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Abstract A novel Gram-negative, slightly halophilic,
catalase- and oxidase-positive, obligately aerobic bacterium,
strain YIM-C248T, was isolated from a sediment sample
collected from a salt-lake in the Qaidam Basin in Qinghai,
north-west China. Cells were non-sporulating short rods,
occurring singly or as doublets, motile with peritrichous
flagella. Growth occurred with 1-15% (w/v) NaCl [optimum
2-4% (w/v) NaCl], at pH 6.0-10.0 (optimum pH 7.5) and at
4-35°C (optimum 25-30°C). The major cellular fatty acids
were Clg:l(,{)7C, C12:0 3-OH, Cyclo Clg:owgc, CIG:O and C16:1~
The predominant respiratory quinone was Q-9 and the
genomic DNA G + C content was 58.6 mol%. Phylogenetic
analysis based on 16S rRNA gene sequences indicated that
strain ' YIM-C248" should be assigned to the genus
Halomonas. The sequence similarities between the isolate
and the type strains of members of the genus Halomonas

The GenBank/EMBL/DBBJ accession number for the 16S rRNA
gene sequence of strain YIM-C248" is EU135707.
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were in the range of 92.5-97.5%. The combination of
phylogenetic analysis, DNA-DNA hybridization data,
phenotypic  characteristics = and  chemotaxonomic
differences supported the view that strain YIM-C248" rep-
resents a new species of the genus Halomonas, for which the
name Halomonas sediminis sp. nov. is proposed, with YIM-
248" (=CCTCC AA 207031 = KCTC 22167) as the type
strain.

Keywords Salt lake - Halophilic -
Halomonas sediminis sp. nov.

Introduction

The genus Halomonas, belonging to the family Ha-
lomonadaceae, was first proposed by Vreeland et al.
(1980) with the description of H. elongata. The members
of this genus comprise halophilic/halotolerant, chemoor-
ganotrophic, Gram-negative rods and are widely
distributed in saline habitats (Vreeland et al. 1980;
Dobson and Franzmann 1996; Mata et al. 2002; Arahal
et al. 2007; Xu et al. 2007). In total, 53 species of the
genus Halomonas have been described at the time of
writing. In a recent study of the microbial diversity of
the Qaidam Basin in Qinghai, north-west China (Chen
et al. 2007a, 2008a, b, c), a novel Halomonas-like strain,
designated YIM-C248T, was isolated from a sediment
sample collected from the Dachaidamu salt-lake. The
lake is located at 37° 46’ N-37° 55’ N and 95° 22’ E-
95° 33’ E, and the water temperature was 18°C, pH 6.4—
7.8 and had a salinity of 27.4% (w/v). Based on the
results of a polyphasic taxonomic study, this strain was
proposed to represent a novel species, Halomonas sedi-
minis Sp. Nov.
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Materials and methods
Strains and culture conditions

Strain YIM-C248" was isolated from a sediment sample by
plating 1:10 serial dilutions of the sample on Difco marine
agar 2216 (MA, pH 7.5) cultivated at 28°C for 7 days.
After primary isolation and purification, the isolate was
preserved both on MA slants at 4°C and in Difco marine
broth 2216 (MB) supplemented with 20% (v/v) glycerol at
—80°C. Unless otherwise indicated, morphological and
physiological studies were performed with cells grown on
MA (pH 7.5) at 28°C. The reference strain Halomonas
sulfidaeris DSM 157227, which was employed as a control
in phenotypic tests (including chemotaxonomic studies) as
well as in studies of DNA-DNA relatedness, was obtained
from the DSMZ (Deutsche Sammlung von Mikroorganis-
men und Zellkulturen).

Phenotypic characterization

Cell morphology was examined by light microscopy
(model BH 2; Olympus). Gram staining was carried out
using the standard Gram reaction combined with the KOH
lysis test method (Gregersen 1978). Flagella were stained
according to the method of Leifsson (Smibert and Krieg
1981). Accumulation of poly-f-hydroxybutyrate (PHB)
was determined by the Sudan Black staining method
(Smibert and Krieg 1994) under a light microscope.
Motility was observed as described previously (Chen et al.
2008a). Growth was tested at various temperatures (0, 4°C,
and 5-45°C, using increments of 5°C) on MA and at dif-
ferent pH values (5.0-11.0, using increments of 0.5) in
MB. Tolerance of/requirement for salts was determined in
nutrient broth (NB; Difco; 3.0 g beef extract 1™' and 5.0 g
peptone 17') supplemented with modified artificial sea
water (ASW) containing (171): 0-20% (w/v) NaCl, 5.94 ¢
MgS0O,4-7H,0, 4.53 g MgCl,-6H,0, 0.64 g KCl and 1.3 g
CaCl, (Lim et al. 2005), and on some other media as
controls, i.e. MA and ISP medium 2 agar (Shirling and
Gottlieb 1966). Methyl red and Voges—Proskauer tests,
H,S production from L-cysteine, hydrolysis of aesculin,
indole production, nitrate and nitrite reduction were tested
as recommended by Smibert and Krieg (1994). Hydrolysis
of casein, cellulose, DNA, gelatin, starch, Tweens (20, 40,
60 and 80) and urease activity were determined as descri-
bed by Cowan and Steel (1965). Growth under anaerobic
condition, antibiotic susceptibility tests, catalase and
oxidase activities were detected as described previously
(Chen et al. 2007b). Other enzyme activities were tested by
using the API ZYM and 20E systems (bioMérieux)
according to the manufacturer’s instructions. Acid pro-
duction from carbohydrates and utilization of substrates as
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sole carbon or nitrogen sources and other phenotypic
characteristics were determined as recommended by
Ventosa et al. (1982) and Mata et al. (2002), as well as by
employing API 50CH and 20E systems (bioMérieux) and
BioLog GN2 MicroPlates (BioLog) according to the
manufacturer’s instructions. All suspension media were
supplemented with ASW containing 2% (w/v) NaCl, and
all commercial systems were incubated at 28°C.

Determination of G + C content of DNA, 16S rRNA
gene sequencing and phylogenetic analysis,
and DNA-DNA hybridization

Genomic DNA was isolated according to Hopwood et al.
(1985) and the G + C content was determined using the
HPLC method (Mesbah et al. 1989). PCR-mediated ampli-
fication of 16S rRNA gene and purification of PCR products
were carried out as described previously (Cui et al. 2001).
Phylogenetic analysis was performed by using the software
package MEGA version 3.1 (Kumar et al. 2004) after mul-
tiple alignment of sequence data by CLUSTAL_X
(Thompson et al. 1997). Distances (corrected by Kimura’s
two-parameter model; Kimura 1980) were calculated and
clustering was performed with the neighbor-joining method
(Saitou and Nei 1987). Maximum-likelihood (Felsenstein
1981) and parsimony (Kluge and Farris 1969) trees (not
shown) were generated by using the treeing algorithms
contained in the PHYLIP package (Felsenstein 2002).
Bootstrap analysis was used to evaluate the tree topology of
the neighbor-joining data by means of 1,000 resamplings
(Felsenstein 1985). DNA-DNA hybridization was carried
out by using photobiotin-labeled probes in microplate wells
as described by Ezaki et al. (1989). A microplate spectro-
fluorimeter (Gemini XPS; Molecular Devices) was
employed for fluorescence measurements.

Analysis of isoprenoid quinones and fatty acids

Isoprenoid quinones were analysed by HPLC as described
by Groth et al. (1996). Fatty acids were determined for the
new isolate as well as for the reference strain H. sulfidaeris
DSM 157227 as described by Sasser (1990) using the
Microbial Identification System (MIDI; Microbial ID) with
cells grown in MB in flasks on a rotary shaker at 200
rotations min~" at 28°C for 3 days.

Results and discussion

Phenotypic characteristics

Colonies were pale-yellow pigmented, flat and non-trans-
lucent with glistening surfaces and circular/slightly
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irregular margins, 2-3 mm in diameter after incubation for
3-5 days at 28°C on MA. Cells were Gram-negative,
catalase- and oxidase-positive, non-sporulating, obligately
aerobic rods, approximately 0.8-1.5 um wide and
2.0-3.5 pum long, motile with peritrichous flagella. This
strain was slightly halophilic, with growth occurring at
1-15% (v/v) NaCl [optimum 2-4% (v/v) NaCl] (Kushner
1993). The results of other phenotypic tests were listed in
the species description and in Table 1.

DNA G + C content, phylogenetic analysis
based on 16S rRNA gene sequence comparison
and DNA-DNA relatedness

The DNA G + C content of strain YIM-C248" was
58.6 mol%. The almost-complete 16S rRNA gene
sequence (1,479 bp; EU135707) was determined. Phylo-
genetic analysis based on 16S rRNA gene sequences
revealed that strain YIM-C248" was closely related to
the type strains of members of the genus Halomonas.
The 16S rRNA gene sequence similarities between the
isolate and the type strains of members of the genus
Halomonas were in the range of 92.5-97.5%. Phyloge-
netically, strain YIM-C248" was most closely related to
the type strain of H. sulfidaeris (sequence similarity
97.5%), followed by the type strains of H. variabilis
(96.6%), H. boliviensis (96.4%) and H. neptunia (96.3%),
but strain YIM-C248" occupied a distinctly separated
branch in the phylogenetic tree (three methods, Fig. ).
To establish the precise taxonomic position of strain
YIM-C248", DNA-DNA hybridizations were performed
between the novel isolate and the type strain of H. sul-
fidaeris, and the level of DNA-DNA relatedness between
them was 10.6%, which was far below the threshold
value of about 70% recommended by Wayne et al.
(1987) for assigning strains to the same species. It is
therefore evident based on the results of phylogenetic
analysis and DNA-DNA hybridization that strain
YIM-C248" represents a previously unknown species of
the genus Halomonas (Wayne et al. 1987; Stackebrandt
and Goebel 1994).

Chemotaxonomic characteristics

Chemotaxonomic data for strain YIM-C248" are compat-
ible with its assignment to the genus Halomonas. The strain
contained Q-9 (86.7%) as the predominant respiratory
quinone, with Q-7 (8.0%), Q-6 (2.0%), Q-10 (1.7%) and
Q-8 (1.1%) present in minor amounts. The fatty acid profile
of strain YIM-C248" was similar to that of the type strain
of H. sulfidaeris (Table 2). The major fatty acids of this
strain were C]g;](,()7C, C]2:0 3-OH, CyClO C]g;owSC, C]G:O
and Cyg.;.

Taxonomic conclusion

The results of phylogenetic analysis and chemotaxonomic
studies supported the view that strain YIM-C248" should
be assigned to the genus Halomonas. However, the pale-
yellow pigmentation and the comparatively narrow salt
concentration range for growth, differentiated the new
isolate markedly from recognized Halomonas species
(Table 1). Strain YIM-C248" could also be distinguished
obviously from its closest phylogenetic neighbor H. sulfi-
daeris by their discriminative fatty acid profiles, in which
there were significant amounts of cyclo C;9.qw8¢ and cyclo
Ci7.0» Whereas the amount of Cig.;®w7c was noticeably
reduced in the fatty acid pool of strain YIM-C248", and
four fatty acids, i.e. anteiso Cis.g, iS0 Cjg., 11-methyl
Cig.1w7c¢ and Cyp.,w6,9¢ were only detected for the new
isolate (Table 2). Moreover, strain YIM-C248" could be
distinguished clearly from its closest phylogenetic neigh-
bor by some other discriminative taxonomic markers, such
as its ability to produce acid from L-arabinose and to utilize
citrate, p-glucose, L-alanine and L-serine as sole carbon
sources (Table 1), together with its inability to respire on
nitrate or nitrite in anaerobiosis and the low level of DNA—
DNA relatedness between them. Overall, the polyphasic
taxonamic results presented above allowed us to assign the
novel isolate to a new species, for which we propose the
name Halomonas sediminis sp. nov.

Description of Halomonas sediminis

Halomonas sediminis (se.di’mi.nis. L. gen. n. sediminis of
sediment). Cells are Gram-negative rods, approximately
0.8-1.5 pm wide and 2.0-3.5 um long, occurring singly or
as doublets, motile with peritrichous flagella. Devoid of
endospores. Strictly aerobic, catalase- and oxidase-positive.
Cells accumulate poly-fS-hydroxybutyrate but do not pro-
duce exopolysaccharide. Colonies are pale-yellow
pigmented, flat and non-translucent with glistening surfaces
and circular/slightly irregular margins, 2-3 mm in diameter
after incubation for 3-5 days at 28°C on Difco marine agar
2216. Slightly halophilic, growth occurs with 1-15% (v/v)
NaCl [optimum 2-4% (v/v) NaCl]. Growth happens at pH
6.0-10.0 and at 4-35°C, with an optimum growth at pH 7.5
and 25-30°C. Under aerobic conditions, nitrate and nitrite
are reduced. Negative for respiration on nitrate, nitrite or
fumarate in anaerobiosis. Tweens 40 and 60 are hydrolyzed,
but aesculin, casein, cellulose (carboxymethylcellulose and
filter paper), DNA, gelatin, starch, Tweens 20 and 80 are not.
H,S is not produced from L-cysteine. Indole and urease
are not produced. Methyl red and Voges—Proskauer tests
are negative. Acid is produced from L-arabinose, gentiobi-
ose, glycogen, D-glucose and D-turanose, but not from
N-acetylglucosamine, p-adonitol, amygdaline, p-arabinose,
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Table 1 Differentiating characteristics of strain YIM-C248" from its closest phylogenetic relatives

Characteristics 1 2 3 4 5 6 7 8 9
Colony pigmentation Pale yellow  Cream Cream Cream  Cream  Cream  Cream  White Cream-beige
Exopolysaccharide — & ND ND — ND ND ND ND
Poly-f-hydroxybutyrate + +* ND ND + ND ND ND ND
Oxidase + + + ND + - - — -
Optimum temperature (°C) 25-30 20-35 30 25-30 32 30 30 25-30  25-30
Temperature range (°C) 4-35 —1to 35 —1to 35 045 15-37 4-48 4-48 5-45 5-45
pH range 6-10 5-10 5-12 6-11 6-9 6-10 6-10 6-10 6-10
Optimum salts (%, w/v) 2-4 2-3 2-3 5 10 1-5 1-5 10-15 8-12
Salt range (%, w/v) 1-15 0.5-24 0.5-27 0-25 1-25 0-20 0-15 1-20 1-20
Nitrate reduction + + + + - ND ND — -
Nitrite reduction + - - ND — ND ND — -
Respiration on nitrate - + + ND — ND ND — —
Facultative anaerobic — + + - — — - — -
H,S production - - - - + + + - -
Phenylalanine deaminase - . +° ND - + - ND ND
Hydrolysis of casein - + - ND — + + - -
Acid production from

L-Arabinose + - - ND - + + + +
D-Galactose — + + ND — + + + +
Lactose — + — ND — ND ND — —
D-Maltose - + - ND — + + —+ +
p-Xylose - + - ND ND ND ND - +
Inositol - +° ND ND ND - + - +
Utilization of

D-Cellobiose — - + - + - - ND ND
Citrate + - + - + + + + +
D-Glucose + - + + + ND ND + +
Glycerol — — + — + + + + +
D-Mannose — - + + + - - — +
L-Alanine + - + ND + + + + +
L-Serine + - ND + ND ND — -
DNA G + C content (mol%)  58.6 56.0 57.3 514 61 56.7 57.6 61.0 62.0

Strains: 1 Halomonas sediminis YIM-C248" (data from this study), 2 H. sulfidaeris Esulfide1™ (Kaye et al. 2004), 3 H. neptunia Eplumel” (Kaye
et al. 2004), 4 H. boliviensis LC1T (Quillaguaman et al. 2004), 5 H. variabilis DSM 30517 (Fendrich 1988; Mata et al. 2002), 6 H. arcis AJ2827
(Xu et al. 2007), 7 H. subterranea ZG16" (Xu et al. 2007), 8 H. Jjanggokensis M24T (Kim et al. 2007), 9 H. gomseomensis M12T (Kim et al.

2007)

+ Positive, — negative

ND no data available

* Data from our study

® Data from Xu et al. (2007)

p-arabitol, L-arabitol, arbutine, D-cellobiose, dulcitol,
erythritol, esculin, p-fructose, p-fucose, L-fucose, p-galact-
ose, glycerol, inositol, inulin, D-lactose, D-lyxose, D-maltose,
D-mannitol, D-mannose, b-melezitose, D-melibiose, methyl-
o-D-glucopyranoside, methyl-o-pD-mannopyranoside,
methyl-f-p-xylopyranoside, potassium gluconate,

@ Springer

potassium 2-ketogluconate, potassium 5-ketogluconate,
p-raffinose, L-thamnose, D-ribose, sucrose, salicin, D-sorbi-
tol, L-sorbose, starch, D-tagatose, D-trehalose, xylitol,
D-xylose or L-xylose. The following substances are utilized
as sole carbon and energy sources: acetate, citrate, dextrin,
glycogen, bp-gluconic acid, bD-glucose, gentiobiose,



Extremophiles (2008) 12:829-835

833

99 Halomonas hydrothermalis ATCC BAA-800" (AF212218)
Hall liensis NCIMB 13595 " (X92150)
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Escherichia coli ATCC 117757 (X80725)

Fig. 1 Phylogenetic tree based on 16S rRNA gene sequence analysis
and constructed using the neighbor-joining method showing the
phylogenetic positions of strains YIM-C248" and related taxa. The m
or p labels indicate branches that were also found with the maximum-
likelihood (Felsenstein 1981) or parsimony (Kluge and Farris 1969)
algorithms, respectively; asterisks indicate branches that were
recovered with all the three methods. Numbers at nodes indicate
bootstrap values (>50%) based on neighbor-joining analysis of 1,000
re-sampled datasets. Bar 2 substitutions per 100 nucleotides

Table 2 Fatty acid composition of Halomonas sediminis YIM-C248"
and Halomonas sulfidaeris DSM 157227

Fatty H. sediminis H. sulfidaeris
acid (%) YIM-C248T DSM 157227
10:0 54 2.0

10:0 3-OH 2.7 0.3

12:0 1.0 1.3

12:0 3-OH 16.8 15.0

15:0 anteiso 2.0 -

16:0 iso 1.0 -

16:1° 6.9 9.5

16:0 8.1 8.3

17:0 cyclo 4.5 0.3

18:1w7¢ 29.1 59.2

18:1 w7¢ 11-methyl 2.1 -

19:0 cyclo w8c 15.7 0.9

20:2 w6, 9¢ 1.8 -

— Not detected

* Fatty acids that represented <1.0% in the two strains have been
omitted

® Double bond positions in Cy¢.; fatty acids were either w6¢ or w7¢

myo-inositol, itaconic acid, a-keto butyric acid, a-keto glu-
taric acid, p-melibiose, -methyl-p-glucoside, b-psicose, D-
sorbitol, succinamic acid, sucrose, L-threonine, D-turanose,

xylitol and Tween 40, and the following substances are uti-
lized as sole carbon, nitrogen and energy sources: b-alanine,
L-alanine, L-aspartic acid, L-proline and L-serine. The fol-
lowing substances are not utilized: adonitol, aesculin,
L-arabinose, D-cellobiose, ethanol, formate, D-fructose,
fumarate, p-galactose, gluconate, glycerol, lactose, malon-
ate, maltose, D-mannitol, D-mannose, D-melezitose,
propionate, b-raffinose, L-rhamnose, D-ribose, salicin, starch,
succinate, trehalose, p-xylose, L-cysteine, L-histidine, L-iso-
leucine, L-leucine, L-lysine, L-methionine, L-ornithine,
L-phenylalanine or L-valine. Constitutive enzymes expressed
are alkaline phosphatase, esterase (C4), esterase lipase (C8),
leucine arylamidase, naphthol-AS-BI-phosphohydrolase
and valine arylamidase, but acid phosphatase, arginine
dihydrolase, a-chymotrypsin, cystine arylamidase, o-fuco-
sidase, a-galactosidase, f-galactosidase, gelatinase,
N-acetyl-f-glucosaminidase, a-glucosidase, f-glucosidase,
f-glucuronidase, lipase (C14), lysine decarboxylase,
o-mannosidase, o-nitrophenyl-f-p-galactopyranosidase,
ornithine decarboxylase, phenylalanine deaminase, trypsin
or tryptophane deaminase are not observed. Cells are sus-
ceptible to ampicillin (30 pg), carbenicillin (30 pg),
chloramphenicol (30 pg), gentamicin (10 png), kanamycin
(30 pg), lincomycin (2 pg), nalidixic acid (20 pg), nitrofu-
rantion (30 pg), polymixin B (30 pg), rifampicin (5 pg),
streptomycin (10 pg) and tetracycline (30 pg), but not to
novobiocin (30 pg) or tobramycin (10 pg). The major fatty
acids are Cyg.;w7c, Cya.9 3-OH, cyclo Cg.0w8¢c, Cy6.0 and
Ci6:1- The predominant respiratory quinone is Q-9 and the
DNA G + C content is 58.6 mol% (HPLC method).

The type strain YIM-C248" was isolated from a sedi-
ment sample collected from the Dachaidamu salt-lake in
the Qaidam Basin in Qinghai, north-west China. Strain
YIM-C248" has been deposited in the KCTC (Korean
Collection for Type Cultures) as strain KCTC 22167 and
the China Center for Type Culture Collection, Wuhan,
China as strain CCTCC AA 207031.
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