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Metabolism of	cholesterol by	the	gut microbiome

✪ Cholesterol :

• Is a sterol that plays a central role as cell-membrane agent
• Is precursor of steroïd hormone (progesterone, testosterone, cortisone) and bile salt.
• Originates 30% from diet vs 70 % from bile and desquamed sterol of the gut epithelium

✪ Cholesterol level and gut microbiota :

• Can be metabolized by colonic bacteria.
• The gut microbiota reduces cholesterol to coprostanol
• Neomycin impacts serum cholesterol and fecal sterol in hypercholesterolemic patients.

✪ Cholesterol is absorbed by human intestin, not coprostanol

• Cholesterol conversion relates to abundance of bacteria with cholesterol reducing activities)
Gérard et al, 2004, Veiga et al, 2005

• Cholesterol conversion to coprostanol could result in lower cholesterolemia.



Two cholesterol-reducing bacterial strains have	been	isolated

✪ One strain from hog-sewage lagoon: Gram+ coccobacillus Eubacterium coprostanoligenes
ATCC 51222T Freier et al, 1993

✪ One from « high converter » human: isolate from the Bacteroides phylum, named
Bacteroides sp. Strain D8. Gram- anaerobie. Gérard et al, 2007

Oral administration of E. copro

Phylogenetic tree construction

Mammalian intestinal microbiota
>1,000	genera of	bacteria.

2	phyla

Bacteroidetes Firmicutes

significant decrease of plasma cholesterol in dietary
induced hypercholesterolemic rabbits Li et al, 1995

this strain clusters in an independant clade with the two
isolates of Bacteroides dorei species.
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✪ One strain from hog-sewage lagoon: Gram+ coccobacillus Eubacterium coprostanoligenes
ATCC 51222T Freier et al, 1993

✪ One from « high converter » human: isolate from the Bacteroides phylum, named
Bacteroides sp. Strain D8. Gram- anaerobie. Gérard et al, 2007

Oral administration of E. copro

Phylogenetic tree construction

significant decrease of plasma cholesterol in dietary
induced hypercholesterolemic rabbits Li et al, 1995

this strain clusters in an independant clade with the two
isolates of Bacteroides dorei species.

Microbial genes or enzymes involved in cholesterol metabolism in the gut are unknown.

Genomes of B. Dorei D8 & B. Dorei 175T sequenced and assembled at MaIAGE

However …

Valentin	Loux



SBM BCM

B.	Dorei 175T - -

B.	Dorei D8 + -

E.	coprostanoligenes - +

SBM	:	Standard	Brain Medium
BCM:	Basal	Cholesterol Medium

Phylogenetically close

Coll.	C.	Juste	and	P.	Gérard,	Micalis

Phylogenetically remote

Which are	the	enzymes	of	the	catabolic pathway that degrade cholesterol into coprostanol?

Metabolic pathway for cholesterol to coprostanol conversion in B. dorei D8?

Two cholesterol-reducing bacterial strains have	been	isolated

Strain Medium



Cholesterol 4-Cholesten-3-one

CoprostanoneCoprostanol

One	direct	and	one	indirect

Cholesterol metabolic pathway -KEGG

Aerobie bacteria

5-Cholesten-3-one	transient
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http://toolkit.tuebingen.mpg.de/hhpred

HHpred homology	Detection	&	Structure	Prediction

Query :	Fasta sequence

Protein data	bank

Hits: Rank of « matching « pdb proteins

Method: profile-profile comparison
tools. Profiles are calculated from a
MSA of related sequences collected
from Hhblits (Psi-blast+). Profile is a
matrix of similarity scores calculated
from frequency of aa at the
corresponding positions in the MSA.

Result

Server of protein structure prediction

J.	Söding,	NAR	2005

Profile contains more information than a sequence.



1- Split of each fasta sequence in the genome -> more than 3,400 for each genome of B. dorei

2- Multiple sequence alignment for each fasta: ‘HHblits’ > PSI-Blast

3- Prediction & addition of SS elements: ‘adssl.pl’

4- Profiling & comparaison with the 3D template « bank »:‘HHBlitsdb.pl’ & ‘HHsearch’

5- Extraction, ranking and analyse of scores.

6- Analyse of selected sequences of proteins. Annotation? Fonction?

7- In fine, a list of cholesterol oxidase putative proteins to test in vitro / in vivo

Inverse	strategy:	setting	up	of	standalone	commands	

• Prediction of	MSA	profile	with SS	for	each protein of	B.	Dorei 175T& B.	dorei D8	genomes
• Compare	each protein with a	bank of	cholesterol oxidase « Enzyme	A »	to	be assessed

Véronique Martin

The	3D	template « bank »	is critical



Bank	of	cholesterol	oxidases	EC 1.1.3.6 

Cholesterol oxidase:
• monomeric flavoenzyme catalyzes oxidation and isomerization into cholest-4-en-3-one.
• two folds exist, cofactor-FAD- dependent, covalently bound or not.

1B4V				500	aa

FAD

Catalytic residues

His

Glu

Asn

FAD	binding patches

Catalytic site
Asn,	Glu,	His

1B4V.	pdb	&	fasta
1COY.pdb	&	fasta

Cholesterol oxydase	from Streptomyces Yue	et	al,	1999	- 1.5	Å

Cholesterol oxydase	from R.	hoagii ex	B.	steroliticum Li	et	al,	1993	- 1.8	Å



FAD

Catalytic residues

FAD	binding patches
Bound to	His

Arg

Glu

1I19		600	aa

Catalytic site
Glu,	Arg

Cholesterol oxidase:
• monomeric flavoenzyme catalyzes oxidation and isomerization into cholest-4-en-3-one.
• two folds exist, cofactor- dependent, covalent or not.

3JS8.	pdb	&	fasta

1I19.pdb	&	fasta

Cholesterol oxydase	from Chromobacterium sp.	DS-1	Sagermann et	al,	2010	-1.5	Å

Cholesterol oxydase	from B.	steroliticum Coulombe et	al,	2001	- 1.7	Å

Bank	of	cholesterol	oxidases	EC 1.1.3.6 



FAD-bank2

Bank1 Bank2

Cholesterol oxidases comparison:

FAD	bank1

✪ 3D	structures	distinct
✪ Catalytic sites	different
✪ Binding patches	divergent
✪ FAD	binding topologies	contrasting despite same redox	role

Bank	of	cholesterol	oxidases	EC 1.1.3.6 



FAD-bank2

Bank1 Bank2

Cholesterol oxidases comparison:

FAD	bank1

✪ 3D	structures	distinct
✪ Catalytic sites	different
✪ Binding patches	divergent
✪ FAD	binding topologies	contrasting despite same redox	role

Bank	of	cholesterol	oxidases	EC 1.1.3.6 

Analysis with 2	banks required



Results	for	B.	dorei D8	with	Bank1	and	Bank2

✪ B.	dorei D8	

✪ B.	dorei D8 Sorted by	Probability – Bank2

Sorted by	Probability – Bank1



Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	

Results	for	B.	dorei D8	with	Bank1	and	Bank2

99.9			75	aa bdd8_00352.fasta.a3m.hhm.out.hhmakeBK1		à L-aspartate oxidase
99.3			69	aa bdd8_00254.fasta.a3m.hhm.out.hhmakeBK1		à Putative	uncharacterized protein
99.0			62	aa bdd8_03708.fasta.a3m.hhm.out.hhmakeBK1		à Succinate Dehydrogenase	flavoprotein subunit
97.6			61	aa bdd8_03122.fasta.a3m.hhm.out.hhmakeBK1		à Pyridine nucleotide-disulfide oxidoreductase



99.9			172	aa bdd8_03618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

Results	for	B.	dorei D8	with	Bank1	and	Bank2

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	



99.4	%	70	aa bacdor_01751.fasta.a3m.hhm.out.hhmakeBK1		à Hypothetical protein
99.1	%	75	aa bacdor_01928.fasta.a3m.hhm.out.hhmakeBK1		à L-aspartate oxidase
99.1	%	62	aa bacdor_02089.fasta.a3m.hhm.out.hhmakeBK1		à Succinate Dehydrogenase	flavoprotein
97.5	%	61	aa bacdor_03886.fasta.a3m.hhm.out.hhmakeBK1		à Pyridine	nucleotide oxido reductase

✪ B.	dorei 175T

99.9	%	172	aa bacdor_03524.fasta.a3m.hhm.out.hhmakeBK2		àUDP-N-acetyl	muramate dehydrogenase	

Sorted by	Prob >	95	and	size	>	50	amino acid residues

Results	for	B.	dorei 175T with	Bank1	and	Bank2

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	
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Sorted by	Prob >	95	and	size	>	50	amino acid residues

Results	for	B.	dorei 175T with	Bank1	and	Bank2

99.9	%	172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

=

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	



99.9			172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

FAD

1I19	Cholesterol oxidase from bank2

UDP-N-acetylenolpyruvoylglucosamine reductase

1I19	Bank2

1MBB	E.coli Gram-Oxidoreductase MurB

Results	for	B.	dorei D8	with	Bank2

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	
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Results	for	B.	dorei D8	with	Bank2

FAD

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	



99.9			172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

Results	for	B.	dorei D8	with	Bank2

Active	site		cholesterol oxidase

FAD	binding

FAD	binding

Active	site		oxido-reductase

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	

FAD	binding	covalent	H



99.9			172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

FAD

1I19	Bank2

1MBB	E.coli Gram-Oxidoreductase MurB

Results	for	B.	dorei D8	with	Bank2

FAD

His covalent	complex

Arg 477 Glu	475

1I19	Bank2

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	



FAD

1I19	Bank2

Arg 159

Glu	325

MurB

FAD

1I19	Bank2

1MBB	E.coli Gram-Oxidoreductase MurB

Results	for	B.	dorei D8	with	Bank2

No	His covalent	complex

99.9			172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	



1MBB	MurB

1I19	Bank2

FAD

Glu	551
His 202

Glu	325

Arg159

Results	for	B.	dorei D8	with	Bank2

99.9			172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

FAD

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	



99.4	%	70	aa bacdor_01751.fasta.a3m.hhm.out.hhmakeBK1		à Hypothetical protein
99.1	%	75	aa bacdor_01928.fasta.a3m.hhm.out.hhmakeBK1		à L-aspartate oxidase
99.1	%	62	aa bacdor_02089.fasta.a3m.hhm.out.hhmakeBK1		à Succinate Dehydrogenase	flavoprotein
97.5	%	61	aa bacdor_03886.fasta.a3m.hhm.out.hhmakeBK1		à Pyridine	nucleotide oxido reductase

✪ B.	dorei 175T

99.9	%	172	aa bacdor_03524.fasta.a3m.hhm.out.hhmakeBK2		àUDP-N-acetyl	muramate dehydrogenase	

Sorted by	Prob >	95	and	size	>	50	amino acid residues

Results	for	B.	dorei 175T with	Bank1	and	Bank2

99.9	%	172	aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2		à UDP-N-acetylenolpyruvoylglucosamine reductase

=

Gene	ordered	at	Genscript.	Cloning	and	expression	tests	in	progress.

Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	

Then,	purification,	activity	test	and	crystallization	assays		

Cholesterol	oxidases	are	secreted.	This	contains	a	signal	peptide.
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Sorted by	Prob >	95	and	size	cut off	>	50	amino acid residues✪ B.	dorei D8	

Analysis	of	synthenies by	Thomas	Lacroix		using	Insyght.	



Analysis	of	the	5	genes	from	3D,	using	Insyght

Lacroix		et	al,	Nar 2014

http://genome.jouy.inra.fr/Insyght

Powerful tool for	genes comparison and	syntheny inferences

Thomas	Lacroix✪



Analysis	of	the	5	genes	from	3D,	using	Insyght

Lacroix		et	al,	Nar 2014

Powerful tool for	genes comparison and	syntheny inferences

Thomas	Lacroix

Comparison 2	vs	2	with a	reference genome.

Synthenies :		co-localization of	homologuous loci accross species

BDBH	method Bi-Directional Best	Hit	i.e best	reciprocal match	between two proteomes.

Gene	comparison.	Synthenies visible

http://genome.jouy.inra.fr/Insyght✪



Analysis of	candidates- Comparison within cholesterol degrading genomes and	others

Annotation	comparator's analysis

Genomic organisation's analysis

Analysis	of	the	5	genes	from	3D,	using	Insyght

✪

✪

✪

No	significant	hits	with	clear	syntheny

Need of	transcriptomic analysis



• Ions detection corresponding to COPROSTANOL
• DIMS-MS/MS method in positive ionisation mode
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389.34

?

Fragments	typical of cholesterol derivatives

[M+H-NH3]+

[M+NH4-H2O]+

✪ Direct	introduction	of	the	COPROSTANOL	standard	by	DIMS-MS/MS
Samples resuspended in 500 µL of Chloroform/ Methanol (50/50)
Diluted to 1/100eme before analysis

Catherine. Juste
Fabienne Beguet-Crespel

E.	Coprostanoligenes

Coprostanol



[M+H-H2O]+	:	371.3677
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E.	Coprostanoligenes samples

Catherine. Juste
Fabienne Beguet-Crespel
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• Ions detection corresponding to COPROSTANOL
• DIMS-MS/MS method in positive ionisation mode

Fragments	typical of cholesterol derivatives

E.	Coprostanoligenes samples

Coprostanol is present & preferentially detected

Coprostanol

Catherine. Juste
Fabienne Beguet-Crespel



DNA	extraction	in	progress

Genome sequencing

Genome assembling

Bioinformatics analysis

E.	Coprostanoligenes culture	in	progress

✪ E. Coprostanoligenes samples : Genome sequencing, assembling and analysis



No significant difference between the two genomes. Similar enzymes are found.

Transcriptomic analysis of both chromosome and plasmids of B. dorei 175T & B. dorei D8?

Genomic & transcriptomic analysis of both chromosome & plasmids of E. coprostanoligenes.

Can we rule out some synergy among bacteria of the microbiota?

Activity test and 3D structure validation of our cholesterol-oxidase hit in bank2

Cholesterol conversion	in	the	gut microbiota



- Cholesterol conversion	in	the	gut microbiota:	the	mystery enzyme(s)	?

Outline

Towards the	Structural	Screening	of	Microbial Ecosystems

- MetaFoldScan project :	3D	screening	of	gut microbiota

- Conclusions	and	perspectives

✔



- More	than 10	millions	prokaryotic genes

- 40%	protein sequences of	unknown function

- Assessing the	fold is possible

- Function can be inferred from structure,	only 1393	unique	3D	fold

- Fishing out	the	right	fold is crucial	!

MetaFoldScan :	a	pluridisciplinary challenge
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MetaFoldScan :	a	pluridisciplinary challenge

3D	Fold
✪ Reveals evolutionary relationship

✪ Helps to	understand the	mechanisms of	function

✪ Deciphers its biological role within the	organism{



- More	than 10	millions	prokaryotic genes

- 40%	protein sequences of	unknown function

- Assessing the	fold is possible

- Function can be inferred from structure,	only 1393	unique	3D	fold

- Fishing out	the	right	fold is crucial	!

MetaFoldScan :	a	pluridisciplinary challenge

1- Capitalize on	MetaOmic datasets that are	underexploited

2- Develop a	versatile	bioinformatics tool to	scan	3D	fold in	MetaOmics

3- Identify hits	from 3D	Targets

4- Validate hits	and	pathways involved as	pro- or	antibiotic markers	

Objectives	of	structural	metagenomics



Structural	screening	of	Microbial Ecosystems
1- Develop & integrate cutting-edge tools in bioinformatics
î Identify Hits from 3D targets within MetaHit
î Increase the functional annotation
î Biologist friendly Web user

2- Achieve 3D-MetaOmics.
î Intensive modeling of entire proteome
î Distribution, diversity of folds
î Identify proteins with new functions/ fold

3- Validate Hits impacting Health
î Pro and anti-biotic biomarkers
î Universal antibiotic
î Identify homeostasis marker

Gut	microbiota

Beyond	the	description	of	Metagenomics
MetaFoldScan objectives



Strategy

Scan	microbiota

- Biological property

- Therapeutical interest

- Structural	challenge Biomarker

✔

Hits	identification
Validation{

Target	protein

Relevance



Strategy

Scan	microbiota

- Biological property

- Therapeutical interest

- Structural	challenge Biomarker

✔

Hits	identification
Validation{

Target	protein

Relevance

v Experimental data	in	progress

v Scaling up	to	full	microbiota requested

Preliminary data: - Histone-like Nucleotide Structuring protein in	Enterococcus faecalis
- Penicillin binding protein in	Bacillus	subtilis
- Cholesterol oxidase for	Bacteroides dorei and	dorei D8



To	tackle	both	methodological	and	biological	issues

- Ubiquitous,	Gram+/-

-Multi-domains	1150	residues

- Solved	structure	

- Molecular basis	of	specificity

- Promiscuity

- Involved	in	bacterial	DNA	repair,	in	virulence

- Associated	with	probiotic	properties

- Rare,	found	in	F.	prausnitzii

- Small 180	residues

- Structurally	not	characterized

- Fishing	from	homology	modeling

- Unknown	biological	function

- F.	Prausnitzii 5%	of	the	microbiota,	IBD	
Crohn Disease,	Ulcerative	Colitis,		

JM.	Chatel N.	Rama	RaoMAM

Microbial	Anti-inflammatory	Molecule Mutation	Frequency	Decline

MFD

- Associated	with	antibiotic	resistance

Targets of	the	microbiota



MetaFoldScan Pipeline

MAM-like hits MFD-like hits

Score analysis

Hits	prediction

Coarse-grained	filtering	of	sequence	candidates.	

… Genome xnGenome xjGenome xi
3D	Fold
bank

MAM-template

HMM	profile	of	input	MSAHMM	profile	of	the	target	bank

Profile	(candidate)	vs profile	(bank)		Comparison	

Multiple	Sequence	Alignment	MSA	of	filtered	candidates.
Secondary	structure	addition

Scoring &	ranking

+

Crystal	structure	…

In	vitro/in	vivo	testing…
Abundance classification…
Prevalence in	MGS

QueryTarget

Biomarker ?

✔ ✖

CollaborationsCollaborations

MFD	template



Biologist friendly web-tool interface

Applications	- Impacts

Experimental validation of targets

²In vitro validation of MAM –like leads using HEK293
NFkB luciferase reporter assay

²In vivo validation of MAM-like leads using IBD colitis
in mouse model

²MAM production, purification, crystallization,
structural characterization

N.	Rama	RaoMFD	hits

MetaFoldScan workflow

WP2 WP3
JM.	ChatelMAM hits

² Production of command line pipeline distribution.
² Integration into Galaxy.
² Integration into training sessions within Migale Bioinformatics cycle
² Extension to other microbiotas

V.	Loux

WP4	

Bioinformatics	development

Integration of MetaHit datasets, filtering, scanning and 3D fold detection
G.	André-Leroux

WP1

²Set up of Metahit* browsing. Splitting of genomes. Filtering. Connection to pdb
²HMM profiling of MAM and MFD targets 3D candidates: from hits to leads
²Analysis of specificity, promiscuity, identification of associated pathways

Li		et	al,	Nat.	Biotech.	2014

²Clone	MFD-like	10	best	hits	in	E.coli deficient	MFD	
mutant

²Test	resistance	to	NO	for	“Complemented	E.coli strains”	
²Assess the function and specificity of MFD leads in
prevalent species such as Bacteroidetes & Firmicutes



Before screening	of	MetaHit…

Cohort of	124	European individuals,	healthy and	obese,	danish and	spanish

- Minimal	gut bacterial genome :	1,000	to	1,150	prevalent bacterial species
- Each individual harbors at	least	160	such species

Nordic &	Mediterranean faecal DNA

- 3,3	millions	of	genes ,	99,1	%	of	bacterial origin



Minimal	gut genome:	functions necessary for	a	bacterium to	thrive in	a	gut context
Minimal	gut metagenome:	functions involved in	the	homeostasis of	the	whole ecosystem

Qin	et	al,	Nature	2010 Functional compositionRelative abundance (log10)

Gut	core genome



Qin	et	al,	Nature	2010 Relative abundance (log10)

Core genome:	57	bacterial species present in	>	90	of	individuals (prevalence and	consensus)
Mostly Bacteroidetes &	Firmicutes

Functional composition

Gut	core genome



Structural	hits	of	MAM	in	the	core genome

No	clear hit	except in	Faecalibacterium Prausnitzii SL3_3

MAM	possibly strictly restricted to	F.	Praunitzii

Analysis in	progress



Structural	hits	of	Mfd in	the	core genome

Mfd ubiquitarious as	expected
10	best	hits	to	be selected for	experimental validation
Homology modeling to	assess the	molecular basis	of	specificity

Analysis in	progress



Biologist friendly web-tool interface

Applications	- Impacts

Experimental validation of targets

²In vitro validation of MAM –like leads using HEK293
NFkB luciferase reporter assay

²In vivo validation of MAM-like leads using IBD colitis
in mouse model

²MAM production, purification, crystallization,
structural characterization

²Clone	MFD-like	10	best	hits	in	E.coli deficient	MFD	
mutant

²Test	resistance	to	NO	for	“Complemented	E.coli strains”	
²Assess the function and specificity of MFD leads in
prevalent species such as Bacteroidetes & Firmicutes

N.	Rama	RaoMFD	hits

MetaFoldScan workflow

WP2 WP3
JM.	ChatelMAM hits

WP4	

Bioinformatics	development

Integration of MetaHit datasets, filtering, scanning and 3D fold detection
G.	André-Leroux

WP1

²Set up of Metahit* browsing. Splitting of genomes. Filtering. Connection to pdb
²HMM profiling of MAM and MFD targets 3D candidates: from hits to leads
²Analysis of specificity, promiscuity, identification of associated pathways

Li		et	al,	Nat.	Biotech.	2014

² Production of command line pipeline distribution.
² Integration into Galaxy.
² Integration into training sessions within Migale Bioinformatics cycle
² Extension to other microbiotas

V.	Loux



- Cholesterol conversion	in	the	gut microbiota:	the	mystery enzyme(s)	?

Outline

Towards the	Structural	Screening	of	Microbial Ecosystems

- Conclusions	and	perspectives

✔

- MetaFoldScan project :	3D	screening	of	the	gut microbiota



Conclusions	and	Perspectives

HTS	of	structures

…	Towards new	targets with Health impact	

Structure	–Function –Annotation
Originality /prevalence of	folds

vInnovative webserver to achieve gut ecosystem exploration. Needs some scaling up & filtering

vHigh	valorisation	potential

vStrong positioning at the interface structural bioinformatics & Biology

…	Towards other microbiotas

Disease/health -associated
patterns	of	diversityFunctional clusters	and	Pathways

Needs some scaling up & filtering
Experimental validation of the structural hits
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Analysis of	candidates- Comparison within cholesterol degrading genomes and	other
=>	all	5	present in	other B.	dorei :	very well conserved (id	100%	length 100%)	,	synteny BdD8_00352	and	
BdD8_00254	(only one	on	same contig)	but	far	apart
=>	+	B	vulgatus,	intestinalis,	ovatus,	plebeius :	well conserved (id	60-80%	length 100%)	;	no	synteny
=>	4/5	(mostly BdD8_00254	missing)	in	B.	massiliensis,	acidifaciens,	fragilis,	uniformis,	eggerthii,	caccae,	
pyogenes,	thetaiotaomicron,	helcogenes :	well conserved (id	60-80%	lenght 100%)	;	no	synteny
=>	1-3/5	in	other,	less well conserved (id	20-40%	lenght 60-100%)	;	no	synteny
-- Annotation	comparator's analysis
- nadB :	L-aspartate oxidase also in	28	other orthologs (some well conserved)
- BdD8_00254	:	FAD	dependant oxidoreductase also in	6	other orthologs (some well conserved)
- sdhA :	succinate dehydrogenase also in	19	other orthologs (some well conserved)
- BdD8_03122	:	pyridine	nucleotide-disulfide oxidoreductase also in	17	other orthologs (some well conserved)
- murB :	UDP-N-acetylenolpyruvoylglucosamine reductase also in	30	other orthologs (some well conserved)
-- Genomic organisation's analysis
- nadB :	1	interesting genes in	5'	?	:	lpdA (Dihydrolipoyl dehydrogenase)	;	synteny of	~192	in	other B.	dorei,	~6	
in	other B.,	no	synteny with further species :	
- BdD8_00254	:	2	interesting genes in	3'	?	:	choloylglycine hydrolase,	phenylacetate--CoA ligase	;	synteny of	
~192	in	other B.	dorei,	~6	in	other B.,	no	synteny with further species
- sdhA :	nothing interesting
- BdD8_03122	:	nothing interesting
- murB :	no	interesting keyword	in	neighbhor CDS	;	synteny of	14-26	with other B.	dorei,	3-11	with other B
no	synteny with further species

Analysis	of	the	5	genes	from	3D,	using	Insyght
✪



Zoom	out	analysis	using	Insyght

Analyse	of	interesting genes from other species known to	reduce cholesterol

Do	they have	orthologs in	D8?
keyword	related to	cholesterol degradation :
5-cholesten-3-one;	4cholesten-3-one;	cholestenone beta	reductase;	EC1.1.3.6;	EC1.3.1.3;	cholesterol
oxidase and	FAD	dependent oxidoreductase (POSIX	Regex :	.*FAD.*oxidoreductase.*)

Set	of
- 20	bacteroides anaerobie (included 6	B	dorei)	which do	not	degrade cholesterol
- 3	Mycobacterium aerobie lifestyle which degrade cholesterol
- 4	Rhodococcus aerobie lifestyle which degrade cholesterol

- Mycobacterium tuberculosis H37Rv,	taxo_id =	83332	[NC_000962]
- 1	*	cholesterol oxidase :

choD,	Rv3409c:	cholesterol oxidase
=>	Close	to		oxidoreductase,	in	conserved synteny with all	bacteria cholesterol catabolism except
Schizophyllum commune	(eukaryotes)
Þ no	interest for	D8

- 0	*	.*FAD.*oxidoreductase.*							- 0	*	EC1.3.1.3
- Mycobacterium smegmatis str.	MC2

- 0	*	cholest - 3	*	EC1.3.1.3

Thomas	Lacroix



Zoom	out	analysis	using	Insyght

Analyse	of	interesting genes from other species known to	reduce cholesterol

Do	they have	orthologs in	D8?

keyword	related to	cholesterol degradation :
5-cholesten-3-one;	4cholesten-3-one;	cholestenone beta	reductase;	EC1.1.3.6;	EC1.3.1.3;	cholesterol
oxidase and	FAD	dependent oxidoreductase (POSIX	Regex :	.*FAD.*oxidoreductase.*)

Set	of
- 20	bacteroides anaerobie (included 6	B	dorei)	which do	not	degrade cholesterol
- 3	Mycobacterium aerobie which degrade cholesterol
- 4	Rhodococcus aerobie which degrade cholesterol

Thomas	Lacroix

Analysis	using	Insyght.	
Conclusions:	no	significant	hits	with	clear	synthenie,	genes	linked	to	lipid	metabolism,	etc …

Could cholesterol-degrading-enzymes	present in	aerobie bacteria be different from anaerobie
bacteria?	->	Need of	transcriptomic analysis



KstR ….TetR family	studied	in	Mycobacterium	tuberculosis



A	highly	conserved	transcriptional	repressor	controls	a	large	regulon involved	in	
lipid	degradation	in	Mycobacterium	smegmatis and	Mycobacterium	tuberculosis

Molecular	Microbiology
Volume	65,	Issue	3,	pages	684-699,	16	JUL	2007	DOI:	10.1111/j.1365-2958.2007.05827.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2958.2007.05827.x/full#f3

• M.Tb TetR-type regulator Rv3574 is implicated in pathogenesis as it is induced in vivo
• Genome-wide essentiality studies show Rv3574 is required for infection.
• Many of these genes are known to be induced by growth on cholesterol in Rhodococci, and

palmitate inM. tb.

an	acyl-CoA dehydrogenase

Kendall	,	2007

✪

KstR ….TetR family	studied	in	Mycobacterium	tuberculosis



KstR regulates	genes	cluster	encoding	cholesterol	catabolism	in	actinomycetes

Do we have such motif in B. dorei D8 and B. dorei 175T?
What are the genes induced by this motif?

• cluster of genes necessary for microbial steroid degradation.
• more than 83 genes inM.smeg and 74M.tb, 18 are essential.

Evidence of a Palindromic motif :

Palindromic motif
TnnAACnnGTTnnA

• Transcriptomic analysis:

• Identification of a conserved motif within its own promoter (TnnAACnnGTTnnA)

Kendall	,	2007&	2010
Van	der	Geize,	2007

Sequence logo

KstR ….TetR family	studied	in	Mycobacterium	tuberculosis



Fuzznuc

In	search	of	TnnAACnnGTTnnA pattern

B.	Dorei

215		- 46==	Taille 169	________dorei-17855/bacdor_01099.fasta.a3m.dorei.outBK4	===>	transcriptional	regulator,	TetR family
192		- 1==	Taille 191	________	dorei-17855/bacdor_00223.fasta.a3m.dorei.outBK4	===>	transcriptional	regulator,	TetR family
192		- 4==	Taille 188	________	dorei-17855/bacdor_00052.fasta.a3m.dorei.outBK4	===>	transcriptional	regulator,	TetR family
198		- 4==	Taille 194	________	dorei-17855/bacdor_03957.fasta.a3m.dorei.outBK4	===>	transcriptional	regulator,	TetR family
203		- 4==	Taille 199	________	dorei-17855/bacdor_02664.fasta.a3m.dorei.outBK4	===>	transcriptional	regulator,	TetR family
204- 4==	Taille 200	________	dorei-17855/bacdor_01097.fasta.a3m.dorei.outBK4	===>	transcriptional	regulator,	TetR family

Véronique Martin✪ B.	dorei 175T✪ B.	dorei D8	

Fuzznuc

Analysis	in	progress	to	identify	genes	involved	in	cholesterol	or	lipid	catabolism.

Bd.	D8
202		- 3==	Taille 199	________	Score	99.9	/bdd8_00467.fasta.a3m.D8.batch4.20150203.outBK4	===>	Transcriptional	regulator
192		- 1==	Taille 191	________	Score	100.0	/bdd8_01282.fasta.a3m.D8.batch4.20150203.outBK4	===>	TetR/AcrR family	transcriptional	regulator
198		- 3==	Taille 195	________	Score	100.0	/bdd8_00441.fasta.a3m.D8.batch4.20150203.outBK4	===>	Putative	uncharacterized	protein
192		- 4==	Taille 188	________	Score	100.0	/bdd8_01261.fasta.a3m.D8.batch4.20150203.outBK4	===>	Putative	transcriptional	regulator
203- 4==	Taille 199	________	Score	100.0	/bdd8_01039.fasta.a3m.D8.batch4.20150203.outBK4	===>	Putative	transcriptional	regulator

5	putative	-or	annotated- transcriptional	regulators

6	putative	-or	annotated- transcriptional	regulator


