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Partial Sequence of the Gene for a New BR Protein, and Nucleotide Sequence
of 16S rRNA Encoding Gene from a Halophilic Archaeum AJ4

XU Xue-wei’ , WU Min"*, RUAN Hong" , HONG Jie”’ , HUANG Wei-da”
(" College of Life Sciences, Zhejiang University, Hangzhou 310027, China; ® College of Life Sciences, Fudan University , Shanghai 200433, China)

Abstract In order to study the species and bacteriorhodopsin ( BR) protein resource from Ayakekum Lake in
the Altun Mountain National Nature Reserve Region of Xinjiang, a strain of halophilic archaeum AJ4 was
isolated . 165 rRNA encoding gene and a part of the gene coding for a BR protein from AJ4 were amplified by
PCR, and the nucleotide sequences were determined. The analysis of BR protein fragment showed that those
amino acid residues in BR, essential for proton pumping and binding to retinal, are conserved. The results
also indicated that the amino acid residues at the cytoplasmic side of membrane are more conserved than those
at the external side. On the basis of homology analysis about BR gene and 16S rDNA as well as phylogenetic
analysis about 16S rDNA, it was speculated that the strain AJ4 was a new member of the genus Haloarcula .

Se, a convenient and rapid method for screening a new BR protein from a new halophilic archaeum was
established . ‘ .
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AfBRYXRMMM FEFEEMRANED, HEME
HERFHIHTU AR ECHE FEERENEH
INREM B ST B4R M 16 A BR B4 b i B R G B
FEAFHEERERAEERR A THRNE GEERF
B MEME £t SN BB EE MO
B AN L 60 FEREKANTAEEEE & B
BRLUE ,BREB AAAREEANEENHEER
z—.

A E M EBRZ A ,BR EEAM N mEE
RAFNKFHER LR R, BERE C fiE G
W, BEE KT EEERREEE, AT el 85 Ak i3]
Y, #TPCREN . FHEAX—FBE BRET2E
HAM NWE 1~90 {7 #5EME C A 5T S
) 221 ~ 248 RES BEEE T BRI EES W by
STHRFREENSHEZL, BRI —FHE
MEH FRALRFRIERSEAGEREE
=94 e

RINEFHFBEBHRXHF/RELERQRBET XM
FrREAB P IEALT 38 bRt th B E 20% ~
25% B PEEL B 3@ a3 A F 16S fRNA H [H (16S rDNA)
FOHIT T RERE AW, EEHL D AJ Bk ¥
HBREHHSEIE CZ8EGCHERRTHE, F
FHEEEARMELM BR BEA#T T EEMAEL
SH

1 HEmAx

1.1
BBR AJ4 22 BT B B /R 4 L B I F 58 B KO, X
BEBEMR N Halobacterium halobium RIM1, & H K2
ERHREERFEREHBRER.
1.2 S BEHMESF
BMAOEMEEEFRAREIERRE RN,
250 g NaCl, 20 g MgSO, - 7TH,0, 3 g ¥ MR 9,2 ¢
KCl, 0.2 g CaCl,, 10 g HE EH M (L37),pH 7.0,/
AMKE 1 L EKEEIREMBIE 20 ¢.
THAASEEFRERT, FROBREFERM
PR SESR A, KB LD B R R S B B I B iR
EEFED, KBEHBEROBMBIBEEFRE S,
JTCARKRGHER 1. EUYMBRAER.ERE
RIKG, HERBHE.
1.3 EHFEEE DNA FER
DNA $RE 55 WICHk (4],
1.4 PCR ¥ 1%
RYECHK[5,6] 1R #9241 16S rDNA 31, &

FH DNASTAR 8% it—Xt5|8),IEM A 5-ATTCC
GGTTGATCCTGGY ,XMHN5-AGGAGGTGA
TCCAGCCGCAG3' . PCR X &0 50 pl [ A&
F30 MEH; ZE P 94C,45 5538 K :500C, 45s; 3
{41.:729C,1 min.

# Otomo” F ¥t — X BTV W AEIEC E
e G HERRWME ISP, EmFI¥H 5'-CCG
CTG(CT)TG(CT)TG(CT)T(AC)GACCTCG
3 REEIHS-AGGATGA(GA)(CG)CCGAA
(CG)CCGACCTT3 .PCR R &A% 4 :50 pl ][
k% 30 B3R ;A1 :94C,45 53538 K :60C ,45 55
{8 :72C,1 min.

1.5 DNA ¥t

PCR /= ¥ 3% & £ FiBL pUCm-T L, ¥ 1L K5 #F
W, & F AR, REUTOBLIF I F .

1.6 RERERNME

¥ E Bk AJ4 B9 16S (DNA 731 5 M GenBank ¥
WEP KB EEE 165 DNA F 5, X
Clustalwl .8 KR H#HIT B FHI R EHF, Kb’ K
MR D AP HEICEES. A PHYLIP BF &P
DNAdist #2 FF it R #E{L BE 29 , iR 4 “Kimura WS E" H
KOGENFIIRE B EREER, R )5 @ A Neighbor-
joining J5 ¥ ,HTRGHMUMER EHXHEEN
PHYLIP B FEFH Seqboot . Consense BESH, &
B ¥ H 1000.

1.7 BEEFI S (Accession number)

Bk AJ4 ) 16S DNA J¥ 31 B £ JUTE GenBank
BHBRFIBEE S, HFRS 2500 AY208973 f
AY279550 HEM X E M I EHF R S [
Table 1.
Table 1  Halobacterial strains and accession numbers of genes

encoding bacteriorhodopsins and 165 rDNA

Scientific name BR 16 S IDNA  Reference
Haloarcula argentinensis D31880 D50849 8&9
vallismortis D31882 U17593 10&11
Halobacerium salinarum M11720 M38280 12&13
sp. arg-4 ABOO09620 AB009624 14
sp. AUS-1 JO5165 D32081 15&14
sp. AUS-2 556354 D32082 16&14
sp. SG1 X70291 ND 17
Halomicrobium mukohataei 576743 D50850 18&9
Halorubrum sodomense D50848 X82169 14&19
Miscellaneous strain Mex D11056(p) ND 7
strain port D11057(p) ND 7
strain shark D11058(p) ND 7
ND, not determined; (p), partial sequence
s e B b bBEE R B T T L
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B VAR % oE WA B AJa b BR B AR ER 4 BURD 165 (RNA 2B 51 87 51 57
AJA
2 /R 607 0.1
2.1 Eﬂaiﬁqﬁq}ﬁ AJ4 m 16S rDNA F-‘F'yu 1000 [ Ha.argentinensis
Fﬁ—‘i“fgl %#igﬁﬁ AJ‘L?%@J 1472 /I‘W% 7E Ha.vallismortis
165 rDNA F7 51 B 3k B WL Fig. 1. 30 7 25 R R EH AJ4 1Y
16S DNA FF 515 2 ¥ B 1R 8 B % 19 16S (DNA FF 5 523 tm.
SN, JE B B RS UK 2 A —
bp
3000 Hb.salinarum
2000
1500 Hb.sp. AUS -1
1200 903
lggé 1000 |- Hr.sodomense
800
700
600 Hb.sp. AUS -2
500
Archaeaglob
Slugidus

Fig.1 Agarose gel electrophoresis of PCR amplification of AJ4 165
1DNA

The products were separated on a 2.0% (W/V) agarose gel.

1: DNA marker; 2: RIM1; 3: AJ4

2.2 BaHEHRPLOH AW BRERBSHFE
F3

A3t H51 WY E %k AJ4, 13 3] 416 B
X, BRERBS A B 5 HEKER Fig.2. 5514
Br# 8l AJ4 W BR EH CC R BR S W % Hb.
halobium RIM1 W) BR EH CC FEEAFHABER .

bp 1 2 3

Fig.2  Agarose gel electrophoresis of PCR amplification of AJ4
pantial gene BR

The products were separated on a 4.0% (W/V) agarose gel.

1: DNA marker;2: R1MI1; 3: AJ4

23 BBEHEENRESKLES

PRt BB ERARELT EW L Fig.3. A
W LA LLE B, B Archaeoglobus flugidus VE Ky 4b Fh
B BERELXTUENEA DM Ha Hm Hb K Hr 4
™45 B, B % Al4 5 Ha. argentinensis 1 Ha.
vallismortis [ 53F TE— 3.
2.4 WEHEEHE BR EARFHLILR

Fig.3 Phylogenetic tree based on the nucleotide sequences of 163
rDNA from nine halobacterial strains where the 16S rDNA sequences
from Archaeoglobus flugidus was used as an outgroup

The numbers at each node are clustering probabilities generated by
bootstrap resampling 1000 times, as estimated by the NJ-tree.

The scale bar indicates the 0.1 evolutionary distance unit

Fig.4a A hAE A4 SHEAREH% BR B
FEMEHE, B BREANRBHEERNT
Table 2.

3 itig

1977 &, Woese F Fox i LA 16S rDNA 5 51| i
THEREYR T 3R . ERE AELEMHEY
K EXHEH 220 ZFERN, EETEBEHIEBR
BRI TREHERE, B BRTNIE, B H A B R —
ANFHOBEELER) 15 1B .50 JLA RN AR
BRI SR BN Y RARTFRF N
RELXBE¥0WH—2,165 DNA R ALK
AR EOMRAFMER I LXBEAER Y
BIFXME N 16S DNA B EA KA BN LE, &
¥k Al4 5 Ha .vallismortis & Ha . argentinensis 4} 1E [
—RKBEP, IR B SR N 98.69% 1 99.329% .
— A ,16S DNA 5 5 R VR R F 98% , °f LAk
HETARM, MEENT 93% ~95% , 7 LAk K
BTAFE. F, N &R % KB ## 16S tDNA 751
[FIURE A/ BE 4, B % AJ4 B Haloarcula B F — 4~
PR . AJ4 SPARE 5 B H) Ha. argentinensis )4
It X BT 99.32%, th WL BA T W 3h 4 &
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Helix C Helix D Helix E
C C E E C
#ER = # $$$$#2mRi =z RAHRRHE R##  HE$ESSSSSENN LUHRUHRRE R## # #ag #
100 120 140 160
Hb. sp.arg-4 : PLLLLDLSLLAGANRNTIATLIGLDVFMIGTGAIAALS———— STPGTRIAWWATSTGALLALLYVLVGTLS
Ha. argent inensis : PLLLYDLGLLAGADRNTITSLVSLDVLMIGTGLVATLSPGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLS
strain port . PLLLYDLGLLAGADRNTITSLVSLDVLMIGTGLYATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLS
Ha. vallismortis : PLLLYDLGLLAGADRNTISSLVSLDVLMIGTGLVATLSAGSGVLSAGARRLVWWGISTAFLLVLLYFLFSSLS
AJ4 : PLI.LFDLGLLAGADRNTIASLVSLDVLMIGTGVVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFASLS
strain shark : PLI.LYDLGLLAGADRNTIYSLVSLDVLMIGTGVVATLSAGSGVLSAGAERLVWWGISTAFLLVLLYFLFSSLS
Hm. mikohatael : PLLLYDLALLAGADRNT1YSLVGLDVLMIGTGALATLSAGSGVLPAGAERLVWWGISTGFLLVLLYFLFSNLT
Hb. sal inarum : PLLLLDLALLVDADQGTILALVGADGIMIGTGLVGALT—-——- KVYSYRFVEWATSTAAMLYILYVLFRGFT
Hb. sp.AUS-1 : PLLLLDLALLAKVDRVSIGTLVGVDALMIVTGLVGALS—————- HTPLARYTWWLFSTICMIVVLYFLATSLR
Hb. sp.SG1 : PLLLLDLALLAKVDRVSIGTLVGVDALMIVTGLVGALS————-~HTPLARYTWWLFSTICMIVVLYFLATSLR
Hr. sodomense : PLLLLDLALLAKVDRVTIGTLVGVDALMIVTGLIGALS—————-] HTATARYSWWLFSTICMIVVLYFLATSLR
Hb. sp.AUS-2 1 PLILILDLALLAKVDRVTIGTL IGVDALMIVTGLIGALS————-— KTPLARYTWWLFSTIAFLFVLYYLLTSLR
strain mex : PLLLLDLALLANADRTTIGTLYGVDALMIVTGLIGALS-—-——-- HTPLARYTWWLFSTIAFLFVLYYLLTVLR
PLILL DI LL I 1. D MITG L R WW ST LY L
Helix F Helix G
( E E
$3SSSS3I8888S  #n =3z =zHRHHRRH Ret # $$$85$ ## H#8#  HHURHH R#y ##
180 200 220
Hb. sp.arg-4 : ENARNRAPEVASLFGRLRNLV I ALWFLYPVVWILGTEGTFGILPLYWETAAFMVLDLSAKVGFGVI
Ha. argentinensis : GRVADLPSDTRSTFKTLRNLVTVVWLVYPVWWLIGTEG-IGLVGIGIETAGFMVIDLTAKVGFGIT
strain port : GRVADLPSDTRSTFKTLRNLVIVVWLVYPVWWLIGTEG-IGLVGIGIETAGFMVIDLTAKV————
Ha. vallismortis : GRVADLPSDTRSTFKTLRNLVTVVWLVYPVWWLVGTEG-IGLVGIGIETAGFMVIDLVAKVGFGII
AJ4 1 GRVADLPSDTRSTFKTLRNLV IVVWLVYPVWWLVGSEG-LGLVGIGIETAGFMVIDLVAKVGFGLI
strain shark $ GRVANLPSDTRSTFKTLRNLYTVVWLVYPVWWLVGSEG-LGLVGIGIETAGFMVIDLVAKV————-
Hm. mtkohatael . DRASEL.SGDLQSKFSTI.RNLVL.VLWLVYPVLWLVGTEG-LGLVGLPTETAAFMVLDLTAKIGFGII
Hb. salinarum 1 SKAESMRPEVASTFKVLRNVTVVLWSAYPVVWLIGSEG-AGIVPLNIETLLFMVLDVSAKVGFGLI
Hb. sp.AUS-1 : AAAKERGPEVASTFENTLTALVL.VLWTAYPILWIIGTEG-AGVVGLGIETLLFMVLDVTAKVGFGFI
Hb. sp.SG1 : AAAKERGPEVASTENTLTALVL.VLWTAYPILWIIGTEG-AGVVGLGIETLLFMVLDVTAKVGFGFI
Hr. sodomense 1 SAAKERGPEVASTFNTLTALVI.VLWTAYPILWI IGTEG-AGVVGLGIETLLFMVLDVTAKVGFGF1
Hb. sp.AUS-2 : SAAAKRSEEVRSTRNTLTALVAVLWTAYPILWIVGTEG-AGVVGLG IETLAPMVLDVTAKVGFGFV
strain mex SAAAELSEDVQTTRNTLTALVAVLWTAYPILWIIGTEG-AGVVGLGVETLAFMVLDVTAKV~————
F L V¥ YP W GEG G ET FMV D AK
Fig.4 The aligned amino acid sequence of 13 bacteriorhodopsins
Gaps ( denoted as -) were introduced into sequences to optimize alignments. Black bold lines above the sequences indicate the
transmembrane helices (helix C to G) bhased on the three-dimensional structure of Ha . salinarum BR. E and C above hlack bold lines
indicate extracellular and cytoplasmic sides, respectively. Deduced hydrophilic regions are marked as $ . Amino acid residues facing lipids
in transmembrane helices are marked as # , and amino acid residues contacting retinal are marked as R. Consensus sequences among 13
bacteriorhodopsins are shown at the bottom of the sequences
Table 2 The percentage of identical amino acid residues between any two bacteriothodopsins of 13 halophilic archaea
Lo Identical amino acid residues between any two bacteriorhodopsins( % )
Number and Scientific name
2 3 4 5 6 7 8 9 10 1t 12 13
1. Hb.sp.arg-4 53.6 50.7 53.6 53.6 50.7 57.2 53.6 51.4 51.4 52.2 53.6 50.0
2. Ha . argentinensis 95.7 97.1 92.8 90.6 78.3 50.7 52.2 52.2 52.2 50.7 48.6
3. Strain port 94.2 90.6 91.3 75.4 47.8 49.3 49.3 49.3 48.6 48.6
4. Ha . vallismortis 95.0 92.8 79.0 50.0 50.7 50.7 50.7 50.7 47.1
5.Strain AJ4 93.5 76.9 50.7 49.3 49.3 49.3 49.3  45.7
6. Strain shark 76.1 47.1 46.4 46.4 46.4 47.1 45.7
7. Hm . mukohataei 50.7 53.6 53.6 54.3 52.9 522
8. Hb. salinarum 55.1 55.1 55.8 529 49.3
9. Hb.sp.AUS-1 100.0 91.3 81.2 74.6
10. Hb . sp.SG1 91.3 81.2 74.6
11. Hr. sodomense 81.2 74.6
12. Hb.sp.AUS-2 83.3

13 Strain mex
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W% BN AR AT BREAZBEIS BT 165 (RNA EEFHHIR 59

16S rDNA Fr 5 4k B9 LR <P 1

578 16S (DNA 73 4R <FHEAR I, K BR
EARFTMNAE R ELE K ARYE Table 2, S EHKZ
[ # BR & H C-G A W Fr 5 A U M 45.7% %I
100% A% . P @k AJ4 5 Ha. vallismortis X Ha .
argentinensis ] BR & 22 ¥ SUAR U153 3 4 95.0%
f192.8% ,F B3 AJA & Haloarculea B T H B K. M
Hb .sp.SG1 5 Hb .sp.AUS-1 B C-G H EXHI U &5
100% , LB X Bk RER R — P, i T Hb.
sp.SG1 #J 16S tDNA ¥ 5| KA, At id FJE#H — P K
LR .

¥R B BR EA C-G B E LS (Fig.
4)T] A% B, % B0 Henderson'™ P [ iR it H9 LA B Bk
Hb .salinarum W BREA A EMEBT MR FEER
PN TRERRFEDERXBENEERRENR
THRBESORANPWERERRE WETUXRE
4 04 M 5% & 193, D115, M118. G122, W138,
S141.W182.Y185, P186. W189 K216 1 D212; & I}
W, B F HEZRIE N FR B F219.1100.1L99 & D96;
B A M, BT F B BOE B N9 BR 2. F208. T205 )
E204,7E BREAF X EREH A LR TH. K
RBEE NEREBRIEZHMFIERER. KPR
EDMBMEEEZRE, A 6 THEK OBRINFIEN
AJA, D HEAT 6 TR EERRE; BIEF A
YENE G Z 8], B4k Hb .sp.arg4 AT — T .Mtk
AT I, A6 T RSN B 7 5 He A7 T B P B R B 3R A
P EHRLR X5 BN FF 5w F s ES
AxX.

X} 38 PR EL B A o0 B LA R BRI B Bk A4 B9 5
REMRERZV - FENM RS UBREWESHE
FEMNELEAYMH TR EAHFEMNRERRE. B
B, EERXERPABE4TBEAAAEAEBREAY,
4r %) £ : Halobacterium, Haloarcula, Halorubrum X
Halomicrobium A WK RA R FHHR, T LA
BE R S KA, AR B RS Y,
JE BRERA C-G HBFH, X B B — oo
EREHBREAMFELRNAEN L BB K
B BRER C-C HEFIERGEE, 2848 F X
PR EFSNM BB BR R BR B A 25, I A F
HTFFRMBHAR L, XRBINTY - EHROT
fE.
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