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Metabolism of cholesterol by the gut microbiome

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

HO

Can be metabolized by colonic bacteria.
The gut microbiota reduces cholesterol to coprostanol

VAN

@ Cholesterol level and gut microbiota :
Neomycin impacts serum cholesterol and fecal sterol in hypercholesterolemic patients. /

Gérard et al, 2004, Veiga et al, 2005

\_

/

Cholesterol conversion to coprostanol could result in lower cholesterolemia.

@ Cholesterol is absorbed by human intestin, not coprostanol
Cholesterol conversion relates to abundance of bacteria with cholesterol reducing activities)

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

Oral administration of E. copro - significant decrease of plasma cholesterol in dietary
\_ induced hypercholesterolemic rabbits Li et al, 1995 W,

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

Phylogenetic tree construction =2 thjs strain clusters in an independant clade with the two
\_ isolates of Bacteroides dorei species. )

Prevotella melaninogenica, AY323525

63 Bacteroides plebeius, AB200217

ag Bacte rmdgv wassiliensi H\Y 1 ’hb 1 6

o "Bacteroides sp. D8, DQ217839"
9‘ Bacteroides dorei 1757, AB242142

Bac !r'nudr\ doret "I‘) /\B" 2 ¥E3
—-—

L Bactervides vulzats, v MBS T2 =

Mammalian intestinal microbiota

=13 Bacteroides fragilis, M1 1656
>1,000 genera of bacteria. E Buacteroides thetaiotaomicron, 1.16489
77 Bacteroides ovatus, 1.16484
2 phyla 82‘ Bacteroides acidofaciens, ABO21164

54 Bacteroides caccae, X83951
/ \ # Bacteroides eggerthii, 1.1 6485
32 Bacteroldes uniformis, 116486
Buacteroides helcogenes, AB20X0227
Bacte roidetes Firmicutes 29 Bacteroides intestinalis, AB214328
[ Bacteroides tectus, AB200228

Bacreroides pyogenes, AB200229

3
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@ One strain from hog-sewage lagoon: Gram+ coccobacillus Eubacterium coprostanoligenes
ATCC 51222T Freier et al, 1993

Oral administration of E. copro - significant decrease of plasma cholesterol in dietary
\_ induced hypercholesterolemic rabbits Li et al, 1995 )

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

Phylogenetic tree construction =2 thjs 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. }
However ...

{ Genomes of B. Dorei D8 & B. Dorei 175" sequenced and assembled at MalAGE }

Valentin Loux
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Strain Medlum SBM BCM
B. Dorei 1757 - -
Phylogenetically close I
I B. Dorei D8 + -
Phyl ticall t ]
VIBEnEHEATy TEmeTe E. coprostanollgenes - +

SBM : Standard Brain Medium

BCM: Basal Cholesterol Medium Coll. C. Juste and P. Gérard, Micalis

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

Which are the enzymes of the catabolic pathway that degrade cholesterol into coprostanol?
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One direct and one indirect

5-Cholesten-3-one transient 4-Cholesten-3-one

Cholesterol

Coprostanol Coprostanone
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Enzym
EC 1.3.1.

“'OH

Cholesterol 5-Cholesten-3-one transient 4-Cholesten-3-one
KEGG: C00187 KEGG: ? KEGG: CO0599

HO

Coprostanol

Coprostanone
KEGG: ? KEGG:C03091
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Enzyme A cholesterol oxidase Aerobie bacteria

One direct and one indirect
EC1.1.3.6

“OH Enzym
D EC 1.3.1.
Cholesterol 5-Cho!~ P\\(\ .ansient 4-Cholesten-3-one

KEGG: C00187 (-(\ KEGG: ? KEGG: C00599
?’(\1«\\

HO

Coprostanol Coprostanone
KEGG: ? KEGG:C03091
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HHpred homology Detection & Structure Prediction w/QOMalAGE

DU GENOME A ENVIRONNEMENT

Server of protein structure prediction
MPI
Bioinformatics

Toolkit http://toolkit.tuebingen.mpg.de/hhpred

HHblits HHpred HMMER PatternSearct otBLAST/PSI-BLAS

HHpred © Method: profile-profile comparison
D oose Tool = tools. Profiles are calculated from a
z MSA of related sequences collected
sizss R X : e “ ‘IL o L e e os ) from Hhblits (Psi-blast+). Profile is a
li :: >; d PIR file thae can be subseauencly submitted t0 MODELLER, 0 ccrcren s TS MY o atrix of Sim”arity scores calculated

from frequency of aa at the
corresponding positions in the MSA.

Query : Fasta sequence
Profile contains more information than a sequence.

Paste Example Upload File

Align two sequences or MSAs

Select HH-Suite Database Proteomes

« PDB_mmCIF70_11_May

Result

Protein data bank [customyobio ]

Hits: Rank of « matching « pdb proteins

J. Séding, NAR 2005
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Véronique Martin

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

[—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 »:'HHBIlitsdb.pl” & ‘HHsearch’
5- Extraction, ranking and analyse of scores.

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

Wﬁne, a list of cholesterol oxidase putative proteins to test in vitro / in vivo /

‘ The 3D template « bank » is critical
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Cholesterol oxidase:
* monomeric flavoenzyme catalyzes oxidation and isomerization into cholest-4-en-3-one.
* two folds exist, cofactor-FAD- dependent, covalently bound or not.

\ (>
RN Jhr e, S

Catalytic site
Asn, Glu, His

et

1B4V 500 aa

1B4V. pdb & fasta  Cholesterol oxydase from Streptomyces Yue et al, 1999 - 1.5 A
1COVY.pdb & fasta Cholesterol oxydase from R. hoagii ex B. steroliticum Li et al, 1993 - 1.8 A
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Cholesterol oxidase:
* monomeric flavoenzyme catalyzes oxidation and isomerization into cholest-4-en-3-one.
* two folds exist, cofactor- dependent, covalent or not.

Catalytic site i
Glu, Arg ' i
1119 600 aa
3JS8. pdb & fasta Cholesterol oxydase from Chromobacterium sp. DS-1 Sagermann et al, 2010 -1.5 A

1119.pdb & fasta Cholesterol oxydase from B. steroliticum Coulombe et al, 2001 - 1.7 A
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& 3D structures distinct

& Catalytic sites different FAD
@ Binding patches divergent

@ FAD binding topologies contrasting despite same redox role

FADH + H*

02 Hs04
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& 3D structures distinct

& Catalytic sites different

@ Binding patches divergent

@ FAD binding topologies contrasting despite same redox role Analysis with 2 banks required
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& B. dorei D8  Sorted by Probability — Bank1

37 92.9 5=32 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 01957.fasta.a3m.hhm.out.hhmakeBK1

33 93.3 2=31 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 03587.fasta.a3m.hhm.out.hhmakeBK1

32 94.2 3=29 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00872.fasta.a3m.hhm.out.hhmakeBK1
241 97.1 209=32 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00845.fasta.a3m.hhm.out.hhmakeBK1
479 97.2 441=38 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 04063.fasta.a3m.hhm.out.hhmakeBK1
179 97.5 142=37 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 01842.fasta.a3m.hhm.out.hhmakeBK1
49 97.6 11=38 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 02168.fasta.a3m.hhm.out.hhmakeBK1
256 97.6 195=61 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 03122.fasta.a3m.hhm.out.hhmakeBK1
35 97.6 2=33 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 01099.fasta.a3m.hhm.out.hhmakeBK1

35 97.8 2=33 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00348.fasta.a3m.hhm.out.hhmakeBK1

37 97.9 4=33 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 04051.fasta.a3m.hhm.out.hhmakeBK1

37 98.0 2=35 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00992.fasta.a3m.hhm.out.hhmakeBK1

66 98.1 29=37 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 04457 .fasta.a3m.hhm.out.hhmakeBK1
37 98.2 1=36 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 01766.fasta.a3m.hhm.out.hhmakeBK1

40 98.2 3=37 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00293.fasta.a3m.hhm.out.hhmakeBK1

41 98.2 7=34 1COY:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 01761.fasta.a3m.hhm.out.hhmakeBK1
163 98.7 104=59 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00882.fasta.a3m.hhm.out.hhmakeBK1]|
118 98.9 81=37 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 01104.fasta.a3m.hhm.out.hhmakeBK1
208 99.1 133=75 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 00352.fasta.a3m.hhm.out.hhmakeBK1
237 99.1 175=62 1B4V:A /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS/BANK1/bdd8 03708.fasta.a3m.hhm.out.hhmakeBK1
280 Qa0 3 211=R0 100y A /nraiet/min/wark /vmartin/NR/N] hatchd 20150203 /RFSII TS/RANKT /hddR AR?54 fasta a3m hhm ot hhmakeRK1
@ B. dorei D8  Sorted by Probability — Bank2

5.9 - 212-241 - 33S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 01995.fasta.a3m.hhm.out.hhmakeBK2-
6.8 - 5-19 - 1I19:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 01730.fasta.a3m.hhm.out.hhmakeBK2-
7.0 - 26-52 - 33S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 00608.fasta.a3m.hhm.out.hhmakeBK2-
7.2 - 237-266 - 3JS8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 01989.fasta.a3m.hhm.out.hhmakeBK2-
7.3 - 5-40 - 3]S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 01278.fasta.a3m.hhm.out.hhmakeBK2-
7.7 - 135-164 - 3]S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 03492.fasta.a3m.hhm.out.hhmakeBK2-
7.7 - 9-28 - 33S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 00561.fasta.a3m.hhm.out.hhmakeBK2-
8.2 - 233-262 - 3JS8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 04010.fasta.a3m.hhm.out.hhmakeBK2-
8.3 - 9-28 - 33S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 03809.fasta.a3m.hhm.out.hhmakeBK2-
9.1 - 9-26 - 3JS8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 02053.fasta.a3m.hhm.out.hhmakeBK2-
9.9 - 9-28 - 3]S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 00931.fasta.a3m.hhm.out.hhmakeBK2-
15.5 - 364-406 - 33S8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 02744.fasta.a3m.hhm.out.hhmakeBK2-
18.0 - 6-23 - 3JS8:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 02160.fasta.a3m.hhm.out.hhmakeBK2-
99.9 - 18-190 - 1I19:A - /projet/mig/work/vmartin/D8/D8.batch4.20150203/RESULTS-BANK2/bdd8 03618.fasta.a3m.hhm.out.hhmakeBK2-
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Results for B. dorei D8 with Bank1 and Bank2 w/MaiAGE

DU GENOME A ENVIRONNEMENT

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

99.9 75aa bdd8_00352.fasta.a3m.hhm.out.hhmakeBK1 -> L-aspartate oxidase

99.3 69 aa bdd8 00254.fasta.a3m.hhm.out.hhmakeBK1 - Putative uncharacterized protein

99.0 62 aa bdd8 03708.fasta.a3m.hhm.out.hhmakeBK1 - Succinate Dehydrogenase flavoprotein subunit
97.6 61aa bdd8 03122.fasta.a3m.hhm.out.hhmakeBK1 = Pyridine nucleotide-disulfide oxidoreductase

(I || bdd8_00352.fasta.a3m.hhm.out.hhmakeBK1 X ‘u bdd8_00254.fasta.a3m.hhm.out.hhmakeBK1 3¢ || | bdd8_03708.fasta.a3m.hhm.out.hnhmakeBK1 X lu bdd8_03122.fasta.a3m.hhm.out.hhmakeBK1

fuery BdD8_00352 L-aspartate oxidase lcl|Agmial:UEPSD|D8#5230
Match_columns 526

No_of seqs 337 out of 3311

Neff 9.0

Searched HWMs 2

Date Mon Feb 23 14:43:03 2015
Command hhsearch -i /projet/mig/work/vmartin/D8/D8.batch4.20150203/fasta_split/hhm/bdd8 00352.fasta.a3m.hhm -d /projet/mig/work/vmartin/D8/BANK1/base/BANK1 hhm db -cov 10 -v -cpu 8 -o /projet/mig/work/vmartin/D8/
D8.batch4.20150203/fasta_split/hhm/bdd8 00352.fasta.a3m.hhm.out.hhmakeBK1
No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
1 1B4V:A 99.1 5E-14 2.5E-14 117.2 16.3 65 133-208 223-290 (504)
2 1COY:A 99.1 6.5E-14 3.2E-14 116.5 15.8 64 133-207 228-294 (507)
3 1B4V:A 10.6 0.017 0.0087 28.1 5.1 36 3-38 4-40 (504)
4 1COY:A 4.4 0.048 0.024 24.8 4.7 35 3-37 10-45 (507)
No 1
>1B4V:A
Probab=99.12 E-value=5e-14 Score=117.19 Aligned cols=65 Identities=12% Similarity=0.127 Sum probs=48.4
Q ss_pred HHHHHHHHHHCcCCCeEEECcccEEEeeeecCccCcccccCCCCceEEEEEEEecCCC - - -eEEEEEeCeEEEecCCCCec
Q BdD8_00352 133 IQTSLIEAVKAHPNITIFTDHYAVEIITQHHLGIIVTRHTPGIKCFGAYVLNEKTG- - -EVDTFLSKVTVMATGGCEAV 208 (526)
Q Consensus 133 ~~~~L- gv~1i v~~1 g v~Gv g- - -~~~~1~Ak~VI1AtGg~~~~ 208 (526)
R R ah e e B ) EONTN + | |+ Ed e LR R
T Consensus 223~ 1~~a~~~g~v~i V~~T - - -~ oo - eV -~ ~A~~VVL2aGa~~t~ 290 (504)
T 1B4V:A 223 LDKTYLAAALGTGKVTIQTLHQVKTIRQTKDG- ---G------ YALTVEQKDT-DGKLLATKEISCRYLFLGAGSLGST 290 (504)
T ss_pred hhHHHHHHHHhCCCeEEEeCCeEEEEERCCCC----C----- - eEEEEEEeCC-CCCeeeeEEEECCEEEEcccCcCcH
Confidence 34455 4 7520 2 7899987663 23  24678999999999999753
No 2
>1COY:A
Probab=99.10 E-value=6.5e-14 Score=116.46 Aligned cols=64 Identities=14% Similarity=0.189 Sum probs=47.5
Q ss_pred HHHHHHHHHHCcCCCeEEECcccEEEeeeecCccCcccccCCCCceEEEEEEEecCCCe- - -EEEEEeCeEEEecCCCCC
Q BdD8_00352 133 IQTSLIEAVKAHPNITIFTDHYAVEIITQHHLGIIVTRHTPGIKCFGAYVLNEKTGE- - -VDTFLSKVTVMATGGCEA 207 (526)
Q Consensus 133 ~~~~L- gu~1i v~~1 g v~Gv g~- - -~~~1~Ak~VI1AtGg~~~ 207 (526)
R e el haaa i Ead Rt = + | | ] N N A R E
T Consensus 228~ @mn g L [ - - - e = - = eV - e~ A~V 133Ga~~t 294 (507)
T 1COY:A 228 LDKTYLAQAAATGKLTITTLHRVTKVAPATGS----G------ YSVTMEQIDE-QGNVVATKVVTADRVFFAAGSVGT 294 (507)
T ss_pred cCcchHHHHHHCCCCEEEeCCEEEEEERCCCC----C------ eEEEEEEECC-CCceeeeEEEECCEEEEcccccch
Confidence 33445 45 7520 3 7899987653 242  467999999999999865
No 3
>1B4V:A
Probab=10.56 E-value=0.017 Score=28.10 Aligned cols=36 Identities=19% Similarity=0.209 Sum probs=32.8
Q ss_pred ccccEEEECCCHHHHHHHHHhhC - CCcEEEEeccCCC
Q BdD8_00352 3 KKFDFLVIGSGLAGMSFALKVAH-KGKVALICKAGLE 38 (526)
Q Consensus 3 ~~~DV1IIG~G~AGl~AA~~a~~-g~~V~lvek~~~~ 38 (526)
| | o+ ] ] ]+
T Consensus 4 ~~~DvIWGaG~aG~~~A~~La~~G~~VIVIE~G~~~ 40 (504)
T 1B4V:A 4 GYVPAVVIGTGYGAAVSALRLGEAGVQTLMLEMGQLW 40 (504)
T ss_pred cccCEEEEccChhHHHHHHHHhhcCCCEEEEecCCCC

Confidence 533
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INRA Results for B. dorei D8 with Bankl and Bank2 wOMaiA
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@ B. dorei D8 Sorted by Prob > 95 and size cut off > 50 amino acid residues

99.9 172 aa bdd8 03618.fasta.a3m.hhm.out.hhmakeBK2 -> UDP-N-acetylenolpyruvoylglucosamine reductase

(l || bdd8_03708.fasta.a3m.hhm.out.hnhmakeBK1 X ‘D bdd8_03122.fasta.a3m.hhm.out.hhmakeBK1 X ID HHM_lelerhit.nhmakeBK2.txt.final2 P4 l [7] bdd8_03618.fasta.a3m.hhm.out.nhmakeBK2 b]

fuery BdD8 03618 UDP-N-acetylenolpyruvoylglucosamine reductase lcl|Agmial:UEPSD|D8#1381
Match_columns 337
No_of seqs 264 out of 1760

Neff 7.5

Searched HMMs 2

Date Mon Feb 23 18:15:31 2015

Command hhsearch -i /projet/mig/work/vmartin/D8/D8.batch4.20150203/fasta_split/hhm/bdd8 03618.fasta.a3m.hhm -d /projet/mig/work/vmartin/D8/BANK2/base/BANK2 hhm_db -cov 10 -v -cpu 8 -o /projet/mig/work/vmartin/D8/

D8.batch4.20150203/fasta split/hhm/bdd8 ©3618.fasta.a3m.hhm.out.hhmakeBK2

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM

1 1I19:A 99.9 2.6E-25 1.3E-25 195.3 17.0 162 18-190 33-223 (561)
2 3]S8:A 99.8 6.6E-24 3.3E-24 184.2 18.0 165 17-190 26-219 (540)

No 1

>1I19:A

Probab=99.86 E-value=2.6e-25 Score=195.27 Aligned cols=162 Identities=15% Similarity=0.117 Sum probs=134.7

Q ss_pred CccccEEEECCCHHHHHHHHHHhhhcCCCEEEECCCCC- - -CCccCCC- - - CceEEEe-C-CCceEEEecCCCeEEEEEe

Q BdD8 03618 18 DVKASLFVEYESVTELQSILSDKNLMAGNWLHIGGGSN- - -LLFKGDY - - -AGTVLHS-A-IRGYEVVAENEQEIEVRAG 89 (337)

Q Consensus 18 gg~a~~~v~p- dl~~~v~~a 1p~~11GgGsN- - -~1~~d~~- - -~GvvT i v~V 89 (337)
...+..+++|+|++||++++++|+++++|++++|+||| B A had hadbal e Ra e o s e B S

T Consensus 33 ~~~p~~Vv~P~s G~Ghs gu~i~l~~~l~~i~i-gemmmmm~v~y~ 111 (561)

T 1I19:A 33 MLDATWVCSPKTPQDWRLANNAHEHDYKIRPRGAMHGWTPLTVEKGANVEKVILADTT’I'IHLNGITV NTGGPVATVTAG 111 (561)

T ss_pred ccCccEEEecCCHHHHHHHHHHHHHCCCCEEEECCCCCCCCCeccCCCeccceEEEECCCCCCceEE- cCCCCeeEEEEC

Confidence 4457 4454432 6899999 6 999965 653223499999

Q ss_pred €CCCHHHHHHHHHHCCCCCecCCCCCec-cchHHHHhhhhe- - - - - - - - oo - cCcchhhheeEEEEEECCCCc-- -

Q BdD8 03618 90 AGEVWDDFVAYTVKNSWYGAENLSLIPG-EVGASAVQNIGA--------------- YGVEAKDLIVSVETVEVETGR--- 150 (337)

Q Consensus 90 AG~~1~~l~~~~~~~Gl~Gle~1~gIPG-TVGGaV~~NaG~--------------- YG~~i~d~VmV~YVmmnnG~- - - 150 (337)
R B il N A s || R b Raaasd hadnd R

T Consensus 112 aG~~~~~L~~~l~~~Gl~- l~~~~~~~~TvGGaiat~~hG~g 1 d~V: Vo~ -~G~~~~ 188 (561)

T 1I19:A 112 AGASIEAIVTELOKHDLG-WANLPAPGVLSIGGALAVNAHGAALPAVGOTI’LPGHTYG-SLSNLVTELTAVWI-NG'I'I’YA 188 (561)

T ss_pred CCccHHHHHHHHHNCCCe-eeeCCCCCccccccccccCCCCCCCeecCCCCCCecccc-CccccEEEEEEEee-CCcEee

Confidence 7 77 755 55 49999999999999 599

Q ss_pred EEEEecC- -ccccccccccccccccCceEEEEEEEEeeeCCC

Q BdD8 03618 151 KRIFTKE--ECRYAYRESIFKKDLKGKYIVTYVTYRLSKQPV 190 (337)

Q Consensus 151 i- - -@~~~~yR~5~frmmngrnn I I~~a~~~1 190 (337)
R i T | R ad e R

T Consensus 189 ~~mmmmmmnglmmmmnge- - - G- - -~~-VIt~vEl~1~p~~~ 223 (561)

T 1I19:A 189 LETYQRNDPRITPLLTNL---G---RC-FLTSVTMQAGPNFR 223 (561)

T ss_pred EEEeccCCCChHHHHhcC- - -C- - -Cc-eeeEEEEEeEecCe

Confidence 5777765 565555543 2 47 99999999998765

No 2

>3]58:A

Probab=99.83 E-value=6.6e-24 Score=184.16 Aligned cols=165 Identities=12% Similarity=0.046 Sum probs=131.5

Q ss_pred CCccccEEEECCCHHHHHHHHHRhhhcCCCEEEECCCCCCC- - -ccCC- - -CCceEEEe- C- CCceEEEecCCCeEEEEE

Q BdD8 03618 17 MDVKASLFVEYESVTELQSILSDKNLMAGNWLHIGGGSNLL- - -FKGD- - - YAGTVLHS-A-IRGYEVVAENEQEIEVRA 88 (337)

Q Consensus 17 igg~a~~~v~p~~~edl~~~V~~a~~~~ip~~il1GgGSN~1- - - ~~O~- - -~~GVVI~~-~-~m~jmmmmmmmmm~~y~y 88 (337)
B e B Bl e B e I I I o o ) i e |

T Consensus 26 P G~Ghs v~id~mmnl~ni~i - grmmmnm~v~y 104 (540)

T 33S8:A 26 IKVDDVNTCAPRSADEWKVAI‘MAKDNGYKVRARG’MHIWSPLTLAAGVSCPAWLLD'I'I'RYLTAMSI DASGPVAKVTA 104 (540)

T ss_pred cccCecEEEecCCHHHHHHHHHHHHHCCCCEEEECCCCCCCCCccCCCCCCCcEEEEeccCCCCcEEe - CCCCCecEEEE

Confidence 34567 53 3332 25700008 4 00954 /5222238009

Plain Text ¥  Tab Width: 8 v Ln1, Col1 INS



MATHEMATIQUES ET INFORMATIQUE APPLIQUEES
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DU GENOME A UENVIRONNEMENT

@ B. dorei 1757

Z=INRA Results for B. dorei 1757 with Bank1 and Bank2
@ B. dorei D8 Sorted by Prob > 95 and size cut off > 50 amino acid residues
/99.4 % 70 aa bacdor_01751.fasta.a3m.hhm.out.hhmakeBK1 -> Hypothetical protein )
99.1 % 75 aa bacdor_01928.fasta.a3m.hhm.out.hhmakeBK1 -> L-aspartate oxidase
99.1 % 62 aa bacdor_02089.fasta.a3m.hhm.out.hhmakeBK1 -> Succinate Dehydrogenase flavoprotein
97.5 % 61 aa bacdor_03886.fasta.a3m.hhm.out.hhmakeBK1 —> Pyridine nucleotide oxido reductase
_ J
Sorted by Prob > 95 and size > 50 amino acid residues
[ 99.9 % 172 aa bacdor_03524.fasta.a3m.hhm.out.hhmakeBK2 —>UDP-N-acetyl muramate dehydrogenase ]




Results for B. dorei 1757 with Bank1 and Bank2 w()MqIAGE

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

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

NS /

@ B. dorei 175" Sorted by Prob > 95 and size > 50 amino acid residues

[ 99.9 % 172 aa bacdor_03524.fasta.a3m.hhm.out.hhmakeBK2 —>UDP-N-acetyl muramate dehydrogenase ]

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




==INRA
g

Results for B. dorei D8 with Bank?2
@ B. dorei D8

w/OMalAGE
Sorted by Prob > 95 and size cut off > 50 amino acid residues

DU GENOME A ENVIRONNEM

[ 99.9 172 aa bdd8 003618.fasta.a3m.hhm.out.hhmakeBK2 —> UDP-N-acetylenolpyruvoylglucosamine reductase

1119 Bank?2
Oxidoreductase MurB

1MBB E.coli Gram-



=INRA Results for B. dorei D8 with Bank2 »/OMalAGE

DU GENOME A ENVIRONNEM
- SCIENCE & IMPACT

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

[ 99.9 172 aa bdd8 003618.fasta.a3m.hhm.out.hhmakeBK2 —> UDP-N-acetylenolpyruvoylglucosamine reductase J

1119 Bank?2
Oxidoreductase MurB 1MBB E.coli Gram-



MATHEMATIQUES ET INFORMATIQUE APPLIQUEES

INRA Results for B. dorei D8 with Bank2 w/MaiAGE

DU GENOME A ENVIRONNEMENT
SCIENCE & IMPACT

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

99.9 172 aa bdd8 003618.fasta.a3m.hhm.out.hhmakeBK2 —> UDP-N-acetylenolpyruvoylglucosamine reductase

nl B1 al B2 p6
1MBB Q00 TT . A_’ 0Q000000000QQ . . .. Q20 —_— TT
1119 TT TT TT — —>rT
3758 TT > TT > —_— —rTT
1 10 2Q 30 49 .
IMBB L e e e MNHSLEKPWNTFG|.|. IDEHNAQHIVICAEDEQQLLINAWQYA|. . .|.TAEGQPVLIL
BdD8_03618 ... ....... .|-MKEIKDYSLLPHNTFG|.|. MDVKASLFVE[YESVTELQSILSDK|.|.|. . .NLM;‘LGNWLHI
1119 STGPVAPLPTPPNFPNDIALFQQAYQNWSKEIMLDATWVCSPKTPQRDVVRLANWAHEHDYKIRPRGAMHG
3Js8 ... TCSQPINNFPAEIPLYKQSFKNWAGDIKVDDVWTCAPRSADEVVKVANWAKDNG)YKVRARGMMHN
consensus>50 . ... ...... p.nfpedinlflgpynnfg.eidvda.wiv.pes.qg#vv.ianwa.e..ykiraxg.$h.g lnvlifg.dy.gv!l.dtirgleiv.vnd.gpva.vtagAGe.wealv
FAD binding covalent H
n2 n3 B7 B8 m4 B9 ns 10 n7
1MBB Q0000 200 Q00 =>Tr=>000 000 — TT — Q9
1119 Q0000 K=b TT Q0000Q0Q TT TT 0.0 Q Qm——t —_— 2000 Tr * ek - Q0Q
3Js8 020000 =» Q00000 TT -Q-Q. > > Q200
100 1L, 1209 130 150 f . 170 180 190
1MBB KYTLQEGMPG|LENLALI|HNECVG|SSPIQNIGAY[EVELQR|. PO Y e . Q RLTAKECBE‘GYRDSIFZKHEYQDRFAIVAVG.LLPKEWQPVLTYGD
BdD8_03618 AYTVKNSWYGA NL:SLIEVG_ASAVQNIGAY VEAKD|. <. . .KRIFTKEEC.RYAYRESIF}KKDLKGKYIVTYVT .YRILSKQPIVFNLEYGN
1119 TELQKHDLG.|. WANLPA|HNIVILSIGGALAVNAH[{AALPAV T T|L|P . ¥YALE[TYQRNDPRITPLLTNLGRCFLTSVTMQAGPNFEIQRCQSYTDIPWRE
3Js8 TGLEKAGLG.|.VTAAPAINIDLTLGGVLAINGH[ETAIPAK YALRKFARNDPQIAPLLAHVGRSLIIVEATLQAAPNQREILRCOSWENIPYGE
consensus>50 .ftrnficriayllsifgrel...ftigavpnyRlrc#s.fnipyg#
FAD binding Active site oxido-reductase
1MBB Q e T QQQQQOOQQQQQ . . . L L e e e
1119 Q T X 0200000QQ === TT — TT TT =»> & * K Q0000000000
3Js8 Q 0200000Q0Q == TT — TT > Q0Q0Q QQ0000QQQQ0Q
200 210
1MBB . . ..[558E - -[. - - -|8. - ASESEEEE . - AEEEEE RLDPT. .. . . .. it i ittt tiiieie e e | e |- . TVTPQQVFNAV|ICHMR|. . . B S Y S R PO IS
BdD8_03618 MERG|. .5 . - S . . [, . . -5 . SR . . [ ELEKRGG|. . . . . . . . .ttt ittt e e e ..|- .EVALENVRKVIIAVR|. . NN A B A B
1119 LFAPKGADGRTFEKF|VAESGIGAEAIWYPFTERKPWMKVWTVSPTEKPDSSNEVGSLGSAGSLVGKPPQA VSGPYNYIFSDNLPEPITDMIGAIN|.A PGIAPLFGPAMYEITKL/GLAA
3Js8 MFAAAGISGIGRTFASYLDSAGRVEAIWFPFTISNPWLEVWTVTPNEP|. . . . . .. ...ttt LFSRQOTDKPEFNYPFSDNLPDEVTDLANEKIL|SL GKLTPAFGKAQFAAASAGLVA
consensus>50 1lfa..g..grtf..f....g..eaiwypft..pwmkvwtvdptkp. .. ... ... ... ... .. re...pyny.fsdvlp#gl!tdmi.air..gn....p.fg.a.y..... gl.at
p12 B13 o4 p14 B15 as B16 p17 p18
IMBB .. Q00 — => 0000000000 = 7T =5 000000 =»rr=—% TT TT— 020000
1119 k =——p00000 Kk TrT —d> 000000000000M0000000000 —e——p 200 TT TT TT TT -_— T Q9
3758 —>00000 TT - — —_— Q00 TT TT TT TT TT = TT Q9
220 230 240 250 260 27, 280 290 300
1MBB P . ... TTISLPDPKVNGNAGSFFKNPVVSAET|AK ALLSQFPTAPNYPQADGSVKLAA_.GWLDQCQ‘-;[.K. D . .|-GMQIGGAAVHRQQIINLVIAINEDNAKSEDVV
BdD8_03618 T B R ALPDPRVQGNAGSFFMNPIVPRRQFEIVQQQYPDMPHYEVDGNRVKIPA’AWMDRCGTN_K. oS- - ... ... . .|-GKQRIGRAGVHSKQINLVIAVNCG|GATGDEVI
1119 NAND|I VQFYIMMATTLRLTEGGGAVVTSRANIATV|I DFTEWFHERIEFYRAKGEFPLNG_E’VERCCG;DQAA VKVPSVGPPITIISATRPRPDHPDWDVINIWINVLGVIPGTPGMF
3Js8 A SWD|L LLLYVIfdPTTLRVTANGYAVLTRRENVQRVLNEFVITFYQARVQAYQQOQOGRYPMNGPVEMRV|ITGLDDIPSEAALSGGVAPAL|ISAIRPRPDHPEWNVI\WWVWIDILTLPGTPYAN
consensus>50 . ..d.wgwskd...yiKlpdlrvngnagavftnpvviarv.ndf.qg%pdrinyygddgrvklnapylId.cgldg..d........ P..sa.gigpdhvdwgvAivLivlg.agtedvv
o B9 P a7 Active site cholesterol oxidase
1MBB Q0QQ0000Q0Q0QQ0Q0Q —>TrTr=> 00000
1119 2004000000000 T T= TT 00000K,00000Q TT QQ0000000Q00QQ
3Js8 Q00000000000 0Q —_—.r. TT Q0000 Q0QQQ Q00 Q0000000000
310 320 - 340
1MBB QLAHHVRQKVIGEKFN|. . . VSAVETIS. .. ......... . P .
BdD8_03618 ALARRIQESVILQKFG|. . . <. -1 .- H. . . .. . .
1119 EFYREMEQWMRISHYNNDDA ] v PDPYTDNDIVTNKMRATY|IEGVPITTE RARYNQIDPHRVIFTNGFMDK|LLP
3Js8 OQFYREIEQWIEANFNGSYAAVRIIHWSKGWGYTDIQAAWAD SAMLQTTIPNAFRAGQPAAA KAALAAYDPIYRLIF|ISSP LLDISLIGL
consensus>50 qlyreie#wv.ek%n...vairPEvsfiwafge..a..d........... Yy..g.p- - - .f....md.1..
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=== Results for B. dorei D8 with Bank2
................. T e
Sorted by Prob > 95 and size cut off > 50 amino acid residues

[ 99.9 172 aa bdd8 003618.fasta.a3m.hhm.out.hhmakeBK2 —> UDP-N-acetylenolpyruvoylglucosamine reductase J

@ B. dorei D8

His covalent complex

1119 Bank?2
1MBB E.coli Gram

Oxidoreductase MurB

1119 Bank2




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

@ B. dorei D8

=EE'- SCIENCE & IMPACT
[ 99.9 172 aa bdd8 003618.fasta.a3m.hhm.out.hhmakeBK2 —> UDP-N-acetylenolpyruvoylglucosamine reductase

/M

No His covalent complex

FAD <

\.“( 7, ,
1119 Bank?2
Oxidoreductase MurB 1MBB E.coli Gram-

MurB



=INRA Results for B. dorei D8 with Bank2 w/QOMaiAGE

- SCIENCE & IMPACT

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

[ 99.9 172 aa bdd8 003618.fasta.a3m.hhm.out.hhmakeBK2 —> UDP-N-acetylenolpyruvoylglucosamine reductase ]

His 202
Glu 551

1119 Bank?2

%_ ‘ 1MBB MurB
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:ffj INRA Results for B. dorei 1757 with Bank1 and Bank?2 n\jOMqlAGE

—— DU GENOME A UENVIRONNEME
__ SCIENCE & IMPACT

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

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

- - J

@ B. dorei 175" Sorted by Prob > 95 and size > 50 amino acid residues

[ 99.9 % 172 aa bacdor_03524.fasta.a3m.hhm.out.hhmakeBK2 —>UDP-N-acetyl muramate dehydrogenase ]

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

Il

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

Then, purification, activity test and crystallization assays

Cholesterol oxidases are secreted. This contains a signal peptide.
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==INRA Results for B. dorei 1757 with Bank1 and Bank2 w()MqlAGE

SCIENCE & IMPACT

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

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

- J

@ B. dorei 175" Sorted by Prob > 95 and size > 50 amino acid residues

[ 99.9 % 172 aa bacdor_03524.fasta.a3m.hhm.out.hhmakeBK2 —>UDP-N-acetyl muramate dehydrogenase ]

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

Il

Analysis of synthenies by Thomas Lacroix using Insyght.
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—= SCIENCE & IMPACT

Analysis of the 5 genes from 3D, using Insyght

MATHEMATIQUES ET Iummuummu&s

w/MaiAGE

DU GENOME A UENVIRONNEMENT

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

mmmm) Powerful tool for genes comparison and syntheny inferences

Thomas Lacroix

Lacroix et al, Nar 2014
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B
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P MATHEMATIQUES ET INFORMATIQUE APPLIQUEES

== !(% Analysis of the 5 genes from 3D, using Insyght »/OMalAGE

& http://genome.jouy.inra.fr/Insyght Thomas Lacroix

mmmm) Powerful tool for genes comparison and syntheny inferences

Synthenies : co-localization of homologuous loci accross species

Comparison 2 vs 2 with a reference genome.

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

Gene comparison. Synthenies visible

L —
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Voot | e e ——T - )

Info and aptions “ Contextual menu: browse multiple homologies per gene

Lacroix et al, Nar 2014



igé:ﬂN?A Analysis of the 5 genes from 3D, using Insyght MC"AGE

=" SCIENCE & IMPACT

@ Analysis of candidates- Comparison within cholesterol degrading genomes and others

@ Annotation comparator's analysis

& Genomic organisation's analysis

‘ No significant hits with clear syntheny

‘ Need of transcriptomic analysis
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== INRA E. Coprostanoligenes oyl MaiAG

—— DU GENOME A LENVIRONNEMENT

__ SCIENCE & IMPACT

Catherine. J
@ Direct introduction of the COPROSTANOL standard by DIMS-MS/MS atherine. Juste

Fabienne Beguet-Crespel
Samples resuspended in 500 L of Chloroform/ Methanol (50/50)
Diluted to 1/100eme before analysis

* lons detection corresponding to COPROSTANOL Coprosta nol
* DIMS-MS/MS method in positive ionisation mode [M+H-H20]+

371.36

100
?
95

283.26259
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85
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75
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65

(o2}
o

[M+H-NH3]+
389.34

o
o

. .. [M+NH4-H20]+
Fragments typical of cholesterol derivatives 388.39

\
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245.22597

N
(&)
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N
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406.40

w
o
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25
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T111894 12513244 15114791 16516356 19117912

95.08579 35.11669 177 16352
85.10152 ‘ ‘ : 231 21034 259.24156
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1.. | | ‘IIH \\‘I‘ i | | 1l | i II | %z 353.28353 [+16.80756
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=INRA E. Coprostanoligenes samples ,,jOMalA

\PPLIQUEES
—— DU GENOME A vzmmowmmE
SCIENCE & IMPACT

Catherine. Juste
* lons detection corresponding to COPROSTANOL Fabienne Beguet-Crespel

* DIMS-MS/MS method in positive ionisation mode

100 95.08580

95
90
85
80 109.10130
75

[M+H-H20]+ : 371.3677

70
o 81.07027
60

149.13224 [M+H-H20]+
135.11664 371.36634

12311678 Fragments typical of cholesterol derivatives
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Catherine. Juste
* lons detection corresponding to COPROSTANOL Fabienne Beguet-Crespel

* DIMS-MS/MS method in positive ionisation mode

Coprostanol is present & preferentially detected
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@ E. Coprostanoligenes samples : Genome sequencing, assembling and analysis

-

[ DNA extraction in progress }

-

[ Genome sequencing }

-

[ Genome assembling }

-

[ Bioinformatics analysis }




== INRA Cholesterol conversion in the gut microbiota 2/OMaiAGE
—= SCIENCE & IMPACT o B

»/No significant difference between the two genomes. Similar enzymes are found. \
» Transcriptomic analysis of both chromosome and plasmids of B. dorei 1757 & B. dorei D8?

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

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

\»:m we rule out some synergy among bacteria of the microbiota? /




Towards the Structural Screening of Microbial Ecosystems

= il
o 1 i
Outline
- MetaFoldScan project : 3D screening of gut microbiota

P=— |
SCIENCE & IMPACT
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- More than 10 millions prokaryotic genes
- 40% protein sequences of unknown function
- Function can be inferred from structure, only 1393 unique 3D fold ©

- Assessing the fold is possible

- Fishing out the right fold is crucial !




MetaFoldScan : a pluridisciplinary challenge

- More than 10 millions prokaryotic genes
- 40% protein sequences of unknown function
- Function can be inferred from structure, only 1393 unique 3D fold

- Assessing the fold is possible
- Fishing out the right fold is crucial !

& Reveals evolutionary relationship
@ Helps to understand the mechanisms of function

@ Deciphers its biological role within the organism

3D Fold




== |INRA MetaFoldScan : a pluridisciplinary challenge

- More than 10 millions prokaryotic genes

- 40% protein sequences of unknown function

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

- Assessing the fold is possible

- Fishing out the right fold is crucial !

Obijectives of structural metagenomics

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



c=== Beyond the description of Metagenomics ACTRRE
= . WKY/]
== !(% MetaFoldScan objectives MgIAGE

Structural screening of Microbial Ecosystems

1- Develop & integrate cutting-edge tools in bioinformatics
N Identify Hits from 3D targets within MetaHit

N Increase the functional annotation

N Biologist friendly Web user

ssssssss MVHLTAEEKN AVTGLWGKVN

Conservation Hﬂﬂﬂl}ﬂ ﬂﬂﬂﬂ”ﬂ HH
o Il

Gut microbiota

2- Achieve 3D-MetaOmics. 3- Validate Hits impacting Health
N Intensive modeling of entire proteo

me N Pro and anti-biotic biomarkers
N Distribution, diversity of folds 0 N Universal antibiotic

N Identify proteins with new functions/ fold N Identify homeostasis marker




Strategy
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Relevance
Scan microbiota

_Biological property Hits identification
- Therapeutical interest Validation
Biomarker

- Structural challenge
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Relevance
Scan microbiota

_Biological property Hits identification

- Therapeutical interest Validation
- Structural challenge Biomarker

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

<+ Experimental data in progress

+ Scaling up to full microbiota requested
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2= INRA Targets of the microbiota

To tackle both methodological and biological issues

| w~rD

I N. Rama Rao

I MAM I JM. Chatel

Microbial Anti-inflammatory Molecule Mutation Frequency Decline

- Unknown biological function - Involved in bacterial DNA repair, in virulence

- Small 180 residues - Multi-domains 1150 residues

- Structurally not characterized - Solved structure

- Rare, found in F. prausnitzii - Ubiquitous, Gram+/- ‘

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

- Fishing from homology modeling - Molecular basis of specificity

F

- Associated with probiotic properties - Associated with antibiotic resistance
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MetaFoldScan Pipeline 2w/ OMalAGE
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SCIENCE & IMPACT

Coarse-grained filtering of sequence candidates.
| |
Multiple Sequence Alignment MSA of filtered candidates.
Secondary structure addition

MAM-template

HMM profile of the target bank HMM profile of input MSA

Profile (candidate) vs profile (bank) Comparison

¥

Scoring & ranking

{

Score analysis

‘1’ - Biomarker ?
Crystal structure ... J
Abundance classification... 4 Hits prediction > In vitrofin vivo test > v X
n vitro/in vivo testing... @

Prevalence in MGS

e+
Collaborations %

\\ metagenopolis N )q
) mgﬁs-eu MAM-like hits MFD-like hits

Collaborations )

M iCal is ) Institut Pasteur




2= INRA MetaFoldScan workflow /) Mq|AGE

U GENOME A UE!

WP1 g I Bioinformatics development
************ il it

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

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

\_

&, _
( MAM hits M. Chaa ( MFD hits N. Rama Rao \

<> In vitro validation of MAM —like leads using HEK293
NF«B luciferase reporter assay

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

<*MAM production, purification, crystallization,

\structural characterization

WP4

o

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

<> Test resistance to NO for “Complemented E.coli strains”

<> Assess the function and specificity of MFD leads in
prevalent species such as Bacteroidetes & Firmicutes

Applications - Impacts

( Biologist friendly web-tool interface V. Loux \

<> Production of command line pipeline distribution.

<> Integration into Galaxy.

<> Integration into training sessions within Migale Bioinformatics cycle
\<> Extension to other microbiotas )

Li et al, Nat. Biotech. 2014
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Cohort of 124 European individuals, healthy and obese, danish and spanish
Nordic & Mediterranean faecal DNA

Vol 464|4 March 2010|doi:10.1038/nature08821 nature

A human gut microbial gene catalogue
established by metagenomic sequencing

Junjie Qin'*, Ruigiang Li'*, Jeroen Raes*>, Manimozhiyan Arumugam?, Kristoffer Solvsten Burgdorf?,
Chaysavanh Manichanh?, Trine Nielsen®, Nicolas Pons®, Florence Levenez®, Takuji Yamada®, Daniel R. Mende?,
Junhua Li"’, Junming Xu', Shaochuan Li', Dongfang Li"*, Jianjun Cao', Bo Wang', Huiging Liang', Huisong Zheng',
Yinlong Xie'”, Julien Tap“, Patricia Lepage6, Marcelo Bertalan®, Jean-Michel Batto®, Torben Hansen?, Denis Le
Paslier'?, Allan Linneberg'!, H. Bjgrn Nielsen’, Eric Pelletier'®, Pierre Renault®, Thomas Sicheritz-Ponten®,

Keith Turner'?, Hongmei Zhu', Chang Yu', Shengting Li', Min Jian', Yan Zhou!, Yingrui Li!, Xiuging Zhang',
Songgang Li', Nan Qin‘, Huanming Yangl, Jian Wangl, Seren Brunak’®, Joel Doré®, Francisco Guarner®,

Karsten Kristiansen'?, Oluf Pedersen®'?, Julian Parkhill'?, Jean Weissenbach'®, MetaHIT Consortium+, Peer Bork?,
S. Dusko Ehrlich® & Jun Wang"'?

To understand the impact of gut microbes on human health and well-being it is crucial to assess their genetic potential. Here
we describe the lllumina-based metagenomic sequencing, assembly and characterization of 3.3 million non-redundant
microbial genes, derived from 576.7 gigabases of sequence, from faecal samples of 124 European individuals. The gene set,
~150 times larger than the human gene complement, contains an overwhelming majority of the prevalent (more frequent)
microbial genes of the cohort and probably includes a large proportion of the prevalent human intestinal microbial genes. The
genes are largely shared among individuals of the cohort. Over 99% of the genes are bacterial, indicating that the entire
cohort harbours between 1,000 and 1,150 prevalent bacterial species and each individual at least 160 such species, which are
also largely shared. We define and describe the minimal gut metagenome and the minimal gut bacterial genome in terms of
functions present in all individuals and most bacteria, respectively.

- 3,3 millions of genes, 99,1 % of bacterial origin
- Minimal gut bacterial genome : 1,000 to 1,150 prevalent bacterial species
- Each individual harbors at least 160 such species
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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
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Qin et al, Nature 2010 Relative abundance (log,,) Functional composition
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Core genome: 57 bacterial species present in > 90 of individuals (prevalence and consensus)

Mostly Bacteroidetes & Firmicutes

Bacteroides uniformis T v e General function - R
Alistipes putredinis . e IN— .
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Faecalibacterium_prausnitzii_A2-165 NCBI

MAM_wt
MAM_wt
MAM_wt
MAM_wt
MAM_wt

VWoONOOTUAWNR

MAM_wt
10 | MAM_wt
11 | MAM_wt
12 | MAM_wt
13 | MAM_wt
14 | MAM_wt
15 | MAM_wt
16 | MAM_wt
17 | MAM_wt
18 | MAM_wt
19 | MAM_wt
20 | MAM_wt

22 |MAM_wt
23 |MAM_wt
24 |MAM_wt
25 |MAM_wt

27 [MAM_wt
28 |MAM_wt
29 |MAM_wt

31 | MAM_wt
32 MAM_wt
33  MAM_wt
34 MAM_wt
35 MAM_wt
36  MAM_wt
37 MAM_wt
38  MAM_wt
39 MAM_wt

in lnaama s

4 all_best_ MAM _ident

all_best MAM_cov

Structural hits of MAM in the core genome

WP_005932151.1 265 9,00E-93  100.00 100 100 135 0 0 1
bitscore evalue pident qcovhsp length  mismatch gapopen

trlR6SBTO|R6SBTO_9BACE  23.5 6.4 47.826 17 17 23 10 1 14
tr|D4JK97|D4JK97_9FIRM 28.5 0.013 45.000 15 15 20 11 0 1

trlR7EPB3|R7EPB3_9BACI  26.6 0.55 41.667 24 24 36 18 1 52
tr/lC3QBI3|C3QBI3_9BACE  29.3 0.063 40.625 24 24 32 19 0 88
tr[D4C9H4|D4COH4_9CLO™  27.3 0.30 40.541 27 27 37 21 1 73
tr|R7B146|R7B146_9BACE  25.0 1.2 34.694 36 36 49 31 1 15
tr|D4L4M8|D4L4AM8_9FIRM  24.3 1.9 34.483 21 21 29 19 0 75
trlC3QPR5|C3QPR5_9BAC  25.8 1.1 34.375 24 24 32 21 0 88
tr|RSTKN8|RSTKN8_9FIRM ~ 26.2 0.50 34.286 26 26 35 22 1 48
trlCOX1L4|COX1L4_ENTFL  26.6 0.39 34.211 27 27 38 24 1 14
tr[D1PS54|D1PS54_9FIRM  24.6 22 34.043 34 34 47 27 3 44
tr|R6P689|RE6PE89_9CLOT  24.3 1.8 33.333 27 27 36 24 0 56
tr/A6LD60JA6LD60_PARD8  24.3 44 33.333 36 36 57 26 2 31
tr|BOG4V7|B0OG4V7_9FIRM  25.4 1.1 32.500 29 29 40 26 1 68
tr|lCOD4Q5|C0D4Q5_9FIRN ~ 25.0 33 32.394 53 53 71 42 3 16
tr/R7JPHO|R7JPHO_9BACT  24.6 1.3 32.258 23 23 31 21 0 6

tr|[E4VUA2|E4VUA2_BACF(  27.7 0.35 31.818 33 33 44 30 0 1

trlBONGV9|BONGV9_CLOS  26.2 0.68 31.373 38 38 51 33 1 4

trlQ5M488|Q5M488_STRT:  26.9 0.13 31.111 33 33 45 24 2 36
trlR5U2R3|R5U2R3_9BACE  28.5 0.12 30.909 41 41 55 36 1 76
trlAAEBV5|A4EBV5 9ACTN  27.3 0.21 30.612 34 34 49 30 2 57
tr|[D4LSX8|D4LSX8_9FIRM  24.3 22 30.303 24 24 33 23 0 21
tr|R7FZ59|R7FZ59_9FIRM 25.0 0.99 30.159 41 41 63 37 1 23
tr|[BOPHX3|BOPHX3_9FIRM  23.5 4.7 29.787 34 34 47 31 2 3

tr/ASZ5Q6|A5Z5Q6_9FIRM  27.7 0.19 29.412 47 47 68 42 2 66
trlBOYAAO|BOYAAO_9FIRM  28.1 0.15 29.268 30 30 41 29 0 1

tr|B7B871|B7B871_9PORP  25.0 1.9 28.846 32 32 52 24 3 54
tr|P96214|P96214_MYCTU 254 1.4 28.571 38 38 56 35 1 52
tr|R6LDT4|R6LDT4_9FIRM  24.3 1.5 28.070 39 39 57 36 1 49
tr|COL847|C9L847_BLAHA 243 1.9 27.869 41 41 61 38 2 5
tr|D4JTH7|D4JTH7_9FIRM 23.9 23 27.778 40 40 54 39 0 15
tr|[D4M698|D4ME98_9FIRM  26.6 0.46 27.692 47 47 65 45 1 72
tr|B6VXT6|B6VXT6_9BACE  26.6 0.72 27.536 44 44 69 41 1 76

all_best_ MAM_bitscore +
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135

644
28
220
126
164
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544
126
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187
148
133
435
189
253
153
323

109

99
339

110
222
218

Analysis in progress

No clear hit except in Faecalibacterium Prausnitzii SL3_3

MAM possibly strictly restricted to F. Praunitzii
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Structural hits of Mfd in the core genome
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4 b all_best_MFD 4+

" {r/AOAODSMVR3|AOAODSMVR3_/
tr|R7JPZ2|R7JPZ2_9BACT
tr[BOPG14/BOPG14_9FIRM
tr[RSUYH1|R5UYH1_9BACE
tr[B6W1Q4|B6W1Q4_9BACE
tr ESWUFO|ESWUFO_9BACE
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tr|ABL2L5|A6L2L5_BACVS
tr[COLCA3|COLCA3_BLAHA
tr[R5LOD1|R5L9D1_9FIRM
tr|COCUY2|COCUY2_9FIRM
tr|R6P1H2|R6P1H2_9CLOT
tr[R6PNN2|R6PNN2_9CLOT
trBONCF3|BONCF3_CLOSV
tr|A7VIB9|A7VIB9_OCLOT
trD4C8Z1|D4C8Z1_9CLOT
tr[BONYB3|BONYB3_9CLOT
trAJEOV3|A4EQV3_OACTN
tr|R6LB70|R6LB70_9FIRM
tr[RSWLH5|R5WLH5_9FIRM
tr[BOG3N8|BOG3NS_9FIRM
tr[R7FNN1|R7FNN1_9FIRM
tr|COX941|COX941_ENTFL
tr[R6G373|R6G373_9FIRM
tr|D4JLKO|D4JLKO_SFIRM
tr|D4JVX9|D4JVX9_9FIRM
tr|A5Z5K5|A5Z5K5_9FIRM
tr D4KABS|DAKABS_9FIRM

Analysis in progress

660 0.0
542 9.11e-175
561 0.0
538 1.75e-173
544 6.91e-176
544 1.05e-175
543 2.44e-175
650 0.0
539 1.63e-173
558 0.0
560 0.0
537 7.85e-173
534 5.30e-172
536 1.41e-172
539 2.31e-173
558 0.0
576 0.0
593 0.0
601 0.0
578 0.0
578 0.0
570 0.0
656 0.0
674 0.0
596 0.0
534 1.92e-171
634 0.0
477 7.11e-158
583 0.0
637 0.0
684 0.0
654 0.0
226 1.79e-63
562 0.0
672 0.0
564 0.0

39.464
44.162
36.837
41.740
40.387
41.654
41.802
42.097
41.740
37.827
41.445
40.249
40.387
41.298
41.298
40.855
41.003
40.249
44.250
46.311
46.330
46.271
45.723
44.428
35.992
37.367
47.088
42.857
37.151
50.316
43.629
37.681
36.750
36.794
34.483
46.026
36.886
46.384

95
78 57
92 92
74 57
80 61
74 57
74 57
73 57
74 57
83 83
74 57
80 61
80 61
74 57
74 57
74 57
74 57
80 61
72 60
72 55
78 57
80 57
69 56
71 59
88 88
87 87
73 52
76 58
93 93
41 41
82 63
89 89
92 92
91 91
34 34
75 52
90 90
71 55

Mfd ubiquitarious as expected
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length mismatch gapopen

1120 642 15
668 361 4
1094 641 18
678 374 5
723 405 6
677 376 5
677 375 5
677 373 5
678 375 5
994 552 14
678 376 5
723 406 6
723 405 6
678 377 5
678 377 5
678 380 5
678 380 5
723 406 6
687 375 2
637 337 2
654 345 2
657 339 5
643 340 3
682 364 3
1053 619 11
1033 597 12
601 314 1
672 370 6
1074 612 16
475 229 3
722 387 6
1035 568 14
1083 636 15
1098 600 22
406 247 6
604 320 3
1079 612 21
636 333 4

10 best hits to be selected for experimental validation

Homology modeling to assess the molecular basis of specificity
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WP1 g I Bioinformatics development
************ il it

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

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

\_

&, _
( MAM hits M. Chaa ( MFD hits N. Rama Rao \

<> In vitro validation of MAM —like leads using HEK293
NF«B luciferase reporter assay

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

<*MAM production, purification, crystallization,

\structural characterization

WP4

o

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

<> Test resistance to NO for “Complemented E.coli strains”

<> Assess the function and specificity of MFD leads in
prevalent species such as Bacteroidetes & Firmicutes

Applications - Impacts

( Biologist friendly web-tool interface V. Loux \

<> Production of command line pipeline distribution.

<> Integration into Galaxy.

<> Integration into training sessions within Migale Bioinformatics cycle
\<> Extension to other microbiotas )

Li et al, Nat. Biotech. 2014
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+Innovative webserver to achieve gut ecosystem exploration. Needs some scaling up & filtering

Needs some scaling up & filtering
Consensus MVHLTAEEKN AVTGLWGKVN
Experimental validation of the structural hits cwsrsen 1T (LI

ws K

st il it
<+Strong positioning at the interface structural bioinformatics & Biology

<+High valorisation potential = ‘\

(% of wild-type)
orfl  rkl rkH rkA kB rkC rkD rkE  rkF rkG orfl*
fem

100
) 2 4 6 8 10 12 14 (kb)

0.05

HTS of structures Originality /prevalence of folds

Structure —Function —Annotation Disease/health -associated
—_ =

Functional clusters and Pathways patterns of diversity

... Towards new targets with Health impact

... Towards other microbiotas
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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' ? : [pdA (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



Zoom out analysis using Insyght
Y 8 Y8 Thomas Lacroix

I
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

U

- Mycobacterium tuberculosis H37Ry, 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)
= no interest for D8
-0 * *FAD.*oxidoreductase.* -0 *EC1.3.1.3
- Mycobacterium smegmatis str. MC2
-0 * cholest -3 *EC1.3.1.3



Zoom out analysis using Insyght Thomas Lacroix

I
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

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
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Environmental Microbiology (2011) 13(4), 943-950 a d0i:10.1111/.1462-2920.2010.02398.x e ClUSter enCOdlng Cho'estero' catabolism

oil actinomycete Provides insight into

Initial step in the catabolism of cholesterol by )acteriu : . .
Mycobacterium smegmatis me?155 actert mytuberculos:s survival in macrophages
¥ Geize*, Katherine Yam®, Thomas Heuser, Maarten H. Wilbrink*, Hirofumi Harat,

1 et ReR
nderton?, Edith Sim?, Lubbert Dijkhuizen*, Julian E. Davies®, William w. Mohn's,

. Eltis*s
I. Uhia, B. Galdn,* V. Morales and J, L. Garcia mic membranes and as precursors of vitamin D, bile acids licrobiology, Groningen i I 3
Environmental Biology Department, Centro de and several sexual hormones. In addition, many synthetic artment of I’\Ilicrobiogliogy ;:g?;;tﬂzgfgg’nﬁ;eaggﬂgg T:;?g'igy Uistitute, University of Groningen, 9751 NN, Groningen, The
Investigaciones Bioldgicas, CSIC, Ramiro de Maeztu, steroids (e.g. sexual hormones as estrogens and and- 1armacology, University of Oxford, Oxford 0x1 3QT, United K}:,geaf,’,’;,'ve“"y of British Columbia, Vancouver, BC, Canada V6T 123; and
9, 28040 Madrid, Spain. rogens) frequently appear in municipal and industrial 2. Jacobs, Jr,, Albert Einstei " =
wastewaters as environmental pollutants (Routledge o nstein College of Medicine, Bronx, NY, and accepted by the Editorial Board December 6, 2006 (received for revie
Summary etal, 1998; Poole and Cord-Ruwisch, 2004; Gagné strain RHA1 ib "
M ain , a soil i .
The first step in the catabolism of cholesterol, i.c. etal, 2006). Although the abundance and ubiquity of . degrades e:ce :'m"l'l"“b’e'a‘ed“’“yc"b"“?' (Fig. 1). Tn some Mycobacterium (4) and Rhodococcus (5, 6) species
the transformation of ch ol ints: hok L Sy steroids have made them a common carbon source for o 2 o ;’"f v road range of organic  the aliphatic side chain at C17 is removed via a pro c<(e S %;%Lqes’
& i )

% e g X aprophytic microorganisms belongin ri - 2 L wn RHA1T re- -oxidation i i i ocess similar to

has been investigated in Mycobacterium smegmatis. Saprophytic microorganisms belonging to various physi ¢ pathway predicted to proceed v?a L;:drostene- . OXIdall(?n Holing Piogressively shorter carboxylic acids. In

ological groups their complete degradative pathways these strains, 3-ketosteroid Al-dehydrogenase (KSTD) and 3-ke

In silico analysis identified the MSMEG 1604 gene 3'4‘dihyd'°xY-9.10-59(0nandros!-1,3 5(10M-triena.  trctaenian v e o
dear o .. - o -
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encoding a putative protein similar to the ChoD cho- reT?mA L.:hallenglng (Tak, 1942; Brown and Peterson; ze the opening of ring B and aro-
lesterol oxidase of M. tuberculosis H37Rv (Rv3409c) 19 - d 3-HSA (3, 7-9). The subsequent
and the MSMEG_5228gene coding for a protein similar L ‘| Micwobiology (2010), 156, 1362~1371 DO 10.1089/mic.0.034538-0 17"1’0"0'1:2,3g4,10,19-hexanorandro.
to the NAD(P)-dependent cholesterol dehydrogenase/ ba '\ lﬁtg!;y%znlolym cleavage of ring Als
isomerase of Nocardia sp. The expression of the i 1(10 us)olsrtlelrec;;zdegr ading strain
MSMEG_5228 gene was inducible by cholesterol Gh » ., . L. “ d N is,rem.o e Ocac‘?gs equi, the
whereas the expression of MSMEG._1604 gene was e Cholesterol utilization in mycobacteria is controlle o ey nlf'ﬁfv:;;"tg?e‘
constitutive. When both genes were expressed in N . L
Escherichia coli only the MSMEG_5228 protein e by two TetR-type transcriptional regulators: kstR tl;{i,‘zzy;n?;ms g }E‘)”y. charac- E
was active on cholesterol. The function of ChoD-like ?f:‘ g and kStRQ s C and D, l%etaillr;% k:o"‘],)]l:é":fz]} |
MSMEG_1604 protein remains to be elucidated, but ifsi f .  to engineering strains for thegbio- g
e e i RN = gt Lol Sharon L. Kendall,' Philippa Burgess,' Ricardo Balhana,' Mike Withers, » H
¥ 1 of chol ol as a 'EG_7604  mutant . . 1 2 2 i €aled that rhodococci
was not affected in the production of chol ; 21 : Annemieke ten Bokum, J. Shaun Lott,” Chen Gao, Iria Uhia-Castro processes: asso%of:lhr:?,;b;;;sei%s]
However, a MSMEG_5228- mutant showed a drastic 20¢ i ; and Neil G. Stoker H37Rv are conserved in RHAL,
reduction in the synthesis of cholestenone. The diffeii ; : ) ‘ inary College, Centre for unction (2). M. mberculosis is the
finding that this mutant was still able to grow in thei Corresponidence, ‘Depan‘mentof Pathology anq infgctmus Dlseisis, Ehf Royiilev;:)i‘;::i‘zz :LSQ%AES&G bacterial infection, Killing 2 million
cholesterol, allowed us to demonstrate that the e Sharon L. Kendall Emerging, Ende:uc and Exotic Disease, Hawkshead Lane, Her ) ‘ le each year, and 'extensive drug
cholesterol-inducible MSMEG_5233 gene encodes 200 skendall@rvc.acuk ?Laboratory of Structural Biology and Maurice Wilkins Centre for Molecular Biodiscovery, 513 are now emerging (ref. 13 and
an additional cholesterol dehydr /i ase ol School of Biological Sciences, University of Auckland, New Zealand 11 eceg/fftloft/en/anEx.htm]), One
Similarste the Acma dehydrogen? =a.of Sterollbacte- indu : *Department of Environmental Biology, Centro de nvestigaciones Biolégicas-Consejo Superior de yeobacterial physiology that con-
rium denltriflqans. The observation that the double Apa investigaciones Cientificas, 26040 Madrid, Spain
MSMEG_5228-5233- mutant was able to grow in cho- ™
lesterol suggests that in addition to these enzymes : .
other dehydrogenase/isomerases can also catalyse grotf Mycobacterium tuberculosis is able to use a variety of carbon murées':n vivo and current ) |
the first reaction of the cholesterol degradation cult knowledge suggests that cholesterol is used as a carbon source during infection. The catabolized i
pathway in M. smegmatis, which is notthe limiting step x?lz cholssteroi is used bath as an energy source (ATP generation) ?_\”d A8 a source of precursor
of the process. reriz: i for the hesis of complex methyl-b hed fatty acids. In prevrou.fs studies, we
idar described a TetR-type transcriptional repressor, kstR, that controls the expression of a number of
Introduction :C‘L genes involved in cholesterol catabolism. In this study, we describe a second TetR-type repressor,
Cholesterol and related steroid compounds are ubiquitous zé';qi—t: which we call kstR2. We knocked this gene nlul in Mycobacterium smegmsii% and usgd .
and very abundant in the environment as part of cytoplas- seen microarrays and quantitative RT-PCR to examine the effects 0{1 ‘gsne exprefmnn. We identified
i the | a palindromic regulatory motif for KstR2, showed that this mcMils Present in fhnee promoter ‘
::r‘:: ;"'e; ,1";‘]] "'b“g/';:r: g ;gi‘:pif:s?%‘f_v&gsfgfg ;g'aﬂfﬁ’;fg:fs(f;:; Sase regions in mycobacteria and rhodocaccus, and demonstratod bmdfng of ;:‘unfled );stm to the
915 360 432. o motif. Using a combination of motif location analysis, gene expression anal ysis an the I
examination of gene conservation, we suggest that kstR2 controls the sxpression of .a\ 15 gens ‘
regufon. Like kstR, kstR2 and the kstR2 regulon are highly conserved among the actinomycetes I
and studies in rhodococcus suggest a role for these genes in cholesterol catabolism. The }

functional significance of the regulon and implications for the control of cholesterol utilization are
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o A highly conserved transcriptional repressor controls a large regulon involved in
lipid degradation in Mycobacterium smegmatis and Mycobacterium tuberculosis

 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 in M. tb.

/ an acyl-CoA dehydrogenase \

fadE34 Rv3574  Rv3575¢c

(kstR)
M. borculosis < 4
6041 6042 otsB 6044

KM. smegmatis -_ _>._- /

Molecular Microbiology
Volume 65, Issue 3, pages 684-699, 16 JUL 2007 DOI: 10.1111/j.1365-2958.2007.05827.x Kendall 4 2007
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2958.2007.05827.x/full#f3
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KstR regulates genes cluster encoding cholesterol catabolism in actinomycetes

« Transcriptomic analysis: * cluster of genes necessary for microbial steroid degradation.
* more than 83 genes in M.smeg and 74 M.tb, 18 are essential.

* Identification of a conserved motif within its own promoter (TNnnAACnnGTTnnA)

< >

MTB TCGACTTGACGGTTGATCGTTAGCACTATTAGAACACGTTCTAGTGGGC-AAGAACGCTC 237
MB TCGACTTGACGGTTGATCGTTAGCACTATTAGAACACGTTCTAGTGGGC-AAGAACGCTC 237
MM CCAACTTGACG-TTGGTCGTCTGCACTATTAGAACACGTTCTAGTAAGT-ATGAACGGTT 236
MSM TCGACTTGACGGTCGAACGCTGTCACTATTAGAACACGTTCTAGTGAG--AAGCACGGAC 172
MAP TCGACTTGACGGTCGATCACTGGCACTATTAGAACACGTTCTAGTCTCCGGTGAGCGAGT 107
NFA TTGTCTTGACTTCCGCCCGGCAGGGATATTAGAACATGTTCTAG—————— GTGTGGGAGT 208

e * * Ek i i EE I I i i * *

2.0

Palindromic motif
ThnAACNNnGTThnA

1.0

bits

00 5 10 15 20  Kendall, 2007& 2010

Van der Geize, 2007
Sequence logo

Do we have such motif in B. dorei D8 and B. dorei 17577
What are the genes induced by this motif?
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== SUENCE&IMPACT B
. . T Véronique Martin
& B. dorei D8 & B. dorei 175
Fuzznuc Fuzznuc
Bd. D8
202 - 3==Taille 199 Score 99.9 /bdd8_00467.fasta.a3m.D8.batch4.20150203.0utBK4 ===> Transcriptional regulator
192 - 1==Taille 191 Score 100.0 /bdd8_01282.fasta.a3m.D8.batch4.20150203.0utBK4 ===> TetR/AcrR family transcriptional regulator
198 - 3==Taille 195 Score 100.0 /bdd8_00441.fasta.a3m.D8.batch4.20150203.0utBK4 ===> Putative uncharacterized protein
192 - 4==Taille 188 Score 100.0 /bdd8_01261.fasta.a3m.D8.batch4.20150203.0utBK4 ===> Putative transcriptional regulator
203- 4==Taille 199 Score 100.0 /bdd8_01039.fasta.a3m.D8.batch4.20150203.0utBK4 ===> Putative transcriptional regulator
5 putative -or annotated- transcriptional regulators
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

6 putative -or annotated- transcriptional regulator

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



