Noncontiguous finished genome sequence and description of Prevotella
phocaeensis sp. nov., a new anaerobic species isolated from human gut

infected by Clostridium difficile
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Prevotella phocaeensis sp. nov. strain SN197 (= DSM 103364) is a new species isolated from the gut microbiota of patient with colitis due to

Clostridium difficile. Strain SN197 is Gram-negative rod-shaped bacteria, strictly anaerobic, nonmotile and non—endospore forming. The

predominance fatty acid is hexadecanoic acid. Its 16S rRNA showed a 97.70% sequence identity with its phylogenetically closest species,

Prevotella oralis. The genome is 2 922 |17 bp long and contains 2486 predicted genes including 56 RNA genes.

© 2016 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and Infectious Diseases.

Keywords: Clostridium difficile, culturomics, gut microbiota, Prevotella phocaeensis, taxonogenomics
Original Submission: 28 October 2016; Accepted: 8 December 2016

Article published online: |13 December 2016

Corresponding author: M. Million, Unité de Recherche sur les
Maladies Infectieuses et Tropicales Emergentes, UM 63, CNRS 7278,
IRD 198, INSERM 1095, Institut Hospitalo-Universitaire Médi-
terranée-Infection, Faculté de médecine, Aix-Marseille Université, 27
Boulevard Jean Moulin, 13385 Marseille cedex 05, France

E-mail: matthieumillion@gmail.com

The human gut includes approximately 10' microorganisms,
known as the intestinal microbiota, and contains four main
phyla: Firmicutes, Bacteroidetes, Actinobacteria and Proteobacteria
[I]. This microbial ecosystem contributes to the host’s health
[I=3] but may also be involved in human disease [|,4,5].
Because intestinal conditions are difficult to reproduce in the
laboratory, particularly a strongly reduced environment with a
quasi absence of oxygen, most of this microbial universe has not
yet been cultivated [|]. However, strict anaerobic microbes

should not be neglected because they are the mainstay of the

healthy mature anaerobic gut microbiota indispensable for a
healthy life [6].

Several studies have already been conducted to identify the
microorganisms included in this ecosystem by using both cul-
ture methods and culture-independent methods, such as
sequencing of the gene encoding 16S ribosomal RNA and
metagenomics. The latter sheds light on several unknown mi-
croorganisms. However, genomics identifies DNA or RNA
sequences but not living microbes.

Recently in our laboratory the culturomics and tax-
onogenomics approaches were established to unravel gut
microbiota diversity while overcoming biases associated with
culture-independent techniques. Through this innovative
strategy associating several culture conditions, mass spec-
trometry and molecular biology, more than 200 new species
have been isolated from the human gut [7]. Using this approach,
we isolated for the first time Prevotella phocaeensis strain SN19"
(= CSUR P2259=DSM 103364) from the gut of a woman
infected by Clostridium difficile. Here we describe its phenotypic
features along with the genome annotation and comparison

with the closest species.
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Sample information

A stool specimen was collected from an 8I-year-old white
woman with Clostridium difficile infection (toxin B, ribotype 027
negative) at La Timone hospital (Marseille, France) in
November 2015. The stool sample was collected in sterile
plastic containers and stored at —80°C once aliquots were
made. Consent was obtained, and the study was approved by
the Institut Fédératif de Recherche 48 (Faculty of Medicine,
Marseille, France) under agreement number 09-022. The pa-
tient was treated with metronidazole; the outcome was a full

recovery and no relapse.

Growth conditions

Growth of this isolate was obtained after 5 days’ incubation in a
5% sheep’s blood— and 5% rumen-enriched medium in anaer-
obic atmosphere at 37°C. This isolate was then subcultured on
5% sheep’s blood—enriched Columbia agar (COS; bioMérieux,
Marcy I'Etoile, France). The growth environment of strain
SNI9" was determined by testing different temperatures (25,
28, 30, 37 and 56°C) in aerobic and anaerobic (anaeroGEN;
Oxoid, Thermo Scientific, Dardilly, France) conditions. Salinity
(5-100 g/L) and pH (6—8.5) were also tested.

Strain identification

Matrix-assisted desorption ionization—time of flight mass
spectrometry (MALDI-TOF MS) analysis of strains SN197 was
performed on a MicroFlex mass spectrometer (Bruker Dal-
tonics, Leipzig, Germany) as previously described [8]. The ac-
quired spectrum was then loaded into the MALDI Biotyper
Software (Bruker) and analyzed as previously described [8] by
using the standard pattern-matching algorithm, which
compared the spectrum acquired with that present in the li-
brary (Bruker database and ours, constantly updated), including
7463 species. Score values of >1.7 but <2 indicated identifi-
cation beyond the genus level, and score values of >2.0 indi-
cated identification at the species level. Scores of <I|.7 were
interpreted as not relevant.

In this case, we performed the 16S rRNA gene sequencing.
For DNA extraction, we used the EZI DNA Tissue Kit using
Biorobot EZ| Advanced XL (Qiagen, Courtaboeuf, France).
The amplification of the 16s rRNA gene was carried out using
PCR technology and universal primers FDI and RP2 [8]
(Eurogentec, Angers, France). Then we realized the purifica-
tion, sequencing and assembly of the amplified products as
previously described [9]. Sequences of 16S rRNA genes were
confronted with those which are available in GenBank by
BLASTn (Basic Local Alignment Search Tool) (http://www.ncbi.
nim.nih.gov/GenBank/). When the percentage of identity was

<98.7%, the studied strain was considered to be a new species

[10].

Phylogenetic analysis

A custom Python script was used to automatically retrieve all
species from the same family of the new species and download
16S sequences from National Center for Biotechnology Infor-
mation (NCBI) by parsing NCBI eUtils results and the NCBI
taxonomy page. It only keeps sequences from type strains. In
case of multiple sequences for one type strain, it selects the
sequence obtaining the best identity rate from the BLASTn
alignment with our sequence. The script then separates |6S
sequences in two groups: one containing the sequences of
strains from the same genus (group a), and one containing the
others (group b). It only keeps the 15 closest strains from
group a and the closest one from group b. If it is impossible to
get |5 sequences from group a, the script selects more se-
quences from group b to get at least nine strains from both

groups.

Phenotypic and biochemical characterization
Biochemical characterization and sporulation. For biochemical
characterization of strain SN 19, we used gallery API. ZYM, API
Rapid ID 20NE and APl 50CH (bioMérieux) according to the
manufacturer’s instructions. Then we tested catalase (bio-
Mérieux) and oxidase (BD BBL DrySlide; Becton Dickinson,
Franklin Lakes, NJ, USA) activities. To determine sporulation,
thermal shock was performed on a bacterial suspension of this
strain at 80°C for 20 minutes; then this suspension was seeded
Columbia blood agar. Incubation was done for 72 hours under
anaerobic conditions at different temperatures: 28, 37, 42 and
56°C.

Fatty acid methyl ester (FAME) analysis by gas chromatography/
mass spectrometry (GC/IMS). Cellular FAME analysis was per-
formed by GC/MS. Two samples were prepared with approx-
imately 30 mg of bacterial biomass per tube collected from
several culture plates. FAME were prepared as described by
Sasser [I1]. GC/MS analyses were carried out as previously
described [12]. Briefly, fatty acid methyl esters were separated
using an Elite 5-MS column and monitored by mass spectrom-
etry (Clarus 500-SQ 8 S; Perkin EImer, Courtaboeuf, France). A
spectral database search was performed using MS Search 2.0
operated with the Standard Reference Database |A (National
Institute of Standards and Technology, Gaithersburg, USA) and
the FAMEs mass spectral database (Wiley, Chichester, UK).

Microscopy. Mobility and Gram staining of strain SNI9" were
determined using an optical microscope (Leica, Wetzlar, Ger-
many) with a 40x and 100% oil-immersion objective lens,

respectively. In order to observe the cells’ morphology, they
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were fixed with 2.5% glutaraldehyde in 0.1 M cacodylate buffer
for at least | hour at 4°C. A drop of cell suspension was
deposited for approximately 5 minutes on glow-discharged
formvar carbon film on 400 mesh nickel grids (FCF400-Ni;
Electron Microscopy Sciences (EMS), Hatfield, PA, USA). The
grids were dried on blotting paper, and the cells were negatively
stained for 10 seconds with 1% ammonium molybdate solution
in filtered water at room temperature. Electron micrographs
were acquired with a Tecnai G20 Cryo (FEI Company, Limeil-
Brevannes, France) transmission electron microscope operated
at 200 keV.

Antibiotic susceptibility. The in vitro antibiotic susceptibility was
tested by disk diffusion method on Mueller-Hinton agar with 5%
sheep’s blood for the following antibiotics: imipenem 10 pg,
penicillin G 10 pg, ciprofloxacin 5 pg, teicoplanin 30 g, gen-
tamycin 500 pg, rifampicin 30 pg, ceftriaxone 30 pg, clinda-
mycin 15 pg, colistin 50 pg, doxycycline 30 pg, erythromycin
I5 pg, fosfomycin 50 pg, oxacillin 5 pg, metronidazole 4 pg and

trimethoprim/sulfamethoxazole 25 pg.

DNA extraction and genome sequencing
After pretreatment by lysozyme incubation at 37°C, DNA was
extracted on the EZ| biorobot (Qiagen) with EZI DNA tissues
kit. The elution volume was 50 pL. The genomic DNA (gDNA)
was quantified by a Qubit assay with a high-sensitivity kit (Life
Technologies, Carlsbad, CA, USAUSA) at 152.3 ng/uL.

gDNA of strain SN19T was sequenced by MiSeq Technology
(Illumina, San Diego, CA, USA) with the mate pair strategy. The
gDNA was barcoded in order to be mixed with Il other
projects with the Nextera Mate Pair sample prep kit (lllumina).
The mate pair library was prepared with 1.5 pg of gDNA using
the Nextera mate pair lllumina guide. The gDNA sample was
simultaneously fragmented and tagged with a mate pair junction
adapter. The pattern of the fragmentation was validated on an
Agilent 2100 BioAnalyzer (Agilent Technologies, Santa Clara,
CA, USA) with a DNA 7500 labchip. The DNA fragments
ranged in size from 1.5 to || kb, with an optimal size at
7.472 kb. No size selection was performed, and 600 ng of
tagmented fragments were circularized. The circularized DNA
was mechanically sheared to small fragments with an optimal at
954 bp on the Covaris device S2 in Té tubes (Covaris, Woburn,
MA, USA). The library profile was visualized on a High Sensi-
tivity Bioanalyzer LabChip (Agilent Technologies), and the final
concentration library was measured at 6.08 nmol/L. The li-
braries were normalized at 2 nM and pooled. After a dena-
turation step and dilution at |5 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
sequencing run were performed in a single 39-hour run at a
2% |51 bp read length. The total information of 2.9 Gb was
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obtained from a 297K/mm? cluster density with a cluster
passing quality control filter of 97% (5 808 000 passing filter
paired reads). Within this run, the index representation for
strain SNI9" was determined at 8.47%. The 492 215 paired
reads were trimmed.

Genome annotation and comparison

Open reading frames (ORFs) were predicted using Prodigal
[13] with default parameters, but the predicted ORFs were
excluded if they spanned a sequencing gap region (contain N).
The predicted bacterial protein sequences were searched
against the Clusters of Orthologous Groups (COGs) using
BLASTP (Basic Local Alignment Search Tool; E value le-03,
coverage 0.7 and identity percentage 30%). If no hit was found,
it was searched against the NR database using BLASTP with E
value of le-03 coverage 0.7 and an identity percentage of 30%,
and if the sequence length was smaller than 80 aa, we used an E
value of le-05. The tRNAScanSE tool [I4] was used to find
tRNA genes, whereas ribosomal RNAs were found by using
RNAmmer [|5]. Lipoprotein signal peptides and the number of
transmembrane helices were predicted using Phobius [16].
ORFans were identified if all the BLASTP performed did not
give positive results (E value smaller than |e-03 for ORFs with a
sequence size larger than 80 aa or an E value smaller than e-05
for ORFs with sequence length smaller than 80 aa). Such
parameter thresholds have already been used in previous
studies to define ORFans.

Genomes were automatically retrieved from the 16S RNA
tree using Xegen software (PhyloPattern) [I7]. For each
selected genome, the complete genome sequence, proteome
genome sequence and ORFeome genome sequence were
retrieved from the NCBI's FTP site. All proteomes were
analyzed with proteinOrtho [18]. Then for each couple of ge-
nomes a similarity score was computed. This score is the mean
value of nucleotide similarity between all couple of orthologues
between the two genomes studied (average genomic identity of
orthologous gene sequences, AGIOS) [19]. An annotation of
the entire proteome was performed to define the distribution
of functional classes of predicted genes according to the clus-
ters of orthologous groups of proteins (using the same method
as for the genome annotation). To evaluate the genomic simi-
larity among studied Prevotella strains, we determined two pa-
rameters, digital DNA-DNA hybridization (DDH), which
exhibits a high correlation with DDH [20,21] and AGIOS [19],
which was designed to be independent from DDH. Annotation
and comparison processes were performed in the Multi-Agent
software system DAGOBAH [22], which includes Figenix [23]
libraries that provided pipeline analysis. The genome of strain
SNI9T was compared with the one of closest species such
(AEPE00000000), micans

as Prevotella oralis Prevotella
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(BAKHO00000000), Prevotella stercorea (AFZZ00000000), Pre-
votella  timonensis  (CBQQO000000000), Prevotella  shahii
(BAIZ00000000), Prevotella loescheii (ARJO00000000), Prevotella
saccharolytica (BAKNO00000000), Prevotella oulorum
(ADGI00000000) and Prevotella marshii (AEEIO0000000).

Classification and features

Strain identification by MALDI-TOF MS and 16S rRNA sequencing.
Strain SNI9T was first isolated in November 2015 from the
stool that was used to diagnose a C. difficile infection, stored
at —80°C and cultured on Columbia agar enriched with 5%
sheep’s blood at 37°C during 5 days under anaerobic condi-
tions. The MALDI-TOF spectrum (Fig. |) did not match either
Bruker’s database or our database, and was consequently added
(http://www.mediterranee-infection.com/article.php?
laref=256&titre=urms-database). Then the 16S rRNA gene
sequencing demonstrated that the type strain Prevotella oralis
ATCC 33269 (GenBank accession no. NR_042841.1) is the
phylogenetically closest to strain SN19" and showed a 97.70%
sequence identity with it (Fig. 2). This value was lower than the
98.7% 16S rRNA gene sequence threshold advised by Stack-
ebrandt and Ebers [I0] to describe a new species without
carrying out DNA-DNA hybridization. Therefore, we propose
strain SNI9T as the type strain of a new species within the
Prevotella genus, for which we proposed the name Prevotella
phocaeensis sp. nov. (Table ). The 16S rRNA gene sequence
was deposited in European Molecular Biology Laboratory—Eu-

ropean Bioinformatics Institute (EMBL-EBI) under accession

number LN998069. A gel view allowed us to visualize spectral
differences with other Prevotella species (Fig. 3).

Phenotypic description. Prevotella phocaeensis strain SN19" grew
at 37°C on Colombia agar (with 5% sheep’s blood) after 5 days
in blood culture bottles enriched with rumen fluid (5%) and
blood (5%) in anaerobic conditions. No growth occurred under
aerobic conditions at 37°C and aerobic and anaerobic condi-
tions at 28, 42 and 56°C. P. phocaeensis strain SN19" is strictly
anaerobic and grows at 37°C. Bacterial cells tolerate a pH of 6
to 85 and an amount of NaCl of 0 to 5g/L. They were
nonmotile and not sporulating at 37°C. Colonies were hae-
molytic, circular, small, white and irregular with a diameter of
about | to I.5 mm on blood-enriched Colombia agar. The
Gram staining showed few Gram-negative rods (Fig. 4(A)).
Bacterial cells observed under electron microscopy were sticks,
ranging in length from 1.7 to 2 pym (Fig. 4(B)).

Catalase and oxidase activities were negative for
P. phocaeensis strain SNI9'. Using APl ZYM, positive reactions
were observed for alkaline phosphatase, acid phosphatase,
naphthol-AS-Bl-phosphohydrolase, [-galactosidase, [-glucu-
ronidase, B-glucosidase and N-acetyl-B-glucosaminidase. Re-
actions for esterase (C4), esterase lipase (C8), lipase (Cl4),
leucine arylamidase, valine arylamidase, trypsin, Q-chymo-
trypsin, 0O-galactosidase, a-glucosidase, a-fucosidase and
a-mannosidase were negative. An APl 50CH strip showed
positive reactions for L-arabinose, D-ribose, L-xylose, D-adoni-
tol, esculin ferric citrate, salicin, b-sucrose, D-raffinose, D-lyx-
ose, D-tagatose, potassium 2-ketogluconate and potassium 5-
ketogluconate. Negative reactions were recorded for b-
xylose, D-galactose, D-fructose, L-sorbose, amygdalin, p-meli-

biose, D-trehalose, inulin, D-melezitose, starch, glycogen, xylitol,
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Phylogenetic tree highlighting position of Prevotella phocaeensis strain SN19T relative to others of Prevotellaceae family. Sequences were aligned

using Muscle 3.8.31 with default parameters, and phylogenetic inferences were obtained using neighbour-joining method with 500 bootstrap replicates

within MEGAG6 software. Only bootstraps >95% are shown. Scale bar represents 1% nucleotide sequence divergence.

gentiobiose, D-fucose, L-fucose, glycerol, erythritol, b-arabinose,
methyl-B-D-xylopyranoside, D-glucose, b-mannose, L-rhamnose,
dulcitol, inositol, b-mannitol, p-sorbitol, methyl-ap-mannopyr-
anoside, methyl-ap-glucopyranoside, N-acetyl-glucosamine,
arbutin, p-cellobiose, D-maltose, D-lactose, p-turanose, D-ara-
bitol, L-arabitol and potassium gluconate. API20NE showed for
strain SNI9" a positive reaction for esculin ferric citrate and
B-galactosidase but negative reactions for potassium nitrate, L-
tryptophan, D-glucose (fermentation and assimilation), L-argi-

nine, urea, gelatin, L-arabinose, D-mannose, D-mannitol, N-

Classification and general features of Prevotella

phocaeensis strain SN19T

Property Term

Domain: Bacteria
Phylum: Bacteroidetes
Class: Bacteroidia
Order: Bacteroidales
Family: Prevotellaceae
Genus: Prevotella
Species: Prevotella ?hacaeensis
Type strain: SN19

Current classification

Gram stain Negative
Cell shape Rod
Motility Nonmotile
Sporulation No
Temperature range Mesophilic
Optimum temperature 7°C

pH 6-8.5
Salinity 0-5¢gL

Oxygen requirement

Strict anaerobic

acetylglucosamine, D-maltose, potassium gluconate, capric acid,
adipic acid, malic acid, trisodium citrate and phenylacetic acid.
This bacterium is resistant to ciprofloxacin and fosfomycin but
susceptible to imipenem, penicillin, teicoplanin, gentamicin,
rifampicin, ceftriaxone, clindamycin, colistin, doxycycline,
erythromycin, oxacillin, metronidazole and trimethoprim/sul-
famethoxazole. Phenotypic characteristics of strain SN19" were
compared to those of the closely related Prevotella species
(Table 2). By comparison with Prevotella ordlis, its phylogeneti-
cally closest neighbor, it differs in motility, L-arabinose, glucose,
fructose and lactose.

Concerning the fatty acid methyl ester analysis by GC/MS,
the major fatty acid was hexadecanoic acid (16:0, 29%). Several
branched structures and specific 3-hydroxy fatty acids are also
described. Cellular fatty acid profile of strain SN19" was also

compared with closely related Prevotella species (Table 3).

Genomic characterization and comparison

Genome properties. The genome is 2 922 |17 bp long with 44.6%
of G+C content (Fig. 5). It is composed of 12 scaffolds
(composed of |13 contigs). Of the 2486 predicted genes, 2430
were protein-coding genes and 56 were RNAs (three genes are
55 rRNA, one gene is 16S rRNA, three genes are 23S rRNA
and 49 genes are tRNA genes). A total of 1403 genes (57.74%)
were distributed in putative function (by COGs or by NR
BLAST). Twelve genes were identified as ORFans (0.49%). The
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remainder of the genes were annotated as hypothetical proteins
(971 genes, 39.96%). Table 4 summarizes the properties and
the statistics of the genome and Table 5 the distribution of
predicted genes of strain SN19" according to COGs categories.
The genome sequence was deposited in EMBL-EBI under
accession number FIZG00000000.

Genome comparison with other Prevotella species. The draft
genome sequence of strain SNI97 is smaller than that of Pre-
votella saccharolytica, Prevotella loescheii, Prevotella timonensis,
Prevotella stercorea and Prevotella shahii (2922, 2976, 3509, 3156,
3097 and 3490 MB respectively), but larger than that of Pre-
votella oralis, Prevotella oulorum, Prevotella marshii and Prevotella
micans (2840, 2806, 2559 and 2427 MB respectively). The G+C
content of strain SNI9' is smaller than that of P. loescheii, P.
oulorum, P. stercorea, P. marshii and P. micans (44.60, 46.62,
46.78, 49.00, 47.46 and 45.49% respectively), but larger than
that of P. oralis, P. saccharolytica, P. timonensis and P. shahii (44.54,
43.30, 42.38, and 44.38% respectively). The gene content of
strain SNI97 is smaller than that of P. oralis, P. saccharolytica, P.
loescheii, P. timonensis, P. oulorum, P. stercorea and P. shahii (2430,
2488, 2762, 2838, 2770, 2488, 3017 and 3392 respectively), but
larger than that of P. marshii and P. micans (2335 and 2329
respectively).

Furthermore, strain SNI9T shares 1054, 1241, 1317, 1209,
1662, 1404, 1269, 1254 and 1236 orthologous genes with
P. micans, P. stercorea, P. timonensis, P. shahii, P. oralis, P. loescheii,
P. saccharolytica, P. oulorum and P. marshii respectively (Table 6).
AGIOS values vary from 56.79% between P. saccharolytica and P.
stercorea, to 80.98 between P. loescheii and P. shahii among
compared genomes except for strain SNI9'. When this one

was compared with other species within the Prevotella genus,

- » - - ‘ '.
A oy ‘ & P T
R " : \ - ™
. \ a ¢ = . .\
s » 5 ” e . \ -
{ . . > .
x . oy . : -y .'.' ."‘
. "-."~ ® O 8
,“w' il‘ " ¥ s ¥ i e \
.' : \’.. -
- . .
» - e
- . . "
" 3. S . ‘-o i
£ S ‘a N A
B ¥ e 97 LE¥,s ° 5SS

Microscopic aspects of Prevotella phocaeensis strain SNI9T. (A)
Gram staining of Prevotella phocaeensis strain SN19". Scale bar = 10 pm.
(B) Transmission electron microscopy of Prevotella phocaeensis strain
SNI9T using Tecnai G*° Cryo (FEI Company) transmission electron

microscope operated at 200 keV. Scale bar = 500 nm.
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Comparison of the different characteristics of Prevotella phocaeensis strain SN19T with those of the closest species:
Prevotella oralis ATCC 122517, Prevotella timonensis CCUG 501057, Prevotella micans DSM 214697, Prevotella stercorea DSM
182067, Prevotella marshii DSM 16973, Prevotella saccharolytica DSM 224737 and Prevotella shahii DSM 156117

Prevotella Pr Il Pr i Prevotella  Prevotella Pr ! Pr Il
Property phocaeensis oralis il i stercorea marshii saccharolytica Prevotella shahii
Colony diameter (mm) 1-1.5 \ 1-2 1.2-1.8 NA 1.8-3.5 0.9-1.2 1-2
Motility Nonmotile Nonmotile Nonmotile Nonmotile  Nonmotile Nonmotile Nonmotile Nonmotile
Endospore formation - - - - -
Indole - = = + = - = =
Major cellular fatty Ciso Ciso Cig0 Cign9%, Cigo, Cico, NA Cig.1n9¢, iso- Cig. n9¢, Ci6:0, i50-C 40, Cig.1 n9¢, Ciglo,
acids® anteiso Cie0 3-OH, Cg2 n6,9¢/ 15:05 anteiso-Cs.9 Ci40 Cieo0 3- Cie:0 3-OH
Cganb anteiso-C)s.o Cigo anteiso-C 5.0 OH
DNA G+C content 4.6 43.1 42.5 46 482 51 44 44.3
(mol%)
Production of:
Alkaline phosphatase + NA i + + NA G G5
Catalase = = = = = = NA =
Oxidase = NA NA NA NA
Nitrate reductase - - - - NA - -
Urease - - - - - -
B-Galactosidase + NA NA + + NA + =
N-Acetyl-B glucosamine + NA + + + NA + +
Acid from:
L-Arabinose + - + - - - + -
Ribose + NA + - NA NA NA
Mannose - + - + + v +
Mannitol - = g o + - = =
Sucrose + + + + + - + +
Glucose - + + + + + + +
Fructose = h NA + NA + th NA
Maltose - + + + + + + +
Lactose = g % + + = i g
Habitat Human gut Human oral Breast Human oral Human faeces Human oral Human oral Human oral
cavity abscess cavity cavity cavity cavity
Study This study [24,27] [25] [26] [27] [27,28] [29] [30]

+, positive result; —, negative result; +, positive or negative reaction; v, variable result; NA, data not available.

*Major cellular fatty acids listed in order of predominance.

values ranged from 58.13 with P. stercorea to 76.50 with P. oralis,
thus confirming its new species status (Table 6). Table 7 shows
the pairwise comparison of strain SN19" with other Prevotella
species using the Genome-to-Genome Distance Calculator.
Fig. 6 shows the distribution of functional classes of predicted
genes on the chromosomes of strain SN 19" and related species
of Prevotella genus according to the COGs of proteins. It
demonstrates that the distribution of genes into COGs cate-

gories is similar in all compared Prevotella species.

Strain SN19" was isolated from the stool sample of an 81-year-
old white woman who was a patient at La Timone Hospital
diagnosed with C. difficile colitis with good outcome without
faecal microbiota transplantation. On the basis of phenotypic,
genomic and phylogenetic characteristics, we have isolated a
new species, strain SNI9T, within the genus Prevotella, whose
closest species is Prevotella oralis. These results and the diver-
gence of the 16s rRNA gene sequence with the closest species
confirms that SNI9" strain is a new species. Also, genomic
analysis identified 12 ORFans (Table 4) and at least 768 (31.6%)

of 2430 orthologous proteins genes not shared with the closest

phylogenetic neighbor, Prevotella oralis (Table 6), supporting the
description of a new species. Strain SNI9T differs from the
phylogenetically closest species by its mobility, its major fatty
acids and its inability to use certain sugars including mannose,
glucose, fructose, maltose and lactose (Table 2), suggesting that
they are different species.

The composition of the intestinal microbiota shows an
abundance of bacteria belonging to Firmicutes and Bacteroidetes
phyla. In Bacteroidetes, there is a predominance of Bacteroides
and Prevotella. Prevotella are more prevalent in populations with
plant-based diet, suggesting that it contributes to their catabo-
lism in the human gut. Possibly as a result of its link to a
vegetarian diet, Prevotella is found less often in the Western
population; Prevotella species in this population are mostly
found in the oral cavity [31,32]. Moreover, Arumugam et al.
[33] reported the existence of enterotypes in the human
microbiome including Prevotella as a main contributor of one of
these enterotype regardless of age, sex or origin. The enter-
otype Prevotella varies greatly in number of species and func-
tional composition.

In addition, the abundance of Prevotella in a body habitat is
correlated by an improvement in glucose metabolism [34].
However, the presence of Prevotella in the human gut was also
linked to inflammation [35]. Further studies are needed in
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Cellular fatty acid profiles (%) of Prevotella phocaeensis strain SN19T compared to other Prevotella species

Prevotella Prevotella Prevotella Pr ! Pr Il Prevotella
Fatty acid Name phocaeensis oralis timonensis stercorea marshii shabhii
Saturated straight chain
14:0 Tetradecanoic acid 4.6£0.1 2.1 19.5 0.8 0.5 10.9
15:0 Pentadecanoic acid tr tr NA tr 5.9 1.0
16:0 Hexadecanoic acid 28714 19.2 15.3 38 37 16.9
17:0 Heptadecanoic acid tr tr NA NA tr NA
18:0 Octadecanoic acid 3901 0.9 16 0.8 tr 28
Unsaturated straight chain
16:1n5 I 1-Hexadecenoic acid tr NA NA NA NA NA
16:1n7 9-Hexadecenoic acid tr NA NA 1.8 1.4 NA
18:2n6 9,12-Octadecadienoic acid 15.1 £0.5 NA 16 2.2 0.6 NA
18:1n6 12-Octadecenoic acid 1.0£0.2 NA NA NA NA NA
18:1n9 9-Octadecenoic acid 74+0.1 18.6 NA 14.7 10.2 18.7
20:4n6 5,8,11,14-Eicosatetraenoic acid tr NA NA NA NA NA
Hydroxy acids
15:0 3-OH 3-hydroxy-Pentadecanoic acid tr NA NA 2.4 1.0 NA
16:0 3-OH 3-hydroxy-Hexadecanoic acid 9.7+03 10.4 NA 1.0 1.2 16.3
17:0 3-OH iso 3-hydroxy- 1 5-methyl-Hexadecanoic 28+0.2 4.9 NA 6.4 9.3 (1)
acid
17:0 3-OH 3-hydroxy- 14-methyl-Hexadecanoic tr NA NA 1.9 1.7 NA
anteiso acid
Saturated branched chain
5:0 anteiso 2-methyl-Butanoic acid tr NA NA NA NA NA
14:0 iso 12-methyl-Tridecanoic acid 1.1£0.2 3.0 14 2.7 23 44
15:0 iso |3-methyl-Tetradecanoic acid 23+0.1 32 NA 237 87 34
15:0 anteiso 12-methyl-Tetradecanoic acid 19.1£0.6 20.6 NA 26.2 40.1 6.8
16:0 iso 14-methyl-Pentadecanoic acid tr 1.7 NA 2.7 1.7 1.0
17:0 iso 15-methyl-Hexadecanoic acid tr tr NA 1.7 tr NA
17:0 anteiso 14-methyl-Hexadecanoic acid tr 1.5 NA 1.3 26 NA
Study This study [27] [25] [27] [28] [30]

NA, data not available; tr, trace amounts <|%.

Prevotella saccharolytica and micans were not listed because their complete fatty acid profiles were not available.

order to decipher the role of Prevotella phocaeensis in health and
diseases and particularly plant catabolism, glucose regulation
and its interaction with Clostridium difficile in the human gut.

700000
2200000

1300000

1600000 s
1500000 1400000

Graphical circular map of Prevotella phocaeensis strain SNI9T
genome. From outside to centre: contigs (red/grey), genes on forward
strand coloured by COGs categories (only genes assigned to COGs),
genes on reverse strand coloured by COGs categories (only gene
assigned to COGs), RNA genes (tRNAs green, rRNAs red), GC con-
tent and GC skew. COGs, Clusters of Orthologous Groups database.

Some cases of Clostridium difficile infection were treated by
transplantation of faecal microbiota [36]. Maybe the presence of
P. phocaeensis, a probable member of the human mature
anaerobic gut microbiota [6], explains the good outcome of the
patient with Clostridium difficile infection.

Therefore, considering phenotypic differences with the
closest species, the proteomic profile obtained with MALDI-
TOF MS of strain SNI97, its phylogenetic analysis of the 16S

Nucleotide content and gene count levels of

genome
Genome (total)

Attribute Value % of total®
Size (bp) 2922 117 100
G+C content (%) 1 303 042 44.60
Coding region (bp) 2 592 985 88.74
Total genes 2486 100
RNA genes 56 2.25
Protein-coding genes 2430 100
Genes with function prediction 161 6.63
Genes assigned to COGs 1286 52.92
Genes with peptide signals 667 27.45
Gene associated with resistance genes 0 0.00
Gene associated with bacteriocin genes 7 0.29
Gene associated with mobilome 670 27.57
Gene associated with toxin/antitoxin 30 1.56
Protein associated with ORFan 12 0.49
Genes associated with PKS or NRPS 7 0.29

COGs, Clusters of Orthologous Groups database; NRPS, nonribosomal peptide
synthase, PKS, polyketide synthase.

*Total is based on either size of genome in base pairs or total number of protein-
coding genes in annotated genome.
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Number of genes associated with 25 general COGs

functional categories

% of
Code Value total® Description
J 162 6.67 Translation
A 0 0 RNA processing and modification
K 78 321 Transcription
L 96 3.95 Replication, recombination and repair
B 0 0 Chromatin structure and dynamics
D 20 0.82 Cell cycle control, mitosis and meiosis
Y 0 0 Nuclear structure
\ 45 1.85 Defense mechanisms
T 39 1.60 Signal transduction mechanisms
M 125 5.14 Cell wall/membrane biogenesis
N I 0.45 Cell motility
z 0 0 Cytoskeleton
w 0 0 Extracellular structures
V) 19 0.78 Intracellular trafficking and secretion
(0] 70 2.884 Posttranslational modification, protein turnover,
chaperones
X 15 0.62 Mobilome: prophages, transposons
C 82 3.37 Energy production and conversion
G 109 4.49 Carbohydrate transport and metabolism
E 101 4.16 Amino acid transport and metabolism
F 58 2.39 Nucleotide transport and metabolism
H 89 3.66 Coenzyme transport and metabolism
| 56 2.30 Lipid transport and metabolism
P 75 3.09 Inorganic ion transport and metabolism
Q 14 0.58 Secondary metabolites biosynthesis, transport and
catabolism
R 95 391 General function prediction only
S 44 1.8l Function unknown
= 1144 47.08 Not in COGs

*Total is based on total number of protein-coding genes in annotated genome.
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rRNA gene sequence, its genomic description and annotation,
AGIOS and digital DDH values, we propose the creation of
strain SNI9" as a new species named Prevotella phocaeensis sp.
nov. (= CSUR P2259 = DSM 103364). Finally, we showed here
that culturomics and taxonogenomics dramatically extend the
discovery of human mature anaerobic gut microbiota previ-
ously associated with gut maturation and health [6].

Description of Prevotella phocaeensis sp. nov.

Prevotella phocaeensis (pho.cae.en’sis, L. fem. adj. phocaeensis, ‘of
Phocaea,” the Latin name of Marseille, adapted from the first
Greek name of Marseille, Phokaia, where the strain was iso-
lated). Strict anaerobic, Gram-negative, oxidase and catalase
negative, not endospore forming, and with nonmotile rods, the
colonies are haemolytic, circular, small and white, and have a
diameter of about | to 1.5 mm on Columbia agar + 5% sheep’s
blood. Strain SN19" grows at 37°C after 72 hours of incubation
and tolerates a pH of 6 to 8.5 and an amount of NaCl of 0 to
5 g/L. Bacterial cells observed under electron microscopy were
sticks ranging in length from 1.7 to 2 um, with a diameter lower
to 0.5 pm. Using the ZYM strip and APl 50CH, positive re-
actions were observed for alkaline phosphatase, acid phos-
phatase,

naphthol-AS-Bl-phosphohydrolase, [-galactosidase,

Numbers of orthologous proteins shared between genomes (upper right)®

1l P, m 1l

m 1l P, m p, 1l p, m 1l

P, P,
Pr Pr Pr

P, P,
Pr Pr Pr Pr Pr

micans stercorea timonensis shabhii oralis loescheii saccharolytic oulorum marshii phocaeensis
P. micans 2329 970 988 957 1054 1094 969 988 1037 1054
P. stercorea 56.89 3017 1187 1053 1240 1227 1064 1112 1122 1241
P. timonensis 65.64 57.46 2770 1133 1319 1316 1131 1190 1188 1317
P. shahii 64.85 57.52 67.04 3392 1206 1381 1135 1122 1121 1209
P. oralis 59.20 57.41 60.63 59.71 2488 1398 1276 1257 1230 1662
P. loescheii 65.65 58.40 67.18 80.98 59.93 2838 1335 1292 1279 1404
P. saccharolytica 65.58 56.79 67.46 70.10 60.40 71.07 2762 1143 1139 1269
P. oulorum 57.71 58.87 58.71 5851 5841 58.56 58.36 2488 1167 1254
P. marshii 57.69 58.05 58.69 58.19 59.36 586l 58.34 58.29 2335 1236
P. phocaeensis 66.26 58.13 68.90 67.22 76.50 67.83 68.37 58.77 59.08 2430

?Average percentage similarity of nucleotides corresponding to orthologous proteins shared between genomes (lower left) and numbers of proteins per genome (bold).

Pairwise comparison of Prevotella phocaeensis with other species using GGDC, formula 2 (DDH estimates based on
identities/HSP length),” upper right, for: (1) Prevotella phocaeensis strain SN19", (2) Prevotella oralis strain ATCC 33269, (3)
Prevotella micans strain F0438, (4) Prevotella stercorea strain CB35, (5) Prevotella timonensis strain 4401737, (6) Prevotella shahii
strain EHSI 1, (7) Prevotella loescheii strain ATCC 15930, (8) Prevotella saccharolytica strain JCM 17484, (9) Prevotella oulorum
strain F0390 and (10) Prevotella marshii strain JCM 13450

1 2 3 4 5 6 7 8 9 10

| 100% 772027 31.50+2.4 20.80+£2.2 2220£23 20.50+2.2 20.10+2.2 22.60+23 20.10£2.5 23.70+23
2 100% 22.10£23 20.50£2.2 21.00£23 202023 19.70£2.2 20.90+2.3 20.10£2.2 209023
3 100% 21.60+£2.2 2530£23 21.20+23 242023 2530+2.4 24.60£2.3 3520+24
4 100% 30.80+£2.4 21.50+2.3 202022 19.70£22 2350£23 240023
5 100% 25.70+2.3 24.10£2.3 20.00+2.2 2640£23 26.10+2.4
6 100% 249023 2270+23 2260£23 279024
7 100% 2830+24 25.60+£2.4 25.10+2.3
8 100% 235023 25.60+2.3
9 100% 25.30+24
10 100%

DDH, DNA-DNA hybridization; GGDC, Genome-to-Genome Distance Calculator; HSP, high-scoring segment pairs.
?Confidence intervals indicate inherent uncertainty in estimating DDH values from intergenomic distances based on models derived from empirical test data sets (which are always
limited in size). These results are in accordance with 16S rRNA and phylogenomic analyses as well as GGDC results.
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B-glucuronidase, B-glucosidase, N-acetyl-f3-glucosaminidase and
L-arabinose, p-ribose, L-xylose, D-adonitol, esculin ferric citrate,
salicin, D-sucrose, D-raffinose, D-lyxose, D-tagatose, potassium
2-ketogluconate and potassium 5-ketogluconate. API20NE
shows a positive reaction for esculin ferric citrate and
B-galactosidase. P. phocaeensis strain SN19T was susceptible to
imipenem, penicillin, teicoplanin, gentamicin, rifampicin, ceftri-
axone, clindamycin, colistin, doxycycline, erythromycin,
oxacillin, metronidazole and trimethoprim/sulfamethoxazole.
Hexadecanoic acid (16:0-29%) is the predominant fatty acid.
The G+C content of the genome is 44.6%. The accession
numbers of the sequences of 16S rRNA and genome which
were deposited in EMBL-EBI are LN998069 and
FIZG00000000, respectively. The habitat of the organism is the
human gut microbiota. The type strain SNI9T (= CSUR
P2259 = DSM 103364) was isolated from the stool sample of an

81 -year-old white woman.
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W Prevotella loescheii
W Prevotella marshii
Prevotella micans
s Prevotella oralis
W—Prevotella oulorum

Prevotella phocaeensis
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Prevotella shahii
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Distribution of functional classes of
predicted genes of strain SN19" and related
species of Prevotella genus according to
COGs of proteins. COGs, Clusters of

Orthologous Groups database.
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