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Abstract
Corynebacterium bouchesdurhonense sp. nov. strain Marseille-P2067T (= CSURP2067; = DSM100846) and Corynebacterium provencense sp. nov.

strain Marseille-P2161T (= CSURP2161; = DSM101074) are two new species from the order Corynebacteriales that were isolated from obese

French individuals.
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Introduction
It is important to understand the implications of bacterial di-
versity in normal physiological functions and for disease [1]. To
explore the diversity of human intestinal bacteria, the cul-

turomic approach, based on diversified culture conditions, was
designed to isolate species that had never been cultivated

before, and also to complete the metagenomics of 16S rRNAs
[2–4]. In addition, a new taxonomic method called tax-

onogenomics has been developed that provides descriptions
associating the analysis of complete sequences of the genome

and the phenotypic characteristics of novel bacterial species [5].
Based on this new approach, we report here a brief description
of two new species of Corynebacterium, both isolated for the

first time in humans.
This is an open access arti
Isolation and growth conditions
In 2015, the strain Marseille-P2067T and the strain Marseille-

P2161T were isolated from stool samples from obese French
individuals. The strains of these bacteria have not been identified
by matrix-assisted laser desorption/ionization time-of-flight mass

spectrometry (MALDI-TOF MS). The screening was carried out
on a Microflex LT spectrometer (Bruker Daltonics, Bremen,

Germany), as previously reported [6,7]. Spectra obtained (Fig. 1)
were imported and analysed using the BIOTYPER 3.0 software

against the Bruker database, which is regularly updated from the
MEPHI database http://www.mediterranee-infection.com/article.

php?larub=280&titre=umrs-database [1]. The strains Marseille-
P2067T and Marseille-P2161T were obtained by culture on
Columbia agar supplemented with 5% sheep blood (bioMérieux,

Marcy l’Etoile, France) incubated for 48 hours at 37°C, under
microaerophilic conditions using CampyGen (Thermo Scientific,

Villebon-sur-Yvette, France) [8].
Phenotypic characteristics
Colonies of the strain Marseille-P2067T were white, circular,

non-haemolytic and opaque on Columbia agar enriched with
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FIG. 1. MALDI-TOF MS reference spectra of Corynebacterium bouchesdurhonense sp. nov. (a) and Corynebacterium provencense sp. nov. (b). Each

reference spectrum was generated by comparison of spectra from 12 individual colonies.
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5% sheep blood (bioMérieux) at 37°C under aerobic condi-

tions, and measured 1 mm in diameter after 48 hours of in-
cubation. Bacteria were Gram-positive and rod-shaped. Cells

were non-motile, spore-forming and facultatively anaerobic. On
electron microscopy, cells had mean length and diameter of 0.8

and 1.8–5.0 μm, respectively (Fig. 2). Strain Marseille-P2067T

exhibited positive oxidase and catalase activities.

Strain Marseille-P2161T colonies vary between 1 and 1.5
mm in diameter, and appear circular, milky white, non-
haemolytic and opaque after 48 hours of incubation on
© 2019 The Authors. Published by Elsevier Ltd, NMNI, 31, 100581
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Columbia agar enriched with 5% sheep blood (bioMérieux)

under aerobic conditions. Cells were rod-shaped with a
diameter ranging from 1.2 to 1.7 μm and a length of 0.6 μm

(Fig. 2). Strain Marseille-P2161T was Gram-positive, motile,
facultatively anaerobic and spore-forming. Strain Marseille-

P2161T exhibited catalase activity but not oxidase activity.
API ZYM and API 20NE tests were performed at 37°C under

aerobic conditions (Table 1). Table 2 compares the main
biochemical characteristics of the closest Corynebacterium
species with standing in nomenclature.
FIG. 2. Scanning electron micro-

scopy (SEM) of stained Corynebacte-

rium bouchesdurhonense sp. nov. and

Corynebacterium provencense sp. nov.

A colony was collected from agar

and immersed into a 2.5% glutaral-

dehyde fixative solution. Then a drop

of the suspension was directly

deposited on a poly-L-lysine-coated

microscope slide for 5 minutes and

treated with 1% phosphotungstic

acid aqueous solution (pH 2.0) for 2

minutes to increase the SEM image

contrast. The slide was gently

washed in water, air-dried and

examined in a tabletop SEM (Hitachi

TM4000), approximately 60 cm in

height and 33 cm in width, to eval-

uate bacteria structure. Scales are

shown on figures.

nses/by-nc-nd/4.0/).
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TABLE 1. Phenotypic characterization of Corynebacterium

bouchesdurhonense sp. nov. and Corynebacterium provencense

sp. nov. based on analytical profile index (API) tests

Tests Characteristics

Results

C. bouchesdurhonense
sp. nov

C. provencense
sp. nov

API
ZYM

Alkaline phosphatase + –
Esterase (C4) – +
Esterase lipase (C8) – +
Lipase (C14) – +
Leucine arylamidase + –
Valine arylamidase – +
Cystine arylamidase – +
Trypsin – –
α-chymotrypsin – –
Acid phosphatase + –
Naphthalo-AS-BI-
phosphohydrolase

+ +

α-galactosidase – –
β-galactosidase – –
β-glucuronidase – –
α-glucosidase – +
β-glucosidase – +
N-acetyl-
β-glucosaminidase

+ –

α-mannosidase – –
α-fucosidase – –

API 20
NE

Nitrates to nitrites + –
Indole – –
Glucose fermentation – –
Arginine dihydrolase – +
Urease – +
β-glucosidase + –
Protease – –
β-galactosidase – –
Glucose assimilation – –
Arabinose – –
Mannose – –
Mannitol – –
N-acetyl-glucosamine – –
Maltose – –
Potassium gluconate – –
Capric acid – –
Adipic acid – –
Malate – –
Trisodium citrate – –
Phenylacetic acid – –

TABLE 2. Differential phenotypic characteristics of Corynebacterium

sp. nov. (2), Corynebacterium urinapleomorphum (3), Corynebacte

Corynebacterium appendicis (6)

Property 1 2 3

Cell diameter (μm) 1.8–5.0 1.2–1.7 0.2
Oxygen requirement + + +
Gram stain + + +
Salt requirement – – –
Motility – + –
Endospore formation + + –
Alkaline phosphatase + – +
Catalase + + +
Oxidase + – –
Nitrate reductase + –
Urease – + +
β-galactosidase – – –
N-acetyl-glucosamine + – –
Arabinose – – –
Lipase (C8) – + +
β-glucosidase – + –
Mannose – – –
Mannitol – – –
Indole – – –
D-glucose – – –
D-maltose – – –
Source Human stool Human stool Huma
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This is an open access artic
Strains identification
For each strain, the 16S rRNA gene was amplified using the

primer pair fD1 and rP2 (Eurogentec, Angers, France) and
sequenced using the Big Dye® Terminator v1.1 Cycle
Sequencing Kit and 3500xLGenetic Analyzer capillary

sequencer (Thermofisher, Saint-Aubin, France), as previously
described [9]. All 16S rRNA nucleotide sequences were

assembled and corrected using CODONCODE ALIGNER software
(http://www.codoncode.com).

Strain Marseille-P2067T exhibited a 97.3% 16S rRNA simi-
larity with Corynebacterium tuscaniense strain ISS-5309

(NR_043093), the phylogenetically closest species with stand-
ing in nomenclature. Strain Marseille-P2161T showed 98.5%

sequence similarities to Corynebacterium variabile strain DSM
20132 (NR_025314) (Fig. 3). We consequently proposed to
classify strain Marseille-P2067T and strain Marseille-P2161T as

new species within the genus Corynebacterium in the phylum
Actinobacteria.
Genome sequencing
Genomic DNA was extracted using the EZ1 biorobot with the
EZ1 DNA tissue kit (Qiagen, Hilden, Germany) and then

sequenced on a MiSeq sequencer (Illumina Inc., San Diego, CA,
USA) with the Nextera Mate Pair sample prep kit and Nextera

XT Paired End (Illumina), as previously described [10]. As-
sembly was performed using a pipeline containing several
bouchesdurhonense sp. nov. (1), Corynebacterium provencense

rium phoceense (4), Corynebacterium aurimucosum (5), and

4 5 6

0.5 0.5 0.3
+ + –
+ + +
– – –
– – –
+ – –
+ + +
+ + +
– NA NA
+ – –
– – +
– – –
– – –
NA + –
+ – –
+ – –
+ – +
– – –
NA – –
+ + +
+ + +

n urine Human urine Human sample Human gut
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FIG. 3. Phylogenetic tree highlighting the

position of Corynebacterium bouchesdur-

honense sp. nov. and Corynebacterium

provencense sp. nov. relative to the most

closely related type strains within the

genus Corynebacterium. GenBank acces-

sion numbers of 16S rRNA are indicated

in parentheses. Sequences were aligned

using MUSCLE with default parameters,

phylogenetic inference was obtained using

the maximum likelihood method and

MEGA 7 software. Numbers at the nodes

are percentages of bootstrap values ob-

tained by repeating the analysis 1000

times to generate a majority consensus

tree. The scale bar indicates a 5% nucle-

otide sequence divergence. Haemophilus

massiliensis was used as an outgroup.
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softwares (VELVET [11], SPADES [12] and SOAP DENOVO [13]), and
trimmed (MISEQ and TRIMMOMATIC [14] softwares) or untrimmed

(only MISEQ software) data. GAPCLOSER was used to reduce
assembly gaps. Scaffolds <800 bp and scaffolds with a depth

value < 25% of the mean depth were removed. The best as-
sembly was selected by using different criteria (number of

scaffolds, N50, number of N). Strains Marseille-P2067T and
FIG. 4. Heatmaps generated with ORTHOANI values calculated using the O

Corynebacterium provencense sp. nov (b) with other closely related species wi
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Marseille-P2161T have genome sizes of 2.26 Mb and 3.03 Mb,
respectively, with a 68% and 66.85% G + C content, respec-

tively. The degree of genomic identity of these strains with
closely related species was calculated using ORTHOANI software

[15]. For the strain Marseille-P2067T, OrthoANI values among
closely related species (Fig. 4) ranged from 68.34%, between

Corynebacterium appendicis and Corynebacterium ulcerans, to
AT software for Corynebacterium bouchesdurhonense sp. nov. (a) and

th standing in nomenclature.

nses/by-nc-nd/4.0/).
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77.86%, between Corynebacterium bouchesdurhonense and Cory-

nebacterium glaucum. When Corynebacterium bouchesdurhonense
was compared with these closely related species, values ranged

from 68.68% with Corynebacterium terpenotabidum to 77.86%
with Corynebacterium glaucum. For the strain Marseille-P2161T,

ORTHOANI values among closely related species (Fig. 4) ranged
from 68.01%, between Corynebacterium glyciniphilum and Cory-
nebacterium ulcerans, to 81.76%, between Corynebacterium ter-

penotabidum and Corynebacterium variabile. When
Corynebacterium bouchesdurhonense was compared with these

closely related species, values ranged from 68.06% with Cory-
nebacterium ulcerans to 77.86% with Corynebacterium variabile.
Conclusion
On the basis of unique phenotypic features, including MALDI-
TOF spectrum, a 16S rRNA sequence divergence >1.3% and

an ORTHOANI value < 95% with the phylogenetically closest
species with standing in nomenclature, we formally proposed

strain Marseille-P2067T and strain Marseille-P2161T as the type
strains of Corynebacterium bouchesdurhonense sp. nov. and
Corynebacterium provencense sp. nov respectively, which are

new species within the genus Corynebacterium.
Description of Corynebacterium
bouchesdurhonense strain Marseille-P2067T

sp. nov.
Corynebacterium bouchesdurhonense (bou.ches.du.rhon.en.se, M.
L. adj. Bouches-du-Rhône is a department of the Provence-

Alpes-Côte d’Azur region (France), where strain Marseille-
P2067T was isolated). The strain grows at temperatures ranging

between 25°C and 45°C in aerobic conditions (at an optimum
temperature of 37°C). The potential pathogenicity of the type

strain Marseille-P2067T (= CSURP2067; = DSM100846) is un-
known, but it was isolated from the stool of an obese patient
consulting at our hospital. This strain Marseille-P2067T has a

genome size of 2.26 Mb and exhibited a G + C content of 68%.
Description of Corynebacterium provencense

strain Marseille-P2161T sp. nov.
Corynebacterium provencense (pro.ven.cen.se, M. L. adj. Pro-
vence is an old province in the southeast of France, where
This is an open access artic
strain Marseille-P2161T was isolated). The strain grows at

temperatures ranging between 25°C and 45°C in aerobic
conditions (at an optimum temperature of 37°C). The potential

pathogenicity of the type strain Marseille-P2161T (=
CSURP2161; = DSM101074) is unknown, but it was isolated

from the stool of an obese individual consulting at our hospital.
Besides, C. provencense was associated recently with otitis in a
cat [16]. Strain Marseille-P2161T has a genome size of 3.03 Mb

and exhibited a G + C content of 66.85%.
Nucleotide sequence accession number
The 16S rRNA gene and genome sequences were deposited in

GenBank under Accession numbers LN881599 and
FJVG00000000, respectively, for strain Marseille-P2067T, and

LN890283 and FIZC00000000, respectively, for strain Mar-
seille-P2161T.
Deposit in culture collections
All these strains were deposited in two different strain collec-
tions under following numbers: strain Marseille-P2067T (=

CSURP2067; = DSM100846) and strain Marseille-P2161T (=
CSURP2161; = DSM101074).
Acknowledgements
The authors thank Catherine Robert for sequencing the

genome, Aurelia Caputo for submitting the genomic sequence
to GenBank and Frabrizio Di Pinto for taking the scanning

electron micrographs.
Conflicts of interest
None to declare.
Funding sources
This study was supported by the Institut Hospitalo-
Universitaire (IHU) Méditerranée Infection, the National

Research Agency under programme Investissements d’avenir,
reference ANR-10-IAHU-03, the Région Provence Alpes Côte

d’Azur and European funding FEDER PRIMI.
© 2019 The Authors. Published by Elsevier Ltd, NMNI, 31, 100581
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/


6 New Microbes and New Infections, Volume 31 Number C, September 2019 NMNI
Ethics and consent
The study was approved by the ethics committee of the Institut

Federatif de Recherche 48 under reference 2016-010. The
patients gave and approved and signed consent for participating
in this study.
References
[1] The Human Microbiome Project | Nature n.d. Available at: https://
www.nature.com/articles/nature06244 (accessed 4 May 2018).

[2] Lagier J-C, Armougom F, Million M, Hugon P, Pagnier I, Robert C, et al.
Microbial culturomics: paradigm shift in the human gut microbiome
study. Clin Microbiol Infect 2012;18:1185–93.

[3] Lagier J-C, Hugon P, Khelaifia S, Fournier P-E, La Scola B, Raoult D.
The rebirth of culture in microbiology through the example of cul-
turomics to study human gut microbiota. Clin Microbiol Rev 2015;28:
237–64.

[4] Lagier J-C, Khelaifia S, Alou MT, Ndongo S, Dione N, Hugon P, et al.
Culture of previously uncultured members of the human gut micro-
biota by culturomics. Nat Microbiol 2016;1:16203.

[5] Ramasamy D, Mishra AK, Lagier J-C, Padhmanabhan R, Rossi M,
Sentausa E, et al. A polyphasic strategy incorporating genomic data for
the taxonomic description of novel bacterial species. Int J Syst Evol
Microbiol 2014;64:384–91.

[6] Seng P, Drancourt M, Gouriet F, La Scola B, Fournier P-E, Rolain JM,
et al. Ongoing revolution in bacteriology: routine identification of
bacteria by matrix-assisted laser desorption ionization time-of-flight
mass spectrometry. Clin Infect Dis 2009;49:543–51.
© 2019 The Authors. Published by Elsevier Ltd, NMNI, 31, 100581
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice
[7] Lo CI, Fall B, Sambe-Ba B, Diawara S, Gueye MW, Mediannikov O,
et al. MALDI-TOF mass spectrometry: a powerful tool for clinical
microbiology at Hôpital Principal de Dakar, Senegal (West Africa).
PLoS One 2015;10(12):e0145889.

[8] Ndongo S, Andrieu C, Fournier PE, Lagier JC, Raoult D. ‘Actinomyces
provencensis’ sp. nov., ‘Corynebacterium bouchesdurhonense’ sp. nov.,
‘Corynebacterium provencense’ sp. nov. and ‘Xanthomonas massiliensis’ sp.
nov., 4 new species isolated from fresh stools of obese French patients.
New Microbe. New Infect 2017;18:24–7.

[9] Morel A-S, Dubourg G, Prudent E, Edouard S, Gouriet F, Casalta JP,
et al. Complementarity between targeted real-time specific PCR and
conventional broad-range 16S rDNA PCR in the syndrome-driven
diagnosis of infectious diseases. Eur J Clin Microbiol Infect Dis
2015;34:561–70.

[10] Diop A, Khelaifia S, Armstrong N, Labas N, Fournier PE, Raoult D,
et al. Microbial culturomics unravels the halophilic microbiota reper-
toire of table salt: description of Gracilibacillus massiliensis sp. nov.
Microb Ecol Health Dis 2016;27.

[11] Zerbino DR, Birney E. Velvet: algorithms for de novo short read as-
sembly using de Bruijn graphs. Genome Res 2008;18:821–9.

[12] Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M,
Kulikov AS, et al. SPAdes: a new genome assembly algorithm and its
applications to single-cell sequencing. J Comput Biol 2012;19:455–77.

[13] Luo R, Liu B, Xie Y, Li Z, Huang W, Yuan J, et al. SOAPdenovo2: an
empirically improved memory-efficient short-read de novo assembler.
Gigascience 2012;1:18.

[14] Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 2014;30:2114–20.

[15] Lee I, Ouk Kim Y, Park SC, Chun J. OrthoANI: an improved algorithm
and software for calculating average nucleotide identity. Int J Syst Evol
Microbiol 2016;66:1100–3.

[16] Kittl S, Brodard I, Rychener L, Jores J, Roosje P, Gobeli Brawand S.
Otitis in a cat associated with Corynebacterium provencense. BMC Vet
Res 2018;14:200.
nses/by-nc-nd/4.0/).

https://www.nature.com/articles/nature06244
https://www.nature.com/articles/nature06244
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref2
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref2
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref2
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref3
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref3
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref3
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref3
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref4
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref4
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref4
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref5
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref5
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref5
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref5
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref6
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref6
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref6
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref6
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref7
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref7
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref7
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref7
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref8
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref8
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref8
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref8
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref8
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref9
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref9
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref9
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref9
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref9
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref10
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref10
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref10
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref10
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref11
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref11
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref12
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref12
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref12
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref13
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref13
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref13
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref14
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref14
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref15
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref15
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref15
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref16
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref16
http://refhub.elsevier.com/S2052-2975(19)30078-2/sref16
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Corynebacterium bouchesdurhonense sp. nov., and Corynebacterium provencense sp. nov., two new species isolated from obese p ...
	Introduction
	Isolation and growth conditions
	Phenotypic characteristics
	Strains identification
	Genome sequencing
	Conclusion
	Description of Corynebacterium bouchesdurhonense strain Marseille-P2067T sp. nov.
	Description of Corynebacterium provencense strain Marseille-P2161T sp. nov.
	Nucleotide sequence accession number
	Deposit in culture collections
	Acknowledgements
	Conflicts of interest
	Funding sources
	Ethics and consent
	References


