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Abstract A novel, red-pigmented and coccoid haloarchaeon, designated strain CBA1101T, was isolated
from a marine sediment. Phylogenetic analysis based
on 16S rRNA gene sequences indicated that strain
CBA1101T is most closely related to the genus
Halococcus in the family Halobacteriaceae. Strain
CBA1101T had a highest 16S rRNA gene sequence
similarity of 98.4 % with Halococcus dombrowskii
DSM 14522T, followed by 93.7–98.3 % with
sequences of other type strains in the genus Halococcus. The RNA polymerase subunit B0 gene sequence
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similarity of strain CBA1101T with that of Halococcus
qingdaonensis JCM 13587T is 89.5 % and lower with
those of other members of the genus Halococcus.
Strain CBA1101T was observed to grow at 25–40 °C,
pH 6.0–9.0 and in the presence of 15–30 % (w/v)
NaCl, with optimal growth at 35–40 °C, pH 7.0 and
with 20 % NaCl. The cells of strain CBA1101T are
Gram-negative and did not lyse in distilled water. The
major polar lipids were identified as phosphatidylglyerol, phosphatidylglycerol phosphate methyl ester,
sulfated diglycosyl diether, unidentified phospholipids
and unidentified glycolipids. The genomic DNA G?C
content was determined 66.0 mol%. The DNA–DNA
hybridization experiment showed that there was less
than 40 % relatedness between strain CBA1101T and
the reference species in the genus Halococcus. Based
on this polyphasic taxonomic analysis, strain
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CBA1101T is considered to represent a new species in
the genus Halococcus, for which the name Halococcus
sediminicola sp. nov. is proposed. The type strain is
CBA1101T (=JCM 18965T = CECT 8275T).
Keywords Haloarchaea  Halococcus
sediminicola  Marine sediment  Polyphasic
taxonomy

Introduction
Extremely halophilic archaea (haloarchaea) are
adapted to hypersaline environments, although high
salinity is toxic to most cells (Grant 2004). They have
usually red or pink pigmented colonies and can grow
optimally in the presence of 20–30 % (w/v) NaCl
(Colwell et al. 1979). All of the haloarchaea are
classified within the family Halobacteriaceae in the
phylum Euryarchaeota. Currently, this family comprises 40 recognized genera based on the list of
Prokaryotic names with standing in nomenclature
(http://www.bacterio.net/archaea.html). Among the
haloarchaea, the genus Halococcus was proposed by
Schoop (1935) and it currently includes seven validly
named species: Halococcus dombrowskii, Hcc. hamelinensis, Hcc. morrhuae, Hcc. qingdaonensis, Hcc.
saccharolyticus, Hcc. salifodinae and Hcc. thailandensis. The present study assessed the taxonomic position of a new haloarchaeon, designated CBA1101T, to
propose a novel species in the genus Halococcus using
a polyphasic taxonomy approach, according to the
proposed minimal standards for the description of new
taxa in the order Halobacteriales (Oren et al. 1997).

Materials and methods
Archaeal strain and culture conditions
Strain CBA1101T was isolated from a marine sediment (34°880 3700 N, 127°920 1300 E) collected from the
bay of Gangjin in the Republic of Korea. A dilutionplating technique was used where marine agar 2216
(MA; BD) was supplemented with 20 % (w/v) NaCl
and incubated at 37 °C. A red colony was subcultured
repeatedly to obtain a pure culture. To facilitate its
long-term preservation, strain CBA1101T was frozen
at -80 °C in marine broth 2216 (MB; BD)
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supplemented with 5 % (v/v) dimethyl sulfoxide
(DMSO). For the comparative taxonomic analyses,
Hcc. dombrowskii DSM 14522T, Hcc. morrhuae DSM
1307T, Hcc. qingdaonensis JCM 13587T, Hcc. thailandensis JCM 13552T were selected as reference
strains. Reference strains were obtained from DSMZ
and JCM culture collections.
Determination of the 16S rRNA and RNA
polymerase subunit B (rpoB0 ) gene sequence
and phylogenetic analysis
Genomic DNA of strain CBA1101T was extracted
using a genomic DNA extraction kit (G-spinTM;
iNtRON Biotechnology). The 16S rRNA gene of
strain CBA1101T was amplified and sequenced using
a PCR pre-Mix (iNtRON Biotechnology) and the
primer set Arch21F and 1492R (DeLong 1992), as
described previously (Roh et al. 2008). PCR-mediated
amplification and sequencing of the rpoB0 genes were
carried out according to Minegishi et al. (2010). The
nearly full-length 16S rRNA and rpoB0 gene
sequences were assembled using SeqMan software
(DNASTAR). EzTaxon-e (Kim et al. 2012) was used
to identify closely related species with validly published names and to calculate the pairwise 16S rRNA
gene sequence similarities of strain CBA1101T and
its phylogenetic neighbours. The 16S rRNA gene
sequences of strain CBA1101T and related taxa were
aligned using the SILVA Incremental Aligner (Pruesse et al. 2012). To analyze the phylogenetic tree of
the rpoB0 gene, the gene sequences of related taxa
were obtained from GenBank (http://www.ncbi.nlm.
nih.gov). Multiple sequence alignments were carried
out using the Clustal_W program. Phylogenetic trees
were constructed with the neighbour-joining (NJ)
(Saitou and Nei 1987), minimum-evolution (ME) (Nei
et al. 1998) and maximum-likelihood (ML) algorithms
(Felsenstein 1981) based on Kimura’s two-parameter
model (Kimura 1980) with 1,000 randomly selected
bootstrap replicates using MEGA5 (Tamura et al.
2011).
Morphological, physiological, and biochemical
characterization
All of the phenotypic tests were performed using a
complex medium (DSM medium no. 954), which was
adjusted to pH 7.0 and contained the following (l-1):
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5 g casamino acids (BD), 5 g yeast extract (BD), 20 g
MgCl26H2O, 2 g KCl, 12 g Tris, 0.2 g CaCl22H2O
and 200 g NaCl; or a halophilic medium (HMD) that
contained the following (l-1): 20 g MgCl26H2O, 5 g
K2SO4, 0.1 g CaCl22H2O, 0.1 g yeast extract, 0.5 g
NH4Cl, 0.05 g KH2PO4, 0.5 g casamino acids as the
carbon source and 180 g NaCl (Savage et al. 2007),
unless indicated otherwise. Reference strains were
cultured under identical conditions for comparative
tests. The cell morphology and size were examined
using a scanning electron microscope (SUPRA 55 VP;
Carl Zeiss), as described previously (Lee et al. 2012).
Gram staining was performed according to the method
for haloarchaea (Dussault 1955). Cell lysis in distilled
water was detected by microscopic examination after
cells had been suspended in distilled water for 1 week
previously. Growth with various NaCl concentrations
was tested using medium 954, which was supplemented with 0–30 % (w/v) NaCl at intervals of 5 %.
Growth at different temperatures (5–60 °C, at intervals of 5 °C) was assayed using medium 954. The pH
range that supported growth was tested in the pH range
of 5.0–11.0 at intervals of 1.0 using HMD, which was
adjusted by adding the following buffers: 10 mM
MES for pH 5.0 and 6.0; 10 mM bis–Tris propane for
pH 7.0–9.0; and 10 mM CAPS for pH 10.0 and 11.0.
The requirement of Mg2? for growth was determined
using HMD without MgCl26H2O, which was supplemented with 10 mM bis–Tris propane. Tests for
catalase and oxidase activities, nitrate reduction,
indole production, urease activity and the hydrolysis
of casein and starch were conducted as described by
Benson (2002) using medium 954 as the basal
medium. Hydrolysis of Tween 20, Tween 40 and
Tween 80 was tested as described by Gonzalez et al.
(1978), while gelatin hydrolysis was tested according
to Smibert & Krieg (1994) using medium 954 as the
basal medium. Growth in anaerobic conditions was
determined using medium 954 supplemented with
either 30 mM nitrate, 5 g L-arginine, 5 g DMSO or 5 g
trimethylamine N-oxide (TMAO) at 37 °C in an
anaerobic chamber (Coy Laboratory Products), where
the atmosphere comprised N2/CO2/H2 (90:5:5, by
vol.). The capacity to utilize various substrates as sole
carbon and energy sources was tested using HMD
supplemented with 10 mM bis–Tris propane and 1 %
(w/v) of the following substrates: acetate, L-alanine,
L-arginine, L-aspartate, citrate, D-fructose, fumarate, D-galactose, D-glucose, L-glutamate, glycerol,
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glycine, DL-lactate, lactose, L-lysine, L-malate, maltose, mannitol, D-mannose, L-ornithine, pyruvate, Dribose, sorbitol, L-sorbose, starch, succinate, sucrose
or D-xylose. H2S formation was tested by growing
strains in medium 954 supplemented with 0.5 % (w/v)
Na2S2O3 (Cui et al. 2007). For testing antibiotic
sensitivity, the strain was inoculated on agar medium
plates using antibiotic discs with the following
amounts (lg per disc, unless indicated): ampicillin
(20), bacitracin (0.1 IU), chloramphenicol (50), ciprofloxacin (10), erythromycin (25), neomycin (50),
norfloxacin (20), novobiocin (50), penicillin G (20 IU)
and rifampin (10). The strain was incubated for
2 weeks at 37 °C.
Determination of the DNA G ? C content, DNA–
DNA hybridization (DDH) and polar lipid analysis
The genomic DNA G ? C content of strain
CBA1101T was determined using high-performance
liquid chromatography, as described by Mesbah and
Whitman (1989). DDH was used to determine the
genetic relatedness of strain CBA1101T and four type
strains of Halococcus species that shared 16S rRNA
gene sequence similarities of [97 % with the isolate.
DDH was performed using the fluorometric method
with photobiotin-labeled DNA probes and a microwell
plate (MaxiSorp, FluoroNunc), as described by Ezaki
et al. (1989). Values were determined from five
replicates. The polar lipids were extracted and
analyzed using thin-layer chromatography (TLC) on
a silica gel 60 F254 plate (Merck), according to
method of Minnikin et al. (1984). The separated polar
lipid spots were detected by spraying each plate with
specific detection reagents as follows: sulfuric acid–
ethanol (1:2, by vol.) for total lipids, ninhydrin for
amino-containing lipids, molybdenum blue for phospholipids and a-naphthol–sulfuric acid for glycolipids. The designations of the polar lipid spots were
compared with those of the four reference strains of
Hcc. dombrowskii DSM 14522T, Hcc. morrhuae DSM
1307T, Hcc. qingdaonensis JCM 13587T and Hcc.
thailandensis JCM 13552T.

Results and discussion
The nearly full-length 16S rRNA and rpoB0 gene
sequences of strain CBA1101T were obtained (1,406
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hamelinensis 100A6T (94.2 %), Hcc. salifodinae BlpT
(94.0 %) and Hcc. saccharolyticus P-423T (93.7 %).
Strain CBA1101T clustered with Hcc. dombrowskii
DSM 14522T, Hcc. morrhuae DSM 1307T, Hcc.
qingdaonensis JCM 13587T and Hcc. thailandensis
JCM 13552T in the phylogenetic trees, with high
bootstrap values (99, 99 and 100 % in the NJ, ME, and
ML trees, respectively) (Fig. 1a). The phylogenetic
analyses based on rpoB0 gene sequences showed that
strain CBA1101T is closely related to the following

and 1,836 bp, respectively; GenBank accession numbers JX989265 and KF700331, respectively). The
phylogenetic analyses based on the 16S rRNA gene
sequences showed that strain CBA1101T is closely
related to the following members of the genus
Halococcus in the family Halobacteriaceae: Hcc.
dombrowskii DSM 14522T (98.4 % 16S rRNA gene
sequence similarity), Hcc. morrhuae DSM 1307T
(98.3 %), Hcc. qingdaonensis JCM 13587T (98.2 %),
Hcc. thailandensis JCM 13552T (97.5 %), Hcc.
Fig. 1 Phylogenetic tree
based on the neighbourjoining (NJ) algorithm for
the 16S rRNA (a) and rpoB0
(b) gene sequences of strain
CBA1101T and closely
related taxa. The numbers
on the nodes indicate the
bootstrap values ([70 %)
calculated using the NJ/
minimum-evolution (ME)/
maximum-likelihood (ML)
probabilities. The closed
circles represent nodes
recovered by both the ME
and ML methods, while the
open circles indicate nodes
recovered using either the
ME or ML methods.
Methermicoccus
shengliensis ZC-1T and
Natronomonas moolapensis
8.8.11T served as the
outgroups in the
phylogenetic trees of the
16S rRNA and rpoB0 gene,
respectively. Bar 0.02
accumulated changes per
nucleotide

(a)

Halococcus qingdaonensis CM5T (AY243109)
Halococcus thailandensis DB5-2T (AB220647)
99/99/72
100/100/99

Halococcus morrhuae ATCC 17082T (X00662)
Halococcus dombrowskii H4T (AJ420376)

-/-/74

Halococcus sediminicola CBA1101T (JX989265)
Halococcus hamelinensis 100A6T (DQ017835)

100/100/99

Halococcus salifodinae BlpT (AB004877)
100/100/100
100/100/100

Halakalicoccus paucihalophilus YIM 93701T (JF449426)

84/82/-

86/85/81

Halococcus saccharolyticus P-423T (AB004876)

Halalkalicoccus jeotgali B3T (CP002062)
Halalkalicoccus tibetensis DS12T (AF435112)
Haladaptatus litoreus RO1-8T (EU887285)

100/100/98

Haladaptatus paucihalophilus DX253T (NR_043744)

83/81/-

Halorubellus salinus GX3T (GU951429)
Natronorubrum aibiense 7-3T (DQ205516)

90/89/71

Natronorubrum tibetense GA33T (AB005656)

100/100/100

Natronolimnobius innermongolicus N-1311T (AB125108)
Haloterrigena jeotgali A29T (EF077633)

70/-/86
100/100/100

Haloterrigena thermotolerans PR 5T (AF115478)

Halorientalis regularis TNN28T (GQ282621)
Natronomonas pharaonis DSM 2160T (CR936257)
0.02

Haloarcula marismortui ATCC 43049T (AY596297)
Methermicoccus shengliensis ZC-1T (DQ787474)

(b)

92/91/100/100/100

Halococcus qingdaonensis CM5T (AB477158)
Halococcus thailandensis HDB5-2T (AB477161)
Halococcus morrhuae ATCC 17082 T (AB477157)

95/95/89

99/99/70

90/91/87

Halococcus dombrowskii H4T (AB477155)
Halococcus sediminicola CBA1101T (KF700331)
Halococcus hamelinensis JCM 12892T (AB477156)

93/94/84

Halococcus salifodinae JCM 9578T (AB477160)

100/100/100

Halococcus saccharolyticus JCM 8878T (AB477159)
Halosimplex carlsbadense JCM 11222T (AB477192)
Halorhabdus utahensis JCM 11049T (AB477175)
Halomicrobium mukohataei JCM 9738T (AB477172)
Haloarcula vallismortis JCM 8877T (AB477148)
100/100/100
0.02

80/81/85

Haloarcula californiae JCM 8912T (AB477144)
Haloarcula amylolytica JCM 13557T (AB477142)
Natronomonas moolapensis 8.8.11T (KF051182)
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Table 1 Differential characteristics of strain CBA1101T and closely related species in the genus Halococcus
Characteristic

1

2

3

4

5

NaCl range for growth (%, w/v)

15–30

15–30

10–25

15–30

15–30

pH range for growth

6.0–9.0

6.0–8.0

6.0–8.0

6.0–8.0

6.0–8.0

Optimum pH
Temperature range for growth (°C)

7.0
25–40

7.0
20–45

6.0
20–45

7.0
20–40

7.0
20–45

Optimum temperature

35–40

40

35

35

40

Indole formation

-

?

-

?

?

Nitrate reduction

-

?

?

?

?

L-Alanine

?

-

-

?

-

L-Arginine

-

-

?

-

-

L-Aspartate

-

?

?

?

?

D-Fructose

-

?

?

?

?

L-Glutamate

?

?

?

?

-

Glycerol

?

?

?

?

-

Utilization of

DL-Lactate

?

?

-

?

?

Lactose

-

?

?

?

-

L-Malate

?

?

–

?

?

Maltose

-

?

?

?

-

Mannitol
Pyruvate

?
?

?
?

-

?
?

?
?

Sorbitol

?

?

-

?

?

Succinate

?

?

-

?

-

D-Xylose

-

-

?

?

?

Taxa: 1, Halococcus sediminicola CBA1101T sp. nov.; 2, Hcc. dombrowskii DSM 14522T; 3, Hcc. morrhuae DSM 1307T; 4, Hcc.
qingdaonensis JCM 13587T; 5, Hcc. thailandensis JCM 13552T. All data from this study. All strains showed optimal growth with
20 % (w/v) NaCl and were positive for hydrolysis of gelatin, Tween 20, Tween 40 and Tween 80, and utilization of acetate, citrate,
fumarate, D-galactose, D-glucose, D-mannose, starch and sucrose; negative for cell lysis in distilled water, urease activity, H2S
production, hydrolysis of starch and casein, and utilization of glycine, L-lysine, L-ornithine, D-ribose and L-sorbose. ?, Positive; -,
negative

members of the genus Halococcus: Hcc. qingdaonensis JCM 13587T (89.5 % rpoB0 gene sequence similarity), Hcc. morrhuae DSM 1307T (89.5 %), Hcc.
thailandensis JCM 13552T (89.5 %), Hcc. dombrowskii DSM 14522T (89.4 %), Hcc. hamelinensis
100A6T (87.3 %), Hcc. saccharolyticus P-423T
(87.2 %) and Hcc. salifodinae BlpT (85.8 %)
(Fig. 1b).
The cells of strain CBA1101T were observed to be
aerobic, Gram-negative, and coccoid (1.1–1.5 lm in
diameter). Strain CBA1101T did not lyse in distilled
water and found to grow in the presence of 15–30 %
(w/v) NaCl, at 25–40 °C and at pH 6.0–9.0, with
optimum growth in the presence of 20 % NaCl, at
35–40 °C and at pH 7.0. Mg2? was not found to be
required for the growth of strain CBA1101T, although

the growth without Mg2? is weak. Strain CBA1101T
was determined to be positive for catalase and oxidase,
and for the hydrolysis of gelatin, Tween 20, Tween 40
and Tween 80, but negative for indole formation,
nitrate reduction, urease activity and the hydrolysis of
starch and casein. The detailed phenotypic data for
strain CBA1101T are presented in the species description. Table 1 compares the characteristics of strain
CBA1101T with the closely related type strains in the
genus Halococcus, which shows that strain CBA1101T
can be distinguished from other members of the genus
Halococcus. Strain CBA1101T was found to be
sensitive to erythromycin and neomycin, but resistant
to ampicillin, bacitracin, chloramphenicol, ciprofloxacin, norfloxacin, novobiocin, penicillin G and
rifampin.
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The DNA G ? C content of strain CBA1101T was
determined to be 66.0 mol%, which is higher than those
of the closely related strains Hcc. dombrowskii DSM
14522T and Hcc. qingdaonensis JCM 13587T (61.3 and
61.2 mol%, respectively) (Stan-Lotter et al. 2002;
Wang et al. 2007). The DDH values of strain CBA1101T
with the type strains of Hcc. dombrowskii DSM 14522T,
Hcc. morrhuae DSM 1307T, Hcc. qingdaonensis JCM
13587T and Hcc. thailandensis JCM 13552T were
33 ± 14, 32 ± 11, 28 ± 15 and 28 ± 19 %, respectively. DDH values of\70 % indicate species distinctness in current prokaryotic systematics (Stackebrandt
and Goebel 1994; Wayne et al. 1987), so strain
CBA1101T can be considered a distinct genospecies in
the genus Halococcus. The polar lipids detected in strain
CBA1101T comprised phosphatidylglyerol, phosphatidylglycerol phosphate methyl ester, sulfated diglycosyl
diether, unidentified phospholipids and unidentified
glycolipids, which is consistent with the polar lipid
profile of the reference strains in the genus Halococcus
(Supplementary Fig. S1).
In conclusion, the results of the phylogenetic,
phenotypic, genomic and chemotaxonomic analyses
showed that the extremely halophilic archaeal strain
CBA1101T can be associated with members of the
genus Halococcus. Strain CBA1101T can be differentiated from closely related type strains in the genus
Halococcus based on its different phenotypic characteristics, as shown in Table 1. Thus, based on this
polyphasic taxonomic analysis, strain CBA1101T
represents a new species in the genus Halococcus,
for which the name Halococcus sediminicola sp. nov.
is proposed.

Anaerobic growth does not occur in the presence of
nitrate, L-arginine, DMSO or TMAO. Cells are positive
for catalase and oxidase, and the hydrolysis of gelatin,
Tween 20, Tween 40 and Tween 80, but negative for
indole formation, nitrate reduction, urease activity and
the hydrolysis of starch and casein. Acetate, L-alanine,
citrate, fumarate, D-galactose, D-glucose, L-glutamate,
glycerol, DL-lactate, L-malate, mannitol, D-mannose,
pyruvate, sorbitol, L-sorbose, starch, succinate and
sucrose are utilized as carbon and energy sources,
whereas L-arginine, L-aspartate, D-fructose, glycine,
lactose, L-lysine, maltose, L-ornithine, D-ribose and Dxylose are not. H2S is not produced from Na2S2O3. The
major polar lipids comprise phosphatidylglyerol,
phosphatidylglycerol phosphate methyl ester, sulfated
diglycosyl diether, unidentified phospholipids and
unidentified glycolipids. The DNA G ? C content of
the type strain is 66.0 mol%.
The type strain, CBA1101T (= JCM 18965T =
CECT 8275T), was isolated from a marine sediment
collected from the bay of Gangjin in the Republic of
Korea. The GenBank/EMBL/DDBJ accession number
for the 16S rRNA and rpoB0 gene sequences of
strain CBA1101T are JX989265 and KF700331,
respectively.

Description of Halococcus sediminicola sp. nov.
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