
　A moderately halophilic bacterium, strain HNA-
14T, was isolated from a saline-alkali soil sample col-
lected in Shache County, Xinjiang Province. On the 
basis of the polyphasic taxonomic data, the isolate 
was considered to be a member of the genus Bacil-
lus. The organism grew optimally at 30°C and pH 
8.0. It was moderately halophilic and its optimum 
growth occurred at 5‒10% NaCl. The diamino acid 
found in the cell-wall peptidoglycan was meso-di-
aminopimelic acid and the predominant menaqui-
none was MK-7. The major cellular fatty acids were 
anteiso-C15:0 and iso-C15:0 and the polar lipid profile 
consisted of diphosphatidylglycerol, phosphatidyl-
ethanolamine, phosphatidylinositol, phosphati-
dylinositol mannosides and two unknown phospho-
lipids. The G+C content of the genomic DNA was 
48.6 mol%. Strain HNA-14T exhibited a low 16S 
rRNA gene sequence similarity of 96% with its near-
est neighbors [Bacillus clausii KSM-K16 (96.5%), 
Bacillus xiaoxiensis DSM 21943T(96.2%), Bacillus 
clausii DSM 8716T (96.1%), Bacillus patagoniensis 
PAT05T (96.1%), Bacillus lehensis MLB-2T (96.0%), 
Bacillus oshimensis K11T (95.9%) and Bacillus hu-
nanensis DSM 23008T (95.8%)] and the phenotypic 
characteristics indicate that strain HNA-14T can be 
distinguished from them. Therefore, a novel species 
of the genus Bacillus, Bacillus shacheensis sp. nov. 
(type strain, HNA-14T=KCTC 33145=DSM 26902) 
is proposed.
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Introduction

　The genus Bacillus was first described by Cohn in 1872. 
Early in the history of microbiology, members of the Bacillus 
genus (266 species) were found ubiquitously, and it is one of 
the genera with the largest 16S diversity and environmental 
diversity (Logan et al., 2007). Many halophilic Bacilli were 
isolated from a wide range of habitats recently, such as the 
intestinal tract of an earthworm (Hong et al., 2012), foods 
(Seiler et al., 2012), a hypersaline lake (Bagheri et al., 2012), 
soybean root (Zhang et al., 2012) and non-saline forest soil 
(Chen et al., 2011c). In this paper, we report on taxonomic 
characterization of a moderately halophilic, Gram-staining-
positive and spore-forming bacterial strain, HNA-14T, which 
was isolated from a saline-alkali soil sample collected in 
Shache County, Xinjiang Province, north-west China. On 
the basis of phenotypic characteristics, chemotaxonomic 
data, phylogenetic analysis and 16S rRNA data, the isolate is 
considered to represent a novel species of the genus Bacillus.

Materials and Methods

　Strains and culture conditions.　 Strain HNA-14T was 
isolated from a saline-alkali soil sample collected in Shache 
County, Xinjiang Province by the serial dilution plating 
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method, using the HNA enrichment medium (casein peptone 
7.5 g, yeast extract 10 g, NaCl 150 g, H2O 1 L, pH 8.0) at 
30°C. Subculturing was performed on trypticase soy broth 
(TSB) supplemented with 10% (w/v) NaCl at 30°C for 48 h 
and the bacterial isolate was maintained as glycerol stock at 
-80°C. Reference strains used were Bacillus clausii DSM 
8716T, Bacillus xiaoxiensis DSM 21943T and Bacillus 
hunanensis DSM 23008T, obtained from DSMZ (Deutsche 
Sammlung von Mikroorganismen und Zellkulturen, 
Braunschweig, Germany).
　Phenotypic characterization.　 Colony morphology was 
investigated by observing the growth of the strain on TSB 
supplemented with 10% (w/v) NaCl at 30°C for 48 h. Cell 
morphology was examined by using light microscopy (E100; 
Nikon) at 1,000× and scanning electron microscopy 
(JSM-7500F; JEOL). Motility was checked according to the 
method described by Skerman (1967). The Gram reaction 
was carried out following Gerhardt et al. (1981). Growth 
was tested at different temperatures (0‒75°C, in increments 
of 5°C), NaCl concentrations [0‒30% (w/v) in increments of 
1%] and pH (5.0‒11.0, in increments of 0.5 units) (Cowan 
and Steel, 1965). The pH was adjusted using appropriate 
biological buffers [Chen et al. (2007)]. Hydrolysis of gelatin, 
urease, starch, and carbon; nitrogen utilization; esterase, 
methyl red and Voges-Proskauer tests; catalase and oxidase; 
production of H2S and indole; and reduction of nitrate were 
determined as described by Cowan and Steel (1965) and 
Smibert and Krieg (1994). Tests for utilization of different 
substrates were performed with a BIOLOG-GNIII system 
and other enzymatic activities were assayed by using API 
ZYM strips according to the manufacturer’s instructions 
with 5% (w/v) NaCl.
　Chemotaxonomic characterization.　 After being culti vated 
in trypticase soy broth for 24 h at 30°C, the strains were 
prepared as freeze-dried cells for the chemotaxonomic 
analyses except for the fatty acid study. The amino acids 
were analyzed using TLC as described by Schleifer (1985) 
and Schleifer and Kandler (1972). Polar lipids were extract-
ed, examined using two-dimensional TLC and identified as 
described by Minnikin et al. (1984). Menaquinones were 
extracted and separated by HPLC following by the methods 
of Minnikin et al. (1984) and Kroppenstedt (1982). The 
cellular fatty acid analysis was performed using the strains 
grown on TSB at 30°C for 2 days as described by Pandey et 
al. (2002) according to the MIDI Sherlock Microbial Identi-
fication System (MIDI, Inc.).
　Determination of 16S rRNA gene sequence, phylogenetic 
analysis.　 The genomic DNA was isolated and purified 
with a genomic DNA isolation kit (DNeasy 96 Blood & 
Tissue Kit 4, Qiagen, Hilden, Germany) and the G+C content 
was determined using the method of Mesbah et al. (1989). 
After being amplified by PCR, the 16S rRNA gene was 
sequenced as described as Ghosh et al. (2006). The multiple 
alignment of sequence data was performed by CLUSTAL X 
(Thompson et al., 1997). Phylogenetic analysis was conduct-
ed using maximum likelihood (Tamura et al., 2011) in 
MEGA 5.10. The published names of closely related taxa 
and the data on the pairwise sequence similarities were 
retrieved at the EzTaxon server (Chun et al., 2007) and the 
distances between the sequences were calculated using the 
method of Jukes and Cantor (1969). The topology of the 

phylogenetic tree was evaluated by means of 1,000 
resamplings (Felsenstein, 1985).

Results and Discussion

Phenotypic characteristics
　Strain HNA-14T is a moderarely halophilic, obligate 
aerobic, Gram-staining-positive, motile and rod-shaped 
(0.5‒0.8×1.0‒1.5 µm) bacterium (Fig. 1). The ellipsoidal 
spores lie subterminally, and sporangia are unswollen. 
Colonies are circular, smooth and yellowish. Growth occurs 
with 0.5‒20% (w/v) NaCl (optimum 5‒10%), at pH 7.0‒10 
(optimum pH 8.0) and at 5‒40°C (optimum 25‒30°C). 
Hydrolysis of casein, gelatin, starch and Tween 40 is 
observed, but Tween 20, 60 and 80 are not hydrolyzed. 
Oxidase and catalase reactions are positive, but negative for 
urease, egg yolk reaction, methyl red, H2S, Voges-Proskauer 
and indole production tests. Nitrate is not reduced to nitrite. 
Detailed phenotypic properties that differentiate strain 
HNA-14T from the three closely related type strains of 
species in the genus Bacillus are presented in Table 1 and 
also mentioned in the species description below.

Fig. 1.　 Scanning electron micrographs showing strain HNA-14T 
short rod sparse spores.

　The organism was grown on trypticase soy broth (TSB) supplement-
ed with 10% (w/v) NaCl at 28°C for 3 days.

Fig. 2.　Two-dimensional TLC of the polar lipids of strain HNA-14T.
　DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PI, 
phosphatidylinositol; PIM, phosphatidylinositolmannosides; PL, 
phospholipid; PME, phosphatidylmonomethylethanolamine.
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Chemotaxonomic characteristics and DNA base composi-
tion
　The diamino acid found in the cell-wall peptidoglycan of 
HNA-14T was meso-diaminopimelic acid and the predomi-
nant menaquinone was MK-7. The major cellular fatty acids 
were anteiso-C15:0 (43.16%), iso-C15:0 (11.89%), iso-C16:0 
(7.65%) and anteiso-C17:0 (7.45%). The polar lipid profile 
consisted of diphosphatidylglycerol, phosphatidylethanol-
amine, phosphatidylinositol, phosphatidylinositol mannosides 

and two unknown phospholipids (Fig. 2). The G+C content 
of the genomic DNA was 48.6 mol%, which falls within the 
defined range (32‒69 mol%) accepted for Bacillus species 
(Fritze et al., 1990). The chemotaxonomic properties were 
all the typical characteristics of the genus Bacillus.

Phylogenetic analysis based on 16S rRNA gene sequence 
comparison
　The complete sequence (1,570 bases) of the 16S rRNA 

Table 1.　 Characteristics used to distinguish strain HNA-14T from the type strains of phylogenetically related species of the genus Bacillus.

Characteristic 1 2 3 4

Colony color Yellowish Yellow Cream-white Yellow
Spore location Subterminal Central to subterminal Subterminal to central Central
Sporangium Unswollen Slightly swollen Slightly swollen Unswollen
Anaerobic growth - + + -
DNA G+C content (mol%) 48.6 40.1 41.7‒43.5 40.9
Oxidase + - + +
Nitrate reduction - + + -
Hydrolysis of:
　Tween 20 - + - +
　Tween 40 w - w +
　Tween 60 - - - +
　Tween 80 - - w -
Growth conditions:
　NaCl range (%, w/v) 0.5‒20 0.5‒20 0.5‒10 0.5‒15
　NaCl optimum (%, w/v) 5.0‒10   2‒4   2‒5   2‒4
　pH range 7.0‒10 6.0‒10.5   7‒10.5 6.5‒10.5
　pH optimum 7.5‒8.0    8    9 7.5‒8.5
　Temperature range (°C)   5‒40   5‒40  15‒50   5‒40
　Temperature optimum (°C)  25‒30  25‒30    40    30
Utilization of:
　N-acetylglucosamine - - + +
　Dextrin - - + +
　D-Fructose - - + +
　D-Glucose - + + +
　Maltose + - w +
　D-Mannose - + + +
　Sucrose w - + +
　D-Mannitol - - + +
　Lactose w - + -
　Melibiose - - + -
　Raffinose w - + -
　L-Rhamnose - - + -
　D-Salicin w + + -
　Trehalose w - w -
　D-Arabitol w - + -
　Glycerol - + + -
　myo-Inositol w - + -
　D-Sorbitol w - + -
　Butyrate w - + -
　L-Glutamic acid - - + -
Enzyme:
　α-Chymotrypsin - + - +
　Lipase(C14) - - - +
　α-Mannosidase - - - +
　β-Glucuronidase - - + -
　Leucine arylamidase - + - -
　Naphthol-AS-BI-phosphohydrolase + + + -
　Trypsin - - - -
　Valine arylamidase + - - -
　Alkaline phosphatase - + + +
　Acid phosphatase + - + +

　Strains: 1, Bacillus shacheensis sp. nov.; 2, B. xiaoxiensis DSM 21943T; 3, B. clausii DSM 8716T; 4, B. hunanensis DSM 23008T . All strains 
are endospore-forming, Gram-stain-positive rods. All strains are positive for catalase, esterase(C4) , esterase lipase(C8) activity and hydrolysis of 
casein, gelatin, and starch. All strains are negative for: egg yolk reaction; indole and H2S production; methyl red and Voges-Proskauer tests and 
cystine arylamidase, α-fucosidase, α- and β-galactosidase, α- and β-glucosidase, N-acetyl-β-glucosaminidase and trypsin. All data were obtained 
from this study unless indicated otherwise. +, positive; -, negative; w, weak growth.
　Data for the type strains of B. xiaoxiensis and B. hunanensis were obtained from Yi-Guang Chen et al. (2011).
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gene of strain HNA-14T was determined and compared with 
those of closely related taxa retrieved from the Eztaxon 
database. The phylogenetic tree was constructed using the 
maximum-likelihood method; in the phylogenetic tree, strain 
HNA-14T formed a distinct lineage within the genus 
Bacillus. Pairwise sequence analysis revealed that the 
highest sequence similarity was with Bacillus clausii 
KSM-K16 (96.481%, Nielsen et al., 1995), followed by 
Bacillus xiaoxiensis DSM 21943T (96.180%, Chen et al., 
2011b), Bacillus clausii DSM 8716T (96.086%, Nielsen et 
al., 1995), Bacillus patagoniensis PAT 05T (96.077%, 
Olivera et al., 2005), Bacillus lehensis MLB-2T (96.013%, 
Ghosh et al., 2007), Bacillus oshimensis K11T (95.859%, 
Yumoto et al., 2005) and Bacillus hunanensis DSM 23008T 
(95.795%, Chen et al., 2011a); the remaining species with 
validly published names showed less than 94% similarity 
(see Fig. 3). Considering the low sequence similarity 
between the novel strain and other bacteria belonging to the 
genus Bacillus and related genera, HNA-14T may be a 
representative of a new species.

Conclusions

　The chemotaxonomic data, the phenotypic data and the 
phylogenetic analysis based on 16S rRNA gene sequences 
suggested that strain HNA-14T represents a member of the 
genus Bacillus. However, there were still several differences 
between the strain and its phylogenetic relatives in physio-
logical characteristics (see Table 1 and Fig. 2). In conclu-
sion, a novel species of the genus Bacillus, Bacillus 
shacheensis sp. nov., is proposed.

Description of Bacillus shacheensis sp. nov.
　Bacillus shacheensis (sha.che.en’sis. N.L. masc. adj. 
shacheensis pertaining to Shache County, Xinjiang Province, 

China, the source of the sample from which the type strain 
was isolated)
　Cells are obligate aerobic, Gram-staining-positive, motile 
rods (0.5‒0.8×1.0‒1.5 µm). Ellipsoidal spores lie subtermi-
nally, and sporangia are unswollen. Colonies are circular, 
smooth and yellowish. Growth occurs with 0.5‒20% (w/v) 
NaCl (optimum 5‒10%), at pH 7.0‒10 (optimum pH 8.0) 
and at 5‒40°C (optimum 25‒30°C). Hydrolysis of casein, 
gelatin, starch and Tween 40 is observed, but Tween 20, 60 
and 80 are not hydrolyzed. Oxidase and catalase reactions 
are positive. Nitrate (NO3) is not reduced to nitrite (NO2). 
Negative for urease, egg yolk reaction, methyl red, Voges-
Proskauer, H2S and indole production tests. Positive for 
Biolog GEN III MicroStation substrates: D-maltose, 
D-trehalose, D-cellobiose, gentiobiose, sucrose, D-turanose, 
stachyose, tetrazolium violet, D-raffinose, α-D-lactose, 
D-salicin, β-methyl-D-glucoside, D-sorbitol, D-arabitol, 
myo-inositol, pectin, D-gluconic acid, D-glucuronic acid, 
glucuronamide, L-lactic acid, D-malic acid, lithium chloride, 
Tween 40, α-hydroxy-butyric acid, β-hydroxy-D, L-butyric 
acid, acetoacetic acid, propionic acid, sodium butyrate, 
sodium bromate. Negative for the utilization of the follow-
ing substrates: dextrin, vancomycin, tedextrin, D-melibiose, 
N-acetyl-D-glucosamine, N-acetyl-β-D-mannosamine, N-acetyl-
D-galactosamine, N-acetyl neuraminic acid, α-D-glucose, 
D-mannose, D-fructose, D-galactose, 3-methyl glucose, 
D-fucose, L-fucose, L-rhamnose, inosine, 1% sodium lactate, 
fusidic acid, D-serine, D-mannitol, glycerol, D-glucose-6- 
PO4, D-fructose-6-PO4, D-aspartic acid, D-serine, troleando-
mycin, rifamycin SV, minocycline, gelatin, glycyl-L-proline, 
L-alanine, L-arginine, L-aspartic acid, L-glutamic acid, 
L-histidine, L-pyroglutamic acid, L-serine, lincomycin, 
guanidine HCl, niaproof-4, D-galacturonic acid, L-galacton-
ic acid lactone, mucic acid, quinic acid, D-saccharic acid, 
p-hydroxy-phenylacetic acid, methyl pyruvate, D-lactic acid 

Fig. 3.　 Phylogenetic tree showing the phylogenetic positions of strain HNA-14T and related taxa based 
on 16S rRNA gene sequence analysis constructed using the maximum likelihood method.

　Numbers at nodes are bootstrap percentages (＞50%) based on a maximum-likelihood analysis of 
1,000 resampled datasets. Bar: 1 substitution per 100 nucleotides.
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methyl ester, citric acid, α-keto-glutaric acid, bromo-succin-
ic acid, nalidixic acid, potassium tellurite, γ-amino-butryric 
acid, α-keto-butyric acid, aztreonam, and formic acid. In 
API-ZYM assays, esterase(C4), esterase lipase(C8), 
valinearylamidase, naphthol-AS-B1-phosphohydrolase and 
acid phosphatase are present. But alkaline phosphatase, 
lipase(C14), leucinearylamidase, cystinearylamidase, tryp sin, 
α-chymotrypsin, α-galactosidase, β-glucuronidase, α- 
glucosidase, β-glucosidase, N-acetyl-β-glucosaminidase, 
α-mannosidase, and α-fucosidase are absent. The cell wall 
contains meso-diaminopimelic acid as the diagnostic 
diamino acid; the predominant polar lipids are diphosphati-
dylglycerol, phosphatidylethanolamine, phosphatidylinosi-
tol, phosphatidylinositol mannosides and two unknown 
phospholipids. The major isoprenoidoquinone is MK-7. The 
major cellular fatty acids are anteiso-C15:0 (43.16%), 
iso-C15:0 (11.89%), iso-C16:0 (7.65%) and anteiso-C17:0 
(7.45%). The DNA G+C content is 48.6 mol%.
　The GenBank/EMBL/DDBJ accession number for the 
16S rRNA gene sequence of strain HNA-14T is HQ620634. 
The type strain is HNA-14T (=KCTC 33145=DSM 26902), 
isolated from a saline-alkali soil sample collected in Shache 
County, Xinjiang Province, China.
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