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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.

--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 Thomas Lacroix

  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 175 T & B. dorei D8 genomes • Compare each protein with a bank of cholesterol oxidase « Enzyme A » to be assessed ✪ B. dorei 175 T 99.9 % 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 175 T with Bank1 and Bank2 Sorted by Prob > 95 and size cut off > 50 amino acid residues ✪ B. dorei D8 99.4 % aa bacdor_01751.fasta.a3m.hhm.out.hhmakeBK1 à Hypothetical protein 99.1 % aa bacdor_01928.fasta.a3m.hhm.out.hhmakeBK1 à L-aspartate oxidase 99.1 % aa bacdor_02089.fasta.a3m.hhm.out.hhmakeBK1 à Succinate Dehydrogenase flavoprotein 97.5 % aa bacdor_03886.fasta.a3m.hhm.out.hhmakeBK1 à Pyridine nucleotide oxido reductase ✪ B. dorei 175 T 99.9 % 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 175 T 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 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 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 > 95 and size cut off > 50 amino acid residues ✪ B. dorei D8 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 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 % aa bacdor_01751.fasta.a3m.hhm.out.hhmakeBK1 à Hypothetical protein 99.1 % aa bacdor_01928.fasta.a3m.hhm.out.hhmakeBK1 à L-aspartate oxidase 99.1 % aa bacdor_02089.fasta.a3m.hhm.out.hhmakeBK1 à Succinate Dehydrogenase flavoprotein 97.5 % aa bacdor_03886.fasta.a3m.hhm.out.hhmakeBK1 à Pyridine nucleotide oxido reductase ✪ B. dorei 175 T 99.9 % 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 175 T 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.

  99.4 % aa bacdor_01751.fasta.a3m.hhm.out.hhmakeBK1 à Hypothetical protein 99.1 % aa bacdor_01928.fasta.a3m.hhm.out.hhmakeBK1 à L-aspartate oxidase 99.1 % aa bacdor_02089.fasta.a3m.hhm.out.hhmakeBK1 à Succinate Dehydrogenase flavoprotein 97.5 % aa bacdor_03886.fasta.a3m.hhm.out.hhmakeBK1 à Pyridine nucleotide oxido reductase ✪ B. dorei 175 T 99.9 % 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 175 T with Bank1 and Bank2 99.9 % 172 aa bdd8_003618.fasta.a3m.hhm.out.hhmakeBK2 à UDP-N-acetylenolpyruvoylglucosamine reductase 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

•Fragments

  Ions detection corresponding to COPROSTANOL • DIMS-MS/MS method in positive ionisation mode 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 175 T & 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 -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 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 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

✪

  Zoom out analysis using InsyghtAnalyse 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
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  Ions detection corresponding to COPROSTANOL • DIMS-MS/MS method in positive ionisation mode Ions detection corresponding to COPROSTANOL • DIMS-MS/MS method in positive ionisation mode

										E. Coprostanoligenes					
																			Catherine. Juste
	•																		Fabienne Beguet-Crespel
	Samples resuspended in 500 µL of Chloroform/ Methanol (50/50)					
	Diluted to 1/100eme before analysis										
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																			[M+H-H2O]+
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	100																		
															?				
				109.10130								283.26259			
																	[M+H-H2O]+ : 371.3677
		81.07027																
	Relative Abundance Relative Abundance	163.14780 Fragments typical of cholesterol derivatives 135.11664 123.11678 149.13224					388.39 [M+NH4-H2O]+ 371.36634 389.34 [M+NH4]+ [M+H-NH3]+ [M+H-H2O]+
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✪ Direct introduction of the COPROSTANOL standard by DIMS-MS/MS

Fragments typical of cholesterol derivatives
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Strategy

Score analysis

Hits prediction

Coarse-grained filtering of sequence candidates. What are the genes induced by this motif?

• cluster of genes necessary for microbial steroid degradation.

• more than 83 genes in M.smeg and 74 M.tb, 18 are essential.

Evidence of a Palindromic motif :

Palindromic motif TnnAACnnGTTnnA

• Transcriptomic analysis:

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