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from Howz-e Sultan hypersaline lake in Iran
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ABSTRACT

Background and Objectives: Halothermophilic bacteria are adapted to high osmolarity and can grow in high saline envi-
ronments and high temperatures. This study was aimed at the isolation of halothermophilic bacteria from Howz-e Sultan
hypersaline lake in the central desert zone in Iran.

Materials and Methods: Samples were collected and after preparing dilutions, the samples were cultured on Molten haloid
agar with different salt concentrations (5-35%), then the plates were incubated at 35-70°C in both aerobic and anaerobic con-
ditions. Biochemical characterizations, utilization of carbon sources, production of exoenzymes and antibiotic susceptibility
were investigated. Taxonomic and phylogenetic analyses were performed using 16S rRNA gene sequences.

Results: One of the isolated bacteria was found to be Gram-positive, hyperhalophilic, thermophilic, endospore-forming, and
was named as 1-9 h isolate. The bacterial cells were bacilli-shaped, which produced endospores at a subterminal position.
This isolate was an aerobe and facultative anaerobe and grew between pH 5.0 and 10.0 (optimal growth at pH 7.0-7.5), at
temperature between 15°C and 65°C (optimal growth at 40-45°C) and at salinity of 9-32% (w/v) NaCl, growing optimally
at 18% (w/v) NaCl. On the basis of 16S rRNA gene sequence analysis, isolate 1-9 h belongs to the genus Bacillus within the
phylum Firmicutes and showed the closest phylogenetic similarity to Gracilibacillus sp. IBP-VV003 (99.0%).

Conclusion: Based on the results of its phenotypic and genotypic properties, strain 1-9 h represents a novel strain of the
genus Gracilibacillus. It can be used in various fields of industry and biotechnology.

Keywords: Bacillaceae; Halobacteriales; Salinity; Extreme environments

INTRODUCTION

Genus Gracilibacillus instituted to accommodate
species previously assigned to Bacillus but differing
from core Bacillus taxa in sequence characteristics
and physiology. The genus Gracilibacillus was la-
beled by researchers (1) to accommodate halophile,
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endospore-forming bacteria. At the time of writing,
the genus includes seven species with validly pub-
lished names: Gracilibacillus halotolerans, the type
species, from surface mud of the Great Salt Lake (1,
2), Gracilibacillus dipsosauri, from a desert iguana
(3), Gracilibacillus orientalis (4), Gracilibacillus
lacisalsi (5) and Gracilibacillus saliphilus (6), from
saline lakes, Gracilibacillus boraciitolerans, from
soil (7) and Gracilibacillus halophilus, from a sa-
line soil (8). ‘Gracilibacillus quinghaiensis’ has been
described from salt-lake sediment (9), but this name
has not yet been validly published. These bacteria
thrive in a maximum of 11-30% NaCl and at 50°C
while, hyperhalophilic, with optimum growth at 20%
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(w/v) NaCl and a growing range of 7-32% (w/v) NacCl.
Moderately thermophilic, with optimum growth at
40-50°C and a growth temperature range of 28-60°C
(2, 10, 12).

Hypersaline habitats exist throughout the world
in the form of saline soil and saline water. One of
the more famous hypersaline habitats is the Howz-e
Sultan hypersaline lake in the central desert zone
of Iran. Many reports have proposed that halophile
microorganisms can be multi-extremophile. Assess-
ing the physiology of halophile microorganisms and
their adaptation to the environment permits a better
comprehension of the extremophile characteristics of
the microorganisms. Halophiles have been applied in
a number of biotechnological applications that mak-
ing them a concerning and important option of the
research subject in this revolution of biotechnology.
In this study of the microbial diversity of the Howz-e
Sultan hypersaline lake has been investigated. A
Gracilibacillus strain was isolated from a saline soil
sample collected. This strain is considered to repre-
sent a novel strain of the genus Gracilibacillus. In
this paper, we describe its phenotypic and chemotax-
onomic characteristics, including DNA-DNA relat-
edness and 16S rRNA gene sequence analyses.

MATERIALS AND METHODS

Isolation and selection of microorganism. Bacte-
ria were isolated from soils and sediments of Howz-e
Sultan hypersaline lake situated in the central desert
zone in Iran, using an enrichment procedure. The en-
riched culture broth was serially diluted and spread on
Molten Haloid (MH) medium agar plates (pH 7). Se-
rial dilution was carried out using sterile saline 9g/I.
Dilutions up to 107 were completed to perform the
spread plate technique. After solidification, the plates
were incubated at 35°C for 7-10 days. The colonies
were purified by repeated transfers on solid culture
media. The Molten Haloid (MH) medium containing
[g/L]: yeast extract [10], protease peptone [5], glucose
[1], NaCl [100], MgCI .6H O [7], MgSO .7H O [9.6],

2 2 4 2

CaCl . 2H O [0.36], KCI [2], NaHCO [0.06], NaBr
2 2 3

[0.026], (Difco, Himedia & lio) (12, 13). After solidi-
fication, the petri dishes with samples were incubated
for 7-10 days at 35°C and the number of grown colo-
nies was counted.

Also for isolation of halothermophile organisms,
growth at various NaCl concentrations was investi-
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gated in MH broth, with the addition of various con-
centrations of NaCl (0% to 35%) 0, 1, 2, 3, 4 and 6 M,
at intervals of 0.5%. Growths at pH 4-10 (at intervals
of 0.5 pH unit) and tempratures 15, 25, 30, 37, 40, 45,
50, 55, 60 and 65°C was investigated in MH broth, in
shaker incubator (VISION, VS8480 SRN, South Ko-
rea) at 120 rpm (14, 15).

The growth of the halothermophilic strain of Gra-
cilibacillus was performed using inoculum of 24-hour
culture (1.5 x 10*2 cfu/ml) from the agar plates into
MH agar medium. Bacterial growth was measured
with a spectrophotometer by OD at 660 nm (16- 18).

Phenotypic identification. The isolate was pheno-
typically characterized using a combination of phe-
notypic tests. Cell shape, size, and arrangement were
examined on MH agar at 35°C after 7 days. The meth-
od with modification was used for Gram staining (19).
Flagella were examined as described by Grossart et al.
(20). Catalase and oxidase activity, motility, growth
at different salt concentrations, anaerobic growth,
indole production, the methyl red/Voges—Proskauer
reaction, H,S production, and nitrate reduction were
determined as described by Barrow and Feltham
(21). MH medium with 0.25% agar, 1% glucose, and
bromocresol purple as the indicator were used for
the oxidative/fermentative (OF) test. Hydrolysis of
casein, gelatin, starch, Tween 80, urea, xylane, and
DNA was determined as described by Namwong et
al. (14). Acid production from carbohydrates was as-
sessed in the medium explained by Tindall et al. (22).
All tests were carried out in medium supplemented
with 10% NaCl (except for the investigation of the ef-
fects of NaCl on growth) (23). The potency to utilize
several compounds was tested in a medium defined
by Carrasco et al. (4) supplemented with 10% NaCl.
Carbohydrates were used at a final concentration of
0.5% (w/v). Whenever amino acids were consumed
as substrates, the basic medium contained neither Po-
tassium nitrate nor Ammonium phosphate. Growth
under anaerobic conditions on MH agar plates with or
without KNO, (1% w/v when present) was performed
in a Gaspak anaerobic jar. Antibiotic susceptibility

to discs of P, penicillin; S, streptomycin; T, oxytetra-

cycline; CP, ciprofloxacin; CX, cloxacillin; E, eryth-
romycin; AM, ampicillin; GM, gentamicin; NV, no-
vobiocin; B, bacitracin; and C, chloramphenicol was
controlled according to the conventional Reller et al.
method (24). Inhibition zones were explicated accord-
ing to the producer's manual (Oxoid) after that plates
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were incubated at 30°C for 48 h (4, 9). It should be
noted that all tests were repeated three times.

Confirmation of novel strain of Gracilibacillus.
Identification of novel strain Gracilibacillus was
verified by sequencing the 16S rRNA genes. This
method was carried out as follows: DNA was extract-
ed from the isolates by a standard kit (Roche-Ger-
many). Then amplification of the 16S rRNA gene
was performed by the PCR method and eventually
the products were sent to Macrogen in South Korea
(http://www.macrogen.com/) for DNA sequencing
(24, 25, 26).

DNA extraction and amplification of 16S rRNA
gene. The purity of the extracted DNA was assessed
based on the absorbance of the extracted DNA at 260
and 280 nm using a Biophotometer (Eppendorf-Ger-
many) and then the purity was calculated based on
absorbance ratio 260/280 nm. The separated DNA
with proportion (260/280 nm) 1.9< communicating to
121 pg DNA/ ml was applied for the reinforcement
and amplification of 16S rRNA by PCR. Amplifi-
cation of 16S rRNA was performed using universal
primers produced by TAG Kopenhagen (Denmark).
The sequence of forwarding and reverse primers were
5AGGAG GTGATCCAACCGCA-3" and 5-AACTG-
GAGGAAGGTGGGGA-3, respectively.

Each reaction was performed in a total volume of
26.5 pl containing 14.5 pl of molecular biology grade
water (Sigma Aldrich Company Ltd.), 2.5 pl of 10x
PCR buffer (Cinnagen-Iran), 1 pl of each forward and
reverse PCR primers, 1 pl of a 10 mM dNTPs (Cin-
nagen-Iran), 0.5 pl of Smart Taq polymerase (Cin-
nagen-Iran), 1 pl of 50 mM MgCI, (Cinnagen-Iran)
and 5 ul of DNA template. PCR amplification condi-
tions on an Eppendorf thermocycler were as follows:
95°C for 4 min, followed by 35 cycles of 95°C for
40 s, 56°C for 30 s, and 72°C for 40 s, with a final
extension at 72°C for 5 min and storage at 4°C. All
products of PCR gained in the previous process were
run on a 1.5% (w/v) agarose gel with a 100 bp DNA
ladder (Fermentas-Russia). Products of PCR were
electrophoresed at 75 V for 20 min and then pieces
of DNA were visualized using ethidium bromide and
photographed by Uvidoc (Japan). Following the visu-
alization of unmixed and pure DNA bands, the PCR
products were sent to Macrogen in South Korea for
DNA sequencing. The 16S rRNA arranged data for
bioinformatics applications were exposed to BLAST

http://ijm.tums.ac.ir

analysis (www.ncbi.nlm.nih.gov/BLAST/) to identify
each respective 16S rRNA gene amplicon. The phylo-
genetic tree was drawn based on the 16S rRNA gene
sequence. The branching scheme was generated by
the neighbor joining method (14, 25, 27-29).

RESULTS

Identification and characterization of Graciliba-
cillus strain (1-9 h). According to previous studies
on Howz-e Sultan hypersaline lake in Qom and the
isolation of 350 bacterial isolates, the initial naming
of each isolate was done based on the sampled area
number and the sample number prepared and the
salinity of the isolates. In the case of isolate 1-9 h,
number 1 indicates the sampling area of the lake and
number 9 indicates a ninth of a strain isolated from
that area, and the letter “h” indicates the salt-loving
isolate means “Halophile”.

Bacterial cells were Gram-positive rods, almost
0.25-0.35 pm wide and 3.5-4.5 um long. Oviform
endospores were generated in a terminal situation.
This isolate was motile through peritrichous flagel-
la. Colonies were circular, opaque, pasty and 0.2-0.5
mm in diameter. Cells were aerobes and facultative
anaerobes. They utilized glucose by oxidative and
non-oxidative mechanisms. Catalase, methyl red test,
indole production, production of H,S, nitrate reduc-
tion and hydrolysis of starch, Tween 80 and gelatin,
utilization of citrate were positive. Oxidase, Voges—
Proskauer reaction, hydrolysis of casein, urea, DNA,
and xylene were negative. Phenotypic specifications
were arranged in the species explanation and Table
1. Acid was produced from D-glucose, L-arabinose,
sucrose, D-xylose and but not from maltose, D-fruc-
tose, D-mannitol, D-mannose, D-galactose, glyceral,
ribose, lactose. This isolate was susceptible to chlor-
amphenicol (30 pg), but was resistant to bacitracin
(10 U), penicillin (10 pg), streptomycin (10 pg), oxy-
tetracyclin (1 pg), ciprofloxacin (5 pg), cloxacillin
(30 pg) and erythromycin (15 pg), ampicillin (10 pg),
gentamicin (10 pg), novobiocin (30 ug).

Halophilic and thermophilic level for growth of
Gracilibacillus strain (1-9 h). The growth pattern
as determined by OD at 660 nm indicates that the
culture was in 24 h of log-phase but predominantly it
was in stationary phase for 48 h followed by a decline
in the growth, as the viable cell density decreased
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Table 1. Biochemical characterization of Gracilibacillus strain (1-9 h)

Biochemical Characterization

Catalase Oxidase MR VP Acid & gas production  Indole Sulfide Mutility  Citrate Nitrate
from glucose production reduction

+ _ + _ A+lg + + + + +

Utilization of carbon sources

Amylase Protease DNase Lipase Xylanase Urease Gelatinase
+ _ _ _ _ +

Glucose aerobic  Glucose anaerobic ~ Arabinose Maltose Sucrose Fructose Xylose Mannitol
+ + +W + +

Enzyme activities in specific media with NaCl content of 2M
*A, Acid; g, gas; —,

upon observing the culture density. The growth pro-
file showed that this strain had a fast growth rate as
it entered the log phase within 4 h of the lag phase.
In general, bacterial growth was maximum until 48
h (Fig. 1). Growth of the strain occurred over a pH
range of 5.0 to 10.0 (optimum pH 7.5) (Fig. 2), also
growth was observed in the presence of 9- 32% (1.5-5
M) NaCl (optimum 15-21%), but maximum growth
was in 18% (3M) NaCl concentration (Fig. 3). It was

time of growth(h)

—4—35'C
~8--40%

—t 45
—=50"C
5S°c

growthrate(log)
~

~—60"c

72h  84h  96h

24h  32h 48h  60h

Fig. 1. Growth curve of Gracilibacillus strain (1-9 h) in MH
broth medium
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Fig. 2. Optimum pH for growth of Gracilibacillus strain
(1-9h)
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able to grow in 15- 65°C and the optimum tempera-
ture was 40-45°C (Fig. 4), which indicates that the
halothermophilic strain of Gracilibacillus could be
presumed as hyperhalophilic and moderately ther-
mophilic (16, 17).

16S rDNA sequencing. The isolate was identified
according to the 16S rDNA genetic analysis. The
sequence had 684 bp lengths and the guanine-cyto-

W24 hour
2/00

1/00
— H;Jilllllllihim@
0/50

48 hour
m 72 hour

growth rate(log)

M 15M 2M 2.5M 3M 3.5M 4M 4.5M SM 5.5M

salt concentration (M)

Fig. 3. Optimum salt concentration for growth of Graciliba-
cillus strain (1-9 h)

a/5 1
4 4

3/s
3 4
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o
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14 m96h
A iﬂw_
0 ﬁl-« Fhy=
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temperature (°C)

Fig. 4. Optimum temperature for growth of Gracilibacillus
strain (1-9 h)
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sine (GC) content of the sequence was found as 43.6
(mol %). BLAST analysis of the strains revealed that
it had the closest match (99%) with Gracilibacillus
sp. IBP-V003. The sequence was deposited in NCBI
Gene Bank under accession numbers HM021766.1
(Table 2).
SAAATTAAATTAAGTTGGGCACTCTAAGGT-
GACTGCCGGTGACAAACCGGAGGAAGGTG-
GGGATGACGTCAAATCATCATGCCCCTTAT-
GACCTGGGCTACACACGTGCTACAATGGAT-
GGAACAAAGGGCAGCGAAGCGGCAACGCAT-
TAGCAAATCCCATAAATCCATTCTCAGTTCG-
GATTGCAGGCTGCAACTCGCCTGTATGAAG-
CCGGAATCGCTAGTAATCGTGGATCAGCATG-
CCACGGTGAATACGTTCCCGGGCCTTGTACA-
CACCGCCCGTCACACCACGAGAGTTGGCAA-
CACCCGAAGTCGGTGGGGTAACCTTTGGAG-
CCAGCCGCCGAAGGTGGGGCCAATGATTGG-
GGTGAAGTCGTAACAAGGTAACCCACTATT-
AGAGGTTCCTTTGTTCCCTAACTCCAAC-
TACTAAACTGGGGGATATTATGAAGGGCC-
TTGAGCATCTGGATTCTGCCTAACAAAATA-

Table 2. 16S rDNA genetic analysis

CATTTATTTTCCTTGCTATGATGTATTTAAAT-
TATTTCTGAATATTTTACTAAAAAGGGAAT-
GTGAGCTCCACTTTCAAGC-3

DISCUSSION

Comparison of the 16S rRNA gene sequence of
strain 1-9 h with those of other members of the family
Bacillaceae indicated that it was placed in the genus
Gracilibacillus and was closely related to Graciliba-
cillus sp. IBP-V003 (99.0% similarity), Gracilibacil-
lus sp. IBP-VN3 (98.2%), Gracilibacillus sp. TP2-8
(98.0%), Gracilibacillus sp. JSM 078103 (98.0%),
Gracilibacillus sp. BH235 (97.0%), Gracilibacillus
saliphilus strain YIM 91119 (97.0%), Gracilibacil-
lus halotolerans strain NN (96.0%), Gracilibacil-
lus halophilus strain YIM C55.5(96.0%), Gracili-
bacillus sp. YIM C229(96.0%), Gracilibacillus sp.
HVA-1(96.0%) and Gracilibacillus sp. YIM-kknyl3
(96.0%). Phylogenetic trees based on 16S rRNA gene
sequences are shown in Fig. 5, also there are differ-

Accession Description Max Total Query E Max
score score coverage value ident
HMO021766.1  Gracilibacillus sp. IBP-V003 684 684 67% 0.0 99%
16S ribosomal RNA gene, partial sequence
63 Gracifibacillus dipsoseuri DD17 (X82436) |
[E— Graocifbacillus halotolerans NN (AF036922)
0.01 Gracilibacillus boracistolerans T-16XT (AB197126)

‘Graciibacillus quinghaiensis' YIM C229 (EU135723)

Gracibbacillus orientslis XH-63" (AM040716)
82 Gracifibacillus lacisalsi BH312T (DQ664540)
_rgciﬁbmsillus saliphilus YIM 91119" (EU784646)

97 L-strain 1-9h (HRi021766)

Gracilibacillus halophilus YIM-C66.6T (EU136704)
Paraliobaciflus ryukyuvensis O16-77 (AB087828)
Halobacillus trueperi DSM 104047 (AJ310149)
Halobacillus litoralis SL-4T (X94568)
Thalassobaciflus devorans G-19.17 (AJ717299)
Filobacillus milosensis SH7 14 (AJ238042)
Halolkalibacillus halophilus BH2T (AB264629)
Virgibacillus dokdonensis DSW-10" (AY822043)
Lentibacillus halodurans 8-17 (AY321433)
Virgibacillus necropolis LMG 19488 (AJ315056)
100 — Virgibacillus carmonensis LMG 20964" (AJ316302)
Bacillus subtifis NCDO 1769 (X60646)
Anoxybacillus voinovskiensis TH13" (AB110008)
Jootgelibaeillus alimentsrius YKJ-13T (AF281168)

1

Fig. 5. Phylogenetic tree showing relationships between strain 1-9 h, Gracilibacillus species and related taxa based on 16S
rRNA gene sequences. The branching plan was procreated by the neighbor-joining procedure. Bootstrap percentages >53%
based on 1000 replications are shown at nodes. Bar, 0.01 substitutions per nucleotide position.
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Table 3. Differential characteristics of 1-9 h and type strains of Gracilibacillus species.

Specifications 1 2

Shape of spore*
NaCl concentration for growth (%, w/v)

Range 9-32 122 0518 320 058 011 020 015 7-30
Optimum 15-21 10-15 5-7 10 1-3 053 0 3 15
Temperature for growth (°C)

Range 1565 445 1550 1545 445 11-37 650 2850 28-60
Optimum 40-45 37 40 37 37 25-28 47 45 4550
pH for growth

Range 510 68 5510 59 685 6-10 5-10 NI 6-9
Optimum 75 7 7.5-8 7 7-75 7585 75 7.5 7
Reduction of Nitrate + + + - + - + + +
Hydrolysis of:

Gelatin ++ - - + - - +

Starch ++ - - - + - +
Urea - - - + - - NI
Acid from:

Glycerol - - + - W + NI - W
Lactose - + - - - + NI + -
Melezitose - - - - - NI - -
Carbon source utilization

Glucose + + +W + - + + + -
Arabinose W + - - NI NI NI NI NI
Maltose - + - - NI NI NI NI NI
fructose - - + + NI NI NI NI NI
xylose + - - + NI NI NI NI NI
Mannitol _ + + + - - + NI NI
DNA G+C content (mol%) 436  40.1 39 37.1 40.9 35.8 38 394 423

*E, Ellipsoid; O, oviform; S, spheral.

Strains: 1, 1-9 h (data from this study); 2, G. saliphilus YIM 911197 (6); 3, G. lacisalsi DSM 190297 (5); 4, G. orientalis CCM
73267 (4); 5, ‘G. quinghaiensis’ DSM 17858 (9); 6, G. boraciitolerans JCM 217147 (7); 7, G. halotolerans JCM 73027 (1); 8,
G. dipsosauri JCM 73037 (1); 9, G. halophilus DSM 17856" (8). Pieces of information were gained from the sources listed

unless demonstrated. NI, no information available. —, negative; W, weakly positive; +, Positive;

ential phenotypic characteristics of 1-9 h with oth-
er type strains of Gracilibacillus species. To avoid
repeating sentences and show the differences more
clearly, these differences are categorized and accu-
rately and comparatively listed in Table 3 (27-29).

In addition, strain 1-9h and its closest relative,
Gracilibacillus sp. IBP-V003, showed differences in
susceptibility to penicillin (10 pg), streptomycin (10
ug), oxytetracyclin (1 pg), ciprofloxacin (5 pg), clox-
acillin (30 pg) and erythromycin(15 pg), ampicillin
(10 pg), gentamicin (10 pg), novobiocin (30 pg), bac-
itracin (10 U), and resistance to chloramphenicol (30

ug) (this study).
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CONCLUSION

Isolate 1-9 h was distinguished from Graciliba-
cillus species by differential phenotypic characteris-
tics, such as spore shape, ranges of NaCl concen-
tration, temperature and pH for growth, biochemical
characteristics, acid production, and carbon source
utilization, as shown in Table 3. On the basis of its
phenotypic and genotypic properties, isolate 1-9 h
represents a novel strain of the genus Gracilibacillus.

As mentioned above, the data from this study sug-
gested that the investigated lake showed optimum
conditions for hyperhalophile bacteria. On the other
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hand, the high diversity of bacteria and phenotypic
identification of the isolates illustrated that the strains
could be a member of the genera viz., Halobacillus,
Halobacterium, and Halococcus, as the major biota
of ancient origin, that have been shown to be associ-
ated with ancient salt lake (Howz-e Sultan) samples.
Our finding showed, the huge diversity of halophil-
ic bacteria exists in Howz-e Sultan hypersaline lake
hence, this area can be considered as a perfect region
for investigation on halophilic bacteria.

ACKNOWLEDGEMENTS

We thank from Environmental Research Center of
Qom Province for supporting the study.

REFERENCES

1. Vreeland RH, Rosenzweig WD, Powers DW. Isolation
of a 250 million-year-old halotolerant bacterium from a
primary salt crystal. Nature 2000;407:897-900.

2. Banciu HL, Enache M, Montalvo Rodriguez RM,
Oren A, Ventosa A. Ecology and physiology of halo-
philic microorganisms-thematic issue based on papers
presented at halophiles 2019-12" international confer-
ence on halophilic microorganisms, Cluj-Napoca, Ro-
mania, 24-28 June, 2019. FEMS Microbiol Lett 2019;
366:fnz250.

3. Deutch CE. Characterization of a salt-tolerant extra-
cellular a-amylase from Bacillus dipsosauri. Lett Appl
Microbiol 2002;35:78-84.

4. Carrasco 1J, Marquez MC, Yanfen X, Ma Y, Cowan
DA, Jones BE, et al. Gracilibacillus orientalis sp. nov.,
a novel moderately halophilic bacterium isolated from
a salt lake in Inner Mongolia, China. Int J Syst Evol
Microbiol 2006;56:599-604.

5. Jeon CO, Lim JM, Jang HH, Park DJ, Xu LH, Jiang
CL, et al. Gracilibacillus lacisalsi sp. nov., a halophilic
gram-positive bacterium from a salt lake in China. Int
J Syst Evol Microbiol 2008;58:2282-2286.

6. Tang SK, Wang Y, Lou K, Mao PH, Jin X, Jiang CL,
et al. Gracilibacillus saliphilus sp. nov., a moderately
halophilic bacterium isolated from a salt lake. Int J Syst
Evol Microbiol 2009;59:1620-1624.

7. Ahmed I, Yokota A, Fujiwara T. Gracilibacillus bo-
raciitolerans sp. nov., a highly boron-tolerant and mod-
erately halotolerant bacterium isolated from soil. Int J
Syst Evol Microbiol 2007;57:796-802.

8. Chen YG, Cui XL, Zhang YQ, Li WJ, Wang YX, Xu

http://ijm.tums.ac.ir

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

IRAN. J. MICROBIOL. Volume 13 Number 3 (June 2021) 399-406

LH, et al. Gracilibacillus halophilus sp. nov., a moder-
ately halophilic bacterium isolated from saline soil. Int
J Syst Evol Microbiol 2008;58:2403-2408.

Chen YG, Cui XL, Zhang YQ, Li WJ, Wang YX, Xu
LH, et al. Gracilibacillus quinghaiensis sp. nov., isolat-
ed from salt-lake sediment in the Qaidam Basin, north-
west China. Syst Appl Microbiol 2008;31:183-189.
Mimura H, Nagata S. Isolation of halotolerant microor-
ganisms from seawater around the Inland sea in west-
ern Japan. Microbes Environ 2000;15:217- 221.
Fendrihan S, Legat A, Pfaffenhuemer M, Gruber C,
Weidler G, Gerbl F, et al. Extremely halophilic archaea
and the issue of long-term microbial survival. Rev
Environ Sci Biotechnol 2006;5:203-218.

Goyal N, Gupta JK, Soni SK. A novel raw starch di-
gesting thermostable a-amylase from Bacillus sp.1-3
and its use in the direct hydrolysis of raw potato starch.
Enzyme Microb Tech 2005;37:723-734.

Chakraborty S, Khopade A, Kokare C, Mahadik K,
Chopade B. Isolation and characterization of novel
a-amylase from marine Streptomyces sp. D1. J Mol
Catal B: Enzymatic 2009;58:17-23.

Namwong S, Tanasupawat S, Smitinont T, Visessan-
guan W, Kudo T, Itoh T. Isolation of Lentibacillus sali-
campi strains and Lentibacillus juripiscarius sp. nowv.
from fish sauce in Thailand. Int J Syst Evol Microbiol
2005;55:315-320.

Amoozegar MA, Bagheri M, Makhdoumi-Kakhki A,
Didari M, Schumann P, Nikou MM, et al. Aliicoccus
persicus gen. nov., sp. nov., a halophilic member of the
firmicutes isolated from a hypersaline lake. Int J Syst
Evol Microbiol 2014;64:1964-1969.

Mata JA, Martinez-Canovas J, Quesada E, Béjar V.
A detailed phenotypic characterization of the type
strains of halomonas species. Syst Appl Microbiol
2002;25:360-375.

Oren A, Larimer F, Richardson P, Lapidus A, Csonka
LN. How to be moderately halophilic with broad salt
tolerance: clues from the genome of Chromohalobacter
salexigens. Extremophiles 2005;9:275-279.

Orcutt BN, Sylvan JB, Knab NJ, Edwards KJ. Micro-
bial ecology of the dark ocean above, at, and below the
seafloor. Microbiol Mol Biol Rev 2011;75:361-422.
Bozal N, Montes MJ, Tudela E, Guinea J. Characteriza-
tion of several Psychrobacter strains isolated from Ant-
arctic environments and description of Psychrobacter
luti sp. nov. and Psychrobacter fozii sp. nov. Int J Syst
Evol Microbiol 2003;53:1093-1100.

Grossart HP, Steward GF, Martinez J, Azam F. A sim-
ple, rapid method for demonstrating bacterial flagella.
Appl Environ Microbiol 2000;66:3632-3636.

Barrow GlI, Feltham RKA (2004). Cowan and Steel's
manual for the identification of medical bacteria. 3 ed.
Cambridge University Press. Cambridge.

405


http://ijm.tums.ac.ir/

FAHIMEH MAHMOUDNIA

22.

23.

24.

25.

26.

406

Tindall BJ, Sikorski J, Smibert RA, Krieg NR (2007).
Phenotypic characterization and the principles of com-
parative systematics. In: Methods for general and mo-
lecular microbiology. Eds, CA Reddy, TJ Beveridge,
JA Breznak, GA Marzluf, M Schmidt, LR Snyder. 31
ed. ASM Press, Washington DC, pp.330-393.

Bagheri M, Amoozegar MA, Schumann P, Didari M,
Mehrshad M, Sproer C, et al. Ornithinibacillus haloph-
ilus sp. nov., a moderately halophilic, gram-stain-posi-
tive, endospore-forming bacterium from a hypersaline
lake. Int J Syst Evol Microbiol 2013;63:844-848.
Jorgensen JH, Ferraro MJ. Antimicrobial susceptibility
testing: a review of general principles and contempo-
rary practices. Clin Infect Dis 2009;49:1749-1755.
Tamura K, Dudley J, Nei M, Kumar S. MEGA 4: mo-
lecular evolutionary genetics analysis (MEGA) soft-
ware version 4.0. Mol Biol Evol 2007;24:1596-1599.
Amoozegar MA, Didari M, Bagheri M, Fazeli SAS,

27.

28.

29.

IRAN. J. MICROBIOL. Volume 13 Number 3 (June 2021) 399-406

Schumann P, Sproer C, et al. Bacillus salsus sp. nov., a
halophilic bacterium from a hypersaline lake. Int J Syst
Evol Microbiol 2013;63:3324-3329.

Andrei AS, Robeson MS 2nd, Baricz A, Coman C,
Muntean V, Lonescu A, et al. Contrasting taxonomic
stratification of microbial communities in two hypersa-
line meromictic lakes. ISME J 2015;9:2642-2656.

Chua MJ, Campen RL, Wahl L, Grzymski JJ, Mikucki
JA. Genomic and physiological characterization and
description of Marinobacter gelidimuriae sp. nov., a
psychrophilic, moderate halophile from blood falls,
an Antarctic subglacial brine. FEMS Microbiol Ecol
2018;94: 10.1093/femsec/fiy021.

Wolters M, Borst A, Pfeiffer F, Soppa J. Bioinformatic
and genetic characterization of three genes localized
adjacent to the major replication origin of Haloferax
volcanii. FEMS Microbiol Lett 2019;366:fnz238.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

