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Analysis of Partial Sequence of the Gene for A Novel Br Protein
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Abstract; A strain of halophilic archaeum ABI1 was isolated and purified from Aibi Lake located in the north of Xin-
jiang Uygur Autonomous Region, Partial DNA fragment encoding a bateriorhodopsin ( Br) protein as well as 168
rRNA of ABI was amplified by PCR, and their nucleotide sequences were determined subsequently. On the basis of
homology and phylognetic analysis about 16S rRNA gene (16S rDNA), it could be speculated that the strain ABl is
a novel member of the genus Narronococcus. The hydrophathy analysis of Br fragment revealed that the AB1 Br had
a transmembrane heptahelical structure similar 1o that of other Brs, On the other hand. homology alignment using
the deduced partial amino acid sequence of Br protein of AB1 with other Br proteins showed that AB1 Br protein is
obviously different to others. These facts indicated that the Br in halophilic archaeum ABI is a new Br protein,
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MTHH ABLHW Br EEHiE C 28IEGME
AR SE A B JF R B 8 69 H b i vk A8 R Br 2 6
R A st1T T K ZEBA 7 .
1 MRFIIT
1.1 #H ¥

Bk ABl sy B B X, EREKNR
Hualobacterium halobium RIM1. 8 B k¥4 &
Bl S KE R AN,
1.2 SEMEsF

PR B AR AR I A R SR L BT
T .250g NaCl, 20g MgSO, + TH.O,3g ¥r & M 4.
2g KCI, 0.2g CaCl., 10g # & & B8 B (1.37),
pH7. 0. MZ&1E/KZE 1L, BIREEREMIAE 208,

TRAEASEERERE AR EW M
B IARRE SR 2 P 5 VKRR S U5 JR U0 = B RO B
b kBEERCBMBIBAEERES 3TCRR
R Td. EUHMBRA TR &R E W &4
. HZRGRETE.
1.3 EFEALE DNA BIRE

DNA {2ER &5 WICHRL3],
1.4 PCR 1§

FRYE TR 4,5 R B A E A 16S 1DNA F 31, fF
f DNASTAR # {4 it — 3 514, IE @ A 5'-AT-
TCCGGTTGATCCTGC-3', & [ # 5-AGGAG-
GTGATCCAGCCGCAG-3', PCR R W % 4+ K
S0l RN IR ZR 30 B P ; B PE.94C, 45s51R K
50C,45s; . 72°C, 1min,

% Otomo™ F LBt — X @ H 514, IE W5 ¥
% 5'-CCGCTG (CT) TG (CT) TG (CT) T (AC)
GACCTCG-3', R M5 #H 5 -AGGATGA (GA)
(CG)CCGAA(CG)CCGACCTT-3', PCR R M %
44 :50p L AR 30 MEFF; B E:94C,455; 18
K :60°C,45s; FEA#.72°C , Imin,
1.5 DNA FIpELMNE

PCR =¥ HE# T/A SMERH#HI1TE, ¥
ZH B, EER K pUCH T L, BT K
P8 IM109 Eidk, £ & B FEE (AMP KPR
4Kt ki B B, 4 PCR MY BIE S . FEHLIR
3APHMETRREDIF
1.6 RELZERMNKERE

BB bk AB1 B9 16S tDNA %) 5 M GenBank

BEFED KBS HBEE 16S rDNA FIl. % H
Clustalwl. 8 #4117 2 F HI IR ECHES e 8L
WERD i cREA ., H PHYLIP BFEATH
DNAdist 87 it B L &, B Kimura S $”
FR BRI HBEITEEEE E. AR HH
Neighbor-joining 77 8: . it T R A H LW HE ., &5
¥ E S PHYLIP 8% & 4 ) Segboot. Con-
sense £ 441 E B Hh 1000,
1.7 #HEEF 5 S (Accession number)

Btk ABI 11 16S rDNA JF5|#1 br X EH F3| 2
% b 3] GenBank %15 B F I 54E FE 4 . £ T 17 31
B0 % AY277581 F1 AY279547, H b K EH Bk
R R B RS Sk 1,

F1 WELEHBEAKRE br ZEM 16S rDNA
FIMBIEE SRS
Table 1 Halobacterial strains and accession numbers of

genes encoding bacteriorhodopsins and 16S rDNA
YIEP R

: . br® 16S rDNAP
species and classify
Hualoarcula argentinensis D31880 D50849
japonica AB029320  D28872(p)¢
vallismortis D31882 T17593
Hulomicrobium  mukohataer 576743 D50850
Halobacerium salinarum M11720 M38280
Halorubrum sodomense D50848 X82169
sp. aus-1 J05165 D32081
sp. aus-2 556354 D32082
sp. SG1 X70291 NDe
Haloterrigena sp. arg-4 AB009620 ABN09624
turkmenica NDr ABD01878
thermotolerans ND- AF115478
Natronococcus occultus NDe 728378
amylolyticus NDs D13628
Miscellaneous strain Mex D11056(p)© NDe
strain Port D11057¢(p)© NDe
strain Shark D11058¢(p)* ND#
strain XZ515 AF306937 NDe

a:GenBank (&% & br B 51 % b5 ; b: GenBank ¥4 E & 168
rDNA FHIZRS . ND, KR#E ; (P) 54 751

a:Accession number of br gene sequence for electronic retrieval
from GenBank database;b: Accession number of 16S rDNA sequence
for electronic retrieval from GenBank database; c: ND. not deter-

mined; (p), partial sequence,

2 & R

2.1 FEXLEAEEE bk ABL By 16S rDNA R HIFN &
GERESW

X518 ¥ A% ABL, 15 Bl 1469 DA,
H 16S rDNA B o kB RE 1, WIFEREH
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ABI # 16S rDNA 53| 5 H i © 4R i Bk 69 16S
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B 1 EHk ABI 165 rDNA F 3| PCR =43 12 @
1 DONA Marker; 2, 2 FEE#k RIMI:3; ABI,
Fig. 1  Agarose gel electrophoresis of PCR

amplification of AB1 165 rDNA sequence

The produets were separated on a 2, 0% (w: v} Agarose gel,

lanel: DNA marker. lane?. R1MI1. lane 3. AB1,

HT 16S rDNA FHIMEREHE S LB RS %
BEA A2, MK EATRIERL L A rchaeoglobus
flugidus FRIFEE MR G R EF LM A1) 6
T8 BBk ABL 5 Nie. occultus il Ntc. amylyti-
cus FUAHE—A A B

Hithermotolorans

Hitwrkmerivea Haloweerigena
Hl'..'-l.l.«'l.l].!'*-l E—
Nee.amylolyiious

-"n‘fl'.lll ‘I"Hl‘l‘)(.\ .\I‘i’fl"-‘"l HORCETAS

43
AR —
g5 | Hbsalinarum —— Halobacerium
10 1 Har.argentinensis  ——
](I{) Hfl'r-”'l{h--'lﬂu'l lrll'.'- ’{ﬂh.’h‘l’l"-’l IIIJ
— Harjaponiea |
100 ‘
Hrsmudahetaet — Halomerahium
74 [Hrsp.ans-| -
100 Hr, sodomense Halorsihrum
Hr.sp.ans-2 e
L lrehaenglobis
(.1 fhugiduy  IDUlEmIR)

2 IR4E 165r DNA 3R MR BER B R G R TR
Fig. 2 Phylogenetic tree of extremely halophilic
archaea on the basis of 165 rDNA sequences
The tree was constructed using the NI method with bootstrap
values calculated from 1000 trees, The number at each
branch point represents the percentage hootstap

support. Bar. 0. 1 sequence divergence,

2.2 WEETLEWEHRABL B br EEHSEY

FA— X 1R JF 51 0 1 B ABLL 143 401 /i
3 FCFE P UK I 4 B I 3, R B4 B 9 ABL
B BrEH CC HESYRBE ¥ Hb. halobium

RIMI # Br EH CGC FEREAHE R,

hp | 2 3
TN
6010
S0

400

300

200

3 H¥ AB1 br ZEB S F 5 PCR =i 18 &
1. DNA Marker: 2 8 [F 8 RIM1:3; AB1,
Fig.3 Agarose gel electrophoresis of PCR
amplification of AB1 partial gene sequences br
The products for separated on a 4. 0% {w/v} Agarose

gel, lanel ;DNA marker. laneZ;RI1M1, laned: AB1,

2.3 BANEEBrEAFIHE
B4 Bk kR S EERF I A LR, &
B E B Bk ABY #l Halobacterium halobiwm

25
: I ﬁmﬁa\
= 0 y BR
L U vV
f [ 4

=25 | I 1 al
100 150 200 250
.‘;E‘llllf'[l('{“ Illﬂlll)r‘r

25
i
S IRILTARE
?_:; I') u l.f \/fnv | L \l“
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I
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Sequence number

4 BHRIMIA ABL H BrEHASER
91~223 HERMIFEAIEY
R Kyte f1 Dollivtlel™ 3k 9 4> 5% 86 i % B 6] 5
Yig. 4 Hydropathic profile from amino acid residue 91 to 223
of Halobacteriuni halobium RIMI Br (a) and AB1 Br (b).
The profile is calculated according to Kyte and

1

Doolittlel™ with span setting of b,
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RIMI #) Br CG R BEAEW XM FAEEE.
2.4 EREEEBrEARFILE

B 5 kgl E il ABl SHM AR E® Br & HMCHOERE KA Br EE PR,

0l

a3
04:
: PLILLDLALLAKVORV LI GTLVGVDALMIVTGLL I GAL
i PLLLLDLALLAKVDRYSIGTLIGVDALMI VTGLLGA
- PLLLLDLALLAKVDRVTIGTLIGVDALMIVTGLIGA]
© PLLLEDLALLANADRTT LG TLTGVDALMIVIGLIGALS
© PLLLYDBLGLLAGADRNTITSLVSLOVIMIGTGLVATLSAGLSGVL
+ PLLLYDLGLLAGADRNTIYSLVSLDVEMIGTGVVATLSAGSGV]
o PLLLYDLGLLAGADRNT I TSI

Helis € Helivn D Helix I lelix |
(S L | 4 ¢
B PP R R R R R R P R
9l 100 110 12 130 140 150 160 17 184
PLLLLDIALLYDADQUT L LALVY ’\DhlVII(;T L\(:AI T—--——- KYYSYRIFVAWA [STAAMLY LLYVLFI GETSKAESMRPPEVASTF l\\’LR\‘v TVVLWY
© PLLELDLGLEAGANRNT TATLITGLDVEMIGTGM I AALA=———-= ATPGTR TAWKG IS TGALLALLYYLVGTLSENARSQSPEVASLI GRLRNI VI VLW,

PLLLLDLSLLAGANRNTFATLIGLDVIMIGT GATAALYS

=== NTPETRIAWWA T STCA LLALLYVIVGT ESENARNRAPEVASLIGR LRMVIA LW
PLLLLDLALLAKVDRVSTGTIVGYDALMIVTGLVOALS

=TI ARYTWWI | STLOMTVALYE TATS IRAAMKERGT LVASTENTLTALV [VIWT
—===HIATARYSWWLES LI CMIVVIYPLATSLRSAAKERGPEVASTENTLTALVEVIW]
—==KTPLARYTYW S TIACLE VEYYLLTS 1SSAAAQRSEE QS 1 NTLTAL VAVL]
- -KIPLARYTWWLESTIAFLEVLYYLLETSLRSAAAKR /RSTENTLTALVAVEWT
———=HIPLARYTWWLI'S T TAILIVE YYILLTVIRSAAAE] QTTINTILTAL VAV W]
AGAERLVWWG ISTAFLLVLLYFL RVADLPSDTRSTEKTLRNM VTVYHL
AERI VWWGISTAFLLVLLYFL SRVANLPSDTRSTFKTLRNLVTVVHL
RIYWWG IS TAFLLVLLYULI SRYADLPSDIRSTIK TTLRNLYTVV W

SLDVIMIGIGLYATLSPGSGY]

: PLLLYBLGLLAGADRNTIASLYSLDVIMIGTGLVATL.SAGSGV] NVWWGISTAFLLVILYFL SRVADLPSDTRSTFKTLRNLVTVVH].
+ PLLLYDL.GLLAGADRN'T ISSLVSLDVLMLG IGLVATLSAGSGVLSAGAERLVWWG [STAFLLVELYFLESSLSGRVADLPSDIRSTEK TLRNLVTVVHL
: PLLLYDLALLAGADRNTIYSLVGLDYIMIGTGALATLSAGSGYLPAGAERLVWWGISTGELLYLLYTL H\I TDRASELSGDI Q\KFST] RNLVLYI “l,
PLLL DL LL 1 L D M T6 R Wk %1 LY | I
llelix G
E
PR R B B Strams Reterences
190 200 210 220
< AYPVVKLIGSEG AGIVPLNTETLLEWIDVSAKVGIECL]  Halobacterium salinarum Dutin et al. (198])
© LYPVYWITGTEGTIGILPEYWETAARMYI DI SAKVGIGE T Strain ABL [his work
: LYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGEGVE Htl/ﬂll’rrlg(’nu sp.arg-4 Lhari et al. (1999)
04: AYPILWITGTEG-AGVVGLGIETLEFMYLDYTAKYGFGEY  Helorubrum sp.auslsp.sgl : : . (1993)
: AYPILWIIGTEG-AGVVGLGIETLIFMYLOVTAKVGIGFL  Halorwbrum sodomense Thara ¢t al. (1999)
3: AYPILWIVGTEG-AGVVGLGYETLAFMVLDVTAKVGFGIA  Strain XZ515 Wang et al.  (2000)
T AYPILWIVGTEG-AGYVOLG LE [LAFMVLDVIAKVOEGEY  Halorubrum sp.aus2 Legaki et al. (1991)
© AYPTYW1IGTEG-AGVVOLGVETLAMVLDVIAKY -—-—- Sirain mex Dmao e al. (1992)
T VYPVWWLIGTEG-IGLYGIGIETAGFMVIDLTAKY---—  Sirain port OQuoao et al. (1992)
© VYPYWWLVGSEG-T.GI VOIGIETAGIMVIDIVAKY-----  Sirain shark Otmao ot at, (1942)

. VYPYWRLIGTEG- IGLVGIGIETAGFMVIDLTAKVGEG LY Huloarcula urgentinensis Tateno vt al. (1894)
DOYYPVWRLITGTEG=LGLVGTG TETAGEMV DL TAKVORG LT Huloarcula jeponica Yatsunami oo al. (2000)
VYPVWWLVGTEG-IGLVGIGIETAGIMVIDIVAKVGEG UL Haloareula vallismortis Kitajima ct al. (1996)

o VYPYLWLVGTEG-LGT VGLPICTAARMYIDUTAKIGUGTL  Halomicrobium mukohataei Sugivama et al. (1994)
¥PoOwW G EG 6 ET TV D AK

5 BPEAHBRKECEREGCHEAERATILLE

73 B MR R B8R H. salinarum Br B AR R BN B BRI E 1 C 5551388 BN AL A
PERSRTEEMANEERRE REFZSURBEAHLNEEMRE BERNETEARUAMS A REAXNEERERE.

Gaps (denoted as-) were introduced into sequences to optimize alighments.

Fig. 5 Alignment of known Br sequences from various halophilic archaea

BB MFF . &k Br EOZ E HHEMEE
BRI FR2, FIIHKEREXI ABI M Br ERYS

Numbering of residues corresponds to Hb. halobium (salina-

rum) Br. Black lines above the sequences indicate the transmembrane helices (helix C to G) based on the three-dimensional structure of

Hb. salinarum Br-""1. E and C above black cylinders indicate extracellular and cytoplasmic sides. respectively. Amino acid residues in pro-

ton channel are marked as P, and amino acid residues contacting retinal are marked as R. Amino acid residues which line both the retinal bind-

ing pocket and proton channel are marked as B. Consensus sequences among 15 bacteriorhodopsins are shown at the bottom of the sequences.

®2 BrEARRKILER
Table 2 Homology indices between bacteriorhodopsins

HHEHRRHS PR E 2 (% Similarity of sequence)

{Number and Scientific name) 1 2 3 bt 5 6 7 8 9 10 11 12 13 14
1. Halobacterium salinarum 55 55 57 58 53 55 51 47 47 50 50 50 50
2. Strain AB1 63 90 52 53 54 55 51 51 50 53 54 53 56
3. Haloterrigena sp. arg-4 63 89 53 54 54 55 51 50 50 53 53 53 56
1. Halorubrum sp. ausl &. sp. sgl 61 62 62 95 84 84 78 49 16 52 52 50 53
5. Halarubrum sodomense 60 62 62 91 83 84 78 49 16 52 52 50 a4
6. Strain XZ515 59 61 60 82 83 96 87 16 44 18 18 18 52
7. Halorubrum sp, aus2 60 62 61 83 83 95 87 48 17 50 50 50 52
8. Strain mex 60 61 61 81 83 89 88 50 47 48 18 17 52
9. Strain pork 58 62 61 59 59 59 60 62 94 95 91 94 75
10. Strain shark 56 59 58 57 58 58 59 60 85 90 92 94 75
11. Haloarculu urgentinensis 58 61 60 58 59 58 59 60 96 84 97 97 78
12. Haloarcula japonica 59 62 60 61 60 60 61 63 94 87 91 87 79
13. Haloarcula vallismortis 57 61 60 59 61 60 60 61 88 90 89 89 78
11. Halomicrobium mukohatuer 58 65 63 62 63 61 61 683 75 73 75 76 75

AR EFERT B ERFAMEMMET AL, SARTHERT br ZHEFFEMLEET S,

Note:Percentage of similarity of the Br proteins (above the diagonal) and br genes (below the diagonal) is show,
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38 FEHEE . —TFM Br EAEXEAETR > FINE X2 H 347
. A um RIM1 H) Br CG BB BRI R KHEEE (E
3 47 1w

ArRirgdb W AEE N — TR (EBERERDH 15 A
B0 LA HEESABREIT BrEA.
T oA W % Halobacterium. Haloarcula,
M Halomicrobi-
um-"" PR 90 AL ATTHEASTR B Bk 47 B8
HARMEARTEDRONEBE S ES RN
3. Haloarcula J& i) M % 4T & (archeaerhodop-
sin, Ar) . Halorubrum [+ F W % 41 i Ccruxrho-
dopsin. Cr) . Haloterrigena & ) 18 H ¥ ¥ % 41 fik
(deltarhodopsin,Dr) #1 Halobacterium /& &) Br, Bf
EXRER N ERENGRN, SRR ES B Z A
7283l FIAN B Ak arg-2" 2T 16S (RNA 2 ¥ 5
MR B HE® N Haloarcula mukohataei -1, B
MEHRATESMRERRIR, OB K32 H
Halomicrobium mukohataei-* . B Ar.Br.Cr
Dr Z 25 REMA L. e B XL HRFE R 5%
A Bl

WA 1 0 B8 4 AR HE BT IR 4y JE B R 2 (W]
BHEBRT I E RS K E ¥ 54— B, 16S rDNA
3 ) 3 5 % F BB B R R RV AE R Ak 4
RBAERIEFHF R, A 16S 1DNA MM R
SZREWEFE 2, BHK ABL 5 Nic. occultus il
Ntc.amylyticus S 7E[R] — 2 RE o, 77 51 [6] B2 44 47 B
A 94. 6200 95. 44 74, 5 HARE R 7 5 R R KT
93% . —MIhH,16S tDNA FF 3R B MK T 98% .,
ATLAGA A B T AR B, BN T 9300 ~9504 . /]
LUARBFARBYS, Fik, ARK X & WA
16S rDNA JF 51 [ J84 f BE 70 47 . B #k ABL & Na-
tronococcus & F—H A .

SRS LA EEKZAL.Br HEA N wE R
HEZ )R 1) 72 S LS B & L (B T8 C Mige G
PRI S B AR X R SF . B 0, 4%k Har, argen-
tinensts Fl Har, japonica Z 8], Bk XZ515 F1 Hr.
sp. aus-2 Z 1AM Br HEA CG F B W #x 3)
9SUU E(GR 2, [HEM ABL ) Br HA CG F B
SCe#HEMN Br EAMAMITIZRAE .5 Hb. sp.
arg-4 {f) Br EERT I MUERS . H 0%, M5
HARBEKN Br BB 827 9 AR LE &K T 60%,
UBIEY ABL AL EA R — 1 HEM Br &
M. B ABL #1& ¥ Halobacterium halobi-

Halorubrum, Haloterrigena

4, R ABl P ABKEARSEW I 52 IREM
Br EEELL, BABEEN «BIELEH .

BEEKRY BrEA C-G FBRME HE ST
AKU(E D e EEHEERBE. R T MI45
HhER L X ORSF L UGB 1 e H E R R B AT T 4 +F Br
EHEMBEMEZENE. EARM0 BrEAT .44
M CIS BT /) Met R# Leu 3 Phe ¥, Br
) A T 225k M145F (Met145 # % ¥ %5 Phe) B 35T
RSO Metlds 2 FEEENRSUERTH
KHHR ERE RAMNHBEAELZ T 13 LR
B TP BB R R O 10nm () 35 8 {8 % 68 b7 it
MEBE R WEARM Br RRFHOIDBERAE
Ul’fﬂ:”]o

AU ERNEERREFETEML.Br E
HASHEFREM M EAERZREWIEYRT A
5), Bt L A& #EEFH D212,M &S BHETH
ffL N E204, LA K& O A5 MM A1 B 4B F 119 D96
B A XR <F U X e S BRI O & U Br BT
BB EEASTRINEMER -, EHEKMN Br
EHT.E166 &k D66 MBS IEH Lk, x4
B EWERE L& 50%, X5 Glu # Asp #1k
FE BT N FR/AMEBIE R, W T170 &4
B R Bk ABL1 #1 Hb. sp. arg-4. @i 4 R A
{k T170C MEA5TRA . Thr RE T EERH R K
SV T D96 B pKa. MR W BT T 538 . 7B
ABI M Br EAYF, Leu X¥ T Thr. T HNE R
BREFUHFE M LA —THER. EHK ABL 11
Br EEHEMR T170 £ F 1581 E MG 8.

FAXTRRHE N B MR E MR T . S &% Br EA
PIEHE MR Z A i S B R E T R K (E
5). HHH 6 N EKKN Br EHEI DAMBIRE X
BlLIEAT 6 NRMBIHEERERE, Bk ABl
Hb. sp. arg-4 ) Br EAAIENE F MBI G 2 [E#
AT T, AR BREAZERETHELR
TERA.X5BRNEAERELZHNS SR FER.
MR EARGWA R LT EBESMI K FH AT
REEAMS T HE AR E B, X5 5B
FHE X F RN ELE L.

B E RN RAE K EFFO5 . W LAWE EH
W)oK A FETE M RERR 1, RS W E Br B
HC-G REFY), XBBA—Fp PRk 2 # Br
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