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The strain GD9" is the type strain of the newly proposed species Blautia massiliensis sp. nov., belonging to
the family Lachnospiraceae. It was isolated from a fresh stool sample collected from a healthy human
using the culturomics strategy. Cells are Gram-negative rods, oxygen intolerant, non-motile and non-
spore forming. The 165 rRNA gene sequencing showed that strain GD9” was closely related to Blautia
luti, with a 97.8% sequence similarity. Major fatty acids were C14:0 (19.8%) and C16:0 (53.2%). Strain GDOT

exhibits a genome of 3,717,339 bp that contains 3,346 protein-coding genes and 81 RNAs genes including
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63 tRNAs. The features of this organism are described here, with its complete genome sequence and
annotation. Compared with other Blautia species which are Gram positive, the strain was Gram negative
justifying an emended description of the genus Blautia.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The description of the human gut microbiota as detailed in the
Human Microbiome Project [1] is an important concern for mi-
crobiologists, because of its importance to humans (53% of human-
linked species were cultivated from the gut [2]) and its potential
link to diseases, such as chronic inflammatory bowel disease [3—6].
The use of molecular tools with pyrosequencing is a widespread
approach, but suffers from several biases including an extraction
bias or the detection of the most abundant species, thus neglecting
minority but important species (the ‘depth’ bias). The combination
of cultivation methods in tandem with pyrosequencing has been
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demonstrated to be successful in the isolation of novel taxa [7,8].
The species described here was isolated from fresh human stool of a
healthy volunteer using the anaerobic conditions of the culturo-
mics approach. The species belongs to Blautia, a genus including 13
species, proposed by Liu et al. [9]. Million et al. [10] had previously
shown that malnutrition was linked to a decrease of the relative
abundance of the Blautia genus in the human gut. Here, we describe
the type strain GD9 of the species for which we propose the name
Blautia massiliensis (=CSUR P2132, = DSM 101187).

2. Materials and methods
2.1. Ethics and sample collection
The stool specimen was collected at La Timone hospital in

Marseille (France) in April 2015 from a 28-year-old healthy French
male (BMI 23.2 kg/m?), without current treatment. Informed and
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Abbreviations

URMITE Unité de Recherche sur les Maladies Infectieuses et
Tropicales Emergentes

CSUR  Collection de Souches de I'Unité des Rickettsies

DSM Leibniz Institute DSMZ-German Collection of
Microorganisms and Cell Cultures, Braunschweig,
Germany

ATCC American Type Culture Collection

MALDI-TOF MS Matrix-assisted laser-desorption/ionization

time-of-flight mass spectrometry

FAME  Fatty Acid Methyl Ester

GC/MS Gas Chromatography/Mass Spectrometry

TE buffer Tris-EDTA buffer

AGIOS  Average Genomic Identity Of the gene Sequence
GGDC  Genome-to-Genome Distance Calculator
dDDH  digital DNA:DNA hybridization

signed consent, approved by the Institut Fédératif de Recherche 48
(Faculty of Medicine, Marseille, France), was obtained under
agreement number 09-022.

2.2. Isolation, identification and growth conditions of the strain

The stool specimen was directly inoculated on Columbia agar
supplemented with sheep blood (Cos) after dilutions, and then
incubated at 37 °C in anaerobic conditions. Subculturing was per-
formed on days one, two, five and ten on Cos at 37 °C. Identification
was performed using MALDI-TOF MS, comparing the spectrum
with our database (which includes the Bruker database and our
own collection), as previously described [11]. When the identifi-
cation failed (score < 1.7), the 16S rRNA gene was amplified and
sequenced, as previously described [12]. The 16S rRNA sequence
was compared to the nucleotide database using the BLAST simi-
larities web-service. In case of a sequence similarity value lower
than 98.65%, the species was suspected to be novel, albeit without
performing DNA-DNA hybridization, as previously suggested
[13,14]. Characterization of growth conditions was tested as pre-
viously described [11]. Sporulation and different culture conditions
were tested in order to determine the best culture conditions [15].

2.3. Morphological and biochemical characterization

Morphological characterization was first performed by micro-
scopic observation of Gram staining and motility of the fresh
sample. Negative staining was performed after bacterial fixation in
glutaraldehyde 2.5%. This solution was deposited on carbon for-
mvar film incubated for one second on ammonium molybdate 1%,
dried on blotting paper and finally observed using TECNAI G20
transmission electron microscope (FEI Company, Limeil-Brevannes,
France) at an operating voltage of 200 keV. Biochemical features,
such as oxidase, catalase, API 20A, API ZYM and 50CH galleries
(Biomerieux, Marcy I'Etoile, France) were investigated, according to
the manufacturer's instructions. Cellular FAME analysis was per-
formed by GC/MS. Two samples were prepared with approximately
30 mg of bacterial biomass per tube harvested from several culture
plates, grown under anaerobic conditions on Cos agar for 48 h.
FAME were prepared as described previously [16]. GC/MS analyses
were carried out as described before [17]. Briefly, fatty acid methyl
esters were separated using an Elite 5-MS column and monitored
by mass spectrometry (Clarus 500 - SQ 8 S, Perkin Elmer,

Courtaboeuf, France). Spectral database search was performed us-
ing MS Search 2.0 operated with the Standard Reference Database
1A (NIST, Gaithersburg, USA) and the FAMEs mass spectral database
(Wiley, Chichester, UK). The profile obtained was compared to
Blautia faecis M25", Blautia stercoris GAM6-17, Blautia coccoides
DSM 935", Blautia hansenii DSM 20583", Blautia schinkii DSM
10518", Blautia obeum DSM 25238, and Blautia glucerasea DSM
220287 [18].

2.4. Antibiotic susceptibility

The susceptibility to classical antibiotics was tested with the
diffusion method according to CASFM/Eucast 2015 recommenda-
tions for fastidious anaerobes [19]. A suspension of 1 McFarland of
species was grown on Wilkins-Chalgren agar (Sigma Aldrich,
Steinheim, Germany) supplemented with 5% sheep blood. In-
cubations were performed under anaerobic conditions at 37 °C and
reading was done after 48 h using Sirscan system® (i2a, Mont-
pellier, France). Inhibition diameters were controlled by manual
measurement using a ruler.

2.5. Genome sequencing, annotation and comparison

The strain GD9" was cultivated on Cos at 37 °C under anaerobic
atmosphere and then resuspended in 400 uL of TE buffer. Then,
200 pL of this suspension was diluted in 1 ml TE buffer for lysis
treatment that included a 30 min incubation with 2.5 pg/uL lyso-
zyme at 37 °C, followed by an overnight incubation with 20 pg/uL
proteinase K at 37 °C [20]. Extracted DNA was then purified using
three successive phenol-chloroform extractions and ethanol pre-
cipitations at —20 °C overnight. After centrifugation, the DNA was
resuspended in 160 pL TE buffer. Quantification and sequencing of
the whole genome was done on the MiSeq Technology (Illuminalnc,
San Diego, CA, USA) with the mate pair strategy as previously
described [21]. The open reading frames (ORFs) were predicted
using Prodigal [22] 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 against the Clusters of Orthologous Groups (COG) using
BLASTP (E-value 1e-03, coverage 0.7 and identity percent 30%). If no
hit was found, a search was performed against the NR database
using BLASTP with an E-value of 1e~93 coverage 0.7 and an identity
percent of 30%. If the sequence lengths were smaller than 80 amino
acids, we used an E-value of 1e 9. The tRNAScanSE tool [23] was
used to find tRNA genes, whereas ribosomal RNAs were found using
RNAmmer [24]. Lipoprotein signal peptides and the number of
transmembrane helices were predicted using Phobius [25]. ORFans
were identified if all the performed BLASTP did not give positive
results (E-value smaller than 1e~% for ORFs with sequence size
greater than 80 aa or E-value smaller than 1e~%> for ORFs with
sequence length smaller than 80 aa). Such parameter thresholds
have already been used in previous works to define ORFans [26,27].
For each selected genome, the complete genome sequence, prote-
ome genome sequence and ORFeome genome sequence were
retrieved from the FTP of NCBI. All proteomes were analyzed with
proteinOrtho [28]. Then, for each genomes pair, a similarity score
was computed. This score is the mean value of nucleotide similarity
between all pairs of orthologues between the two genomes studied
(AGIOS) [29]. An annotation of the entire proteome was performed
to define the distribution of the functional classes of predicted
genes according to the clusters of orthologous groups of proteins
(using the same method as for the genome annotation). Annotation
and comparison of genome size, G + C content, and gene content
with other close species were performed in the Multi-Agent soft-
ware system DAGOBAH [30], that include Figenix libraries. To
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assess the affiliation of our novel strain to the type strains of known
species with available genome, the Genome-to-Genome Distance
Calculator web service was used to calculate digital DNA:DNA hy-
bridization estimates (dDDH) with confidence intervals under
recommended settings (Formula 2, BLAST+) [31,32].

3. Results and discussion
3.1. Classification and features

The first isolation of type strain GD9' occurred after direct
inoculation of fresh stool on Cos agar, without enrichment into
blood bottles. The MALDI-TOF spectrum neither matched against
our database nor Brucker's one (Supplementary Fig. 1). The 16S
rRNA gene is 1,493bp long (accession number: AA00076 from 16S
[HU bank, LN890282 from EBI Sequence Database), with BLASTN
search against reference sequences indicating Blautia [uti DSM
145347 (NR_041960) as the most closely cultured species at 97.8%
(Fig. 1) [33]. The pairwise comparison of our strain with all type
strains of the genus Blautia is represented in Table 1. Close species
on the basis of 16S rRNA tree and their presence into our MALDI-
TOF spectrum database were compared at the protein level with
B. massiliensis GD9" and represented in a gel view (Fig. 2).

Optimal growth was at 37 °C after 48 h under anaerobic con-
ditions. Colonies appeared to be smooth, white, non-hemolytic,
non-motile, non spore-forming and 1 mm in size. Optical

.
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microscopic observation showed bacilli with Gram-negative
staining (Supplementary Fig. 2). Electronic microscopy showed
small rods of about 1 um (Supplementary Fig. 3). Classification of
the strain and main characteristics are presented in Table 2.

We observed no production reaction for catalase and oxidase.
Using API 20A, positive reactions were found with p-Glucose, D-
Mannitol, p-Lactose, p-Saccharose, b-Maltose, Salicine, p-Xylose, L-
Arabinose, Esculine, Glycerol, p-Cellobiose, p-Mannose, b-Melezi-
tose, p-Raffinose, D-Sorbitol, i-Rhamnose and p-Trehalose. Using
API ZYM strips, positive reactions were observed with a-Galacto-
sidase, p-Galactosidase, a-Glucosidase and B-Glucosidase. Using
API 50CH strips, positive reactions were found with Erythritol, p-
Arabinose, p-Ribose, 1-Xylose, .-Rhamnose, Dulcitol, N-Acetylglu-
cosamine, Amygdaline, Arbutine, Inuline, Amidon, Glycogene,
Gentiobiose, p-Lyxose, p-Tagatose, p-Fucose, 1-Fucose, Potassium
Gluconate and Potassium 5-Cetogluconate. A comparison of
phenotypic and biochemical characteristics was made with other
representatives of the family Lachnospiraceae (Table 3). The major
fatty acids found for this strain were C16:0 (53%) and C14:0 (20%).
Saturated fatty acids were the most abundant and represented 83%
of the fatty acids found (Table 4). The cellular fatty acids of Blautia
massiliensis GD9' were compared with the profiles of 7 other spe-
cies of the genus Blautia retrieved from the literature: B. faecis
M257, B. stercoris GAM6-1", B. coccoides DSM 9357, B. hansenii DSM
20583", B. schinkii DSM 10518', B. obeum ATCC 29174, and
B. glucerasea DSM 22028T (profiles described by Park et al., 2013

Blautia faecis M25" (HM626178)
Blautia glucerasea DSM 220287 (AB439724)
75 Blautia obeurn DSM 252387 (X85101)
100 ' Ruminococcus obeum ATCC 29174 (X85101.1)
Blautia schinkii Bie 417 (X94964)
Blautia wexlerae WAL 145077 (EF036467)
58 _!——Blautia massiliensis GD9' (LN890282)
59| 100 Blautia luti DSM 145347 (AJ133124)
Blautia stercoris GAM6-1" (HM626177)
97| [ Blautia hansenii JCM 14655" (AB534168)
78 Blautia coccoides JCM 1395T (AB571656)
100 L gjautia producta DSM 29507 (X94966)
Blautia hydrogenotrophica S5a36" (X95624)
E _:?uminococcus lactaris ATCC 29176 (L76602.1)
34 95 Ruminococcus torques ATCC 27756 (L76604.1)
26 Clostridium oroticum ATCC 13619 (M59109.2)
Clostridium nexile DSM 1787 (X73443.1)
l Ruminococcus gnavus ATCC 29149 (X94967.1)

35 [
100

Clostridium herbivorans ATCC 49925 (L34418.1)

78

Clostridium populeti ATCC 25522 (X71853.1)

Eubacterium hadrum DSM 3319 (FR749932)

Clostridium symbiosum ATCC 14940 (M59112.2)
Clostridium algidixylanolyticum DSM 12273 (AF092549.1)

100 Clostridium methoxybenzovorans ATCC 700855 (AF067965.1)

—

A
0.01

Butyrivibrio fibrisolvens ATCC 191717 (U41172.1)

Butyrivibrio crossotus DSM 2876 (FR733670)

Fig. 1. Phylogenetic tree highlighting the position of B. massiliensis strain GD9" relative to other phylogenetically close type strains. Genbank accession numbers of the 16S rRNA
gene reference sequences are indicated in parenthesis. Sequences were aligned using CLUSTALW, and phylogenetic inferences were obtained with kimura two parameter model
using neighbor-joining method with 1000 bootstrap replicates, within MEGAG6 software. The scale bar represents a 1% nucleotide sequence divergence.
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Table 1

Pairwise comparison between Blautia massiliensis and type strains within the genus Blautia.

Type strains (sequence accession number)*

BLAST similarity compared with B. massiliensis (LN890282)

B. coccoides (AB571656)
B. faecis (HM626178)

B. glucerasea (AB439724)
B. hansenii (AB534168)
B. hydrogenitrophica (X95624)
B. luti (A]133124)

B. obeum (X85101)

B. producta (X94966)

B. schinkii (X94964)

B. stercoris (HM626177)
B. wexlerae (EF036467)

1409/1498 (94.1%)
1216/1264 (96.2%)
1392/1470 (94.7%)
1395/1493 (93.4%)
13571464 (92.7%)
1307/1336 (97.8%)
1398/1460 (95.7%)
1385/1478 (93.7%)
1390/1475 (94.2%)
1256/1317 (95.4%)
1391/1440 (96.6%)

2 The sequences were those proposed as reference by LPSN.

arb. u.
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Fig. 2. Gel view comparing B. massiliensis strain GD9” to other phylogenetically close species. The gel view displays the raw spectra of loaded spectrum files arranged in a pseudo-gel
like look. The x-axis records the m/z value. The left y-axis displays the running spectrum number originating from subsequent spectra loading. The peak intensity is expressed by a
gray scale scheme code. The color bar and the right y-axis indicate the relation between the color of the peak and its intensity, in arbitrary units. Displayed species are indicated on
the left. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2
Classification and general features of Blautia massiliensis strain GD9.

Property Term

Domain: Bacteria

Phylum: Firmicutes

Class: Clostridia

Order: Clostridiales

Family: Lachnospiraceae
Genus: Blautia

Species: Blautia massiliensis
Type strain: GD9"

Current classification

Gram stain Negative

Cell shape Rod

Motility Non-motile
Sporulation Non-sporulating
Temperature range Mesophilic
Optimum temperature 37°C

[18]). Regarding others species among the Blautia genus, fatty acid
profiles are comparable with C16:0 and C14:0 as the most prevalent
fatty acids, except for B. schinkii, B. glucerasea and B. coccoides

showing higher relative abundance of C12:0 and C16:1n7. More-
over, Liu et al. also described C16:0 and C14:0 as the most abundant
fatty acids for Blautia species [9].

Antibiotic susceptibility was observed for the class of beta-
lactam compounds that included amoxicillin, amoxicillin with
clavulanic acid, ticarcillin with clavulanic acid, tazocillin, ceftriax-
one, cefepime and imipenem. For aminoglycoside antibiotics,
resistance was observed for gentamicin, tobramycin and amikacin.
The GD9T strain was also susceptible to tigecyclin, rifampicin,
nitrofurantoin, but resistant to sulfamethoxazole, aztreonam and
ciprofloxacin.

3.2. Genomic characterization and comparison

The genome is 3,717,339 bp long with a 43.99% GC content
(Table 5). It is composed of five scaffolds (composed of nine con-
tigs). Of the 3,427 predicted genes, 3,346 were protein-coding
genes, and 81 were RNAs (eight genes are 5S rRNA, six genes are
16S rRNA, four genes are 23S rRNA, 63 genes are TRNA genes). A
total of 2,570 genes (76.81%) were assigned as putative function (by
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Table 3

Comparison of B. massiliensis strain GD9" with close species Blautia luti DSM 14534, Blautia coccoides DSM 935", Blautia hensenii DSM 20583, Blautia schinkii DSM 105187,

Blautia obeum DSM 25238, na: non-available data.

Properties B. massiliensis B. luti B. coccoides B. hensenii B. schinkii B. obeum
Cell diameter (pum) 0.5 0.7-0.9 1-1.5 1-1.5 1-1.5 1-1.5
Oxygen requirement anaerobic anaerobic anaerobic anaerobic anaerobic anaerobic
Gram stain - + + + + +
Motility — — — — — —
Endospore formation - - — — - -
Indole - - - - - -
Production of
Catalase - - - - - -
Oxidase — NA — — - -
Urease — — NA NA NA NA
Gelatinase - - - - - -
a-Galactosidase + + + - + +
B-Galactosidase + + + + - -
o -Glucosidase + + + = + +
B -Glucosidase + + + — + -
Acid from
L-Arabinose + + + = + +
Mannose + + + - + +
Mannitol + - + - NA NA
Cellobiose + + + = + +
Raffinose + + + + + +
Saccharose + + + - + +
p-maltose + + + + + +
p-lactose + + + + NA NA
Habitat human gut human gut human gut human gut human gut human gut
Table 4
Cellular fatty acid profiles of Blautia massiliensis strain GD9' compared with other Blautia type strains of closely related species.
Fatty acid NAME 1 2 3 4 5 6 7 8
C5:0 anteiso 2-methyl-Butanoic acid ND ND ND ND ND ND ND ND
C12:0 Dodecanoic acid ND ND 23 34 2.6 26.1 2.1 50.2
C14:0 Tetradecanoic acid 19.8 39.2 473 359 19.2 31.6 293 15.7
C15:0 Pentadecanoic acid 43 13 0.7 1.1 0.6 0.6 0.9 ND
C15:0 iso 13-methyl-tetradecanoic ND ND ND ND ND ND ND ND
C16:0 Hexadecanoic acid 53.5 443 374 34.1 414 27.0 323 17.6
C16:1n5 11-Hexadecenoic acid ND 0.6 0.6 0.6 ND 0.5 ND ND
C16:1n7 9-Hexadecenoic acid 2.6 24 3.0 154 3.2 3.7 6.8 ND
C16:1n9 7-Hexadecenoic acid ND ND 04 ND 1.5 1.0 0.4 ND
C17:0 Heptadecanoic acid 13 ND ND ND ND ND ND ND
C17:1n7 10-Heptadecenoic acid 0.7 ND ND ND ND ND ND ND
C18:0 Octadecanoic acid 4.7 23 35 1.8 104 2.1 54 14
C18:1n7 11-Octadecenoic acid 33 ND ND ND ND ND ND ND
C18:1n9 9-Octadecenoic acid 6.1 8.8 183 7.7 20.8 7.0 229 139
C18:2n6 9,12-Octadecadienoic acid 1.7 0.7 0.8 ND 0.3 0.5 ND 13
C20:4n6 5,8,11,14-Eicosatetraenoic acid 2.1 ND ND ND ND ND ND ND

Strains: 1, B. massiliensis GD9; 2, B. faecis M25"; 3, B. stercoris GAM6-1T; 4, B. coccoides DSM 935"; 5, B. hansenii DSM 20583"; 6, B. schinkii DSM 10518"; 7, B. obeum DSM
25238"; 8, B. glucerasea DSM 22028". Strains 2 to 8 were described by Park, 2013 [18]. Values represent the percentage of total identified fatty acid methyl esters only (al-
dehydes, dimethyl acetals and unidentified “summed features” described previously were not included). np, Not detected.

Table 5

Nucleotide content and gene count levels of the genome.

Attribute Genome (total)

Value % of total®
Size (bp) 3,717,339 100
G + C content (bp) 1,634,069 43.98
Coding region (bp) 3,269,367 87.94
Total genes 3427 100
RNA genes 81 2.36
Protein-coding genes 3346 97.63
Proteins with function prediction 2570 76.8
Genes assigned to COGs 1978 59.11
Genes with peptide signals 361 10.78
Genes with transmembrane helices 742 2217
Genes with Pfam domains 3091 90

2 The total is based on either the size of the genome in base pairs or the total
number of protein coding genes in the annotated genome.

cogs or by NR blast). 101 genes were identified as ORFans (3.02%).
The remaining genes were annotated as hypothetical proteins (581
genes, 17.36%, Supplementary Fig. 4). The genome sequence has
been deposited in EMBL-EBI under accession number PRJEB11857.

The draft genome sequence of B. massiliensis is smaller than that
of Blautia schinkii and Blautia obeum (3.72, 6.68 and 3.76 MB
respectively), but larger than that of Blautia wexlerae DSM 198507,
Blautia hydrogenotrophica, and Blautia hansenii (3.58, 3.35 and
3.05 MB respectively). The G + C content of B. massiliensis (44.0%) is
smaller than that of B. schinkii and B. hydrogenotrophica (44, 46 and
45 respectively), but larger than that of B. wexlerae, B. hansenii and
B. obeum (42, 39 and 42% respectively). The gene content of
B. massiliensis is smaller than that of B. schinkii (3346 and 5851
respectively), but larger than that of B. wexlerae (3,297),
B. hydrogenotrophica (3,087), B. hansenii (3,171) and B. obeum
(3,155).
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Pairwise comparison of B. massiliensis GD9" with other species using the GGDC web-service, formula 2 (upper right)®.

B. massiliensis B. obeum DSM B. schinkii ~ B. hansenii DSM B. hydrogenotrophica DSM B. wexlerae DSM
GD9" 252387 DSM 205837 105077 198507
10518"
B. massiliensis GD9T 100% + 00 31.8+25 20.8% +2.4 36.9% + 2.6 21.5% + 2.4 31.1% £ 2.5
B. obeum DSM 252387 100% + 00 20.5% +24 27.1% + 2.5 20.8%+ + 2.4 27.9% + 2.5
B. schinkii DSM 105187 100% + 00 23.9% + 2.5 20.4% + 2.4 232% +2.5
B. hansenii DSM 20583" 100% + 00 22.4% +2.5 38.0% + 2.5
B. hydrogenotrophica DSM 100% + 00 19.9% + 2.4
105077
B. wexlerae DSM 198507 100% + 00

2 dDDH values are DDH estimates based on identities/HSP length. The confidence intervals indicate the inherent uncertainty in estimating DDH values from intergenomic

distances based on models derived from empirical test datasets (which are always limited in size).

Table 7

Numbers of orthologous protein shared between genomes (upper right), AGIOS values (lower left) and numbers of proteins per genome (bold numbers).

Blautia obeum DSM  Blautia schinkii DSM Blautia hansenii DSM Blautia hydrogenotrophica

Blautia wexlerae DSM Blautia massiliensis

252387 10518" 20583" DSM 10507" 19850" GD9"
Blautia obeum DSM 252387 3155 1389 1086 1111 1393 1450
Blautia schinkii DSM 10518"  65.32 5851 1313 1371 1556 1586
Blautia hansenii DSM 20583" 63.63 66.87 3171 1128 1224 1225
Blautia hydrogenotrophica 63.25 68.34 67.33 3087 1227 1232

DSM 10507"

Blautia wexlerae DSM 19850" 67.75 72.33 6837 68.41 3297 1600
Blautia massiliensis GD9" ~ 68.08 71.80 68.44 68.18 7475 3346

DNA-DNA hybridization (DDH) is currently considered as the
“gold standard” criterion for species delineation of prokaryotes.
However, this tool suffers from limitations, notably the 70% cutoff
value that is not applicable to all prokaryotic genera [34], and the
need of special facilities that are available in a limited number of
laboratories. Moreover, determining DDH is a labor-intensive
method that lacks reproducibility and cannot be used to establish
a comparative reference database incrementally [35,36]. Therefore,
in order to evaluate the genomic similarity among studied strains,
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we used two parameters: digital DDH (dDDH) that exhibits a high
correlation with DDH [32,37] and AGIOS [29] that was designed to
be independent from DDH. When considering only Blautia species
with available genome and standing in nomenclature, dDDH values
ranged from 199 + 2.4% between B. hydrogenotrophica and
B. wexlerae to 38.0 + 2.5% between B. hansenii and B. wexlerae.
When comparing strain GD9', dDDH values ranged from
20.8% + 2.4 with B. schinkii strain DSM10518" to 36.9% + 2.6 with
B. hansenii strain DSM 20583" with a probability of error of 1.19%
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Fig. 3. Distribution of functional classes of predicted genes according to the clusters of orthologous groups of proteins. The functional classes of predicted genes was assessed using
the NCBI COGs database updated in 2014 [43] and the Blastp [44] tool (Evalue 1e-03, coverage 0,7 and identity percent 30%). The tRNA genes were predicted with the tRNAscan-SE
tool [23] and the RNA genes were predicted with the Rnammer [24] tool. The figure was made using the DNAPIlotter [45] tool.
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Table 8
Number of genes associated with the 25 general COG functional categories.
Code Value % of total® Description
[ 195 5.83 Translation
[A] 0 0 RNA processing and modification
[K] 182 5.44 Transcription
[L] 89 2.66 Replication, recombination and repair
[B] 0 0 Chromatin structure and dynamics
[D] 32 0.96 Cell cycle control, mitosis and meiosis
[Y] 0 0 Nuclear structure
[V] 86 2.57 Defense mechanisms
[T] 111 3.32 Signal transduction mechanisms
[M] 95 2.84 Cellwall/membrane biogenesis
[N] 13 0.39 Cellmotility
Z] 0 0 Cytoskeleton
W] 4 0.12 Extracellular structures
[U] 25 0.75 Intracellular trafficking and secretion
[0] 81 242 Post translational modification, protein turnover, chaperones
[X] 58 1.73 Mobilome: prophages, transposons
[C] 125 3.74 Energy production and conversion
[G] 229 6.84 Carbohydrate transport and metabolism
[E] 212 6.34 Amino acid transport and metabolism
[F] 82 245 Nucleotide transport and metabolism
[H] 139 415 Coenzyme transport and metabolism
1 65 1.94 Lipid transport and metabolism
[P] 94 2.81 Inorganic ion transport and metabolism
[Q] 29 0.87 Secondary metabolites biosynthesis, transport and catabolism
[R] 165 4.93 General function prediction only
[S] 94 2.81 Function unknown
1368 40.89 Not in COGs

2 The total is based on the total number of protein coding genes in the annotated genome.

according to GGDC (Table 6). Among compared Blautia species,
AGIOS values ranged from 63.25 between B. hydrogenotrophica and
B. obeum to 72.33% between B. schinkii and B. wexlerae among
compared species except B. massiliensis and from 68.08 with
B. obeum to 74.75% with B. wexlerae (Table 7). Fig. 3 demonstrates
that strain GD9" exhibits a similar distribution of genes into COG
categories when compared to other Blautia species. B. massiliensis
also shared 1450; 1586; 1225; 1232 and 1600 orthologous proteins
with B. obeum, B. schinkii DSM 10518, B. hansenii DSM 20583,
B. hydrogenotrophica DSM 10507T and B. wexlerae DSM 19850
respectively (Table 8).

3.3. Importance of B. massiliensis in human gut and possible role in
human health

Blautia massiliensis is likely to be an important species for hu-
man health because it was isolated and detected frequently and
abundantly in human gut culturomes and metagenomes.
B. massiliensis was isolated from the fecal samples from three other
healthy individuals by three other researchers (TP, SD, ST) in our
culturomics team. These strains were identified by MALDI-TOF MS
and confirmed by sequencing of the 16S rRNA (unpublished data).
B. massiliensis corresponded to 4.25% of all reads (200,239/
4,716,269 reads) in an ongoing study on gut microbiota and bar-
iatric surgery in our lab, ranking 6th in relative abundance. In
addition, we investigated the presence of 16S rRNA from
B. massiliensis in the high-throughput DNA and RNA sequence read
archive (SRA) using an open resource online [38]. We found se-
quences with a similarity greater than 99% with B. massiliensis in
several gut metagenomes (human, mouse and primate), skin and
vaginal metagenomes; as well as from environmental samples
(wastewater, bioreactor, coral). Sequences corresponding to
B. massiliensis were found in 11% (9752/88,579) of all metagenomes
and 41% (6839/16,667) of human gut metagenomes in this data-
base. Among the 6839 positive samples from human gut, the mean
relative abundance was 0.0088 but sequences corresponding to

strain GD9 accounted for as much as 20% of all reads in 4 human gut
metagenomes (SRR2143746, 27%; SRR2658700, 27%; SRR515348,
24%; SRR578392, 22%).

The specific role of Blautia species in human health remains to
be determined. Jenq et al. found a lower mortality due to a graft-
versus-host disease after allogenic blood/marrow transplantation
among patients with high abundance of Blautia sequences obtained
by pyrosequencing [39]. Chen et al. have shown that colorectal
cancer was associated with lower Blautia in their digestive tract
[40]. Touyama et al. calculated that B. wexlerae and B. luti were
found at the concentration of 5.10° bacteria per gram of stool [41],
suggesting that Blautia are important members of the healthy hu-
man mature anaerobic gut microbiota.

4. Conclusion

Anaerobic culturomics conditions applied to fresh human stool
have permitted the culture of a new species belonging to Blautia.
This taxogenomic study confirmed the new species Blautia massi-
liensis sp. nov., which appeared close to B. hensenii strain DSM
20583 on genome-based analysis. These species are both anaerobes
inhabitants of the human gut, indole and catalase negative, sharing
the same repartition of cellular fatty acids C14:0 and C16:0. How-
ever, B. massiliensis has lower C18:0 than B. hensenii, but higher
G + C content. B. massiliensis is the only species with Gram-negative
staining among the Blautia genus. The closest species on the 16S
rRNA sequence identity was B. luti, for which no genome was
available. However, beyond the 16S rRNA divergence (2.2%),
B. massiliensis GD9" differed from B. luti by several phenotypic
characteristics including a lower diameter (0.5 versus 0.7—0.9 um),
a negative Gram-staining (verified several times with positive
controls), an absence of bacterial chains (chains up to 10 cells for
B. luti [42]), and the use of mannitol, melezitose, rhamnose and
salicin (not found for B. luti [42]). This led us to propose
B. massiliensis as a new species.
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4.1. Taxonomic and nomenclatural proposals

4.1.1. Emended description of the genus Blautia

Blautia (Blauti.a. N.L. fem. n. Blautia in honour of Michael Blaut, a
German microbiologist, in recognition of his many contributions to
human gastrointestinal microbiology). Gram-positive or Gram-
negative staining, non-motile. Coccoid or ovalshaped, pointed
ends are often observed. Spores are not normally observed, but may
be produced by some strains. Chemo-organotrophic and obligately
anaerobic having a fermentative type of catabolism. Some species
use H2/CO2 as major energy sources. The major end products of
glucose metabolism are acetate, ethanol, hydrogen, lactate and
succinate. The G + C content of the DNA is 37—47 mol%. Isolated
from animal and human faeces. The type species of the genus is
Blautia coccoides (Kaneuchi, Benno & Mitsuoka, 1976).

4.1.2. Description of Blautia massiliensis, sp. nov

Blautia massiliensis (ma.si.li.en'sis. L. fem. adj. Massiliensis, from
the Latin Massilia, the city where the bacteria was isolated, Mar-
seille) presented white smooth colonies of 1 mm diameter. The
bacteria appear to be 1 pm long and with Gram-negative staining.
Their metabolism is oxygen intolerant, and growth is optimal at
37 °C. B. massiliensis is non spore-forming and non-motile. Oxidase
and catalase are negative. Positive reactions observed using API 20A
are p-Glucose, D-Mannitol, p-Lactose, p-Sucrose, p-Maltose, Sali-
cine, p-Xylose, L-Arabinose, Esculine, Glycerol, p-Cellobiose, bp-
Mannose, p-Melezitose, p-Raffinose, D-Sorbitol, .-Rhamnose, and p-
Trehalose. Using API 50CH strips, positive reactions are found with
Erythitol, p-Arabinose, p-Ribose, L-Xylose, .-Rhamnose, Dulcitol, N-
Acetylglucosamine, Amygdaline, Arbutine, Inuline, Amidon, Gly-
cogene, Gentiobiose, p-Lyxose, p-Tagatose, p-Fucose, L-Fucose, Po-
tassium Gluconate and Potassium 5-Cetogluconate. Antibiotic
resistance for aminoglycosides, sulfamethoxazole, aztreonam, and
ciprofloxacin are observed. The major fatty acids are C16:0 and
C14:0. This strain exhibits a G + C content of 44.0%. Its 16S rRNA
sequence is deposited in EMBL-EBI under the accession number
LN890282, and the whole genome shotgun sequence is deposited
in EMBL-EBI under accession number PRJEB11857. The type species
is Blautia massiliensis strain GD9' (= CSUR P2132, = DSM 101187)
isolated from the stool of a healthy person from Marseille, France.
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