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1
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1.2.2
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CLUSTAL X
Kimura

MEGA 3.0 Molecular Evolutionary Genetics Analysis
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Neighbor-Joining

18 1000
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19
2
2.1
38
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5 13.2% 4
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0.5 ~ 2mol/L NaCl MBA
2.5mol/L 3.5mol/L
NaCl MBA ISP2
2.2 16S rRNA
PA 38
16S rRNA 5’ 600 ~ 650bp Blast
GenBank EMBL DDBJ
16S tRNA 1
1 2 38
4 Proteobacteria
Bacteroidetes  Firmicutes  Actinobac-teria 17
Alteromonadaceae Bacillaceae Caulobacteraceae
Flavobacteriaceae Halomonadaceae Idiomarinaceae
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Planococcaceae  Pseudomonadaceae  Rhodobacteraceae Exiguobacterium ~ Halomonas ~ Idiomarina ~ Kocuria
Dietziaceae ~ Saccharospirillaceae  Sphingomonadaceae Marinobacter ~ Micrococcus ~ Paracoccus — Planomicrbium
Staphylococcaceae  Streptomycetaceae 24 Porphyrobacter ~ Pseudomonas  Psychrobacter  Roseivivax
Acinetobacter ~ Agromyces ~ Arthrobacter  Bacillus Saccharospirillum Salegentibactor Salinicoccus
Brevundimonas ~ Chromohalobacter  Dietzia  Erythrobacter Streptomyces

1

Table 1~ Phylogenetic nearest neighbors of strains isolated from YPL-brine saline soil and halite samples as determined

by analysis of the first 600 nucleotides of the 16S rRNA gene sequence

Nearest phylogenetic neighbor in the 16S r RNA
Strain  accession number Sample carest phylogenetic neighbor m the ! Similarity /%
gene sequence database accession number

Gamma-Proteobacteria

Y23 EF177662 Brine Marinobacter sp. 407-13  AJ294359 99.5
R10 EF177663 Brine Marinobacter sp. DG893 AY258110 99.8
R22 EF177664 Brine Marinobacter sp. 407-13  AJ294359 99.8
Y3 EF177665 Brine Idiomarina lothiensis  AY505529 95.9
Y24 EF177666 Brine Idiomarina loihiensis  AY505529 99.5
Y18 EF177667 Brine Halomonas nitritophilus  AJ309564 98.5
Y19 EF177668 Brine Halomonas magadiensis  AY179189 97.3
R24 EF177669 Brine Pseudomonas sp. BHP7-11  AY162141 100
Y25 EF177670 Brine Saccharospirillum impatiens  AJ315983 95.5
Y29 EF177671 Brine Psychrobacter jeotgali AF441202 9.1
Y30 EF177672 Brine Chromohalobacter sp. 1A1-Ch2  AB189308 98.3
Y8 EF177673 Saline soil Acinetobacter lwoffii  X81665 97.8
Alpha-Proteobacteria
Y26 EF177674 Brine Brevundimonas vesicularis  AY169433 97.8
Y10 EF177675 Halite Brevundimonas bullata  AB023428 98.5
R14 EF177676 Brine Erythrobacter citreus  AF118020 9.1
Y5 EF177677 Brine Uncultured alpha proteobacterium  AJ640149 99.7
Y13 EF177678 Brine Paracoccus marcusii - Y12703 100
Y12 EF177679 Halite Porphyrobacter tepidarius AF465839 97.3
Bacteroidetes
RI11 EF177680 Brine Salegentibacter nodsonii  AY576653 97.5
Firmicutes
Yl EF177681 Brine Bacillus pumilus  AY456263 99.2
R4 EF177682 Brine Bacillus horikoshii  AB043865 98.8
R6 EF177683 Brine Bacillus pumilus  AY373359 100
R13 EF177684 Brine Bacillus sp. YY AF414443 99.5
Y27 EF177685 Halite Bacillus pumilus  AY456263 100
Y28 EF177686 Halite Bacillus pumilus  AY456263 99.7
Y15 DQ837380 Brine Salinicoccus marinus  AY328901 92.2
Y16 EF177687 Brine Salinicoccus marinus  AY328901 92.5
Y17 EF177688 Brine Salinicoccus roseus  X94559 98.6
Y22 EF177689 Brine Salinicoccus roseus  AF237976 92.1
Y11 EF177690 Halite Exiguobacterium sp. B10  AJ518821 99.6
Y7 EF177691 Saline soil Planomicrobium okeanokoites D55729 99.4
Y21 EF177692 Brine Salinicoccus roseus  A¥F237976 92.8
Actinobacteria
Y14 EF177693 Brine Agromyces allium DQ673873 98.9
R17 EF1776%4 Brine Arthrobacter bergeri  AJ609633 99.8
Y31 EF177695 Brine Kocuria sp. JL-72  AY745813 99.8
Y32 EF177696 Brine Dietzia maris  Y18883 99.8
Y6 EF177697 Saline soil Micrococcus luteus  AJ409096 98.9
R3 EF177698 Saline soil Streptomyces sp. YIM8 AF389344 100

* Strains marked in bold were used for phylogenetic analysis as showed in Fig. 1.
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Proteobacteria 18 47.3%
Gamma-Proteobacteria 12 31.5% Alpha-
Proteobacteria 6 15.8% Firmicutes 13
34.2% 6 Actinobacteria 1
R11 Bacteroidetes 24
Bacillus Salinicoccus 4

Marinobacter 3 Halomonas 2 Idiomarina

2 20 1 16S rRNA

2

97 %
38 31
R6 R24 Y13 Y27 16S tRNA
100% 16S rRNA
92.8%
~99.8%

Table 2 Taxon affiliation and percentage distribution of strains isolated from YPL-brine saline soil

and halite samples as determined by 16S TRNA gene sequence analysis

Phylogenetic group No. of family No. of genus

Brine sample Saline soil sample Halite sample
No. of isolates % No. of isolates % No. of isolates %

8
5

Gamma-Proteobacteria
Alpha-Proteobacteria
Bacteroidetes

Firmicutes

B W = W O

Actinobacteria

Total 17 24

11 28.9 1 2.6 0

4 10.5 0 2 53
1 2.6 0 0

9 23.7 1 2.6 3.7.9
4 10.5 2 5.3 0

29 76.3 4 10.5 5 13.2

16S tRNA 600bp
Blast 1
16S tRNA

PA PB
165 rRNA 1500bp

16S tRNA 97 %
218 16S rRNA
14

Y3 Idiomarina loihiensis
DSM 15497 Y15 Salinicoccus
alkaliphilus  JCM  11311" Y25
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95.9% 96.3% 96.9%
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Salinicoccus Saccharospirillum
potential novel species * Y21
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95%  similarity 93.2%

1

93.8%
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Agromyces italicus DSM16388 T (AY618215)
0.05 92— 4gromyces lapidis DSM16390 T (AY618217)

100

80

100

91

100["

1 GenBank
16S rRNA

Fig. 1 Neighbor-Joining tree constructed showing the phylogenetic
relationships among 16S rRNA gene sequences obtained from the YPL
isolates and their closely related sequences downloaded from GenBank etc.
The numbers at the nodes indicate the bootstrap values > 50%  based
on neighbour-joining analyses of 1 000 resampled data sets. Bar 5

_ nucleotide substitutions per 100 nucleotides of 16S rRNA gene sequence.
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Phylogenetic diversity of culturable bacteria in the ancient salt deposits
of the Yipinglang Salt Mine P. R. China

CHEN Yi-guang' > LI Hui-ming' LI Qin-yuan’ CHEN Wei' CUI Xiao-Long'"
' Yunnan Institute of Microbiology and Laboratory for Conservation and Utilization of Bio-resources Yunnan University Kunming 650091 China
% Key Laboratory of Bio-resources and Environmental Ecology Institute of Ecology Jishou University Jishou 416000 China
3 Experiment Center of Life Sciences Yunnan University Kunming 650091 China
* Yunnan Salt & Chemical Industry Co. Lid. Kunming 650091 China

Abstract The microbial diversity of cultivable bacteria isolated from the ancient salt deposits from the Yipinglang Salt
Mine YPL in the Yunnan Province P. R. China was investigated by using conventional culture-dependent method and
phylogenetic analyses based on 16S rRNA gene sequence comparisons. 38 bacteria strains were isolated from the brine
halite and saline soil samples on MBA marine broth agar 2216 Difco and ISP 2 International Streotomyces Project
medium 2 media supplemented with 0.5 ~ 3.5mol/L. NaCl. The genomic DNAs of the isolates were extracted and their
16S rRNA genes were amplified by PCR using bacterial universal primers. The resulting 16S rRNA gene sequences were
compared with sequences obtained from public databases to find the most closely related species. Phylogenetic analyses
were performed using the software packages MEGA after multiple alignment of sequence data by CLUSTAL X. The
evolutional instances corrected by Kimura' s 2-parameter model were calculated and clustering was performed with the
neighbor-joining method. The results showed that the isolates are members of twenty-four genera  Acinetobacter
Agromyces  Arthrobacter  Bacillus  Brevundimonas ~ Chromohalobacter — Dietzia  Erythrobacter  Exiguobacterium
Halomonas  Idiomarina ~ Kocuria ~ Marinobacter ~ Micrococcus ~ Paracoccus ~ Planomicrbium — Porphyrobacter
Pseudomonas Psychrobacter  Roseivivax  Saccharospirillum ~ Salegentibactor ~ Salinicoccus — Streptomyces — of seventeen
families  Alteromonadaceae Bacillaceae  Caulobacteraceae  Flavobacteriaceae  Halomonadaceae —Idiomarinaceae
Microbacteriaceae Micrococcaceae Moraxellaceae Planococcaceae Pseudomonadaceae Rhodobacteraceae Dietziaceae
Saccharospirillaceae  Sphingomonadaceae Staphylococcaceae  Streptomycetaceae  in four major phylogenetic groups
Actinobacteria Bacteroidetes Firmicutes Proteobacteria . The most abundant and diverse isolates were within the phyla
of Proteobacteria 47.3% Gamma-Proteobacteria 31.5% Alpha-Proteobacteria 15.8% and Firmicutes 34.2% . The
phylogenetic distance matrix results suggested that out of 38 isolates 32 are different strains of 27 known species and that
at least 3 stains represent new species within 3 characterized genera. Y3  Accession No. EF177665 and Y25
EF177670 represent new species of the genera Idiomarina and Saccharospirillum respectively. Y15 DQ837380
Y16 EF177680 and Y22 EF177689 represent a new species of the genus Salinicoccus . And strain Y21 EF177692
may represent a novel species of a possible new genus of the family Staphylococcaceae . The results presented above shown
that there are abundant bacterial species diversity and phylogenetic diversity in the ancient salt deposits from the
Yipinglang Salt Mine.
Keywords ancient salt deposits cultivable bacteria 16S rRNA gene phylogenetic analysis bacterial diversity
Yipinglang Salt Mine
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