

V A A A M L Y F P G Y A V Y
L T C A T L Y F P G F A K Y

L C I A G L N F V E N A H Y

F A A A A L Y F P G Y A D Y
F A A A A L Y F A G Y A K Y
F A A A A L Y F A G Y A Q Y

L C I A G L N F A G Y A D Y

L S I A G L N F E G N A Y Y

S G F P V G P

V A M A G L N F V G N A A Y

L A M G A L Y F A G Y A D Y
F A A A A L Y F A G Y A Q Y

L G M A G L N F S G Y A D Y

F G A A V L Y F P G Y A Q Y
F A A A V L Y F P G Y A Q Y
F G A A V L Y F P G Y A R Y
L A V A M T F V M T D L K K
L G C A G L N F P V Y V S Y
L A V T M S S T G F P V G V
L C V S I N M I Q D N A S I
L A V S V N M I Q D Y D A I

S G F P V G P
L A V T M S S C G F P V G A
L A I G L T A V W P S V
L G V S Q T A T G I P V A N
L T V A V L R I G D E P T

Clostridium perfringens WAL-14572

Bifidobacterium bifidum ABC26910
Enterocloster bolteae WP_002565680

Ruminococcus gnavus WP_173900661

Enterocloster clostridioformis WP_002587930

Bifidobacterium longum VUW83859
Blautia producta QIB57271

Clostridium symbiosum WP_092364887
Lactiplantibacillus plantarum D7VDZ4_LACPN

Clostridium perfringens 2539151749

Ruminococcus gnavus 2545645281
Enterococcus faecalis 2732210673

Enterocloster clostridioformis 2914510687

Enterocloster lavalensis SET75766

Lactiplantibacillus plantarum ACL98169.1

Lacrimispora indolis WP_024291983

Enterocloster aldenensis WP_165640901

Hungatella hathewayi WP_138313413

Enterocloster bolteae 2825699493

Lacrimispora celerescens WP_100306104

Enterocloster citroniae WP_007861063

Lacrimispora sphenoides WP_092240532

Enterocloster aldenensis 2855314028

Enterococcus faecalis EOL33562

Bacteroides fragilis OCR29502.1

Clostridium sporogenes WP_219649723

Lacrimispora aerotolerans 2558963465
Lacrimispora sphenoides 2676059071

Enterocloster bolteae 2825699883

Enterocloster clostridioformis 2914509376
Enterocloster clostridioformis 2914510687
Clostridium perfringens WP_243289361

Enterocloster aldenensis 2855309434
Enterocloster aldenensis 2855308917

Enterocloster bolteae 2825699020
Lacrimispora sphenoides 2676055364

Clostridium symbiosum 2598979318
Clostridium sporogenes 642849186

Clostridium symbiosum 2598983548

82
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43
BSH Amino Acid Sequence Branch Length

MCBA producers cluster based on abundance and diversity

Relative MCBA Abundance MCBA Profile

Asn82

Tyr82

So how can we study MCBA 
properties and function?

BSH/T

43
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Liver

Stomach

Gall

Duodenum
Jejunum Ileum Cecum

Colon

BAAT‐/‐

Mouse Model
BAAT‐/‐

O

N
H

O

OH

HO OH

OH

Agonism of FXR, TGR5?

Are they 
reabsorbed?

Deconjugation 
by BSH?

O

N
H

O

OH

HO OH

OH

O

N
H

O

OH

HO OH

OH

BAAT-/- Phenotype
WT Liver 8wks KO Liver 8wks

WT Ileum 8wks KO Ileum 8wks• Pups struggle after weaning
• Exhibit catch-up growth
• Little apparent pathology in 

adulthood
• Many ko x ko litters fail to 

thrive or die, mothers 
sometimes die

WT Liver 3wks KO Liver 3wks

45
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BAAT-/- Mice have Altered Microbiome Early in Life

Bacteroides 
acidifaciens

Age Weeks
3 4 5 6 7 8

Bacteroides 
ovatus

But it 
Normalizes!!!

M
ic
ro
b
io
m
e 
D
if
fe
re
n
ce

0.2

0.4

0.6

BAAT-/- mice have 
significantly 

altered bile acid 
profiles

Taurine Conjugated
Glycine Conjugated

Cholic/muricholic

Secondary

MCBAs

47
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BAAT-/- Bile Acid Profiles
27x times more TCA in wildtype liver GCA not significantly different

Elevated Cholic acid Elevated MCBAs in Fecal samples

BAAT-/- Bile Acid Profiles – Lets get weird

Deoxymethyl-cysteamine
A TCA mimic?

49
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Unique Conjugated Bile Acids in BAAT-/- Mice 
are Not Microbial – ACNAT1 and ACNAT2

Antibiotic treatment of KO Mice 
did not eliminate BA conjugation.

BAAT BAATP1

Human

BAAT ACNAT1

Mouse

ACNAT2

Liver

Stomach

Gall

Duodeunum
Jejunum Ileum Cecum

Colon

Future Work:
Gavage 

with MCBAs

O

N
H

O

OH

HO OH

OH

TCA Ser
Phe

Microbiome?
Fat Metabolism?
Bile Acid Signaling?

Ser

51
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Mammalian Bile Acid Conjugation:

O

N
H

O

OH

HO OH

OH

O

N
H

O

OH

HO OH

OH

O N H

O
O

H
H

O

O

O
H

O

N
H O

OH

HO

OH

OH

N
H O

HO

OH

OH

O

N
H

OOH

HO

OH

OH

We have a lot of work to do

quinnrob@msu.edu
robertquinnlab.com
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Experiment design of the colitis model
Mice weight changes

BAAT KO mice showed more weights loss and higher
Disease scores than WT mice

Disease activity index

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

O

N
H

O

OH

HO OH

OH

Mock

Tau

Ser

Phe

FAD

Various Phospholipids
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