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100 o
300 ~ 760m
1
1.1
1.1.1 2005 1 3
24°57' 102°35’ 3
0.22pm
Millipore 4°C
3
24h
1.1.2 MBA marine broth agar Difco
ISP2 4g/L. Sg/L 4g/L pHT7.2
1.1.3 0.22pm Millipore
PCR Bio-Rad Tag DNA
Polymerase
BBL GasPak Anaerobic Systems
1.2
3
MBA  ISP2
MBA  ISP2
NaCl3 5 10 15 20% W/V  28C 7
~28d
-70°C NaCl
15% 28°C 35d
1.3 DNA 16S rDNA PCR
7
DNA  PCR 16S rDNA 27 5'-
AGAGTTTGATCCTGGCTCAG-3’ 1541r 5'-
AAGGAGGTGATCCAGCCGCA-3"*  PCR
9
1.4 16S rDNA
PCR
BLAST
GenBank www. ncbi.nlm. nih. gov
16S rDNA

ClustalX
Kimura-2 BioEdit 5.0.9
Neighbor-Joining "
bootstrap 1000 16S rDNA
97 %
2
2.1
pH6.5 24 °B’e
307¢/L. 15°C
Na+ Caz+ Mg2+ Ll+ Zn2+ 12
2.2
MBA  ISP2
44
1
NaCl 10%
W/V
95% 500p.L
MBA
ISP2
ISP2 MBA
1
Table 1 ~ Bacterial populations of brines and sediments
ISP2 and MBA CFU
NaCl/ % Brines 17! Sediments g~!
3 4.5%10°/5.9 x 10° 3.1x10°/2.3x 10*
5 6.3x10°/6.1 x 10° 7.2%x10°/3.4 x 10*
10 5.2x 10°/5.5x 10° 2.1x10°/3.0 x 10°
15 3.3x10°/2.0x 10° 3.0x 10°/2.0 x 10°
20 2.4%10°/1.3% 10° 2.8x10°/3.7 x 10°
A. strains” 1.6 x 10%/2.1 x 10 7.1x10%/8.5 x 102

* anaerobic strains.

2.3
44 16S tDNA
44 GenBank DQ358644 —
DQ358687 16S rDNA 2
13 6
Bacillus
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2 16S rDNA
Table 2 Analysis of partial 16S rDNA sequences of isolates from the Kunming Salt Mine
Brines Sediments
Nearest related No. of . Growing in Nearest related No. of . Growing in
genus isolates dentity/ % salt rang/ % genus isolates dentity/ % salt rang/ %
Bacillus 6 98 ~ 100 0~20 Bacillus 13 98 ~ 100 0~20
Paracoccus 1 100 0~6 Filobacillus 1 97 0~20
Virgibacillus 1 100 0~7 Halomonas 4 96 ~ 98 0~20
Jeotgalibacillus 1 100 2~15 Halobacillus 1 99 0~10
Microbacterium 2 99 2~5 Oceanobacillus 1 96 0~5
Rathayibacter 2 99 0~5 Kocuria 1 99 2~10
Arthrobacter 2 96 ~ 98 0~4
Arsenicicoccus 2 100 0~5
Brevundimonas 1 98 0~5
Nocardiopsis 1 99 0~10
Streptomyces 2 96 ~ 99 0~5
Cellulomonas 1 98 0~10
* unidentified 1 96 0~ 10
Total 23 Total 21
16S rDNA 1 a-Proterbacteria YIM-KMY1 YIM-
44 4 34 KMY42-2 YIM-KMY1
24 Firmicutes Paracoccus marcusic DSM 11574T 100%
54.6% 2 a a-Proterbacteria YIM-KMY42-2 Brevundimonas  bacteroides ~ DSM
4.6% 4 Y 7 -Proterbacteria 4726T 98 %
9.1% 14 Actinobacteria
31.7%
Firmicutes Actinobacteria 14 13
Bacillaceae 6 Kocuria carniphila CCM 132T
Bacillus 19 19 YIM- YIM-DKMY51 99 %
KMY10  Bacillus pumilus ATCC 7061" YIM-KMY48 Streptomyces
98% YIM-DKMY67  99%
896 YIM-KMY30
99 % 16
9% ~ 100% YIM- YIM-KMY41 96 %
DKMY57
Filobacillus milensis DSM 13259" “ 97% 44 7
YIM-DH3  96% Oceanobacillus iheyensis 15.9%
CM 11309" Oceanobacillus  oncorhynchi ~ CM 3
12661"
31516
¥ -Proterbacteria 4 YIM-DKMY60
YIM-DKMY56 YIM-DKMY25 YIM-DY3 44
Halomonas YIM-DY3 2
H. alimentaria DSM Halorubrum
15356" " 98% H. alimentaria
NaCl 1% ~ 13% W/V YIM-DKMY60
H. campisalis ATCC 700597T H. desiderata DSM Josefa '
9502T 96 %
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N——

1 16S rDNA
Fig.1 Dendrgram for strains isolated from the Kunming Salt Mine based on partial 16S rRNA gene sequences. Data in parentheses are
the GenBank accession numbers and the number of isolates represented by this strain. The scale bar indicates 5 substitutions

per 100 nucleotides of 16S rDNA sequence. Bootstrap values were showed on the branches.
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Culturable bacterial diversity of the ancient salt deposits
in the Kunming Salt Mine P. R. China

XIAO Wei' YANG Ya-ling' LIU Hong-wei' WEN Meng-liang'  CUI Xiao-long' "
' Yunnan Institute of Microbiology and Laboratory for Conservation and Utilization of Bio-resources Yunnan University ~Kunming 650011 ~ China
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3 Department of Biologic and Chemical Engineering Kunming University of Science and Technology ~Kunming 650224  China
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Abstract In order to understand the diversity of culturable bacteria 44 bacteria strains inhabiting brines and salt crystals
in the Kunming Salt Mine P. R. China were isolated and cultured. Results showed that the numbers of the bacteria
isolated from salt crystals 3.1 x 10° ~3.7 x 10° CFU/g  were higher than those from brines 1.3 ~6.3 x 10° CFU/L
A neighbor-joining tree of the partial 16S rDNA sequences about 600bp of 5'-end showed that 44 strains were
phylogenetically clustered into 4 major groups and 44 distinct lineages or species the similarities of 16S rDNA sequences
<97% 24 strains of Firmicutes 54.6% 2 strains of a-Proteobacteria 4.6% 4 strains of Y-Proteobacteria
9.1% and 14 strains of Actinobacteria 31.7% . Strains of the genus Bacillus 26.1% and 59.9%  were the most
predominant microorganisms among brines and salt crystals. Additionally seven potential novel species were found
based on the similarities of 16S rDNA sequences to those of previously published species and seven strains with
bioactivities against pathogenic microorganisms were isolated. The conclusion is that there are a number of novel species
and bioactive strains as well as great diversity in Kunming Salt Mine.

Keywords Culturable bacteria Bacterial diversity Ancient salt deposits Kunming Salt Mine
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