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Introduction

The number of people suffering from obesity has increased in recent decades [START_REF] Ng | Global, regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013[END_REF]. It has been well established that the gut microbiota contributes to the development of human metabolic disorders such as obesity [START_REF] Ley | Microbial ecology: human gut microbes associated with obesity[END_REF][START_REF] Million | Obesity-associated gut microbiota is enriched in Lactobacillus reuteri and depleted in Bifidobacterium animalis and Methanobrevibacter smithii[END_REF]. Bariatric surgery is the most effective treatment for morbid obesity. It induces a sustainable weight loss, improves complications related to obesity, and increases the diversity of the gut flora [START_REF] Kong | Gut microbiota after gastric bypass in human obesity: increased richness and associations of bacterial genera with adipose tissue genes[END_REF][START_REF] Zhang | Human gut microbiota in obesity and after gastric bypass[END_REF].

We conducted a study comparing the gut microbiota from obese patients before and after bariatric surgery using a new microbial high-throughput culture approach known as culturomics [START_REF] Lagier | The rebirth of culture in microbiology through the example of culturomics to study human gut microbiota[END_REF]. This new approach makes it possible to isolate and describe the living microbial diversity of any environmental and clinical sample. Using culturomics, we isolated a new anaerobic bacterium, strain AT11 T , from a stool sample harvested following bariatric surgery. The discovery of this bacterium has been previously reported as a new species announcement without a thorough description [START_REF] Togo | Eisenbergiella massiliensis', a new species isolated from human stool collected after bariatric surgery[END_REF].

Herein, strain AT11 T was analyzed by a polyphasic approach in order to describe it as a new bacterial taxon. This combines phenotypic characteristics, the matrix laser desorption ionization-time of flight mass spectrometry (MALDI-TO MS) spectrum, and genomic properties known as taxono-genomics [START_REF] Ramasamy | A polyphasic strategy incorporating genomic data for the taxonomic description of novel bacterial species[END_REF].

Here, we propose a classification and a set of phenotypic, chemical, and chemotaxonomic characteristics of a new bacterial species: strain AT11 T , which belongs to the genus Eisenbergiella [START_REF] Amir | Eisenbergiella tayi gen. nov., sp. nov., isolated from human blood[END_REF], together with the description of the complete genome sequencing, annotation, and genomic comparison. To date, this genus includes only one species Eisenbergiella tayi, the type strain B086562 T (= LMG 27400 T = DSM 26961 T = ATCC BAA-2558 T ) as reported in List of Prokaryotic Names with Standing in Nomenclature (http://www.bacte rio.net/rumin ococc us.html).

Materials and Methods

Ethics and Sample Collection

Once informed consent had been obtained, stool samples were collected before and after surgery. These samples were obtained from a 56-year-old obese French woman following bariatric surgery on April 27, 2011. All samples were stored at -80 °C before culturing. The study and the assent procedure were approved by the local ethics committee of IFR 48, under ascent number 09-022, 2010.

Isolation and Identification of the Strain

Strain AT11 T was first grown on July 22, 2015. One gram of stool was pre-incubated in BD BACTEC™ Lytic/10 Anaerobic/F Culture Vials media culture bottles (Becton, Dickenson and Company, Le Pont de Claix, France) enriched with 4 ml of filtered rumen juice and 4 ml of sheep blood. The pre-incubated product was cultured on 5% sheep blood-enriched Columbia agar (bioMérieux, Marcy l'Etoile, France) as described elsewhere [START_REF] Togo | Noncontiguous finished genome sequence and description of Paenibacillus ihumii sp. nov. strain AT5[END_REF]. This strain was isolated 21 days after pre-incubation. The resulting colonies were then identified using MALDI-TOF mass spectrometry (Bruker Daltonics, Leipzig, Germany) as previously described [START_REF] Seng | Ongoing revolution in bacteriology: routine identification of bacteria by matrix-assisted laser desorption ionization time-of-flight mass spectrometry[END_REF]. When the spectra of a bacterium are not identified by MALDI-TOF MS screening, 16S rRNA gene amplification and sequencing is performed.

Phylogenetic Analysis

The 16S rRNA gene amplification PCR and sequencing were performed using GeneAmp PCR System 2720 thermal cyclers (Applied Bio systems, Bedford, MA, USA) and ABI Prism 3130xl Genetic Analyzer capillary sequencer (Applied Bio systems), respectively, as described by Drancourt et al. [START_REF] Drancourt | 16S ribosomal DNA sequence analysis of a large collection of environmental and clinical unidentifiable bacterial isolates[END_REF]. The CodonCode Aligner was used to correct sequences and BLASTn searches were performed on the NCBI (National Centre for Biotechnology Information) web server at http://blast .ncbi.nlm.nih.gov.gate1 .inist .fr/Blast .cgi for the taxonomic assignation. Pairwise sequence similarities were calculated using the method recommended by Meier-Kolthoff et al. [START_REF] Meier-Kolthoff | When should a DDH experiment be mandatory in microbial taxonomy?[END_REF] and as described previously [START_REF] Togo | Fournierella massiliensis, gen. nov., sp. nov., a new human-associated member of the family Ruminococcaceae[END_REF]. Sequences were aligned using ClustalW with default parameters and phylogenies were inferred using the GGDC web server available at http://ggdc.dsmz.de/ using the DSMZ phylogenomics pipeline.

Phenotypic, Biochemical, and Chemotaxonomic Characterization

Different growth temperatures (room temperature, 28, 37, 45, and 55 °C) were tested on sheep blood-enriched Columbia agar (bioMérieux) under anaerobic conditions using GENbag anaer system (bioMérieux), microaerophilic conditions using GENbag microaer system (bioMérieux), and aerobic conditions, with or without 5% CO 2 .

Phenotypic and biochemical characteristics were performed as described elsewhere [START_REF] Togo | Noncontiguous finished genome sequence and description of Paenibacillus ihumii sp. nov. strain AT5[END_REF]. In addition to the three API gallery systems (API® ZYM, API® 20A, and API® 50 CH) usually used in our laboratory, API® Rapid ID 32A gallery system was added and the tests were done according to the manufacturer's instructions (bioMérieux).

E test strips for Amikacin 0.016-256 µg/ml, Vancomycin 0.016-256 µg/ml, Imipenem 0.002-32 µg/ml, Ceftriaxone 0.016-256 µg/ml, Rifampicin 0.002-32 µg/ml, Benzyl penicillin 0.002-32 µg/ml, Amoxicillin 0.016-256 µg/ml, Minocycline 0.016-256 µg/ml, Teicoplanin 0.016-256 µg/ ml, Erythromycin 0.016-256 µg/ml, and Daptomycin 0.016-256 µg/ml (bioMérieux) were used for the antimicrobial agent susceptibility of strain AT11 T as recommended by EUCAST [START_REF] Citron | Evaluation of the E test for susceptibility testing of anaerobic bacteria[END_REF][START_REF] Matuschek | Development of the EUCAST disk diffusion antimicrobial susceptibility testing method and its implementation in routine microbiology laboratories[END_REF]. Breakpoint tables for the interpretation of MICs and inhibition zone diameters, version 7.1, 2017, were used to interpret the results: these are available at http:// www.eucas t.org.

Cellular fatty acid methyl ester (FAME) analysis of this was then performed using gas chromatography/mass spectrometry (GC/MS) as described by Dione et al. [START_REF] Dione | Genome sequence and description of Anaerosalibacter massiliensis sp[END_REF].

Genome Sequencing and Assembling

The genomic DNA of strain AT11 T was sequenced and assembled as described in previous studies [START_REF] Togo | Fournierella massiliensis, gen. nov., sp. nov., a new human-associated member of the family Ruminococcaceae[END_REF]. It was quantified by a Qubit assay using the high sensitivity kit (Life Technologies, Carlsbad, CA, USA) to 107.7 ng/µl and mechanically sheared with a circular shear to small fragments with an optimal length of 1401 bp using the Covaris device S2 in T6 tubes (Covaris, Woburn, MA, USA). A High Sensitivity Bioanalyzer LabChip (Agilent Technologies Inc, Santa Clara, CA, USA) was used to visualize the library profile and the final concentration library was measured at 34.4 nmol/l. The libraries were then normalized and pooled at 2 nM. After a denaturation step and dilution at 15 pM, the pool of libraries was loaded onto the reagent cartridge and then onto the instrument along with the flow cell. Automated cluster generation and a sequencing run were performed in a single 2 × 251-bp run. A total of 5.6 Gb of information was obtained from the 589 K/ mm 2 cluster density with a cluster passing quality control filters of 96.1% [START_REF] Käll | A combined transmembrane topology and signal peptide prediction method[END_REF]444,000 passing filter paired reads). Within this run, the index representation for strain AT11 T was determined to 6.46%. The 697,439 paired reads were trimmed and assembled.

Genome Annotation and Comparison

Open reading frames (ORFs) were predicted using Prodigal [START_REF] Hyatt | Prodigal: prokaryotic gene recognition and translation initiation site identification[END_REF] with default parameters but the predicted ORFs were excluded if they were spanning a sequencing gap region (contain N). The predicted bacterial protein sequences were searched again the Clusters of Orthologous Groups (COG) using BLASTP with an E value of 1e -03 , coverage of 0.7, and a percent identity of 30%. If no hit was found, a search was conducted against the Nucleotide Redundant (NR) database using the same parameters. If the length of sequence was smaller than 80 amino acids, a 1e -05 E value was used. The tRNAScanSE tool [START_REF] Lowe | tRNAscan-SE: a program for improved detection of transfer RNA genes in genomic sequence[END_REF] was used to find tRNA genes, while ribosomal RNAs were found by using RNAmmer [START_REF] Lagesen | RNAmmer: consistent and rapid annotation of ribosomal RNA genes[END_REF]. Lipoprotein signal peptides and the number of transmembrane helices was predicted using Phobius [START_REF] Käll | A combined transmembrane topology and signal peptide prediction method[END_REF]. ORFans were identified if all the BLASTP performed gave no positive results with an value smaller than 1e -03 for ORFs with a sequence size larger than 80 amino acid or an E value smaller than 1e -05 for ORFs with a sequence length smaller than 80 amino acids. Paralog genes were defined by blasting each protein gene against all protein genes of this genome. For pseudogenes, the first step was to define the closed species genomes used for comparison analysis. Then, the potential missing genes in the genomes of interest were identified. All processes of annotation and comparison were performed using the Multi-Agent Software System DAGOBAH [START_REF] Gouret | Integration of evolutionary biology concepts for functional annotation and automation of complex research in evolution: the multi-agent software system DAGOBAH[END_REF] that includes Figenix [START_REF] Gouret | FIGENIX: intelligent automation of genomic annotation: expertise integration in a new software platform[END_REF]. Genomic similarity was evaluated via digital DNA-DNA hybridization (dDDH) using the Genome to Genome Distance Calculator (GGDC) 2.1-DSM web service (http:// ggdc.dsmz.de/ggdc.php).

The species used for genomic comparison were retrieved from the 16S rDNA gene tree. The following strains were selected: Blautia producta strain ATCC 27340 T (ARET00000000) [START_REF] Ezaki | 16S ribosomal DNA sequences of anaerobic cocci and proposal of Ruminococcus hansenii comb. nov. and Ruminococcus productus comb[END_REF][START_REF] Liu | Reclassification of Clostridium coccoides, Ruminococcus hansenii. Ruminococcus hydrogenotrophicus, Ruminococcus luti, Ruminococcus productus and Ruminococcus schinkii as Blautia coccoides gen. nov., comb. nov., Blautia hansenii comb. nov., Blautia hydrogenotrophica comb. nov., Blautia luti comb. nov., Blautia producta comb. nov., Blautia schinkii comb. nov. and description of Blautia wexlerae sp. nov., isolated from human faeces[END_REF][START_REF] Rettedal | Cultivation-based multiplex phenotyping of human gut microbiota allows targeted recovery of previously uncultured bacteria[END_REF], Eisenbergiella tayi strain B086562 T (MCGH00000000) [START_REF] Amir | Eisenbergiella tayi gen. nov., sp. nov., isolated from human blood[END_REF][START_REF] Bernard | Characterization of isolates of Eisenbergiella tayi, a strictly anaerobic gram-stain variable bacillus recovered from human clinical materials in Canada[END_REF], Anaerostipes hadrus strain DSM 3319 T (AMEY00000000) [START_REF] Kant | Genome sequence of the butyrate producing Anaerobic bacterium Anaerostipes hadrus PEL 85[END_REF], Parasporobacterium paucivorans strain DSM 15970 T [START_REF] Lomans | Obligate sulfide-dependent degradation of methoxylated aromatic compounds and formation of methanethiol and dimethyl sulfide by a freshwater sediment isolate, Parasporobacterium paucivorans gen. nov., sp[END_REF], Eubacterium ruminantium strain ATCC 17233 T (GCA900167085) [START_REF] Bryant | Bacterial species of the rumen[END_REF], Clostridium bolteae strain WAL 16351 T (AGYH00000000) [START_REF] Song | Clostridium bolteae sp. nov., isolated from human sources[END_REF], and Clostridium clostridioforme strain ATCC 25,537 (GCA900113155) [START_REF] Kaneuchi | Taxonomic Study of Bacteroides clostridiiformis subsp. clostridiiformis (Burri and Ankersmit) Holdeman and Moore and of Related Organisms: Proposal of Clostridium clostridiiformis (Burri and Ankersmit) comb. nov. and Clostridium symbiosum (Stevens) comb. nov[END_REF]. For each selected strain, the complete genome sequence was retrieved from the FTP of NCBI (National Center for Biotechnology Information). The proteome was analyzed using proteinOrtho [START_REF] Lechner | Proteinortho: detection of (co-)orthologs in large-scale analysis[END_REF]. For each couple of genomes, a similarity score was then computed.

Accession Numbers

The 16S rRNA gene sequence and whole-genome shotgun sequence of strain AT11 T were deposited in EMBL-EBI under accession numbers LN881600 and OEZA00000000, respectively. The Digital Protologue database TaxonNumber for strain AT11 T is TA00401. 

Results and Discussion

Phylogenetic Analysis

The spectrum generated from strain AT11 T spots did not match those of Bruker and our in-house database (Supplementary Fig. 1) available at http://www.medit erran ee-infec tion.com/artic le.php?laref =933&titre =c-d-e. This new strain exhibited 97.76% nucleotide sequence similarity with Eisenbergiella tayi, the closest species with standing in nomenclature according to the 16S rDNA sequence analysis. Figure 1 presents the neighbor-joining phylogenetic tree (Fig. 1) based on 16S rRNA gene sequences and shows the relationships between strain AT11 T and some related taxa. This sequence of the strain was deposited in EMBL-EBI under accession number LN881600.

Phenotypic and Biochemical Characterization

Strain AT11 T is strictly anaerobic, its growth temperature was between 28 and 45 °C, and optimal growth was observed at 37 °C. Colonies appeared light gray in color and exhibited an irregular form with a diameter between 0.5 and 1.5 mm after 72 h of culture on Columbia agar with 5% sheep blood (bioMérieux). No growth was observed above 5 g/l (10-100 g/l) salt on Schaedler agar with 5% sheep blood (bioMérieux). Cells were Gram-negative, non-motile, non-spore-forming, catalase positive, and rod shaped, measuring 1-3 µm in length and 0.4-0.5 µm wide using electron microscopy (Supplementary Fig. 2). The negativity of Gram staining was confirmed by the positive KOH test, but the strain had a positive Gram structure in electron microscopy. The characteristics of strain AT11 T , according to API® gallery systems (50 CH, 20A, Zym and Rapid ID 32A), along with those of the closest species, Eisenbergiella tayi strain B086562 T , are listed in Supplementary Table 1 and the differences between these two species are presented in Table 1.

acid was the most abundant fatty acid (63%), followed by saturated and unsaturated C 18 fatty acids representing approximately (33%) of total relative abundance. The fatty acid profiles of strain AT11 T and the closest strain E. tayi B086562 T are shown in Table 2.

Antimicrobial agent susceptibility was tested according to the EUCAST recommendations leading to the following MIC results: 32, 0.5, 0.125, 1.6, 0.064, 0.38, 0.5, 0.5, and 0.125 µg/ml, respectively, for Amikacin, Vancomycin, Imipenem, Ceftriaxone, Rifampicin, Benzyl penicillin, Amoxicillin, Minocycline, and Teicoplanin. function by COGs or by NR BLAST. 130 genes were identified as ORFans (2.13%). The remaining 1525 genes (24. 94%) were annotated as hypothetical proteins. Two genes associated with Vancomycin (Vancomycin B-type resistance protein, VanW) resistance and 20 genes associated with beta-lactamase resistance were found using the RAST web server [START_REF] Overbeek | The SEED and the rapid annotation of microbial genomes using subsystems technology (RAST)[END_REF]. The remaining 1525 genes (24.94%) were annotated as hypothetical proteins.

Genome Comparison

The draft genome sequence of strain AT11 T (7.11 MB) is larger in size than those of C. bolteae, B. producta, C. clostridioforme, Eubacterium ruminantium, and A. hadrus (6.38, 6.09, 5.46, 2.84, and 2.77 MB, respectively) but almost equal to that of E. tayi (7.15). Its G+C (48%) content is lower than that of C. clostridioforme and C. bolteae (49 and 49.6%, respectively), but higher than that of E. tayi, B. producta, Eubacterium ruminantium, and A. hadrus (46.3, 45.7, 37.2, and 37.2, respectively). Its gene content (6114) is higher than that of C. bolteae, B. producta, C. clostridioforme, A. hadrus, and Eubacterium ruminantium (5892, 5666, 5376, 2716, and 2533, respectively) but lower than that of E. tayi at 6156. The distribution of genes into COG categories was not entirely similar in all compared genomes (Fig. 3). The average genomic identity of orthologous gene sequences (AGIOS) values ranged from 61.7% between C. bolteae and Eubacterium ruminantium to 90.8% between C. bolteae and C. clostridioforme among compared species without strain AT11 T (Supplementary Table 2). When strain AT11 T was included in the comparison, these values ranged from 62.2% with Eubacterium ruminantium to 78.4% with E. tayi (Supplementary Table 2). The dDDH values for strain AT11 T ranged from 19.5% with A. hadrus to 34.4% with C. clostridioforme (Supplementary Table 3) with a probability of error of ± 2%. These values are very low and below the cutoff of 70%, thus also confirming that this strain is a new species.

Based on the phenotypic, chemotaxonomic, genomic, and phylogenetic characteristics, a novel bacterium isolated from the stool sample of a morbidly obese French woman, under the name Eisenbergiella massiliensis sp. nov., is proposed. The type strain is AT11 T = DSM 100838 T = CSUR P2478 T .

Description of Eisenbergiella massiliensis sp. nov

Eisenbergiella massiliensis (mas.si.li.en'sis. L. fem. adj. massiliensis, of Massilia, the Latin name for Marseille). It is a strictly anaerobic bacterium which grows at a mesothermal temperature of 37 °C. The colonies grown on Columbia agar with 5% enriched sheep blood are light gray, non-hemolytic, and irregular with a diameter of 0.5 mm. 

Fig. 1

 1 Fig. 1 Phylogenetic tree based on 16S rRNA sequence comparison highlighting the position of strain AT11 T against other most closely related type strains. The scale bar represents a 2% nucleotide sequence divergence

Fig. 2 Fig. 3

 23 Fig.2Graphical circular map of the genome of strain AT11 T : From outside to the center: Contigs (red/gray), Clusters of Orthologous Groups (COGs) category of genes on the forward strand (three cir-

  

Table 2

 2 Cellular fatty acid composition (%) of strain AT11 T compared to its closest neighbor Eisenbergiella tayi strain B086562 T ND Not detected a Data for E. tayi were obtained from Amir et al.[START_REF] Ng | Global, regional, and national prevalence of overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013[END_REF] -xylose, L-arabinose, L-rhamnose, L-sorbose, potassium 5-cetogluconate, and salicin. Urease and indole are not produced, gelatin was not liquefied and nitrate was not reduced, although esculin was hydrolyzed. The major cellular fatty acids detected were C 16:0 (62.7%) and C 18:1n9 (10.3%). Its genome, consisting of one chromosome, is 7,114,554 bp in length with 48% of G+C content. The type strain AT11 T = CSUR P2478 T = DSM 100838 T was isolated from the stool sample of a French morbidly obese woman following bariatric surgery.

	Fatty acid	Name	Strain AT11	E. tayi a
	C 16:0	Hexadecanoic acid	62.7	45.4
	C 18:1n9	9-Octadecenoic acid	10.3	14.8
	C 18:1n5	13-Octadecenoic acid	9.2	ND
	C 18:0	Octadecanoic acid	7.8	12.8
	C 18:2n6	9,12-Octadecadienoic acid	4.4	1.3
	C 18:1n7	11-Octadecenoic acid	1.6	3.2
	C 17:0	Heptadecanoic acid	1.5	ND
	C 15:0	Pentadecanoic acid	< 1	< 1
	C 14:0	Tetradecanoic acid	< 1	6.3
	C 16:1n7	9-Hexadecenoic acid	< 1	ND
	C 20:4n6	5,8,11,14-Eicosatetraenoic acid	< 1	ND
	9,10-Methylene-C 16:0	2-Hexyl-cyclopropaneoctanoic acid	< 1	ND
	Iso-C 16:0	14-Methyl-pentadecanoic acid	< 1	ND
	Iso-C 15:0	13-Methyl-tetradecanoic acid	< 1	ND
	C16: 0 2-OH	2-Hydroxyhexadecanoic acid	ND	1.6
	C 17:2	Heptadecadienoic acid	ND	11.6
	C 13:1 cis 12	12-Tridecanoic acid	ND	2.1
	Anteiso-C 15:0	12-Methyl-tetradecanoic acid	ND	< 1

D-raffinose, D-saccharose, D-tagatose, D-trehalose, dulcitol, D
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Genome Properties

The genome deposited in EMBL-EBI under accession number OEZA00000000 (Fig. 2) is 7,114,554 bp long with 48% GC content. It is composed of 19 contigs consisting of 17 scaffolds. Of the 6176 predicted genes, 6114 were proteincoding genes and 62 were RNAs (two 5S rRNA genes, two 16S rRNA genes, two 23S rRNA genes, 56 tRNA genes). A total of 4321 genes (70.67%) were assigned a putative