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Abstract Two moderately halophilic strains, PT-
11T and PT-20T, were isolated from saline alkali soil
samples collected in Shache County, Xinjiang Pro-
vince, China. Both strains are aerobic, Gram-positive,
motile rods. Strain PT-117 grows at 15-40 °C and at
pH 6.5-10.0, while PT-20" grows at 1540 °C and at
pH 6.5-11.0. The major cellular fatty acids in both
strains include anteiso-C;s.;, anteiso-C;7.o and iso-
Cis.o- For both strains, the polar lipids consist of
diphosphatidylglycerol, phosphatidylglycerol, phos-
phatidylethanolamine, an unidentified phospholipid
and several unidentified lipids. In addition, strain PT-
20" also contains phosphatidylcholine. The major
isoprenoid quinone for both strains is MK-7. The
genomic G+C content is 36.7 % for PT-117 and
39.2 % for PT-20". Phylogenetic analyses of 16S
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rRNA gene sequences indicated that these two isolates
are members of the genus Oceanobacillus. DNA-
DNA hybridization indicated that strains PT-11" and
PT-20" should be considered two distinct species. On
the basis of both phylogenetic and chemotaxonomic
data analyses, therefore, we conclude that PT-1 1T and
PT-20" represent two novel species within the genus
Oceanobacillus, for which we propose the names
Oceanobacillus rekensis sp. nov. and Oceanobacillus
damuensis sp. nov., respectively. The type strains are
PT-117 (=KCTC 33144" = DSM 26900") and PT-
20" (=KCTC 33146 = DSM 26901 7).
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Introduction

The genus Oceanobacillus is composed of obligately
aerobic, Gram-positive, motile, spore-forming, rod-
shaped bacteria. The genus was first proposed by Lu
et al. (2001) with the description of Oceanobacillus
iheyensis, isolated from a deep-sea mud sample, as the
type species (Lu et al. 2001). The description of
Oceanobacillus was later amended upon isolation of
Oceanobacillus oncorhynchi from the skin of a
rainbow trout (Yumoto et al. 2005). Virgibacillus
picturae (Heyrman et al. 2003), isolated from samples
of a biofilm formation on mural paintings, was later
reclassified as Oceanobacillus picturae (Lee et al.
2006). Members of Oceanobacillus have been isolated
from deep-sea sediment, chironomid egg mass,
sludge, soil, salt lake, marine solar saltern, sand dune,
marine sand, the skin of a rainbow trout, algal mat,
painting, wastewater-treatment system, fermented
shrimp paste, fermented food, soy sauce production
equipment, and indigo fermentation fluid. At the time
of this writing, eighteen Oceanobacillus species have
been described: O. iheyensis (Lu et al. 2001), O.
picturae (Heyrman et al. 2003; Lee et al. 2006), O.
oncorhynchi (including two subspecies; Yumoto et al.
2005), O. chironomi (Raats and Halpern 2007), O.
profundus (Kim et al. 2007), O. caeni (Nam et al.
2008), O. kapialis (Namwong et al. 2009), O. sojae
(Tominaga et al. 2009), O. locisalsi (Lee et al. 2010),
O. neutriphilus (Yang et al. 2010), O. kimchii (Whon
et al. 2010), O. chungangensis (Lee et al. 2013), O.
indicireducens (Hirota et al. 2013a, b), O. polygoni
(Hirota et al. 2013a, b), O. limi (Amoozegar et al.
2014), O. luteolus (Wu et al. 2014), O. pacificus (Yu
et al. 2014) and O. arenosus (Kim et al. 2015).

In this study, two moderately halophilic bacterial
strains, PT-11T and PT-20T, were isolated from saline
alkali soil samples and were investigated using
phylogenetic and chemotaxonomic methods. We
determine these strains to be two novel species of
the genus Oceanobacillus.

Materials and methods
Bacterial strains and culture conditions

Strains PT-11" and PT-20" were isolated from saline
alkali soil samples collected in Shache County,
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Xinjiang Province, in northwestern China. The typical
inland arid climate and unique geographical condi-
tions at this site cause salt to accumulate on the surface
of the soil profile. The pH value of the saline soil at
sampling sites varied from 7.41 to 7.97. Twenty soil
samples were collected at a depth of 10-30 cm at each
sampling site (Shache Town, Reke Town, Damu
Town) and stored in 50-ml sterile Falcon centrifuge
tubes (Shanghai Sangon, China). Each 1 g soil sample
was thoroughly shaken in 25 ml PT medium (pH
8.2-8.5) containing, per liter, 7.5 g casein peptone,
100 g NaCl, 10 g yeast extract, 0.016 mol phenol and
1.5 ml MS mixture (0.05 g each of betaine, proline,
glycine, p-sorbitol and glutamate, added to 1000 ml
H,0) at 28 °C for a week. The suspension, following
dilution, was spread onto TSA plates [1.5 % (W/v)
tryptone, 0.5 % (w/v) soya peptone, 2 % (w/v) agar,
pH adjusted to 7.5] with a total NaCl concentration of
10 % (w/v) and then incubated at 28 °C for a week.
Single colonies on the plates were purified by trans-
ferring them onto fresh plates and reincubating them.
Strains PT-117 and PT-20" were selected and pre-
served as glycerol stocks at —80 °C before lyophiliza-
tion. The two strains have been deposited at the
Deutsche Sammlung von Mikroorganismen und Zel-
Ikulturen GmbH (DSMZ; German Collection of
Microorganisms and Cell Cultures) and the Korean
Collection for Type Cultures (KCTC).

Phylogenetic analyses

Methods used for extraction of genomic DNA from
strains PT-11T and PT-20T, as well as methods for
PCR amplification, primers used, and DNA sequenc-
ing conditions of the 16S rRNA gene have been
previously described by Li et al. (2007). We obtained
nearly complete 16S rRNA gene sequences (1592 bp
for PT-11" and 1455 bp for PT-20"). Identification of
phylogenetic neighbours and calculation of pairwise
16S rRNA gene sequence similarities were achieved
using the NCBI’s BLAST search (Altschul et al. 1990)
and the EzTaxon-e server (http://ezbiocloud.net/
eztaxon; Kim et al. 2012). Phylogenetic trees were
constructed using the neighbour-joining, maximum-
likelihood and minimum-evolution methods with the
program MEGA 5.2 (Tamura et al. 2011). Evolution-
ary distances were calculated using Kimura’s two-
parameter model (Kimura 1980, 1984). The resultant
tree topologies were evaluated by bootstrap analysis
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with 1000 resamplings. The G+C contents of PT-117
and PT-20" genomic DNA were determined by
reversed-phase  HPLC according to the method
described by Mesbah et al. (1989). DNA-DNA
hybridizations were performed between strains PT-
11T and PT-20T, between PT-11T and Oceanobacillus
profundus, between PT-117 and Oceanobacillus
polygoni, and between PT-117 and Ornithinibacillus
contaminans using the microplate method as reported
by Ezaki et al. (1989).

Morphological, physiological,
and chemotaxonomic tests

For phenotypic and chemotaxonomic analysis, strains
PT-11" and PT-20" were cultivated on TSB medium
with a total NaCl concentration of 10 % (w/v). Cell
morphology and size were observed under a scanning
electron microscope (SEM) (JSM-7500F, JEOL)
using cells in the exponential growth phase. For
observation of negatively stained cells by transmis-
sion electron microscopy (TEM; Hitachi, H-600IV,
Japan), cells were cultivated on TSB medium with
10 % NaCl (w/v). TEM preparation and observation
were performed as described previously (Yumoto
et al. 2001). Gram-staining was performed as
described by Smibert and Krieg (1994). The endo-
spores were detected by using the Schaeffer-Fulton
staining method using cells grown for 2 days (Murray
et al. 1994). Salt tolerance tests were carried out by
growing the cells in TSB medium with different
concentrations of NaCl [0, 3, 5, 7, 10, 12, 15, 17, 20,
23, and 25 % (w/v)] while keeping pH value constant
at 8.0 and temperature at 30 °C. We determined the
optimal pH for each strain by incubating cells in TSB
medium adjusted to different pH levels (pH 3.0, 4.0,
5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 10.0, 11.0,
11.5, and 12.0) while keeping salt concentration
constant at 10 % (w/v) NaCl and temperature constant
at 30 °C. We determined growth temperatures for
strains PT-11"T and PT-20" by incubating cells in TSB
medium (pH 8.0) with 10 % (w/v) NaCl at 5, 10, 15,
20, 25, 28, 30, 35, 37, 40, 45, and 50 °C. Nitrate
reduction and hydrolysis of gelatin, starch, Tween 80,
cellulose and urea were carried out according to the
methods described by Cappuccino and Sherman
(2011). Catalase ability was tested with 3 % H,0,
and oxidase ability was determined according to the
protocols described by Barrow and Feltham (1993).

Other enzyme activities were assayed using the API
ZYM system according to the manufacturer’s instruc-
tions. Carbon-source utilisation was determined using
a Biolog Gen III microplate according to the manu-
facturer’s instructions.

Cellular fatty acids of strains PT-11" and PT-20"
were assayed together with O. profundus DSM 18246"
in order to examine differences between the novel
strains and a closely related species. The isolates were
cultured aerobically on TSA plates with 10 % (w/v)
NaCl at 37 °C and cells were harvested during the
exponential growth phase. Fatty acid methyl esters were
prepared and identified with a MIDI Sherlock Microbial
Identification System (Sherlock license CD version
6.1). We analysed the polar lipids profile by extracting
polar lipids with methanol/chloroform/saline (2:1:0.8
by vol) from 1 g freeze-dried cells, as described by
Kates et al. (1972). Separation and identification of
lipids was done by two-dimensional chromatography
on a silica gel TLC plate (10 x 10 cm), as described
previously (Raj et al. 2013). The major quinone of
strains PT-11" and PT-20" was determined by HPLC
after extraction with a chloroform/methanol (2:1 v/v)
mixture and purified by TLC (Imhoff 1984; Hiraishi and
Hoshino 1984; Hiraishi et al. 1984).

Results and discussion

Two novel isolates, PT-1 1T and PT-ZOT, were found to
be aerobic, Gram -positive, spore-forming rods that
are motile by means of a peritrichous flagellum
(Fig. 1). The cell size of each is 1.0-3.0 pum in length
and 0.4-1.2 um in width. Colonies are circular,
smooth and creamy white. Growth of strain PT-11"
was found to occur at 5-20 % (w/v) NaCl (optimum
5-12 %), pH 6.5-10.0 (optimum 8.0-9.0), and
15-40 °C (optimum 30-37 °C). Growth of strain
PT-20" was found to occur at 3—-15 % (w/v) NaCl
(optimum 10-15 %), pH 6.5-11.0 (optimum 7.5-9.0),
and 1540 °C (optimum 30-37 °C) (Table 1). Both
strains can hydrolyse gelatin and Tween 80 but not
starch or cellulose. Oxidase and catalase reactions are
positive for both strains. Nitrate (NO;) is reduced to
nitrite (NO,) by both strains. Both PT-1 1T and PT-20"
are negative for urease, methyl red, Voges—Proskauer,
H,S and indole production tests. Strain PT-117 was
found to be sensitive to aztreonam, minocycline and
nalidixic acid. Strain PT-20" was found to be sensitive
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Fig. 1 Transmission electron micrograph (negative staining) of strains PT-117 and PT-20" grown on TSB medium containing 10 %

NaCl at 30 °C, pH 8.0 for 2 days. Bar 1 pm

to aztreonam, vancomycin, fusidic acid, trolean-
domycin, rifamycin SV and nalidixic acid.

On the basis of pairwise 16S rRNA gene sequence
comparisons, strain PT-117 was found to be 97.7 %
identical to O. profundus DSM 18246", 97.3 %
identical to Ornithinibacillus contaminans CCUG
532017, and 97.1 % identical to O. polygoni SA9".
For PT-20", the highest similarities were found to O.
contaminans CCUG 532017 (97.6 % identity), Or-
nithinibacillus bavariensis WSBC24001" (97.4 %),
O. profundus DSM 18246 (97.3 %), and O. polygoni
SA9T (97.1 %). A neighbour-joining tree based on
16S rRNA gene sequences indicated that strains PT-
117 and PT-20" are closely related to O. profundus
DSM 18246" and O. polygoni SA9" (Fig. 2). Essen-
tially the same tree topology was obtained with the
maximum-likelihood and minimum-evolution algo-
rithms. These phylogenetic analyses revealed that PT-
11" and PT-20" form a separate cluster within a
subgroup of the genus Oceanobacillus.

According to Rossello-Mora (2006), DNA-DNA
hybridization is “the gold standard method” for
defining a bacterial species. The DNA-DNA related-
ness value between strain PT-117 and PT-20" is
54.5 + 2.3 %, while it is 48.6 &+ 4.5 % between PT-
11" and O. profundus, 46.5 £ 2.0 % between PT-11"
and O. polygoni, and 32.1 & 2.9 % between PT-117
and Orn. contaminans. These relatedness values are all
lower than 70 %, which was recommended as the
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value for delineating separate prokaryotic species by
Wayne et al. (1987). The genomic G+C content of
strains PT-117 and PT-20" were determined to be 36.7
and 39.2 % respectively, which is within the range for
other members of the genus Oceanobacillus.

Whole-cell fatty acids analysis revealed that
anteiso-Cys.q (52.3 %), is0-Cis.9 (14.4 %), summed
feature 4 (iso I/anteiso B Cy7.1, 7.6 %), anteiso-C;7.q
(6.7 %), 130-Cy4.0 (3.5 %) and is0-C4.9 (3.1 %) are
the predominant fatty acids in strain PT-117. The
relative proportions of the predominant fatty acids in
strain PT-20 T are somewhat different, as follows:
anteiso-Cis.o (36.5 %), anteiso-Ci7.9 (14.5 %), iso-
C16:0 (87 %), iSO—C15:() (74 %), Cg:] w9c (65 %),
Ci6:0 (5.0 %) and is0-C 4.9 (3.0 %). The major cellular
fatty acids for members of the genus Oceanobacillus
are anteiso-Cis.q, i50-C;s.9 and iso-C;4.g, consistent
with the results for PT-11"7 and PT-20". MK-7 was
found to be the major quinone of both strains PT-11"
and PT-20".

For both strains PT-11" and PT-20", the polar lipids
were found to consist of diphosphatidylglycerol, phos-
phatidylglycerol, phosphatidylethanolamine, an uniden-
tified phospholipid and several unidentified lipids. For
PT-20", phosphatidylcholine is also present (Fig. 3).

Phylogenetic analysis of 16S rRNA gene sequences
indicates that strains PT-11" and PT-20" are members
of the genus Oceanobacillus. The chemotaxonomic
results (cellular fatty acids, polar lipids, quinone, etc.)
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Fig. 2 Neighbour-joining phylogenetic tree, based on 16S
rRNA gene sequences, showing the relationship between strains
PT-117, PT-20" and related taxa. Bootstrap values (%) are based

are also consistent with this conclusion. Although the
two strains have similar properties, several differences
exist between them such as differences in growth
conditions; utilisation of glycerol, b-mannose, b-man-
nitol and p-turanose; enzyme activities; and cellular

@ Springer

Bacillus flexus IFO 157157 (AB021185)

Bacillus firmus NCIMB 9366" (X60616)

Bacillus subterraneus DSM 13966" (FR733689)

on 1000 replicates and are shown for branches. Bar 0.005
expected changes per site

fatty acids composition. On the basis of these differ-
ences and DNA-DNA hybridization results, we propose
two novel species: Oceanobacillus rekensis sp. nov.
represented by strain PT-117 and Oceanobacillus
damuensis sp. nov. represented by strain PT-20".
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Fig. 3 Polar lipids profile
of strain PT-20", PT-11"
and Oceanobacillus
profundus DSM 182467
separated by two-
dimensional TLC. DPG
diphosphatidylglycerol, PG
phosphatidylglycerol, PE
phosphatidylethanolamine,
PC phosphatidylcholine, PL
unidentified phospholipid,
AL unidentified aminolipid, L4
L unidentified polar lipid

Description of Oceanobacillus rekensis sp. nov

Oceanobacillus rekensis (rek.en’sis. N.L. masc. adj.
rekensis pertaining to Reke Town, Shache County,
Xinjiang Province, China, where the type strain was
isolated).

Aerobic, Gram-positive, motile, spore-forming
rods (0.4-1.2 x 1.0-3.0 um). Endospores are ellip-
soid and terminally positioned. Colonies are circular,
smooth and creamy white, with diameter 0.5-2.0 mm.
Growth occurs at 5-20 % (w/v) NaCl (optimum
5-12 %), at pH 6.5-10.0 (optimum 8.0-9.0) and at
15-40 °C (optimum 30-37 °C). Can hydrolyse gelatin
and Tween 80 but not starch or cellulose. Oxidase and
catalase reactions are positive. Able to reduce nitrate
(NO3) to nitrite (NO,). Negative for urease, egg yolk
reaction, methyl red, Voges-Proskauer, H,S and
indole production tests. Positive for Biolog Gen III
MicroStation substrates dextrin, D-maltose, D-tre-
halose, D-sucrose, D-turanose, stachyose, p-raffinose,
a-D-glucose, D-fructose,  D-glucose-6-phosphate,
D-fructose-6-phosphate, L-alanine, L-glutamic acid,
L-serine, pectin, D-gluconic acid, p-glucuronic acid,

L1
DPG
PLL
L2
PE

Wes
ok

Strain PT-11

: Oceanobacillus profundus DSM18246T

D-glucuronamide, D-lactic acid methyl ester, L-malic
acid, bromo-succinic acid, Tween 40, y-amino-butyric
acid, a-hydroxy-butyric acid, acetoacetic acid, propi-
onic acid, acetic acid. In API-ZYM assays, esterase
(Cy), esterase lipase (Cg) and naphthol-AS-B1-phos-
phohydrolase are present. Alkaline phosphatase,
lipase (C4), leucine arylamidase, valine arylamidase,
cystine arylamidase, trypsin, o-chymotrypsin, acid
phosphatase, a-galactosidase, B-glucuronidase, a-glu-
cosidase, B-glucosidase, N-acetyl-B-glucosaminidase,
o-mannosidase, and o-fucosidase are absent. The
predominant polar lipids are diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine, an
unidentified phospholipid and several unidentified
lipids. The major isoprenoid quinone is MK-7. The
major cellular fatty acids are anteiso-C;s.q, i50-Cjs.,
summed feature 4 (iso I/anteiso B C;7.;), anteiso-
Ci7.09, 180-Cyg.0 and is0-Cy4.9. The genomic G+C
content of the type strain is 36.7 %.

The type strain is PT-11" (=KCTC 33144 = DSM
26900), isolated from a saline alkali soil sample
collected in Reke Town, Shache County, Xinjiang
Province, China. The 16S rRNA sequence of strain
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PT-11T has been deposited in Genbank under acces-
sion number HQ620695.

Description of Oceanobacillus damuensis sp. nov

Oceanobacillus damuensis (da.mu.en’sis. N.L. masc.
adj. damuensis pertaining to Damu Town, Shache
County, Xinjiang Province, China, where the type
strain was isolated).

Aerobic, Gram-positive, motile, spore-forming rods
(0.4-1.2 x 1.0-3.0 pm). Endospores are ellipsoid and
terminally positioned. Colonies are circular, smooth,
and creamy white, with diameter 0.5-1.5 mm. Growth
occurs at 3—-15 % (w/v) NaCl (optimum 10-15 %), at
pH 6.5-11.0 (optimum 7.5-9.0), and at 15-40 °C
(optimum 30-37 °C). Can hydrolyse gelatin and Tween
80 but not starch or cellulose. Oxidase and catalase
reactions are positive. Able to reduce nitrate (NO3) to
nitrite (NO,). Negative for urease, egg yolk reaction,
methyl red, Voges—Proskauer, H,S and indole produc-
tion tests. Positive for Biolog Gen III MicroStation
substrates dextrin, p-maltose, D-trehalose, N-acetyl-D-
glucosamine, N-acetyl-B-p-mannosamine, o-pD-glucose,
L-fucose, 1 % sodium lactate, p-glucose-6-phosphate,
D-fructose-6-phosphate, L-alanine, L-glutamic acid, lin-
comycin, pectin, D-galacturonic acid, b-glucuronic acid,
glucuronamide, p-lactic acid methyl ester, citric acid, o-
keto-glutaric acid, L-malic acid, bromo-succinic acid,
Tween 40, a-hydroxy-butyric acid, B-hydroxy-p,L-bu-
tyric acid, a-keto-butyric acid, and acetoacetic acid. In
API-ZYM assays, esterase lipase (Cg), naphthol-AS-
B1-phosphohydrolase, B-glucuronidase, a-glucosidase,
and B-glucosidase are present. Alkaline phosphatase,
esterase (C,), lipase (Cy4), leucine arylamidase, valine
arylamidase, cystine arylamidase, trypsin, o-chy-
motrypsin, o-galactosidase, N-acetyl-B-glu-
cosaminidase, o-mannosidase, and o-fucosidase are
absent. The predominant polar lipids are diphos-
phatidylglycerol, phosphatidylglycerol, phos-
phatidylethanolamine, phosphatidylcholine, an
unidentified phospholipid and several unidentified
lipids. The major isoprenoid quinone is MK-7. The
major cellular fatty acids are anteiso-C;s., anteiso-
C\17.0, 150-Cy6:0, 150-Cy5,0, Cg.1 WIC, Cy6,0 and i80-Ci4:0.
The genomic G+4-C content of the type strain is 39.2 %.

The type strain is PT-20" (=KCTC 33146 = DSM
26901), isolated from a saline alkali soil sample
collected in Damu Town, Shache County, Xinjiang
Province, China. The 16S rRNA sequence of strain

@ Springer

PT-20T has been deposited in Genbank under acces-
sion number HQ620704.
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