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1
1.1
D45mm  DNA Tag DNA
Promega

1.2

2000 9 4°C 84°05’ 31°20’

4421 25% pH 9.40~9.46"
1.3 DNA

10 ~ 15¢g 10mL TE D45mm 4°C 24h
Barns
DNA * Seghal  Gibbons 8 DNA
DNA
1.4 16SrDNA PCR
16S tDNA N 25F 5'-
CTGGTTGATCCTGCCAG-3' 915R 5'-GTGCTCCCCCGCCAATTCCT-3"  PCR
50uLL SuL. 10 x Buffer 2mmol/L. MgCl, 0.2mmol/L 4 x dNTPs 20pmol/L

25F  915R 0.2pg DNA 1.5U TagDNA PCR 95C Smin
95°C 45s 45°C 45s 72°C 90s 30 72°C 10min
1.5

PCR DNA pGEM-T

Escherichia coli DH5a
1.6 DNA
60
915R GenBank EMBL DDBJ 16S rDNA
16S tDNA Clustal X 1.8 v

Treeconw 1.3b  PHYLIP v 3.57 '8

1.7 Accession number

16S rDNA 7ZB Al ~ A69 GenBank
AF505660 ~ AF505719  Unculiured haloarchaeon MSP1 8 9 11 12 14 16 17 22 23 41
AB012049 ~ AB012059 Haloarchaeon str. T1.6
AJ270240  Haloferax sp. D1227 AF069950 Natronorubrum sp. Tenzan-10 AB046927  Natrine-
ma sp. R-fish AF¥367370  Haloterrigena thermotolerans AF115478  Halorubrum trapanicum
AF027738  Natronococcus amylolyticus D43628  Natronococcus xinjiangense AF251285  Na-
tronobacterium sp. C231 AB045012  Methanospirillum hungateiic. M60880  Haloarcula vallismorti

D50851  Halogeometricum borinquense AF002984 _Hmn[](%i)(_m/.lum comaorrense 137444 Halorubrum,
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saccharovorum  ABO03405  Natronorubrum  bangense Y14028  Haloterrigena  turkmenicus
AB004878  Natrinema versiforme AB023426  Halorubrum tibetense A¥435111 Haloarchaeon str.
T1.3 AJ270242  Halorubrum vacuolatum D87972  Halorubrum lacusprofundi AB003406 Haloar-

chaeon str. PW1. 1 AJ270248  Natronomonas pharaonis D87971  Halorhabdus utahensis
AF071880

2
2.1 DNA PCR
1 DNA 23 DNA
21kb DNA
2 16StDNA  PCR 2 PCR PCR
DNA 900bp
kb
1 000—|
21.22—
4.97—]
1.58—]
0.94—
1 DNA 2 16S rDNA PCR
Fig.1 Total DNA extracted from Soda Lake Fig.2 PCR amplification of total DNA with archaeal 16S rDNA primer
1.ADNA/ Hind|ll + EcoR 1 1.100bp DNA step ladder
2 ~ 3. Total DNA of environmental samples. 2. Purified PCR production of archaeal 16S rDNA.
2.2 16S rDNA
60 16S rDNA 650 ~
700bp 165 rDNA 250 915 16S rDNA
1 A6
A24 A45 Ad6  A47
16S rDNA
3
1 4 Natronobacterium Natronococcus Natronorubrum Na-
tronomonas Halorubrum Halorubrum vacuolatum * Halorubrum ti-
betense

29
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48.3% 1
Halorhabdus Haloterrigena Natrinema Halorubrum Halorubrum lacusprofundi
18 30% 13
3 Al A42  A5S2 Haloarchaeon str. T1.6 %
94.35% 10 A49 A61 Ad44 A62 Al12 Al4 A22 A53 A4 A23
16S rDNA 90 %
1 60 16S rDNA
Table 1~ Group distribution of 60 cloned sequences of archaeal 16S rDNA and similarity analysis with related strains
Group distribution of archaea Most similary group Similarity/ %  Percentage/ %
1 Haloalkaliphilic genera
Natronobacterium 3.3
A66 Natronobacterium sp. C231 95.48
Al6 Natronobacterium sp. C231 92.46
Natronococcus 1.7
A58 Natronococcus amylolyticus 96.23
Natronorubrum 8.3
A6 A24 A45 A46 A47 Natronorubrum sp. Tenzan-10 95.29
Natronomonas 6.7
A20 Natronomonas pharaonis 97.92
A27 A65 Natronomonas pharaonis 95.48
A4l Natronomonas pharaonis 92.46
2 Neutral halophilic genera
Natrinema 10.0
Al13 Natrinema versiforme XF10 93.76
A39 A63 Natrinema versiforme XF10 97.55
A2 AI0 A33 Natrinema sp. R-fish 95.42
Haloterrigena 5.0
A9 Haloterrigena thermotolerans 93.33
A25 A26 Haloterrigena thermotolerans 94.20
Halorhabdus 3.3
A51 Halorhabdus utahensis 93.97
A68 Halorhabdus utahensis 92.09
Halorubrum 40.0
Al5 A7 Al7 Al8
A31 A32 A5 A69 Halorubrum vacuolatum 91.88 ~95.66
A67 A8 A35
A40 AS6 A3 All Halorubrum tibetense 93.22~99.20
A21 A30
A34 A37 A38 A4 Halorubrum lacusprofundi 92.27~93.03
AS7 A43 A36
3 Other groups
Unknown haloarchaeon 5.0
Al A42 A52 Haloarchaeon str. T1.6 93.82~94.35
Other halophilic groups 16.7
A49 Haloarchaeon str. PW1.1 90.00
A6l Haloarchaeon str. PW1.1 87.94
A44 Uncultured haloarchaeon MSP9/12 22/ 11 16 17 93.03
A62 Uncultured haloarchaeon MSP9/12 22/ 11 16 17 95.48
Al2 Uncultured haloarchaeon MSP9/12 22/ 11 16 17 88.88
Al4 Uncultured haloarchaeon MSP9/12 22/ 11 16 17 85.68
A22 Uncultured haloarchaeon MSP9/12 22/ 11 16 17 88.38
A53 Uncultured haloarchaeon MSP8  MSP41 85.90
A4 A23 Halorhabdus utahensis 89.64
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0.05

99

Haloterrigena turkmenicus (AB00O4878)

Haloterrigena thermotolerans (AF115478)

A39,A63

Natrinema versiforme (AB023426)

1001 Natrinema sp. R-fish (AF367370)

Natronorubrum sp. Tenzan-10 (AB046927)
Natronorubrum bangense (Y14028)

A6,A24,A45,A46,A47
A2,A10,A33
Al3
ST 16 [ A66
58 Al6
Natronobacterium sp.C231 (AB045012)

64|—|:7 A58
100r— Natronococcus xinjiangense (AF251285)
Natronococcus amylolyticus (D43628)
82 Adl
100 | A27,A65
100 Natronomonas pharaonis JCM8858(D87971)
A20

Halorhabdus utahensis (AF071880)
As51
A68

Al4

MSP12,22,23
MSP1,11,16,17

MSP9
99 Haloarchaeon str.T1.3 (AJ270242)
Halogeometricum borinquense (AF002984)
Haloferax Sé) D1227 (AF069950)
Halobaculum gomorrense (L37444)

Haloarcula vallismortis (D50851)

S
43,A54,A57
A3,A11,A21 ABASLA

87 Halorubrum lacusprofundi ACAM 34 (AB003406)
Halorubrum saccharovorum JCM 8865 (AB003405)
Haloarchaeon str. PW1.1 (AJ270248)

Halorubrum vacuolatum JCM 9060 (D87972)
A8,A35

100 - Halorubrum tibetense (AF435111)

A3
100 Haloarchaeon str.T1.6(AJ270240)
A52

100 AS3
| 100 — MSP8
- MSP41

3

Methanospirillum hungateii (M60880)

16S rDNA
Fig.3 Phylogenetic tree of the Archaea in Zabuye Lake based on 16S rDNA sequences

Evolutionary distances were calculated by the method with Kimura 1980  two-parameter calculation model

and the topology was inferred by the neighbor-joining method based on bootstrap analysis of 100 replicates.

Bar 0.05 substitution per nucleotide.
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2.3
60  16S rDNA 3
A9 A25 A26  Haloterrigena
Haloterrigena turkmenicus 93.3% ~
94.2% A2 A10 Al13 A33 A39 A63  Nairinema
Nairinema sp. R-fish Natrinema versiforme XF10 *
93.7% ~97.5% A6 A24 A45 A46 A47  Natronorubrum
Natronorubrum sp. Tenzan-10 95.3% Al16 A66  Natronobac-
terium sp. (231 92.5% ~95.5% AS8 Na-
tronococcus xinjiangense 96.2% A20 A27 A41 A65  Natronomonas pharaonis
92.5% ~97.9% A51 A68 Halorhabdus utahensis
92.2% ~94.0% 24 Halorubrum
A30  Halorubrum tibetense 99 % A8 A35 Magadi
Halorubrum vacuolatum 96 % 10
A4 Al12 Al4 A22 A23 A44 A49 AS3 A6l A62
Add A62 Magadi MSP9 12 16 17
93.3% ~95.5% Al4 A2 Al2  AS3
3
PCR 16S rDNA 250 915 Winker *
16S rDNA 49 250 ~ 915
23 500 ~ 545 rRNA
250 ~ 915 16S rDNA
60
16S rDNA

Naironococcus  Natronorubrum  Natronobacterium
Natronomonas Natrinema Halorubrum Haloterrigena ~ Halorhacdus 8
5 A30 A8 A35
Halorubrum 21 1
Halorubrum
Halorubrum

Halorubrum
A4 A12 Al4 A22 A23 A44 A49 A53 A61 A62

Ad44 A62 Grant Magad Unenltired

i
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haloarchaeon MSP9  MSP16 MSP23 " 93.3%
95.48% 90 %

Magadi AS53
80% Magadi
Uncultured haloarchaecon MSP8 A41 85.9%
A4 A23 Al2
Al4 A22 A49 A6l
Magadi Na-
tronobacterium Natronococcus Halorubrum vacuolatum
Haloterrigena  Halorhabdus Magadi
16S rDNA
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Archaeal Diversity of Zabuye Lake in Tibet Analyzed
by Culture-independent Approach

Fan Huapeng Xue Yanfen Zeng Yan Zhou Peijin Ma Yanhe"
Institute of Microbiology  Chinese Academy of Sciences  Betjing 100080  China

Abstract With culture-independent approach microbial DNA was directly extracted from samples
of Zabuye saline soda lake. Using the microbial DNA as template archaeal 16S rDNAs were ampli-
fied by PCR. Amplified products were cloned and sequenced. 60 different cloned partial sequences

most of which were related to haloalkaliphilic archaeon were acquired. In the phylogenetic tree

some clones of Zabuye lake belonged to Genus Natronobacterium Natrinema Natronococcus Natro-
norubrum  Natronomonas Halorubrum  Haloterrigena  Halorhabdus in Family Halobacteriaceae .
Other clones represent some novel groups. All of them show prolific archaeal diversity of Zabuye
lake.

Key words Saline soda lake Archaeal diversity Culture-independent approach
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