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Abstract One hundred and forty-eight strains of halophilic archaea were isolated from 40 samples of soil lake water and silt.
To study and analyze the species and bacteriorhodopsin BR  protein resource partial DNA fragments encoding BR protein from
helix C to helix G and16S rRNA encoding genes from 6 strains of halophilic archaea were amplified by polymerase chain PCR

and their DNA sequences were determined. The results indicate that the reduced amino acid sequences of BR protein from helix
C to helix G of ABDH11 is obviously different from those of other existing proteins. The results of homology analysis on BR gene
and16S rRNA and phylogenetic analysis on 16S rRNA show that strains ABDHIO and ABDH40 are novel members of genus
Natronorubrum and Natrinema respectively the sequence of ABDH40 was obtained from GenBank and the number of sequence is

AY989910. The protein from helix C to helix G of ABDH11 is significantly different from that of other strains.

Key words halophilic archaea bacteriorhodopsin  16Sr DNA  phylogenesis
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Archaea
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ryotes ICSP 2004 9

Halobacteriaceae 18 Halobacterium
Haloarcula Haloferax Halococcus Halorubrum
Halogeometricum Haloterrigenia Halobaculum
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Halobacteriaceae 50

bacteriorhodopsin  BR
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1.4 PCR
56 16S rRNA
DNASTAR 5'-
ATTCCGGTTGATCCTGC-3’ 5'-AGGAGGTGA
TCCAGCCGCAG-3"  PCR S50pLL
30 94°C 45s 50°C 45s
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CCGACCTT-3"  PCR 50pLL 30
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30s
1.5 DNA
PCR T/A
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JM109 AMP”
PCR 3
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GenBank Table 1
1 16S rRNA
Table 1 Database accession number of halophilic archaea BR gene and 16S rDNA
Species bR® 16S rRNAY
Haloarcula argentinensis D31880 D50849
Japonica AB029320 D28872 p
vallismortis D31882 U17593
ajinwuensis AY279550
Halomicrobium mukohataei S76743 D50850
Halobacerium salinarum M11720 M38280
Halorubrum sodomense D50848 X82169
mex D50848
Haloterrigena sp.arg-4 AB009620 AB009624
turkmenica AB004878
thermotolerans AF115478
Natronococcus occultus 728378
amylolyticus D43628
Miscellaneous strain Mex DI11056 p ¢
strain Port D11057 p ©
strain Shark DI11058 p ©
strain XZ515 AF306937
Natrinema altumense AS 1.3731 AY208972
Natrinema pallidum NCIMB777 AJ002949
Natrinema pellirubrum NCIMB786 AJ002947
Natrinema versiforme AS1.2365 AB023426
Natonorubrum bangense AS1.1984 Y14028
Natonorubrum tibetense AS1.2123 AB005656
Natrialb aegyptiaca DSM13077 AF251941
Natrialb asiatica DSM122787 D14123
Natrialb huluribeirensis AS1.1986 AF262026
Natrialb chahannaoensis AS1.1977 AJ004806
Natronobacterium gregoryi ATCC43098 D87970

Notes a Database accession number of BR gene

2.1 ABDH10

16S rRNA

1 ABI116S rRNA PCR

Fig.1 Strains AB1 16S rDNA PCR products
1 DNA Marker 2 Reference strains RIM1 3 ABDHIO.

ABDHI10
16S rRNA Fig.1
ABDHIO  16S rRNA
rRNA

1473

b Database accession number of 16S rRNA sequence ¢ p some sequence.

ABDHI10 1473
16S rRNA
Fig.2 ABDHI0 AB29

Strain AB36

Strain AB25

Natrinema pallidum NCIMB 777" (AJ002949)
Natrinema pellirubrum  NCIMB 786" (AJ002947)
Natrinema versiforme  AS 1.2365" (AB023426)

100 [~ Strain AB14

Strain AB49

Haloterrigena thermotolerans  DSM 11552" (AF115478)
53~ Strain AB30

Strain AB4S

100~ Strain AB54

Hualoterrigena turkmenica VKM B-1734" (AB004878)

99 Natronorubrum bangense  AS 1.1984" (Y14028)
_l__|: Strain AB29
Natronorubrum tibetense  AS 1.2123" (AB005656)

1001 Nawrialba aegyptiaca  DSM 130777 (AF251941)
85 Natrialba asiatica  DSM 12278" (D14123)
91 | |

90

Natrialba hulunbeirensis  AS 1.1986" (AF262026)
9g = Natrialba chahannaoensis ~ AS 1.1977" (AJ004806)
Natronobacterium gregoryi  ATCC 43098" (D87970)
Natronococeus amylolyticus  ATCC 51971 T (D43628)

78 Natronococcus occulius  ATCC 431017 (228378)
Areh lobus fulgi
ATCC 495587 (Y00275)
2 16S rRNA
Fig.2 Used 168 rRNA sequence to construct
. hbor gomln Phylogenetlc trees
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Fig.4 The comparison of BR protein se > from helix C to helix G
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16SrDNA 16S rRNA 2.2 ABDH11 BR
ABDH11 401
Fig.3
AB1 BR CG Hb. halobium
R1IM1 BR CG
2.3 BR
ABDHI11 BR
ABDHI11 BR
BR
Hbt. salinarum BR
3 AB DHI1 BR E C
PCR P
Fig.3 The PCR products of some sequence R B
from Strains AB DH11 BR gene
1 DNA marker 2 reference strain RIM1 3 ABDHI1. Flg4
Kyte 8 9
Helix C Helix D Helix E Helix F
CcC _ E E C C
B P PP R R R R R R PP R
93 100 110 120 130 110 150 160 170 180
01: LLLDLALLVDADQGTILALVGADGIMIGTGLVGALT—————- KVYSYRFVWWATSTAAMLY ILYVLFFGFTSKAESMRPEVASTFKVLRNVTVVLWS
02: LLLDLALLAGANRNTIATLIGLDVFMIGTGAIAALS—————— STPGARTAWWAISTGALLTLPYILVGTLSENARSRAPEVASLFGRLRNLVIALWF
03: LLLDLSLLAGANRNTIATLIGLDVFMIGTGMIAAFA————-—— STPGTRIAWWAISTGALLALLYILVGTLSENARSQSPEVASLEGRLRNLI IVLWF
04: LLLDLSLLAGANRNTIATLIGLDVFMIGTGAIAALS————-—— STPGARTAWWAISTGALLTLLYVLVGTLSENARSRAPEVASLFGRLRNLVIALWF
05: LLLDLSLLAGANRNTIATLIGLDVFMIGTGAIAALS————— STPGARIAWWAISTGALLTLLYVLVGTLSENARSRAPEVASLFGRLRNLVIALWF
06: LLLDLSLLAGANRNTIATLIGLDVFMIGTGMIAAFA———-—— STTGTRIAWWAISTGALLALLYVLVGTLSENARSQSPEVASLEGRLRNLVIVLWF
07: LLLDLGLLAGANRNTIATLIGLDVFMIGTGMIAAFA————-—— ATPGTRIAWWGISTGALLALLYVLVGTLSKDARGQSPEVASLFGRLRNLVIVLWL
08: LLLDLGLLAGANRNTIATLIGLDVFMIGTGMIAAFA-————— ATPGTRIAWWGISTGALLALLYVLVGTLSKDARGQSPEVASLFGRLRNLVIVLWL
09: LLLDLSLLAGANRNTIATLIGLDVFMIGTGATAALS———~ STPGTRIAWWAISTGALLALLYVLVGTLSENARNRAPEVASLEGRLRNLVITALWF
10: LLLDLALLAKVDRVSIGTLVGVDALMIVTGLVGALS—~—— HTPLARYTWWLFSTICMIVVLYFLATSLRAAAKERGPEVASTENTLTALVLVLWT
11: LLLDLALLAKVDRVTIGTLVGVDALMIVTGLIGALS=——— HTATARYSWWLFSTICMIVVLYFLATSLRSAAKERGPEVASTENTLTALVLVLWT
12: LLLDLALLAKVDRVSIGTLIGVDALMIVTGLIGALS———— KTPLARYTWWLFSTIAFLFVLYYLLTSLRSAAAQRSEEVQSTENTLTALVAVLWT
13: LLLDLALLAKVDRVTIGTLIGVDALMIVTGLIGALS————— KTPLARYTWWLFSTIAFLFVLYYLLTSLRSAAAKRSEEVRSTENTLTALVAVLWT
14: LLLDLALLANADRTTIGTLIGVDALMIVTGLIGALS—————- HTPLARYTWWLFSTIAFLFVLYYLLTVLRSAAAELSEDVQTTENTLTALVAVLWT
15: LLYDLGLLAGADRNTITSLVSLDVLMIGTGLVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLSGRVADLPSDTRSTFKTLRNLVTVVWL
16: LLYDLGLLAGADRNTIYSLVSLDVLMIGTGVVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLSGRVANLPSDTRSTFKTLRNLVTVVWL
17: LLFDLGLLAGADRNTIASLVSLDVLMIGTGVVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFASLSGRVADLPSDTRSTFKTLRNLVTVVWL
18: LLYDLGLLAGADRNTITSLVSLDVLMIGTGLVATLSPGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLSGRVADLPSDTRSTFKTLRNLVTVVWL
19: LLYDLGLLAGADRNTIASLVSLDVLMIGTGLVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLSGRVADLPSDTRSTFKTLRNLVTVVWL
20: LLYDLGLLAGADRNTISSLVSLDVLMIGTGLVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLSGRVADLPSDTRSTFKTLRNLVTVVWL
21: LLYDLALLAGADRNTIYSLVGLDVLMIGTGALATLSAGSGVLPAGAERLVWWGISTGFLLVLLYFLFSNLTDRASELSGDLQSKFSTLRNLVLVLWL
LL DL LL I L D MITG R WW ST LY L F L W
Helix G
E E
RR R PR R B B Strains References
190 200 210 220
01: AYPVVWLIGSEG-AGIVPLNIETLLFMVLDVSAKVGFGLI  Halobacterium salinarum
02: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGFI ~ Strain AJ2
03: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGFI ~ Strain ABDH2 This work
04: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGLI ~ Strain AB4 This work
05: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGLI ~ Strain ABS This work
06: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGFI ~ Strain AB30 This work
07: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGLI Strain ABDHI1 2 This work
08: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGEGLI Strain ABDH34_8 This work
09: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGVI Haloterrigenasp. arg—1
10: AYPILWIIGTEG-AGVVGLGIETLLFMVLDVTAKVGFGFI Halorubrum sp. ausl, sp.sgl
11: AYPILWIIGTEG-AGVVGLGIETLLFMVLDVTAKVGFGFI Halorubrum sodomense
12: AYPILWIVGTEG-AGVVGLGVETLAFMVLDVTAKVGFGFA  Strain XZ515
13: AYPILWIVGTEG-AGVVGLGIETLAFMVLDVTAKVGFGFV ~ Halorubrum sp. aus2
14: AYPILWIIGTEG-AGVVGLGVETLAFMVLDVTAKV—-——  Strain mex
15: VYPVWWLIGTEG-IGLVGIGIETAGFMVIDLTAKV———— Strain port
16: VYPVWWLVGSEG-LGLVGIGIETAGFMVIDLVAKV—-——  Strain shark
17: VYPVWWLVGSEG-LGLVGIGIETAGFMVIDLVAKVGFGLI ~ Strain AJ4
18: VYPVWWLIGTEG-IGLVGIGIETAGFMVIDLTAKVGFGII Haloarcula argentinensis
19: VYPVWWLIGTEG-LGLVGIGIETAGFMVIDLTAKVGFGII  Haloarcula japonica
20: VYPVWWLVGTEG-IGLVGIGIETAGFMVIDLVAKVGFGII  Haloarcula vallismortis
21: VYPVLWLVGTEG-LGLVGLPIETAAFMVLDLTAKIGFGII  Halomicrobium mukohataei
YP W GEG G ET FM D AK
4 BR C G
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Fig.2 ABDH10 AB29
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4
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