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Salinicoccus salitudinis sp. nov., a new moderately halophilic
bacterium isolated from a saline soil sample
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Abstract A novel pale-yellow-pigmented, moderately
halophilic, facultatively alkaliphilic, non-motile, non-
spore-forming, catalase- and oxidase-positive, obligately
aerobic Gram-positive coccus, strain YIM-C678T was
isclated from a saline soil sample collected from a hyper-
saline habitat in the Qaidam basin, northwest China. The
organism grew at 4-37°C and pH 6.0-11.0, with optimum
growth at 25°C and pH 8.0. Strain YIM-C678" grew
optimally in the presence of 10-12% (w/v) NaCi and
growih was observed in 1-25% (w/v) NaCl. The cell wall
murein type was L-Lys-Glys. Major cellular fatty acids
were anteiso-Cs.g, 180-Cis.0, 180-Cig.0 and Cig.0. Mena-
quinone 6 (MK-6) was the major respiratory quinone. The
DNA G + C content was 46.5 mol%. Phylogenetic analy-
sis based on 165 rRNA gene sequences indicated that the
strain YIM-C678" belonged to the family Staphylococca-
ceae and was most closely related to the eight described
species of the genus Safinicoceus with sequence similari-
ties from 922 (S lutews YIM 70202T) to 97.5% (S
kunmingensis YIM Y157). The DNA-DNA relatedness
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between strain YIM-C678" and S. kunmingensis YIM
Y157 was 35.4%. Chemotaxonomic data and 16S rRNA
gene sequence analysis supported the affiliation of strain
YIM-C678" with the genus Salinicoccus. The combination
of phylogenetic analysis, phenotypic characteristics, che-
motaxcnomic differences and DNA-DNA hybridization
data supported the view that the bacterium represents a
novel species of the genus Salinicoccus, for which the
name Salinicoccus salitudinis sp. nov. is proposed, with
YIM-C678" (=DSM 17846 = CGMCC 1.6299) as the type
strain.

Keywords Salinicoccus salitudinis sp. nov. - Halophilic -
Hypersaline soil

Introduction

The genus Salinicoccus was proposed by Ventosa et al.
(1990) which was defined as Gram-positive, moderately
halophilic, non-motile and non-spore-forming coccus.
Currently there were eight species in the genus Salinicoc-
cus (Ventosa et al. 1990; Marquez et al. 1990; Ventosa
et al. 1992; Zhang et al. 2002; Franca et al. 2006; Aslam
et al. 2007; Zhang et al. 2007; Pakdeeto et al. 2007; Chen
et al. 2007). In the recent study of the microbial diversity of
the Qaidam basin, northwest China (Cui el al. 2004;
Schumann et al. 2004; Li et al. 2005, 2006; Zhang et al.
2005, 2006, 2007, a Salinicoccus-like strain YIM-C6787
was isolated from a hypersaline soil sample. The strain
grew optimally in media that contained 10-12% (w/v)
NaCl. Based on the results of a polyphasic taxonomic
study, this strain was proposed 1o represent a novel species
of the genus Salinicoccus.
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Materials and methods
Strains and culture condition

Strain YIM-C6787 was isolated from a hypersaline soil
sample by plating 1:10 serial dilutions of the sample on
Difco marine agar 2216 (MA) + NaCl (w/v) 109% (named
MA10 in this paper) at 28°C for 2 weeks. The sample was
collected from the Qaidam basin, northwest China, where
there are numerous saline lakes with pH values of 7.0-11.5.
The strain was maintained both on MA10 slant at 4°C and
in Difco marine broth 2216 (MB) supplemented with 20%
(viv) glycerol al —80°C. Four type strains of the genus
Salinicoccns, S. kunmingensis YIM Y15L s alkaliphilus
AS 1.26917. 8. roseus DSM 53517 and S. hispanicus DSM
5352 7, were used in some parallel tests (Table 1}. Unless
otherwise indicated, morphological, biochemical, chemo-
and molecular systematic studies were
performed with cells grown onfin media containing 10%
(wfv) NaCl at 25°C and pH 8.0.

taxonomic

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). Anaerobic growth was
determined using the GasPak Anaerobic Systems (BBL,
USA) according to the manufacturer’s instructions. Motil-
ity was observed as described previously (Chen et al
2007).

Optimum growth was tested at different temperatures
(4-30°C) on MAI0 and at different pH values (5.0-11.0) in
MB supplemented with 10% (w/v) NaCl. For pH tolerance
experiments, the buffer solutions described by Chen et al.
{2004) were used. Tolerancefrequirement of chlorides of
sodium, potassium and magnesium [at concentrations of
0-30% (w/v)] was tested on MA, in MB and on some other
media as controls, i.e. nutrient agar, tryptic soy broth agar
(TSBA; BBL) and ISP 2 agar (Shirling and Gottlieb 1966).

Catalase, oxidase and urease activities, hydrolysis of
polymers, nitrate reducing, tesis of Voges—Proskauer and
methyl red and antibiotic resistance were determined as
described previously (Gerhardt et al. 1981; Ventosa et al.
1982; Atlas 1993; Chen et al. 2007). Substrate utilization as
sole carbon and energy source, activities of constitutive
enzymes and other physiological characteristics were car-
ried out using API 20E, API 20NE, APl 30CH (with AP1
50 CH B/E medium), API ZYM strips (BioMérieux) and
BioLog GP2 MicroPlates {(BioLog Inc.) according to the
manufacturer’s Instructions. All suspension media were
supplemented with 10% (w/v) NaCl,
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Peptidoglycan, lipoquinone and fatty acid composition

Isolation of cell wall fraction and preparation of the
hydrolysate of the cell wall were carried our using the
method of Schleifer (1985). Amino acid composition of the
cell wall hydrolysate was determined using the previously
described method (Staneck and Roberts 1974). Lipoqui-
nones were purified by TLC and analysed by HPLC as
described by Hiraishi et al. (1996). The fatty acid compo-
sition was determined as described by Sasser (1990) using
the Microbial Identification System (MIDI; Microbiai 1)
with cells grown on MA10 at 25°C for 3 days.

Determination of G + C content of DNA, 165 rRNA
gene sequencing and phylogenetic analysis,
and DNA-DNA hybridization

The DNA for the determination of G + C content was
isolated according to Hopwood et al. (1985) and its G + C
content was determined by the thermal denaturation
method (Mandel and Marmur 1968) with a Shimadzu UV-
visible spectrophotometer (UV1601). The extraction of
genomic DNA for 165 rRNA gene sequence determination,
PCR amplification of the 165 rRNA gene and sequencing
of the purified PCR products were carried out as described
previously (Cui et al. 2001). Phylogenetic analysis was
performed using the software packages MEGA version 2.1
{Kumar et al. 2001) after multiple alignment of sequence
data by CLUSTAL_X (Thompson et al. 1997). Distances
{corrected by Kimura's 2-parameter model; Kimura 1980)
were calculated and clustering was performed with the
neighbour-joining method (Saitou and Nei 1987). Maxi-
mum-likelihood (Felsenstein 1981) and parsimony (Kluge
and Farris 1969) trees (not shown) were generated using
the treeing algorithms contained in the PHYLIP package
(Felsenstein 1993). Bootstrap analysis was used to evaluate
the tree topology of the neighbour-joining data by means of
1,000 re-samplings (Felsenstein, 1983). DNA-DNA
hybridization was performed using the optical renaturation
method (De Ley et al. 1970; Hul3 et al. 1983; Jahnke 1992).

Results and discussion
Morphological and biochemical characteristics

Colonies of strain YIM-C6787 were pale yellow-coloured,
circular, convex, non-translucent with entire margins, 1—
1.5 mm in diameter after incubation for 5 days at 25°C on
MAI1{). No diffusible pigments were produced on any
media tested. Cells were Gram-positive cocci, approxi-
mately 0.9-1.5 pm in diameter, occurring singly, in pairs,
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Table 1 Differentiating characteristics of strain YIM-C6787 from its closest phylogenetic relatives

Characteristics 1 2 3 4 5 0 7 8 9
Colony pigmentation Pale yellow  Yellow  Pinkish  Pink-red Reddish orange Orange Pink-red OQrange Orange
Temperature for growth (°C)
Range 4-37 4-45 1049 15-37 1540 20-30 20-45 15-45  4-45
Optimum 25 37 32 37 37 30 37 37 30
NaCl for growth (%; w/v)
Range 1-25 0.5-25 0-25 0.5-25 0.9-25 0.5-15 0-22 1.5-25 1-25
Optimum 10-12 810 10 10 10 5 4 10 10
pH for growth
Range 6.0-11.0 6.0-100 65-11.5 50-9.0 6.0-9.0 6.5-11.0 6595 6-9 7.0-11.0
Optimum 8.0 8.0 9.5 7.5 8.0 7.0 8.0 8.5 8,0-9.0
Hydrolysis of *
Esculin + + S - + ND — - +
Casein - — — + — — - —
Gelatin - - — + + — - -
Starch - + - + — — - - —
Tween 80 — + — + - - ND — -
H,S production * - - - — + ND ND —
Indole production ® - - — — - + ND — —
Methyl red test * - - - - +H-" + - - -
Nitrate reduction * + + + — + + + - +
Urease © - - +=" - +-" — - —
Acid preduction from
p-Galactose — - - — + — ~ —
p-Glucose + - + - + + + + +
p-Fructose - + - - + + + + —
Glycerol — — - — + + + + ND
p-Maltose — - — — + + + - +
n-Mannitol — + ND — + - - - ND
Sucrose + + - - + - - - +
ME-7* +3.8%) “(1.2%) — +HO8%)"  u® 0y ND ND +
DNA G + C content (mol%)  46.5 46.2 49.6 51.2 457 47.0 46.2 46.0 497

Strains: I Salinicoccus salitudinis YIM-C6787 (data from this study), 2 8. kunmingensis YIM Y15" (Chen ct al. 2007), 3 §. alkaliphilus JCM
113117 (Zhang et al. 2002), 4 5. rosens DSM 53517 (Ventosa et al. 19903, 5 5. hispanicus DSM 53527 (Marquez et al. 1990; Ventosa et al. 1992),
6 S. jeotgali KCTC 130307 (Aslam el al. 2007}, 7 S. salsiraice LMG 228407 (Franca et al. 2006), 8 S. siamensis JCM 128227 (Pakdeeto et al.
2007, 9 5. lwteus YIM 702027 (Zhang et al 2007)

fr trace amount

ND no data

+ positive

— negative

All strains are positive for Gram-staining and catalase- and oxidase-activities, negative for Voges-Proskauer test, spore formation and motility.
All strains possess menaquinone 6 (MK-6) as their predominant respiratory quinones

* Unless otherwisc indicz_lted, results of these tests for strains 5. kunmingensis YIM YIST, S. alkaliphilus AS 1.2691T, 8. roseus DSM 53517 and
8. hispanicus DSM 53327 were confirmed in the parallel tests with strain YIM-C678"7 under identical conditions

P Results from this study

tetrads or clumps and sirictly acrobic, non-motile and non-  (optimum 25°C). It was moderately halophilic and the
sporulating. optimum NaCl concentration (w/v) for growth was
Strain YIM-C678" was found to be catalase- and oxi-  between 10 and 12%, with a growth NaCl concentration

dase-positive, with a growth temperature range of 4-37°C  range of 1-25% (Kushner 1993). NaCl could not be

@ Springer



200

Extremophiles (2008) [2:197-203

replaced with KC1 or MgCl1-6H50 in the media. No growth
occurred on MA without NaCl, TSBA, nutrient agar or ISP
medium 2 agar. Strain YIM-C678" was a facultatively al-
kaliphilic organism with a growth range of pH 6.0-11.0
and optimum growth was observed at pH 8.0. The results
of other phenotypic tests are listed in the species descrip-
tion and in Table 1.

Chemotaxonomic characteristics

Chemotaxonomic data of strain YIM-C678" are compati-
ble with its assignment to the genus Saliricoccus. The
major amino acid constituents of the cell wall composition
were glycine and lysine, which is compatible with the type
of 1-Lys-Glys peptidoglycan described for the genus
Salinicoccus (Ventosa et al. 1990). The major faity acids
are iso- and anteiso-branched ftatty acids, which are con-
sistent with the assignment of strain YIM-C6787 to the
genus Salinicoccus (Table 2). The strain studied had
menaquinone 6 (MK-6; 96.2%) and menaquinone 7
(MK-7; 3.8%) as its respiratory guinones.

DNA G + C content, phylogenetic analysis based
on 168 rRNA gene sequence comparison
and DNA-DNA relatedness

The DNA G + C content of the strain YIM-C678" was
46.5 mol%. The almost complete 165 TRNA gene sequence
(1491 bp; EF590121) of the strain YIM-C6787 was
determined. Preliminary comparison of the sequence
against the GenBank database indicated that the isolate was
closely related to the members of the genus Salinicoccus
(Ventosa et al. 1990) and phylogenetically most closely
related to S. kunmingensis YIM Y157 with a sequence
similarity of 97.5%. The lower levels of [6S TRNA gene
sequence similarities between the strain studied and the
type strains of the other seven species of the genus Salin-
icoccus, 1.e. S alkaliphilus AS 1.26917 {95.3%), S. roseus
DSM 53517 (94.5%), 8. jeorgali KCTC 130307 (94.6%), S.
salsiraine LMG 228407 (94.5%), §. hispanicus DSM
53527 (94.2%), S. siamensis JCM 128227 (94.3%) and S.
Iuteus YIM 702027 (92.29%), revealed that strain YIM-
C678" did not belong o any one of these seven Salini-
species (Stackebrandt and Goebel 1994). A
neighbour-joining tree (Fig. 1) showed that the strain YIM-
C6787 and the eight type strains of the genus Salinicoccus
formed a distinct clade in the phylogenetic tree with high
bootstrap support (97%), in which strain YIM-C678" and
Salinicoccus funmingensis YIM Y15" formed a distinct
sub-hranch with significant bootstrap support (100%)
(Fig. 1). To establish the pracise taxonomic position of

coccus
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strain YIM-C6787, DNA-DNA hybridizations were per-
formed between strain YIM-C678" and the type strain S.
kunmingensis YIM Y15" and the level of DNA-DNA
relatedness between them was 35.4%. It has been suggested
that bacterial strains with a DNA-DNA relatedness level of
<70% are not members of the same species (Wayne et al.
1987). It is therefore evident based on the phylogenetic
analysis and the DNA-DNA hybridization data that strain
YIM-CG78T represents a novel species of the genus
Salinicoccus.

On the basis of the polyphasic taxonomic resulls pre-
sented above, we propose strain YIM-C6787 to represent a
novel species of the genus Salinicoccus, Salinicoccus
salitudinis sp. nov.

Description of Salinicoccus salitudinis

Salinicoccus salitudinis (salita’” dinis. L. gen. fem.n.
salitudinis, olf/from salinity, saltiness). Cells are Gram-
positive, non-motile, non-sporulating, catalase- and oxi-
dase-positive and obligately aerobic cocci (0.9-1.5 pm)
that oceur singly, in pairs, tetrads or clumps. After 5 days
on MA supplemented with 10% (w/v) NaCl at pH 8.0 and
25°C, colonies are circular, convex, pale yellow and non-
translucent with entire margins, 1-1.5 mm in diameter.
Diffusible pigment is not produced. Growth occurs at pH
6.0-11.0 (optimum at 8.0), at temperatures of 4-37°C
(optimum at 25°C) and in media supplemented with 1-25%
(w/v) Na(Cl (optimum, 10-12% NaCl). NaCl cannot be
replaced with KC] or MgCl,-6H,O in media. Esculin is
hydrolyzed, whereas casein, cellulose, chitin, starch, gela-
tin, Tween 20 or Tween 80 are not. Nitrate is reduced to
nitrite. H,S production, indole, methyl red and Voges—
Proskauer tests are negative. Cells are resistant to genta-
micin (10 ug), kanamycin (30 pg), polymixin B (30 pg),
streptomycin (10 pg) and tetracycline (30 pg), but ampi-
cillin (30 pg), chloramphenicol {30 pg), licomycin (2 ng),
nalidixic acid (20 pg), novobiocin (30 pg} and rifampicin
(5 pg) inhibited the growth. Acid is produced from
amygdaline, inositol, potassium 35-ketogluconate, D-sac-
charose (sucrose) and p-sorbitol. The following compounds
are utilized as sole carbon and energy sources: amygdalin,
p-arabinose, p-cellobiose, glycerol, myo-inositol, p-man-
nitol, D-mannose, bD-ratfinose, L-rhamnose, Db-ribose,
p-sorbitol, p-sucrose and p-trehalose. The following com-
pounds are utilized as sole nitrogen sources: polypeptone,
L-leucine and L-tyrosine. Constitutive enzymes expressed
by YIM-C6787 are catalase, cytochrome oxidase, alkaline
phosphatase, esterase (C4), esterase lipase (C8), leucine
arylamidase, cystine arylamidase, (z-chymotrypsin, acid
phosphatase, trypsin, naphthol-AS-BlI-phosphohydrolase
and wvaline arylamidase; but arginine dihydrolase,
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Table 2 Fatty acid composition of strain YIM-C6787T and members of the genus Salinicoccus

Fatty acid (%) I 20 3 4 5 6 7 8 9

Saturated fatty acids
Ciap 2.6 1.9 1.6 12 +03 53404 44 0.8+02 0.5 ND
Cisp 0.7 0.7 - 21+ 06 54+£08 - — — ND
Cian 5.2 32 1.5 3.0+ 07 10.3 £ 2.3 10.3 29+ 04 2.4 ND
Ci7.0 0.2 - - 05 £ 02 09-+03 — — ND ND
Ciso 2.9 2.1 — 1.1 +0.2 24+ 08 - 0.7 £ 0.1 ND ND
Ciaan - - — L0+ 03 0.6 £0.1 - - ND ND
Cano 0.1 0.2 1.3 1.5+04 22402 — 2.1 05 ND ND

Unsaturated latty acids
Cie:1 @7 alcohol 2.7 3.4 5.8 08+03 1.6 =01 4.1 — — ND
Cra 7c 1.8 — — ND ND - ND ND ND
Cre1 wlle 1.7 2.7 2.2 - 2002 36 — ND ND
Cry e 1.8 0.4 - ND ND - ND ND ND
Cia 09 1.4 05 — ND ND - ND ND ND

Branched fatty acids
is0-Cy3,4 3-OH — 1.0 — — - - ND ND
1%0-C a0 3.7 249 4.4 2.1 +£03 38+ 1.3 3.2 1.0 £ 0.1 24 ND
i$0-C 5.0 22.3 23.1 223 214 £ 1.2 259 £ 34 22.8 266 +22 142 342
anteiso-C 5. 28.1 28.4 27.6 36.0 £ 23 15.6 £ 3.6 324 353+ 0.7 387 30.0
150-Clag 7.6 5.8 10.1 53+£08 35+ 1.0 4.1 35+ 06 [2.1 ND
150-C 7. 4.5 5.7 33 56 £03 4.6+ 09 - 9.5+ 08 4.9 ND
180-Cy7. @ 10c 2.7 4.7 4.0 154+04 0.7 £ 0.1 — 303 4.5 ND
anteiso-C7p 4.9 5.8 8.9 0L 1.0 1.6 £ 07 6.2 85+ 06 [2.1 ND
i50-Csig 0.5 0.5 — ND ND - ND ND ND
150-C g 0.7 0.7 2.8 40£03 1.1 +03 - 3.0+ 0.1 0.4 ND
anteiso-Clog 0.7 1.0 1.9 23405 — — 1.0 £ 02 ND ND
i50-Canan — - 1.5 0.6+ 0.1 - - - ND ND
Unknown" 1.6 2.8 0.9 20£04 82423 4.3 23+03 34 ND

Strains: T Salinicoccus salitucinis YIM-C6787 (data from this study), 2 S. kunmingensis YIM Y15 (Chen er al. 2007), 3 8. alkaliphilus AS
1.26917 (Zhang ct al. 2002}, 4 5. rosens DSM 53517, 5 S. hispanicus DSM 53527, 6 §. jeotgali KCTC 130307 (Aslam et at. 2007), 7 S. salsiraiae
LMG 22840" (data for strains 4, 5 and 7 from Franca et al. 2006), 8 5. siamensis JCM 128227 (Pakdeeto et al. 2007, 98, luteus YIM 702027

(Zhang et al. 2007)

Values are percentages of total fatty acids

— pot detected

NI ne data available

* Values for [atty acids present at levels of <0.5% are not shown

® Unknown faity acid with equivalent chain lengths 15.665 for strain 3, 15.669 for strains 1, 2 and 6, and 15.670 for strains 4, 5 and 7

{z-galactosidase, (f-galactosidase, z-glucosidase, f-gluco-
sidase, x-mannosidase, gelatinase, ff-glucuronidase, lipase
{C14), ornithine decarboxylase, N-acetyl-f-glucosamini-
dase, f-galactosidasefortho nitrophenyl-fo-galactopyra-
nosidase (ONPG), lysine decarboxylase, fi-galactosidase/
para-nitrophenyl-fip-galactopyranosidase (PNPG), trypto-
phane deaminase, (z-fucosidase or urease are not produced.
Menaquinone 6 1s the predominant respiratory quinone,
with menaquinone seven present in minor amounts. The
major cellular fatty acids are anteiso-C s (28.1%)

iSO*C]j:O (223%), iSO—ClG:[) (76%) and Cl():() (52%) The
assumed cell-wall murein type is 1-Lys-Glys. The DNA
G + C content is 46.5 mol%.

The type strain YIM-C678" was isolated from a saline
soil sample collected from a hypersaline habitat in the
Qaidam basin, northwest China. Strain YIM-C678" has
heen deposited in the DSMZ (Deutsche Sammlung von

Mikroorganismen und Zellkulturen GmbH, Inho-
ffenstraBe 7B, d-38124 Braunschweig, Germany) as
strain - DSM 17846 and the China  General
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Sertinicecens sianensis JOM 12822" (AR IRK358)
2 & Salinicocens salsiraiae RH1T (DQ333949)

0.2
Satinicoccus jeorgali 52R53—5T(DQ4TE329)
Sadinicocens utors YIM 702027 (D0Q252879)
66 * Salinicoccas mseus DSM 5351 T (X04559)
% Setlinicoceus hispanices DSW 5352 T(AY()28927)

Salinicocens ofkadiphiles AS 1.269] T(AFE'.’ﬁ',’ 10}
Seliniceecus sulitudinis YIM-C678 " (EF590121)
Sedinicoceus kaamingensis YIM Y15 T (DQR37380)
Segigalicoceus halorolerans YK)-101 T [AY028925)
Jeatgaticoceus psychrophiles YKI-115 T (AY028926)
Jeotgalicoceus pinnipedialis CCUG 427227 (A)251530)
Mactocaceus bovieas ATCC 518257 (Y15714)
Macrococeus carouselicis HEB16 (Y 15713)
Stapivifacocciry nepafensis DSM 15150 ! (A]517414)
Stapfrvlacoccns piscifermentans DSM 7373 (Y15754)
Camobacterinm pleistoceniom FTR '[I(AF45()I.'§6)
Enterocaccus faecium ATCC 194347 (DOQ411813)
Enterococens mundtii ATCC 431867 (AFOGI0L3)
Marinovoceus halophilus DSM 20408 T(XQOS}S)

1y

Fig. 1 Phylogenelic dendrogram based on 163 rRNA gene sequence
analysis and constructed using the neighbour-joining method showing
the phylogenctic pesitions of strains YIM-CG78 ' and related taxa.
The p labels indicate branches that were also found with the
maximum-parsimeny (Kluge and Farris 1969) algorithm; asterisks
indicate branches that werc also recovered using the maximum-
likelihood (Felsenstein 1981) and parsimony algorithms. Numbers at
nodes indicate bootstrap values (>=509%) based on neighbour-joining
analyses of 1,000 re-sampled datasets. Bar 2 substitutions per 100
nucleectides

Microbiclogical Culture Collection Center,

China as CGMCC 1.6299.
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