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Abstract Halophilic archaeon AJ6 was isolated and
purified from the Altun Mountain National Nature Reserve
of the Xinjiang Uygur Autonomous Region. Strain AJ6 is a
Gram-negative rod whose size is 0.2–0.6 by 1.6–4.2 μm,
wherein a few cells are globular. The optimum salt
concentration for its growth is 20% NaCl and 0.6% Mg2+,
and the optimum pH is 6.0–7.0. Morphological, physio-
logical, and biochemical characteristics of strain AJ6 were
observed. The 16S rRNA encoding gene (16S rDNA)
sequence of strain AJ6 was amplified by PCR, and
its nucleotide sequence was determined subsequently.
“Clustalw” and “PHYLIP” software bags were used to
analyze the 16S rDNA sequence; the homology was
compared, and then the phylogenetic tree was established.
The results indicate that strain AJ6 is a novel species of the
genus Natrinema. The GenBank accession number of the
16S rDNA sequences of strain AJ6 is AY277584.

Keywords extremely halophilic archaea, salt lake,
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1 Introduction

Halophilic bacteria are found in great salt lakes, natural or
artificial salterns, salina, etc. Those halophiles whose
optimum salt concentration for growth is above approxi-

mately 15% (w/v) NaCl are considered extreme halophiles,
which are of valuable use for research regarding hereditary,
physiological, and biochemical features and strain re-
sources [1]. Because of the special environment, there are
abundant species resources in the Altun Mountain National
Nature Reserve of the Xinjiang Altun Region, China.
Halophilic archaeon AJ6 was isolated and purified. Based
on determining parts of physiological and biochemical
index, 16S rRNA encoding gene (16S rDNA) sequence was
obtained, after which the homology was compared and
phylogenetic analysis was established.

2 Methods

2.1 Source of strains

Strain AJ6 was isolated from the Xinjiang Uygur Auton-
omous Region. Halobacterium halobium R1M1, as a
comparison strain, was given by Professor Li Qingguo
from the Fudan University.

2.2 Culture and isolate

Strains were routinely cultured aerobically at 37°C in rich
medium [2] containing (g/L): NaCl 250.0, MgSO4 9.7,
Na3-citrate 3.0, KCl 2.0, CaCl2 0.2, and bacterium peptone
(Oxoid L37) 10.0, pH 7.0. Solid medium was prepared by
adding 15 g/L agar.

Water samples were added directly into a liquid medium
(water sample/liquid medium, 1:10); then, the mixture was
cultured for 12 days at 37°C at 120 rpm. When the color of
the liquid medium turned red, we used 100–200 μL of the
medium for culturing in a solid medium at 37°C until the
colonies grew out. The selected colonies were purified three
or four times in the solid medium before they were put into
the liquid medium to culture for 7 days at 37°C at 120 r/m.
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2.3 Characterization and growing condition

2.3.1 Morphology

Strain AJ6 was cultured with light in a rich medium for
48 h. Gram staining was performed using acetic-fixed
samples, as described by Dussault [3] subsequently. Cell
morphology was examined by an optical microscope
(BX40, Olympus, Japan).

2.3.2 Features of the colony

The strain was cultured in milk–salt–agar solid medium at
37°C [4].

2.3.3 Growing condition

All the growing tests were carried out according to the
following methods: 5 mL liquid medium was interfused
with 0.5 mL bacterium liquid in each tube; then, the strain
was cultured for 7 days at 37°C with light; lastly, optical
density was detected at �λ=600 nm with a 721-type
spectrophotometer. Each test was repeated three times.

2.4 DNA extraction

DNA extraction was performed according to following
methods [5]: cells were collected by centrifugation in 15-
mL portions at 12,000 rpm for 2 min. The deposit was
suspended in solution I [glucose 50 mM (pH 8.0), Tris–HCl
25 mM (pH 8.0), EDTA 10 mM]. The suspension was
frozen and thawed two to three times to make the cells
splinter absolutely. Then, proteinase K (20 mg/mL) was
added, and the sample was incubated at 37°C for 3 h. The
lysate was extracted two times with an equal volume of
phenol/chloroform/isoamyl alcohol (25:24:1). Nucleic acid
was precipitated with double-volume ethanol and washed
with ethanol 70%. Nucleic acid was resuspended in 20 μL
TE buffer (Tris–HCl 10 mM, EDTA 1 mM, pH 8.0). Then,
it was kept at −20°C.

2.5 16S rRNA gene amplification

According to the known 16S rDNA sequences (from [4,5]),
a pair of primers was designed by DNASTAR software:
upstream, 5′-ATTCCGGTTGATCCTGC-3′; downstream,
5′-AGGAGGTGATCCAGCCGCAG-3′.

Archaeal 16S rDNAwas amplified in a PTC-100 cycler
for 35 cycles (4 min denaturing step at 94°C in the first
cycle; 1 min denaturing at 94°C, 45 s annealing at 50°C,
and 1.5 min elongation at 72°C, with a final extension step
at 72°C for 10 min).

2.6 PCR product purification

The amplification product was purified by 2% agarose gel
using the UNIQ-10 PCR Product Purification Kit (Sangon,
Shanghai, China).

2.7 PCR product clone and 16S rRNA gene sequencing

The purified PCR product was ligated into pUCm-T vector
and subsequently used to transform E. coli DH5α. The
randomly selected three clones were screened for 16S
rDNA inserts by colony PCR using M13 forward and M13
reverse primers with a Prism 377XL sequencing apparatus.

2.8 Phylogenetic tree analysis

Based on a subset of aligned archaeal sequences obtained
from the GenBank, an alignment was created. The align-
ment consisted of 16S rDNA gene sequences from repre-
sentatives of all known haloarchaeal genera. The sequences
of the inserts were fitted in the haloarchaeal alignment with

Table 1 16S rDNA sequences used for comparison and phyloge-
netic analysis

Scientific name Strain Accession
number

Reference

Halobacterium
salinarum

DSM3754 AJ496185 Unpublished

Halococcus morrhuae NRC16008 D11106 [6]
Halococcus
saccharolyticus

ATCC49257 AB004876 [7]

Natrialba
chahannaoensis

C112 AJ004806 Unpublished

Natrialba
hulunbeirensis

AS1.1986 AF262026 [8]

Natrialba magadii NCMB2190 X72495 [9]
Natrinema pallidum NCIMB784 AJ002948 [10]
Natrinema pellirubrum NCIMB786 AJ002947 [10]
Natrinema versiforme JCM10478 AB023426 [11]
Natronobacterium
gregoryi

NCIMB2189 D87970 [12]

Natronococcus
amylolyticus

Ah-36 D43628 [13]

Natronococcus
occultus

NCMB2192 Z28378 [14]

Natronomonas
pharaonis

JCM8858 D87971 [12]

Natronorubrum
bangense

A33 Y14028 [15]

Natronorubrum
tibetense

GA33 AB005656 [15]
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Clustalw 1.8 software package; a few minor corrections
were made manually. This alignment was subjected to
phylogenetic analysis using programs of the PHYLIP
package, version 3.6a3. Information about those strains’
sequence numbers is given in Table 1.

3 Results

3.1 Isolate of halophilic archaea AJ6

Bacterium liquid, which had been enriched, was cultured
on agar plates. According to colony morphology, strain
AJ6 was selected to be cultured in a 5-mL rich liquid
medium. The color of the culture turned to salmon pink.

3.2 Physiological and biochemical features

3.2.1 Strain morphology

Strain AJ6 is a nonmotile, Gram-negative organism,
bacillus. A few of which are globular, the size of a single
cell being 0.2–0.6 by 1.6–4.2 μm (Fig. 1).

3.2.2 Colony character

Strain AJ6 grew well in milk–salt–agar solid medium. The
colony was salmon pink, nontransparent, and round. It had
a smooth exterior and a trim brim, and the colony diameter
was 1.0 to 2.0 mm.

Fig. 2 Growth curves of strain
AJ6 (NaCl, Mg2+, pH)

Fig. 1 Optical micrographs of stain AJ6 Fig. 3 Agarose gel electrophoresis of PCR product of strain AJ6
16S rDNA
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3.2.3 Growing conditions

Strain AJ6 was able to grow in the 12.5–17.5% NaCl
salinity range (optimal growth at 15% NaCl), and it could
not grow if salinity is lower than 5% and higher than 30%
NaCl. It is considered that strain AJ6 is an extreme
halophile. In addition, strain AJ6 was able to grow in the
0.6–2.4% Mg2+ concentration range (optimal growth at
0.9% Mg2+). Its optimal growth pH varied from 6.0 to 7.0,
and the organism was not able to grow when pH was lower
than 5.0 and higher than 10.0. The growth curves of strain
AJ6 are shown in Fig. 2.

3.3 Nucleotide sequences of 16S rRNA genes

An amplified fragment of about 1.5 kb was obtained when
PCR primers targeted phylotypes of the archaeal domain.
The results of electrophoresis are shown in Fig. 3. It
indicated that the 16S rDNA sequences’ size of strain AJ6
was similar with that of H. halobium R1M1. The 16S
rDNA sequences of strains AJ6, which contained 1461
residues, were determined. The GenBank accession num-
ber was AY277584.

3.4 Comparing the homology and phylogenetic tree
construction

We used Clustalw 1.8 software package and programs of
the PHYLIP package to identify the similarities between
16S rDNA sequences of different strains. The GenBank
and culture collection accession numbers of the strains
examined in this study are given in Table 1. The DNADIST
program was used to construct a Kimura two-parameter
evolutionary distance matrix. Phylogenetic tree was then Fig. 4 Phylogenetic tree of extremely halophilic archaea on the

basis of 16S rDNA sequences

Table 2 Similarity of 16S rDNA sequence of halophilic archaea strains

No. and abbreviation Similarities of 16S rDNA sequence (%)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. N. hulunbeirensis 98.37 97.27 98.59 95.73 93.80 93.07 95.07 94.58 93.22 92.55 93.46 88.33 88.52 89.03 88.74
2. N. chahannaoensis 96.65 94.85 96.00 93.46 92.80 94.66 94.30 92.67 92.42 93.39 88.47 88.25 89.24 88.87
3. N. magadii 93.36 94.64 91.96 91.22 93.29 92.70 91.93 91.19 92.02 87.58 87.70 88.89 88.94
4. N. bangense 96.07 93.53 93.00 94.87 94.51 92.33 91.73 92.37 89.01 88.32 88.54 88.40
5. N. tibetense 93.60 92.87 94.80 94.30 93.28 92.42 92.98 89.21 88.99 89.31 89.49
6. N. pallidum 97.74 97.47 96.80 91.79 96.50 91.55 87.25 87.02 87.36 86.89
7. N. pellirubrum 96.44 96.38 90.64 90.23 90.39 86.09 86.01 86.46 86.14
8. AJ6 98.12 92.47 91.67 92.50 87.99 87.84 88.89 87.99
9. N. versiforme 90.71 90.16 91.21 86.43 86.35 88.19 86.83
10. N. amyloluticus 95.77 95.23 88.87 88.99 88.75 89.35
11. N. occultus 92.91 86.70 87.36 88.68 88.33
12. N. gregoryi 88.87 90.01 88.61 88.74
13. H. morrhuae 94.43 88.13 88.94
14. H. saccharolyticus 88.19 88.66
15. H. salinarum 87.71
16. N. pharaonis

Similarities greater than 95% are italicized.
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constructed using the Fitch and Margoliash method with
global rearrangements and randomized input order. Boot-
strap analysis (1,000 replications) was performed using the
additional programs SEQBOOT and CONSENSE [16].
Similarity percentages of 16S rDNA sequences among the
isolated strains are listed in Table 2. The phylogenetic tree
suggested that the strain AJ6 was clustered in the same
microbiological population with Natrinema pallidum,
Natrinema pellirubrum, and Natrinema versiforme, be-
tween which the similarities were 97.47, 96.44, and
98.12%, respectively.

4 Discussion

Halophilic archaeon AJ6, which was isolated from the
Altun Mountain National Nature Reserve of the Xinjiang
Uygur Autonomous Region, is a nonmotile, Gram-nega-
tive rod, wherein a few cells are globular. Its optimal
growth conditions are 15% NaCl, 0.6% Mg2+, and pH 6.0–
7.0. It is considered as an extreme halophile.

Halophilic archaea was known as one family, Halobac-
teriaceae. The family consists of 15 genera with more than
50 species [17,18]. According to the polyphasic taxonomy
of halophilic archaea [19], new taxonomy units should be
consistent with phylogenetic analysis that was based on
nucleotide acid sequences [20]. The phylogenetic evolu-
tional distances basing on 16S rDNA sequences of
halophilic archaea have better relativity with strain mor-
phology and classified biochemistry data [19]. It is
considered that strains are of different species if the
similarity value based on 16S rDNA sequences is lower
than 98%. If the similarity value is lower than 93% to 95%,
those strains belong to a different genus [20]. Phylogenetic
analysis and similarity value indicate that strain AJ6
clusters in the same microbiological population with N.
pallidum, N. pellirubrum, and N. versiforme. Their
similarities vary from 96 to 98%. Therefore, strain AJ6 is
a novel member of the genus Natrinema (Fig. 4).

5 Conclusion

The study on isolation of halophilic archaea and phyloge-
netic analysis of strain AJ6 of that region indicate that there
are abundant species resources in the Xinjiang Altun
Mountain National Nature Reserve Region, China. Now,
the isolated strains include extreme halophiles and mod-
erate halophiles, and we are attempting to isolate and purify
strains in different conditions to find other extreme organ-
isms such as haloalkalohiles, thermococcus, and so on.

In addition, bacteriorhodopsin (BR), which has a special
photoelectric sensitivity, exists in the purple membrane of
some kinds of halophilic archaea [21]. It has been found
that BR consisted of only five genera in Halobacteriaceae:
Halobacterium, Haloarcula, Halorubrum, Haloterrigena,
and Halomicrobium [17]. The content of BR is fewer in the
bacterium membrane than the strains isolated directly from

water samples. Therefore, how to increase the yield of BR
is a desiderating problem.
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