Arcanobacterium ihumii sp. nov., Varibaculum vaginae sp. nov. and
Tessaracoccus timonensis sp. nov., isolated from vaginal swabs from healthy
Senegalese women
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Culturomics studies the microbial variety of the human microbiome by combining diversified culture conditions, matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry and 16S rRNA gene identification. This study identifies three putative new
bacterial species: Arcanobacterium ihumii sp. nov. strain Marseille-P5647", Varibaculum vaginge sp. nov. strain Marseille-P5644" and
Tessaracoccus timonensis sp. nov. strain Marseille-P59957, which we describe according to the concept of taxonogenomics.
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prevention of many urogenital diseases, such as bacterial vagi-
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animal, and some species such as Arcanobacterium haemolyticum
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and Arcanobacterium pyogenes are occasionally reported as

pathogens for humans [8,9]. To date, there are two valid
published bacteria within the genera Varibaculum, previously
isolated from human samples [10,1 |]. Tessaracoccus species are
more frequently isolated from environmental sources and oc-

casionally from animals [12,13].
The vagina is a wet biotope comprising a complex ecosystem . .
. . . . . Currently, it is important to understand the involvement of
colonized by several types of microorganisms [I]. Doderlein . . . . . .
. bacterial variety in normal physiological functions and
bacilli or Lactobacillus are the majority bacteria in the vaginal . .
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Lactobacillus [3]. An imbalance of this flora can lead to vaginosis
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Bacterial vaginosis was first described by Schréder in 1921.

Description of these new species is based on a method
combining genotypic and phenotypic characteristics of the

) o ) ] bacterium and supplemented by the taxonogenomic strategy
He noticed dysbiosis characterized by a decrease in Lactoba- . . . .
) ) ] ) previously described [18,19]. In this study, we describe three
cillus, an increase in the pH of the vaginal mucosa, and a pro- . . . .
] . ) ) ) ) new species for the first time, isolated from the vagina.
liferation mainly of Gram-negative anaerobic bacteria such as

Gardnerella vaginalis, Atopobium vaginae and Mobiluncus curtisii
[5,6]. The role played by the human vaginal microbiota, in the
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In 2017, as part of a culturomics study of the human micro-
biome, the three strains Marseille-P5647T, Marseille-P5644 "
and Marseille-P5995" were isolated from different samples
recovered from women living in Dielmo, a West African village.
The vaginal swabs were placed directly in liquid medium
enriched with sheep’s blood and rumen. Initial growth of bac-
terial cells was obtained after 15 days of pre-incubation in an
anaerobic environment. Then the solutions were seeded on 5%
sheep’s blood agar (bioMérieux, Marcy I'Etoile, France) under
anaerobic conditions at 37°C. The colonies were tested using
matrix-assisted laser desorption ionization -time of flight mass
spectrometry (MALDI-TOF MS; Microflex LT spectrometer;
Bruker Daltonics, Bremen, Germany) [20]. Spectra obtained
were imported and analysed using the BioTyper 3.0 software
against the Bruker database, which was constantly updated
from the MEPHI database [14] (Fig. I). Being potentially new
species, no spectra were included in the database and the
colonies were not identified using MALDI-TOF.

The strains are bacteria that all grow anaerobically. For each
strain, first growth was observed after 15 days incubation at 37°
C on Columbia agar medium enriched with 5% sheep’s blood
(bioMérieux) in an anaerobic atmosphere generated using the
GENbag anaer system (bioMérieux). The strain Marseille-P5647
(= CSUR P5647) is Gram-negative. It appears on agar as colonies
measuring | mm in diameter. Cells are not motile and present
no catalase or oxidase activity. The strain Marseille-P5995 (=
CSUR P5995) is Gram-negative. Its colonies have a mean size of
0.2 mm. It is a non-motile bacterium with catalase-negative and
oxidase-negative activities. Cells of the strain Marseille-P5644 (=
CSURP5644) are Gram-positive cocci, non-motile, catalase-
positive and oxidase-negative. They form translucent white or
grey colonies of I-mm diameter on Columbia agar medium
enriched with 5% sheep’s blood at 37°C after 48 hours of
anaerobic incubation. the shape of this bacterium was high-
lighted with a Hitachi TM4000 tabletop scanning electron mi-
croscope (Hitachi Group, Krefeld, Germany) (Fig. 2).

To identify these four strains, the 16S rRNA gene of each was
amplified using the primer pair fD1 and rP2 (Eurogentec, An-
gers, France) and sequenced using the Big Dye® Terminator

© 2019 The Author(s). Published by Elsevier Ltd, NMNI, 31, 100585

vl.l Cycle Sequencing Kit and 3500xLGenetic Analyzer capil-
lary sequencer (Thermofisher, Saint-Aubin, France) as previ-
ously reported [21]. The 16S rRNA nucleotide sequences were
assembled and corrected using CoboNCoODE ALIGNER software
(http://www.codoncode.com). For the strain Marseille-P5647",
the 16S rRNA (Accession number LT993248) gene sequence
analyses showed 96.64% sequence similarity with Arcanobacte-
rium phocae strain DSM 10002 (GenBank Accession number
NR_I17159.1), whereas the 16S rRNA (Accession number
LS999997) gene sequence of the strain Marseille-P5644" had
98.22% sequence similarity with Varibaculum cambriense strain
CCUG 44998 (GenBank Accession number NR_I14873.1).
For Marseille-P5995" strain, the analysis of its 165 rRNA gene
sequence (Accession number LT996088) showed a sequence
similarity of 97.33% with Tessaracoccus oleiagri strain SLO14B-
20A1 (GenBank Accession number NR_108681.1). These
values were lower than the 98.7% 16S rRNA gene sequence
threshold recommended by Meier-Kolthoff et al. to delineate a
new bacterial species without performing DNA—-DNA hy-
bridization [22]. We accordingly propose to classify strains
Marseille-P5647", Marseille-P5644" and Marseille-P5995" as
new species within the genus Arcanobacterium, Varibaculum and

Tessaracoccus, respectively (Fig. 3).

Genomic DNA was extracted using the EZI biorobot with the
EZI DNA tissue kit (Qiagen, Hilden, Germany) and then
sequenced on a MiSeq sequencer (lllumina Inc., San Diego, CA,
USA) with the Nextera Mate Pair sample prep kit and Nextera
XT Paired End (lllumina), as previously described [23]. The
assembly was performed using a pipeline containing several
softwares (VELVET [24], SpaDEs [25] and Soap DeNovo [26]), on
trimmed data (MISEQ and TRIMMOMATIC [27] softwares) or un-
trimmed data (only MiSEQ software). 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
assembly was selected by using different criteria (number of
scaffolds, N50, number of N). The sequencing of these strains
gave the sizes and the percentages of G+C content of their
respective genomes. The genomes of strains Marseille-P5647"
and Marseille-P5644" were, respectively, 2.00 and 2.14 Mb long
with a 51.6% and 52.3% G+C content. The genome size of
strain Marseille-P5995" was 3.18 Mb long and it had a G + C
content of 66.6%. The degree of genomic similarity of these
strains with closely related species was calculated using
ORTHOANI software [28]. When ORTHOANI software was used
to calculate the similarity between Tessaracoccus timonensis and
available genomes within the Tessaracoccus genus (Fig. 4c), we
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Strain Marseille-P5647" Strain Marseille-P5644 "

Strain Marseille-P5995T

FIG. |. MALDI-TOF MS reference spectra of the three new species described. The reference spectra were generated by comparison of spectra from

12 individual colonies for each species.

Strain Marseille-P5647

TMA4000 15kV 5.3mm x 10.0k BSE M

5.00um

Strain Marseille-P5995

TM4000 10kV 6.0mm x18.0k BSE M

FIG. 2. Scanning electron microscopy (SEM) of the three new species. A colony was collected from agar and immersed into a 2.5% glutaraldehyde

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). Scales and acquisition settings are shown on figures.
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noted that values among closely related species ranged from
77.17%, between Tessaracoccus flavus and Tessaracoccus lapid-
icaptus, to 70.43%, between Tessaracoccus oleiagri and Tessar-
acoccus lapidicaptus. When Varibaculum vaginae was compared
with its closely related species (Fig. 4b), ORTHOANI values
ranged from 85.95%, between Varibaculum cambriense strain
DSM 15806 and V. cambriense strain DORA_20 Q618, to
61.29%, between V. cambriense strain DSM 15806 and Varibac-
ulum timonense strain Marseille-P3369. Likewise, when
ORrTHOANI computing was performed to estimate the average
nucleotide identity between Arcanobacterium ihumii and available
genomes within the genus Arcanobacterium (Fig. 4a), we noted
that values among closely related species ranged from 73.20%,
between Arcanobacterium haemolyticum and Arcanobacterium
phocae, to 70.43%, between Arcanobacterium pyogenes and
Arcanobacterium ihumii.

Based on the results from phenotypic characteristics, including
MALDI-TOF spectra, a 16S rRNA sequence divergence >1.3%
and an ORTHOANII value < 95% with the phylogenetically closest
species with standing in nomenclature, we formally proposed
strains Marseille-P5647T, Marseille-P5644"7 and Marseille-
P5995", respectively, as being the type strains of Arcanobacte-
rium ihumii sp. nov., Varibaculum vaginae sp. nov. and Tessar-
acoccus timonensis sp. nov., which are new species in the

Bacteria domain.
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100 4L—1Arcanobacterium ihumii (LT993248.1)
63 — Arcanobacterium phocae (FR749960.1)
Tessaracoccus rhinocerotis (KT215777.1)
’—:essamcoccus defluvii (KC295452.1)
Tessaracoccus flavus (KP265298.1)
Tessaracoccus oleiagri (GU111566.2)

84 Tessaracoccus timonensis (LT996088.1)
Helcococcus kunzii (X69837.1)

tained using the maximum likelihood
method and MEGA 7 software.
Numbers at the nodes are percent-
ages of bootstrap values obtained by
repeating the analysis 1000 times to
generate a majority consensus tree.
The scale bar indicates a 5% nucleo-
tide sequence divergence. Helco-
coccus kunzii DSM 10548 was used as

outgroup.

Arcanobacterium ihumii (i.hum.i’i. N.L. gen. n. ihumii, based on
the acronym IHUMI, the Institut Hospitalo-Universitaire Méd-
iterranée-Infection, where the type strain was isolated). Col-
onies are | mm in diameter. No growth is observed in aerobic
and microaerophilic conditions. Growth occurs at 37°C in
anaerobic conditions. Cells stain Gram-negative, are non-
motile, oxidase-negative and catalase-negative. The G+C con-
tent of the genome is 51.6%. The 16S rRNA and genome se-
quences are deposited in GenBank under Accession numbers
LT993248 and UWOS00000000, respectively. The type strain
Marseille-P5647 (= CSUR P5647) was isolated from the vaginal

flora of a Senegalese woman living in a village.

Varibaculum vaginae (va.gi'nae, L. n., from vagina, ‘vagina’; L. gen.
n. vaginae, ‘of the vagina’). Varibaculum vaginae strain Marseille-
P5644 grows on a 5% sheep’s blood enriched Columbia agar
medium incubated at 37°C in anaerobic conditions and shows
small colonies with a mean diameter of | mm. It is a Gram-
positive bacterium with catalase-positive and oxidase-negative
activities. The 16S rRNA and genome sequences are depos-
ited in GenBank under Accession numbers LS999997 and
UWNYO00000000, respectively. The genome size is 2 283 357
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Heatmaps generated with ORTHOANI values calculated using the OAT software for Arcanobacterium ihumii sp. nov. (a), Varibaculum vaginae sp.

nov. (b) and Tessaracoccus timonense sp. nov. (c) with other closely related species with standing in nomenclature.

bp with a G+C content of 52.3%. The type strain Marseille-
P56447 (= CSUR P5644) was isolated from the vagina of a
woman living in Dielmo, Senegal.

Tessaracoccus timonensis (ti.mo.nen’sis. L. gen. masc. timonensis,
of Timone, the name of the hospital where strain Marseille-
P5995" was cultivated). Optimal growth is obtained in
anaerobic conditions. No growth is achieved in aerobic and
microaerophilic conditions. Cells are Gram-negative and non-
motile. Cells are also negative for catalase and oxidase tests.
The 16S rRNA and genome sequences are deposited in
GenBank under Accession numbers LT996088 and LT996886,
respectively. The genome size is 3.18 Mb with a G+C content
of 66.6%. The type strain Marseille-P5995" (= CSUR P5995)
was isolated from the vagina of a woman living in Dielmo, a

Senegalese rural area.

Nucleotide sequence accession humbers
The 16S rRNA gene and genome sequences were deposited in
GenBank under the following Accession numbers: LT993248

and  UWOS00000000, respectively  (Marseille-P56477);
LS999997 and UWNY00000000, respectively (Marseille-
P56447); and LT996088 and LT996886, respectively (Marseille-
P5995™)

Deposit in culture collections

Strains Marseille-P5647", Marseille-P5644" and Marseille-
P5995" were deposited in the Collection de Souches de I'Unité
des Rickettsies (CSUR) under the following numbers, respec-
tively: CSUR P5647, CSUR P5644 and CSUR P5595.
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