Anaerococcus marasmi sp. nov., a new bacterium isolated from human gut

microbiota
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Angerococcus marasmi sp. nov. strain Marseille-P35577 is a new species isolated from a stool of a Nigerian child with marasmus. The genome of

Marseille-P3557" was 2 130 060 bp long (35.4% G + C content). The closest species based on 16S ribosomal RNA sequence was Anaerococcus

prevotii strain 20548, with 97.6% sequence similarity. Considering phenotypic features and comparative genome studies, we propose the

strain Marseille-P3557" as the type strain of Angerococcus marasmi sp. nov., a new species within the genus Anaerococcus.
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The culturomics concept has recently been developed in our
laboratory as an alternative method to expand the human gut
repertoire through the multiplication of culture conditions with a
rapid identification method by MALDI-TOF MS [I-3]. As a
result, new bacterial genera and species may be found for the
first time using this technique [4,5]. Thereafter, a new taxonomic
strategy, termed taxonogenomics, was developed to include
proteomic information obtained by MALDI-TOF MS, complete
genomic tests and phenotypic characteristics [6]. Here we pre-
sent an analysis of the characteristics that allowed us to describe
Anaerococcus marasmi strain Marseille-P3557" (= CSUR P3557),a
bacterium isolated from a stool specimen from a Nigerian child
with marasmus and classified into the Peptoniphilaceae family.

In April 2016 we isolated in a stool sample from a Nigerian child
with marasmus a bacterial strain that could not be identified by

MALDI-TOF MS. The screening was performed on a Microflex
LT spectrometer (Bruker Daltonics, Bremen, Germany), as
previously reported [7]. The spectra obtained (Fig. |) were
imported and analysed using the Biotyper 3.0 software against
the Bruker database, which was continually incremented with
the laboratory MEPHI database. The strain was isolated on 5%
sheep’s blood-enriched Columbia agar (bioMérieux, Marcy
I’Etoile, France) at 37°C in an anaerobic atmosphere (anaer-
oGEN; Oxoid, Dardilly, France) after a 15-day preincubation in
an anaerobic bottle containing a Brucella medium.

The study was approved by the ethics committee of the
Institut Federatif de Recherche 48 under reference 2016-010.
The patient provided signed informed consent before partici-
pating in this study.

Colonies were white, smooth and crateriform with a mean
diameter of | to 4 mm. Bacterial cells were Gram-positive
bacilli ranging in length from 1.5 to 2.1 pm and 0.5 to 0.7 ym
in width (Fig. 2). Strain Marseille-P3557" exhibited catalase but
no oxidase activity. To reveal the biochemical properties of
strain Marseille-P35577, the APl 50 CH and ZYM strips (bio-
Mérieux) were used under anaerobic condition at 37°C. All
characteristics of the strain are summarized in Tables | and 2.
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MALDI-TOF MS reference spectrum of Anaerococcus marasmi sp. nov. Spectrum was obtained by comparing spectra of 12 individual colonies.

TM4000 15kV 5.4mm x10.0k BSE M

SEM of stained Anaerococcus marasmi sp. nov. Colony was
collected from agar and immersed in 2.5% glutaraldehyde fixative so-
lution. Drop of suspension was directly deposited on poly-L-lysine—
coated microscope slide for 5 minutes and treated with 1% phospho-
tungstic acid (PTA) aqueous solution (pH 2.0) for 2 minutes to increase
SEM image contrast. Slide was gently washed in water, air dried and
examined with tabletop SEM (TM4000; Hitachi, Yokohama, Japan).
Scales and acquisition settings are shown. SEM, scanning electron

microscope.

To classify this bacterium, the 16S ribosomal RNA (rRNA) gene

was amplified using the primer pair fD| and rP2 (Eurogentec,

© 2020 Published by Elsevier Ltd, NMNI, 35, 100655

Angers, France) and sequenced using the Big Dye Terminator
vl.l Cycle Sequencing Kit and 3500xLGenetic Analyzer capil-
lary sequencer (Thermo-Fisher, Saint-Aubin, France), as previ-
ously described [8]. The 16S rRNA nucleotide sequence was
assembled and corrected by CodonCode Aligner software
(https://www.codoncode.com/). Marseille-P35577
exhibited a 97.6% 16S rRNA similarity with Anaerococcus prevotii
strain 20548 (GenBank accession no. NR_074575.1), the
phylogenetically closest species with standing in nomenclature

Strain

(Fig. 3). We consequently proposed to classify strain Marseille-
P3557" as a new species within the genus Anaerococcus in the
phylum Firmicutes.

Genomic DNA was extracted using the EZ| biorobot with the
EZI DNA tissue kit (Qiagen, Hilden, Germany) and then
sequenced on a MiSeq sequencer (lllumina, San Diego, CA,
USA) with the Nextera Mate Pair sample prep kit and Nextera
XT Paired End (lllumina), as previously described [9]. The as-
sembly was performed using a pipeline containing several
different software packages (Velvet [10], Spades [I ] and Soap
Denovo [12]) and trimmed (MiSeq and Trimmomatic [I3]
software) or untrimmed data (only MiSeq software). GapCloser
was used to reduce assembly gaps. Scaffolds of <800 bp and
scaffolds with a depth value < 25% of the mean depth were
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Biochemical tests of Anaerococcus marasmi strain
Marseille-P35577 by APl 50 CH and API ZYM

Test Variable Result

API 50 CH Control +
Glycerol +
Erythrol =
D-Arabinose =
L-Arabinose =
p-Ribose —
D-Xylose

L-Xylose

p-Adonitol

Methyl B-D-xylopyranoside
p-Galactose

D-Glucose

D-Fructose

D-Mannose

L-Sorbose

L-Rhamnose

Dulcitol

Inositol

D-Mannitol

p-Sorbitol

Methyl a-p-mannopyranoside
Methyl a-p-glucopyranoside
N-Acetyl-glucosamine
Amygdalin

Arbutin

Esculin

Salicin

p-Cellobiose

D-Maltose

D-Lactose

D-Melibiose

D-Saccharose

D-Trehalose

Inulin

D-Melezitose

p-Raffinose

Starch

Glycogen —
Xylitol

Gentiobiose

D-Turanose

D-Lyxose

D-Tagatose

p-Fucose

L-Fucose

D-Arabitol

L-Arabitol

Potassium gluconate

Potassium 2-ketogluconate
Potassium 5- ketogluconate
Alkaline phosphatase

Esterase (C4)

Esterase lipase (C8)

Lipase (C14)

Leucine arylamidase

Valine arylamidase

Cystine arylamidase

Trypsin

a-Chymotrypsin

Acid phosphatase
Naphtalo-AS-Bl-phosphohydrolase
a-Galactosidase

B-Galactosidase

B-Glucuronidase

a-Glucosidase

B-Glucosidase
N-Acetyl-B-glucosaminidase
a-Mannosidase

a-Fucosidase

+||+++++++|||+"+|||||++++||

APl ZYM

S T i B R B
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API, Analytical Profile Index; 50 CH, CarboHydrate; ZYM, Enzymes.

removed. The best assembly was selected using different
criteria (number of scaffolds, N50, number of N). The genome
of strain Marseille-P35577 was 2 130 060 bp long with a 35.4
mol% G + C content. The degree of genomic similarity of strain

Marseille-P35577 with closely related species was estimated
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Classification and general features of Anaerococcus

Features

marasmi strain Marseille-P35577

Term

Species name

Genus name

Specific epithet

Species status

Species etymology
Designation of type strain
Strain collection number

16S rRNA gene accession number

Genome accession number
Genome status

Genome size

GC mol%

Anaerococcus marasmi
Anaerococcus
marasmi

Sp. nov.

mar’as’mi

Strain Marseille-P3557"
CSURP3557
LT966068
OLMFO01000000
Whole genome

2 130 060 bp

354

Data on origin of sample from which

strain was isolated

Country of origin

Region of origin

Date of isolation

Source of isolation

Growth medium, incubation
conditions used for standard
cultivation

Gram stain

Cell shape

Cell size (length or diameter)

Motility

Colony morphology

Temperature range

Lowest temperature for growth

Highest temperature for growth

Temperature optimum

Lowest pH for growth

Highest pH for growth

Relationship to O2

O2 conditions for strain testing

Oxidase

Catalase

Niger

Niamey

2016-04

Human stool sample

Columbia agar supplemented with 5% sheep’s
blood, 37°C for 48 hours of incubation

Positive

Rod

1.5-2.1 x 0.5-0.7 ym

Nonmotile

White, smooth, circular, crateriform
28°C to 56°C

28°C

56°C

37°C

6.5

8

Strictly anaerobic

Aerobiosis, anaerobiosis, microaerophilic
Negative

Positive

using the OrthoANI software [14]. OrthoANI values among
closely related species (Fig. 4) ranged from 62.55% between
Anaerococcus marasmi and Anaerosphaera aminiphila to 96.47%
between Anaerococcus obesiensis and Anaerococcus vaginalis.
When A. marasmi was compared to these closely related spe-
cies, values ranged from 62.55% with Anaerosphaera aminiphila
to 77.73% with A. prevotii.

On the basis of unique phenotypic features, including the
MALDI-TOF spectrum, a 16S rRNA sequence divergence of
>1.3% and an OrthoANI value of <95% of the phylogenetically
closest species with standing in nomenclature, we formally
propose strain Marseille-P3557" as the type strain of A. marasmi
sp. nov., a new species within the genus Anaerococcus.

Anaerococcus marasmi (ma.ras.mi, L. adj. fem., referring to

marasmus, the patient’s disease) comprises anaerobic Gram-
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89 Anaerococcus prevotii DSM 20548 (NR 074575.1)
Anaerococcus marasmi Marseille-P3557 (LT966068.1)

Anaerococcus tetradius strain GIFU 7672 (NR 115506.1)

Anaerococcus mediterraneensis strain Marseille-P2765 (NR 147392.1)

Anaerococcus lactolyticus strain JCM 8140 (NR 113565.1)

Anaerococcus degeneri strain gpacl104 (NR 146834.1)
Lzz Anaerococcus provencensis strain 9402080 (NR 133036.1)

Anaerococcus pacaensis 9403502 (NR 125573.1)

100 95 _|——Anaerococcus octavius NCTC 9810 (NR 026360.1)
92

Anaerococcus nagyae strain ENR0686 (NR 146835.1)

ﬂ[ Anaerococcus hydrogenalis strain JCM 7635 (NR 113029.1)
Anaerococcus senegalensis JC48 (NR 118220.1)

100 Anaerococcus rubeinfantis strain mt16 (NR 144730.1)
Anaerococcus vaginalis ATCC 51170 strain JCM 8138 (NR 114314.1)
Anaerococcus obesiensis ph10 (NR 118323.1)
T Anaerosphaera aminiphila DSM 21120 strain WN036 (NR 041586.1)
Helcococcus seattlensis strain F5780 (NR 118641.1)

ey |
0.02

Phylogenetic tree highlighting position of Anaerococcus marasmi sp. nov. with regard to other closely related species. GenBank accession
numbers of 16S ribosomal RNA provided in parentheses. Sequences were aligned using MUSCLE with default parameters; phylogenetic inference was
obtained by maximum likelihood method and MEGA 7 software. Bootstrap values were obtained by repeating analysis 1000 times to generate majority

consensus tree and are indicated at nodes. Scale bar indicates 2% nucleotide sequence divergence.
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Heat map generated with
OrthoANI values calculated using OAT
Anagrococcus vagmalis software between Anaerococcus marasmi.

sp. nov. and other closely related species

p inip with standing in nomenclature.
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positive bacilli ranging in length from 1.5 to 2.1 pm and 0.5 to
0.7 um in width.
blood—enriched Columbia agar (bioMérieux) are circular,

Colonies grown on 5% sheep’s
smooth and white after 72 hours of incubation in a strict
anaerobic atmosphere and have a mean diameter of 1.2 mm.
Growth occurs at 37°C. Positive reactions are observed for
leucine arylamidase, phosphatase acid, -glucuronidase, glyc-
erol, glucose, fructose, mannose, salicin, b-lactose, b-melibiose,
sucrose, and potassium 5-ketogluconate; negative reactions
were detected with arabinose, ribose, rhamnose, methyl 3-p-
xylopyranoside, inositol, mannitol, methyl a-b-glucopyranoside,
amygdalin, esculin, starch, glycogen, p-fucose and p-arabitol.

Nucleotide sequence accession number

The 16S rRNA gene and genome sequences were deposited in
GenBank under accession LT966068 and
OLMFO01000000 respectively.

numbers

None declared.

Funded by the Méditerranée-Infection foundation and the
French National Research Agency under the programme
‘Investissements d’Avenir,’ reference ANR-10-IAHU-03. This
research was also supported by a grant from the Institut Uni-
versitaire de France (IUF, Paris, France, to AL). The authors
thank A. Caputo for submitting the genomic sequence to
GenBank. We also thank T. Irie, K. Imai, S. Matsubara, T.
Sakazume, Y. Ominami, H. Akiko and the Hitachi team of Japan
(Hitachi High-Technologies Corporation, Science & Medical
Systems Business Group 24-14, Tokyo, Japan) for the collabo-
rative study conducted together with the IHU Méditerranée
Infection and for the installation of a TM4000 microscope at the
IHU Méditerranée Infection.

Il

—

2

—

3

—

[4

finr)

[5

—

[6

—

[7

—

[8

—

[9

—

[1o]

[

[12]

[13]
[14]

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

Lagier JC, Hugon P, Khelaifia S, Fournier PE, La Scola B, Raoult D. The
rebirth of culture in microbiology through the example of culturomics
to study human gut microbiota. Clin Microbiol Rev 2015;28:237—64.
Lagier JC, 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.

Lagier JC, El Karkouri K, Nguyen TT, Armougom F, Raoult D,
Fournier PE. Non-contiguous-finished genome sequence and description
of Anaerococcus senegalensis sp. nov. Stand Genomic Sci 2012;6:116-25.
Ngom Il, Mailhe M, Ricaboni D, Vitton V, Benezech A, Khelaifia S, et al.
Noncontiguous finished genome sequence and description of Medi-
terranea massiliensis gen. nov., sp. nov., a new member of the Bacter-
oidaceae family isolated from human colon. New Microbe. New Infect
2017 Dec 5;21:105-16.

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

Seng P, Drancourt M, Gouriet F, La Scola B, Fournier PE, 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.

Morel AS, Dubourg G, Prudent E, Edouard S, Gouriet F, Casalta JP, et al.
Complementarity between targeted real-time specific PCR and con-
ventional broad-range 16S rDNA PCR in the syndrome-driven diagnosis
of infectious diseases. Eur ] Clin Microbiol Infect Dis 2015;34:56 1 -70.
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.

Zerbino DR, Birney E. Velvet: algorithms for de novo short read as-
sembly using de Bruijn graphs. Genome Res 2008;18:821-9.
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. ] Comput Biol 2012;19:455-77.
Luo R, Liu B, Xie Y, Li Z, Huang W, Yuan J, et al. SOAPdenov02: an
empirically improved memory-efficient short-read de novo assembler.
Gigascience 2012;1:18.

Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for
lllumina sequence data. Bioinformatics 2014;30:2114-20.

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

© 2020 Published by Elsevier Ltd, NMNI, 35, 100655

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2052-2975(20)30007-X/sref1
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref1
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref1
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref2
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref2
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref2
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref3
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref3
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref3
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref4
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref4
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref4
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref5
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref5
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref5
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref5
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref5
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref6
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref6
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref6
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref6
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref7
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref7
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref7
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref7
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref8
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref8
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref8
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref8
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref9
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref9
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref9
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref9
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref10
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref10
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref11
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref11
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref11
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref12
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref12
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref12
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref13
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref13
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref14
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref14
http://refhub.elsevier.com/S2052-2975(20)30007-X/sref14
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Anaerococcus marasmi sp. nov., a new bacterium isolated from human gut microbiota
	Isolation and growth conditions
	Phenotypic characteristics
	Strain identification
	Genome sequencing
	Conclusion
	Description of Anaerococcus marasmi sp. nov
	Nucleotide sequence accession number

	Conflict of Interest
	Acknowledgements
	References


