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Abstract

We have determined the nucleotide sequence of the psa4B gene cluster from the filamentous cyanobacterium Anabaena
variabilis ATCC 29413. These genes encode the Photosystem I reaction center proteins, which are highly homologous to similar

proteins in other cyanobacteria and higher plants.
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PsaA and PsaB, encoded by the psa4 and psaB
genes, respectively, are large, membrane-spanning pro-
teins which bind most of the essential chlorophylls and
cofactors in the photosynthetic reaction center I com-
plex (PS I) (reviewed in [1]). This complex mediates
electron transport from plastocyanin to ferredoxin in
cyanobacteria, green algae and higher plants. In order
to study the structure and function of these proteins,
we chose the mesophilic, filamentous cyanobacterium
Anabaena variabilis ATCC 29413 as our experimental
organism because it can grow heterotrophically and be
manipulated genetically [2,3]. Using these features, we
and others have generated mutant strains of A4nabaena
29413 by inactivation of the psad and psaB genes [4,5].

We isolated the psaAB gene cluster from a AEMBL3
library of Anabaena 29413 DNA [S]. We then sub-
cloned restriction endonuclease fragments from the
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genes into pUC-based plasmid vectors [6]. Determina-
tion of their nucleotide sequence using the Sanger
dideoxynucleotide chain termination method revealed
the presence of two large open reading frames that
correspond to the psad and psaB genes, respectively.
A sequence identical to the bacterial Pribnow box lies
128 nucleotides upstream of the psaAd coding region
(TATAAT, underlined in Fig. 1). Both psa4 and psaB
are preceded by potential ribosome binding sites (AG-
GAGG and AGAGG, underlined in Fig. 1). Down-
stream of psaB, there is a potential hairpin-forming
sequence similar to sequences found in similar posi-
tions in the genomes of the cyanobacteria Synechocys-
tis sp. PCC 6803, Synechococcus sp. PCC 7002, and
Synechococcus vulcanus [7-9]: it may serve as a tran-
scription terminator [8].

We found no additional genes in this putative tran-
script. No open reading frame (ORF) is located in the
intergenic spacer of 122 nucleotides, although an ORF
is located in the spacer of Synechococcus 7002 [8]. An
OREF (beginning at nucleotide 4940) lies downstream of
the potential transcript-terminating hairpin sequence.
The 3’ end of this OREF lies past the end of the region
sequenced in this study.

We predicted that the psad and psaB genes encode
proteins of 752 amino acids (83.2 kDa) and 741 amino
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acids (83.4 kDa), respectively (Fig. 1). However, native rium Synechococcus sp. [11] and the higher plant Nico-

PsaB does not retain its initiating methionine [10]. tiana [12], and many variant amino acids are conserva-
Overall, these proteins are > 78% identical to the tive replacements (Fig. 2). An iron-sulfur center bind-
corresponding proteins of the thermophilic cyanobacte- ing domain (Cys residues 575 and 584 of PsaA; 566 and

1 AATATTCTGGCTATTTTGAATTATTGTTAAAATGTGTCCAACAAAGTACAAGTAAAGACTTTATAATTCAACAGAAACAAATTTCCACAT
91 AGCGCTTTCATCGCTGCTCCAGCCACACTCTGGAGAAAGCGACTAAGTATCACTTTGTGGTTTCATGATTCCTCATTCCTTATCACCAGA
181 GGAGGTCGAATGACAATTAGTCCTCCGGAGCGAGAGGAAAAGAAAGCAAGAGTAATCGTCGATAAAGATCCGGTTCCCACCTCATTTGAA
1 M T I s P P E R EE K K ARV I VD EKDUPV P T S F E
271 AAATGGGCGCAGCCAGGACACTTCGACAGAACTCTCGCTAGAGGTCCAAAAACCACCACATGGATTTGGAACCTCCACGCTCTCGCCCAC
28 K W A Q P GHUF DRTULARGUPIE KTTTW I WNTILUHATLAH
361 GATTTTGATACACATACAAGCGATTTAGAAGACATCTCCCGCAAARATATTTGCGGCGCACTTCGGCCACCTGGCAGTTGTGACAATTTGG
5% D F D THTSDULETDTISR RIKTITFARAMHTPFGHTLA AV VTIW
451 TTGAGCGGGATGATTTTCCACGGCGCGAAGTTTTCTAACTACGAAGCCTGGTTAAGTGACCCGTTGAACGTGAGACCCAGTGCTCAAGTC
88 L S G M I F HGA KPF S NYEAWLSDUPIULNUVR RUZPSAQV
541 GTTTGGCCCATTGTTGGACAAGACATATTGAATGGTGATGTCGGTGGTGCGATTCCACGGTATTCAGATCACCTCAGGCTTGTTCCAAGTA
118 v w P I V G ¢ D I L N G D V G G G F HG I ¢ I T § G L F Q V
631 TGGCGTGGCTGGGGTATCACCAACTCCTTCCAGCTTTACTGCACAGCTATTGGCGGCTTGGTATTAGCGGGCTTGTTCCTATTTGCCGGC
148 W R G W G I T N &8 F ¢ L Y ¢ T A I G G L V L A G L F L F A G
721 TGGTTCCACTATCACAAACGCGCTCCCAAACTGGAATGGTTCCAGAATGTGGAGTCGATGTTGAACCACCACCTACAAGTCTTGCTAGGC
178 W F H Y H K R A P XK L E W F Q NV E SM L NUHHTILIGQV L L G
811 TGCGGTTCCTTAGGATGGGCTGGACACTTAATTCACGTCTCCGCACCAATCAACAAGCTTTTGGATGCAGGGGTTGCAGTTAAAGATATC
2060 C G §S L G W A G HUL I HV S AP INIEKILTILDAGUV AV K DI
901 CCCTTGCCTCACGAGTTCATCCTCAACAAGAGCGTTTTGATTGACCTGTTCCCCGECTTTGCTGCTGGTTTAACACCTTTCTTCACCTTG
238 P L PH EF I L NX SV L I DULVF P GF AAGLTU®PF F T L
991 AATTGGGGTCAGTACGCTGACTTCTTAACCTTCAAGGGCGGTTTAAACCCTGTAACCGGTGGTCTGTGGCTGACTGATATTTCTCATCAC
268 N W G Q Y A D F L T F K G G L NPV TG G L WL T D I § H H
1081 CACTTGGCGATCGCTGTATTGTTCATCATTGCAGGACACCAATACCGCACTAACTGGGGTATCGGTCACAGCATCAAAGAAATTCTAGAG
29¢ H L A I A V L F I I A G H Q Y R T NW G I G H S I K E I L E
1171 AACCACAAAGGCCCCTTCACAGGTGAAGGCCACAAAGGTCTCTACGAAAACCTGACCACATCTTGGCACGCTCAATTGGCAACAAACCTT
328 N H K 6 P F T G EGH K GGL Y ENILTT S WHAQULATN L
1261 GCCTTTTTGGGTTCCTTGACCATCATCATCGCGCACCATATGTACGCGATGCCTCCCTACCCATACTTAGCAACTGACTACGCAACACAG
38 A F L 6 § L. T I I I A H H M Y A M P P Y P Y L A T D Y A T Q
1351 TTGTGTATCTTCACCCACCACATCTGGATCGGCGGATTCCTCATCGTCGGTGGCGCTGCTCACGCAGCAATATTTATGGTGCGGGACTALC
388 L ¢ I F T H H I W I G G F L I V G G A A H A A I F MV R DY
1441 GATCCTGTCGTTAACCAAAACAACGTATTGGATCGGGTGATTCGTCACAGAGATGCAATTATTTCCCACCTGAACTGGGTTTGTATCTTC
418 D P V V N Q N N V L D R V I R H R DA I I S H L NW V C I F
1531 CTTGGCTTCCACAGCTTTGGTTTATACATCCACAACGACACAATGCGTGCCTTGGGTCGTCCCCAAGATATGTTCTCCGACACAGCAATT
448 L G F H 8§ F 6 L Y I B NDTMU®RALUGR RPOQDMEF s DTAI
1621 CAGTTGCAGCCGGTATTTGCTCAGTGGGTACAAAACCTGCATACCCTAGCTCCTGGTGGCACTGCACCAAACGCTTTAGAACCTGTTAGC
478 Q L Q P V F A Q W V Q N L H T UL AP GG TAUPNATLE P V S8
1711 TACGCCTTTGGCGGTGGTGTACTGGCTGTAGGTGGCAAGGTCGCAATGATGCCTATCGCATTAGGTACAGCCGACTTCTTGATCCACCAC
08 Y A F G G GV L AV GG KV AMMEPTIALGTADTF L I HH
1801 ATCCACGCCTTCACCATTCACGTAACAGTTCTGATTCTGTTGAAAGGTGTATTGTTCGCCCGCAGCTCTCGTCTGATTCCAGACARAGCG
53 I H A F T I HV TV L I L L K GV L F A RS SR LI P DK A
1891 AACTTGGGCTTCCGCTTCCCTTGCGATGGTCCCGGTCGTGGTGGTACTTGTCAAGTATCCGGTTGGGATCACGTATTCCTCGGATTATTC
68 N L G F R F P C D G P G R G G T CQ V S 66 W D HVF L G L F
1981 TGGATGTACAACTCCCTATCAATTGTAATTTTCCACTTCAGCTGGAAAATGCAGTCTGATGTCTGGGGAACAGTAGACGCAGCAGGTAAT
598 w M Y N § L § I Vv I F H F 8§ W K M Q § D V W & T V D A A G N
2071 GTGTCTCACATCACTGGTGGTAACTTTGCCCAAAGTGCCATCACAATCAACGGCTGGTTGCGTGATTTCTTGTGGGCGCAAGCTTCTCAA
628 VvV S H I T G 6 N F A Q S A I T I N G W L R D F L W A O A 5 0
2161 GTAATCAACTCCTACGGAAGTGCGTTGTCCGCTTATGGACTAATGTTCTTGGGCGCTCACTTTGTATGGGCATTCAGCTTAATGTTCCTS
654 v I N S Y G S A L S A Y G L M F L GA HF V WA VF s L M F L
2251 TTCAGTGGTCGTGGCTACTGGCAAGAATTAATTGAGTCCATTGTTTGGGCGCATAATAAACTGAAGGTAGCTCCTGCAATCCAACCCCGL
688 F S G R G Y W Q E L I E 8§ I V W A H N K L K V A P A I Q P R
2341 GCTCTGAGCATTACTCAAGGTCGTGCTGTTGGTGTAGCTCACTACCTCCTGGGAGGAATTGCTACAACCTGGGCATTCTTCCACGCACAL
718 A L § I T @ G R A V GV A H Y L L G G I A T T WA F F H A H
2431 ATACTTTCGGTAGGCTAGCAATTAGTTATAAAGAGTACTGAGTATTGAGTGCTGAGTACTGGGTAATAACAGGACTTAGGACTCAAAACT
748 I L § V G *

2521 CAGAACTCTGGAATCTGAAACCTGATGGCTAAAGGTCAGAGGAAATATCAATGGCAACAAAATTTCCAAAATTTAGCCAGGATCTAGCAC
1 M A T K F P K F s Q D L A
2611 AGGACCCAACTACCCGTCGCATTTGGTATGCGATGGCTATGGGCAACGACTTTGAAAGCCACGATGGCATGACCGAAGAAAATCTTTAL”
140 D P T TR R I WY A MAMGNDT FE S HDGMTE E N L Y
2701 AAAAGATTTTCGCTACTCACTTCGGTCACCTGGCAATCATTTTCTTATGGGCTTCTAGCCTCCTGTTCCATGTAGCCTGGCAAGGTAACT
44 Q K I F A T H F G H L A I I F L w A S 8 L L F H V a W Q0 G N
2791 TTGAACAGTGGATTAAAGATCCTCTACACGTCCGCCCAATTGCTCACGCGATTTGGGACCCCCACTTCGGTAAACCAGCTATTGAAGCTT
74 F E Q w I K D P L HV R P I AHATIWDPHF G K P A 1 E A
2881 TTACCCAAGCTGGTGCTAACGGCCCAGTAAACATTGCTTACTCTGGTGTTTACCACTGGTGGTACACCATCGGTATGCGGACAAACACCG
104 F T QO A G A NG P V N I A Y S G V Y HW WY TTI GMU®RTNT

Fig. 1. Nucleotide and deduced amino acid sequences of the psad (nucleotides 190-2448) and psaB (nucleotides 2571-4796) genes of Anabaena
29413 (Genbank accession number 1.26326). The partial sequence of the downstream ORF is shown (nucleotide 4940-5139). Nucleotides are
numbered starting at the upstream Sspl site. The Pribnow (TATA) box and potential ribosome binding sites are underlined; a potential
hairpin-forming sequence is indicated by arrows.
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2971 AACTATATACAGGTTCAGTCTTCCTGTTGTTGTTCGCGTCCTTGTTCTTGTTTGCTGGTTGGTTGCATTTACAACCCAAGTTCCGTCCTA
134 E L Y T G 8 V F L L L F A SLVPF L F A GWILHTULGQUPI KFRP
3061 GCCTAGCTTGGTTTAAGAGTGCTGAATCTCGTCTGAACCACCACTTAGCAGGTTTGTTCGGCGTTAGCTCTCTAGCTTGGGCCGGTCACT
164 s L A W F K 8§ A E S R L NHHULAGULUFGUV S S L A W A G H
3151 TGATTCACGTTGCTATCCCCGAATCTCGCGGACAGCACGTAGGTTGGGATAACTTCTTAACCACAGCGCCCCACCCAGCAGGCTTACAAC
194 L I H VvV A I P E S R G Q HV G WDNZFLTTAU®PUHUPAG L Q
3241 CCTTCTTCACAGGCAACTGGGGTGTTTACGCTCAAAACCCTGATACAGCAGGTCACATTTTCAGTACCTCTCAAGGTTCTGGTACAGCAA
224P F F T G N W G V Y A Q NP DTAGHTIV F STS QG S G T A
3331 TTCTGACCTTTTTGGGTGGTTTCCATCCTCAAACAGAATCCCTGTGGTTGACAGACATAGCTCATCACCACTTGGCGATCGCTGTACTAT
241 L T F L GGFHUPOQTESILWILTUDTIAUHUHEHTLATIA AUV L
3421 TCATTGTTGCTGGTCATATGTACCGTACCAACTTCGGTATTGGTCACAGCATCAAAGAAATGATGAATGCCAAAACTTTCTTTGGCAAAC
28 F I V AG HM Y RTNV F G I GH S I K EMMNDNAIKTFTF G K
3511 CTGTTGAAGGTCCCTTCAATATGCCTCACCAAGGCATTTATGACACCTACAACAACTCTCTGCACTTCCAATTAGGTTGGCACCTAGCTT
34 P V EG P FNMUZPHGQGTI Y DT YNNSTILHT F QUL G WH L A
3601 GTTTGGGTGTTGTTACCTCTTGGGTGGCGCAGCATATGTACTCTCTGCCTTCCTACGCATTCATTGCTAAGGACTACACAACACAGGCAG
344C L G V VT S WV A Q HMY S L P S Y AFTIAIKDYTT QA
3691 CACTGTACACCCACCACCAATACATAGCCATTTTCTTAATGGTTGGTGCTTTTGCTCACGGTGCTATCTTCTTAGTCCGTGACTACGATC
374 A L Y T H H Q Y I A 1 F L MV GAF aAaHGATIVFULUVRDYD
3781 CTGAACAAAACAAAGGTAACGTGCTTGAGCGTGTGCTACAGCACAAAGAAGCGATTATCTCCCACCTCAGCTGGGTATCGCTATTCTTAG
404 P E Q N K G N VL E R V L QH K EA I I S HUL S WV S L F L
3871 GCTTCCACACCTTAGGCTTATACGTCCACAACGACGTAGTAGTTGCTTTCGGAACACCTGAAAAGCAAATCTTGATTGAGCCAGTATTTG
434 G F H T L 6 L Y V H N D V V V A F G T P E K Q I L I E P V F
3961 CTCAGTTCATTCAAGCTGCTCACGGTAAGGTACTCTACGGCTTAGATACATTGCTGTCTAACCCCGATAGCGTTGCCTACACAGCCTATC
464 A Q F I Q A A H G K V L ¥ 6L DT L L S NP D S V A Y T A Y
4051 CTAACTACGCCAACGTTTGGCTACCAGGCTGGTTAGATGCCATTAACTCTGGTACTAACTCCCTGTTCTTAACAATTGGCCCTGGCGACT
44 A N V W L P G W L D P NY A I NS G TN S L F L T I G P G D
4141 TCTTGGTACACCATGCGATCGCCTTAGGTCTGCACACCACCACCCTCATCCTAGTCAAAGGTGCTTTGGATGCTCGTGGTTCCAAGCTGA
52 F L. V H H A I AL GULUHTTTTULI L V K GAULUDA ARG S K L
4231 TGCCGGATAAAAAGGACTTCGGCTATGCCTTCCCTTGCGACGGTCCAGGCCGTGGCGGTACTTGCGACATCTCCGCTTGGGACTCCTTCT
554 M P D K K D F 6 Y A F P CDGUZPGU®RGGTT CUDTI S A WD S F
4321 ACCTATCTTTATTCTGGGCGTTAAATACAGTAGGTTGGGTAACATTCTACTGGCACTGGAAACATTTAGGTATTTGGCAAGGTAACGTTG
564 Y L §$ L F W A L NT V G W V T F Y W HWKUHIULGTI W QG NV
4411 CTCAGTTCAACGAAAATTCCACCTACCTCATGGGCTGGTTCCGTGACTACCTCTGGGCTAACTCTGCTCAGTTGATCAACGGTTACAACC
614 A 0 F N E NS T Y L M G W F R DY L W AN S A QL I NG Y N
4501 CCTACGGTGTGAACAACCTGTCTGTCTGGGCGTGGATGTTCCTCTTCGGACACCTAGTTTGGGCTACTGGCTTCATGTTCCTCATCTCCT
644 P Y G V N N L § V W A WM F L F G H L V WA TG F M F L I §
4591 GGAGAGGTTACTGGCAAGAGTTGATCGAAACCCTAGTTTGGGCGCACGAACGTACTCCTATCGCTAACCTAATTCGCTGGAAAGACAAGT
674 W R G Y W Q E L I E T L V W A H E R T P I A N L I R W K D K
4681 CAGTTGCTCTCTCCATCGTTCAAGCTCGTGTAGTTGGTCTAGCTCACTTCACCGTCGGCTATGTCCTCACCTACGCAGCCTTCCTCATCG
74P V AL S I V QA RV V G L AHT FTV G Y V L T Y a A F L I
4771 CCTCCACTGCTGGTAAGTTCGGTTGATCTGGCTGCTAGTTTTGTAGGTAATTAAAAAAATCCCCTGCCCCAAGGTGGGGGTCATTTTTTT
7342 S T A G K F G * e > Cmmmmm e mm e
4861 AACTGATACACAATTGAGTGTGCTAAAAAATATACTAAACATTATCAAAGTATTTCAAATATTTTGGAGTAATTATTTGATGCCCAATTT
4951 ATCTGATAAAGAATTAATAGAACAATTACATAGAACTTGGGTTCAATTCTTAATTAATAGTGAACGAAAAGACTGCGCAGCAATTATGAT
5041 TGATGCTGAATTGTCATTTGACTATGAATGGGATGAATACTATTCACGTAATTATATTTCAGGATTGCTTATATTCCTTCCGTTTAACTT

5131 GATGTTGAC

Fig. 1 (continued).

575 of PsaB) is especially conserved among all the
organisms. This domain is also conserved in the photo-
synthetic reaction center proteins of the anaerobic
bacteria Chlorobium and Heliobacterium [reviewed in
13], even though overall homology between PsaA /PsaB
and these proteins is low.

Based on hydropathy analysis, we found that PsaA
and PsaB of Anabaena 29413 each contain eleven
hydrophobic a-helices (data not shown). The eleven
predicted membrane helices of PsaA and PsaB contain
32 and 27 histidine residues, respectively, which can
serve as ligands to chlorophyll. These are insufficient
to ligate the ~ 100 chlorophylls associated with Photo-
system 1 [10]. However, the eleven helices contain
asparagine and glutamine residues which may also
serve as ligands to chlorophyll. The inclusion of these
residues yields a total of 85 possible chlorophyll lig-
ands.

Small regions of PsaA and PsaB differ significantly
among organisms. First, the Anabaena 29413 PsaA
protein contains two histidine residues (745 and 747) in
a potential membrane-spanning helix not found in other
PsaA proteins. Second, all sequences from thermo-
philic cyanobacteria, represented here by Synechococ-
cus sp., contain a variable region including an insertion
of four amino acids around residues 256-259 of the
Anabaena 29413 PsaA protein (Fig. 2). Third, An-
abaena 29413 shares two domains of PsaB with
thermophilic cyanobacteria that are absent from other
mesophilic cyanobacteria and higher plants (residues
308-324 and 493-498; Fig. 2).

This work was supported by a grant (GM41841)
from the National Institutes of Health to H.B.P. K.S.
was partially supported by a short term fellowship from
the Human Frontier Science Program.
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Fig. 2. Comparison of the deduced amino acid sequences of the PsaA and PsaB proteins from 4nabaena 29413 with those from the thermophilic
cyanobacterium Synechococcus sp. [11] and the higher plant Nicotiana [12]). For the latter two sequences, only residues differing from the
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PsaA
1 30 40 50 60 70 80 30 160
Anabaena MTISPPEREEKKARVIVDKDPVPTSFEKWAQPGHF DRTLARGPK TTTWIWNLHALAHDFDTHTSDLEDI SRK JFAAHFGHLAVVTIWLSGMIFHGAKFSN
Synechococcus -V V N K Q S F Y
Nicotiana I RS PV ---IL R K E R S I K D D S E Vv S Q SIIFL ke 3

110 120 130 140 150 160 170 180 190 200 210
YEAWLSDPLNVRPSAQVVWPIVGODI LNGDVGGGFHGI QI TSGLFQVWRGWGI TNSFOLYCTAIGGLVLAGLFLFAGWFHYHKRAPK LEWFONVESMLNHHLOVLLGCGSLGWAG
A TGIK G L AS E MM A LA

THIG E R F I AS SEL A FAM A A D AG LS

220 230 240 250 260 270 280 290 3e0 310 320
HLIHVSAPINKLLDAGVAVKDI PLPHEFILNKSVLIDLFP- - -~GFAAGLTPFFTLNWGQYADFLTFKGGLNPVTGGLWLTDI SHHHIATAVLE I JIAGHOYRTNWGIGHSIKEIL
Q L A P LMAE Y KVDW FS VI F AA S N S TA M L
[0 L QF N DP E RDL 2Q ¥ ----S E A SK R D A I L M GL D

330 340 350 360 370 380 390 400 410 420 430 440
ENHKGPFTGEGHKGLYENLITSWHAOLATNLAELGSLTLI I AHHMYAMPPY PYLATDYATOLCIFTHHIWI GGFLIVGGAAHAAIFMVR DYDPVVNONNVLDRVIRHRDALLSHL

A A \Y I MM S VQ P SL M v AM L

A Q I SL M "4 S G SL M A TTRY DL L

450 460 470 480 490 500 510 520 530 540 550
NWVCIFLGFHSFGLYIHNDTRALGRPQDMFSDTAIQLQPVFAQWVQONLH TLAPGGTAPNALEPVSYAFGGG-VLAVGGKVAMMPIALGTADFLIHHIHAFTIHVIVLILLKGVL
v F G AATA V -DV A MV
A S I TA A G TAST LTW DLV LL P v A

560 570 580 590 600 610 620 630 640 650 660 670
FARSSRLIPDKANLGFRFPCDGPGRGGTCQVSGWDHVELGLEFWMYNSLSIVIFHFSWKMQSDVWGTVDAAGNVSHITGGNFAQSAI TINGWLRDF LWAQASQVINSYGSALSAYG
CIvV APD T G
T A AT V SsSpQVT S 0 S

680 690 700 710 720 730 740 750
LMEL%HBMAESLMELESSRGYWQELIESIVWAHNKLKVAPAIQPRALSITQGRA&MAHXLL&GIAIMHAHILSVG

1 LRI
F T I T LR A

PsaB

10 20 30 40 50 60 70 80 90 100 110
MATKFPKFSQDLAQDPTTRRIWYAMAMGNDFESHDGMTEENLYQKIFATHFGHLAIL IFLWASSLLFHVAWOGNFEQWI KDPLHVR PTAHAIWDPHFGKPATEAFTQAGANGPVN T
I aH S vV GS VQ VNT Q A VD SN D
LR R G FGI TAH DI R N S Q T GN SVQ L Q Vv RG L

120 130 140 150 160 170 180 190 210 220 230
AYSGVYHWWYTIGMRTNTELYTGSVELLLFASLELEAGWLHLOPKFR PSLAWFKSAESRW&LAWESRGQWGWDNFLTTAPH PAGLOPFFTGNW
GD Q AI IiL A s N S M A
Q L ED AL  FLSAIS I WK VS N S T Vv A EY R N DVL Q GL Q

240 250 260 270 280 290 300 310 320 330 340
GVYAQNPDTAGHIFSTSQGSGTAILTFLGGFH PQ’I‘ESLWLTDIAHWMX‘RTNFGIGHS IKEMMNAK TFFGK PVEGPFNMPHOGI YDMSLHEQLQEH_LAC_L
SVGA A Q D D TK
NL SSSLGA A L Q FI L M DLLD HIPP GRLGR----G K L I LA S

350 360 370 380 390 400 410 420 430 440 450 460
GYVTSWVAQHMY SLPSYAF IMDWWVRDYDPEQWGWERWQWWDWMTPEKQI LIE

I L P QH M D

I L A QF G IT FI N D AME A ML

470 480 490 500 510 520 530 540 550 560 570
PVFAQFIQAAHGKVLYGLDTLLSNPDSVAYTAY PNYANVWLPGWLDAINSGTNSLFLTIGEGDELVHHAIALGLHTTTLI LVKGALDARGSKLMPDKKDFGYAFPCDGPGRGGTC
L F IS W G
I W S TS FV STSGP FN ---GRSI N V ENS S

580 590 600 610 620 630 640 650 660 670 680 690
DISAWDWLGIWQGNVAQFN'ENSTYLNEWFRDYLWANSAQLINGYNPYGVNNLMMMELEMWRGYWQELIETLVWAHE
AM M I s L L s F T
A AV M I ITL s s L L S PMS A
700 710 720 730 740
RTPIANLIRWKDKPVALSIVQARWLIXAAELIAS_’I‘AQKPG
L Vv s I
L R L S IF s

Anabaena 29413 sequence are indicated. Potential membrane-spanning a-helices are underlined.
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