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Abstract 

We have determined the nucleotide sequence of the psaAB 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 psaA 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 Anabaena 
29413 by inactivation of the psaA and psaB genes [4,5]. 

We isolated the psaAB gene cluster from a AEMBL3 
library of Anabaena 29413 DNA [5]. 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 psaA and psaB genes, respectively. 
A sequence identical to the bacterial Pribnow box lies 
128 nucleotides upstream of the psaA coding region 
(TATAAT, underlined in Fig. 1). Both psaA and psaB 
are preceded by potential ribosome binding sites (AG- 
G A G G  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- 
t/s 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 
O RF  (beginning at nucleotide 4940) lies downstream of 
the potential transcript-terminating hairpin sequence. 
The 3' end of this ORF lies past the end of the region 
sequenced in this study. 

We predicted that the psaA 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 
PsaB does not retain its initiating methionine [10]. 
Overall, these proteins are > 78% identical to the 
corresponding proteins of the thermophilic cyanobacte- 

rium Synechococcus sp. [11] and the higher plant Nico- 
tiana [12], and many variant amino acids are conserva- 
tive replacements (Fig. 2). An iron-sulfur center bind- 
ing domain (Cys residues 575 and 584 of PsaA; 566 and 

1 ~TATTCTGGCTATT~G~TTATTGTTAA~TGTGTCC~CAAAGTAC~GTAAAGACTTTAT~TTC~CAG~ACA~TTTCCACAT 

91 AGCGCTTTCATCGCTGCTCCAGCCACACTCTGGAGAAAGCGACT~GTATCACTTTGTGGTT~ATGA~CCTCATTCCTTATCACCAGA 

181 GGAGGTCGAATGAC~AGTCCT~CGGAGCGAGAGG~G~AGC~GAGT~TCGTCGATA~GATCCGGTTCCCACCTCATTTGAA 

1 M T I S P P E R E E K K A R V I V D K D P V P T S F E  
271 AAA~GGCGCAGCCAGGACAC~CGACAG~CTCTCGCTAGAGGTCCAAAAACCACCACATGGATTTGG~CCTCCACGC~TCGCCCAC 
2 8 K W A Q P G H F D R T L A R G P K T T T W I W N L H A L A H  

361 GAT~TGATACACATA~GC~T~A~GACAT~TCCCGCAAAATATT~CGG~ACTTCGGC~AC~TGGCAGTTGTGA~T~GG 
5 8 D F D T H T S D L E D I S R K I F A A H F G H L A V V T I W  

451 TTGAGCGG~TGATTTTCCAC~CGCG~GTTTT~T~CTACG~GCCTGGTT~G~ACCCGTTG~CGTGAGACCCAGTG~TC~GTC 
8 8 L S G M I F H G A K F S N Y E A W L S D P L N V R P S A Q V  

541 GTT~GCCCATTGTT~AC~CATA~G~T~TGATGTCGG~GTGGATTCCACGGTAT~AGATCACCTCAGGCTT~TCC~GTA 
I I 8 V W P I V G Q D I L N G D V G G G F H G I Q I T S G L F Q V  
631 TGGCGTGGC~GGGTATCACC~CTCC~CCAGCTTTACTGCACAGCTATTGGCGGCTTGGTATTAGCGGGCTTGTTCCTATTTGCCGGC 
1 4 8 W R G W G I T N S F Q L Y C T A I G G L V L A G L F L F A G  
721 TGG~CCACTATCACAAACGCGCTCCCAAACTGGAATGG~CCAG~TGT~AGTCGATGTTG~CCACCACCTACAAGTCTTGCTAGGC 
1 7 8 W F H Y H K R A P K L E W F Q N V E S M L N H H L Q V L L G  
811 TGCGGTTCC~AGGATGGGCTGGACACTTAATTCACGTCTCCGCACCAATCAAC~GCTTTTGGATGCAGGGGTTGCAGTTAAA~ATATC 
2 0 8 C G S L G W A G H L I H V S A P I N K L L D A G V A V K D I  
901 CCC~GCCTCACGAG~CATCCTC~C~GAGCGTTTTGATTGACCTGTTCCCCGGCTTTGCTGCTGG~T~CACCTTTCTTCACCTTG 
2 3 8 P L P H E F I L N K S V L I D L F P G F A A G L T P F F T L  
991 ~TTGGGGTCAGTACGCTGAC~CTT~CCTTC~GGGCGGTTT~CCCTGT~CCGGTGGTCTGTGGCTGACTGATATTTCTCATCAC 
2 6 8 N W G Q Y A D F L T F K G G L N P V T G G L W L T D I S H H  
1081 CAC~CGATCGCTGTATTG~CATCATTGCA~ACACC~TACCGCACT~CTGGGGTATCGGTCACAGCATCA~GAAATTCTAGAG 
2 9 8 H L A I A V L F I I A G H Q Y R T N W G I G H S I K E I L E  

1171 AACCACAAA~CCCC~CACA~TGAAGGCCAC~AGGTCTCTACGAAAACCTGACCACATC~GGCACGCTC~TTGGC~C~ACCTT 
3 2 8 N H K G P F T G E G H K G L Y E N L T T S W H A Q L A T N L  

1261 GCC~TTTGGGTTCC~GACCATCATCATCGCGCACCATATGTACGCGATGCCTCCcTACCCATACTTAGCAACTGACTACGCAACACAG 
3 5 8 A F L G S 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 TTGTGTATCTTCACCCACCACATCTGGATCGGCGGATTCCTCATCGTCGGTGGCGCTGCTCACGCAGC~TATTTATGGTGCGGGACTAC 
3 8 8 L C I F T H H I W I G G F L I V G G A A H A A I F M V R D Y  

1441 GATCCTGTCGTT~CC~C~CGTATTGGATCGGGTGATTCGTCACAGAGATGC~TTATTTCCCACCTGAACTGGGTTTGTATCTTC 
4 1 8 D P V V N Q N N V L D R V I R H R D A I I S H L N W V C I F  

1531 CTT~CTTCCACAGC~TGGT~ATACATCCAC~CGACAC~TGCGTGCCTTGGG~GTCCCC~GATATGTTCTCCGACACAGC~TT 
4 4 8 L G F H S F G L Y I H N D T M R A L G R P Q D M F S D T A I  

1621 CAG~GCAGCCGGTA~TGCTCAGTGGGTACAA~CTGCATACCCTAGCT~CTGGTGGCACTGCACCAAACG~TAGAACCTGTTAGC 
4 7 8 Q L Q P V F A Q W V Q N L H T L A P G G T A P N A L E P V S  

1711 TAC~CTTT~CGGTGGTGTACTGGCTGTAGGTGGCAAGGTCGC~TGAT~CTATCGCATTAGGTACAGCCGACTT~TTGATCCACCAC 
5 0 8 Y A F G G G V L A V G G K V A M M P I A L G T A D F L I H H  

1801 ATCCACGCC~CACCATTCACGTAACAGTTCTGATTCTGTTGAAAGGTGTATTGTTCGCCCGCAGCTCTCGTCTGATTCCAGACAAAGCG 
5 3 8 1 H A F T I H V T V L I L L K G V L F A R S S R L I P D K A  

1891 AAC~GGGC~CCGC~CCCTTGCGATGGTCCCGGTCGTGGTGGTACTTGTC~GTATCCGGTTGGGATCACGTATTCCTCGGATTATTC 
5 6 8 N L G F R F P C D G P G R G G T C Q V S G W D H V F L G L F  

1981 TGGATGTAC~CTCCCTATC~TTGTAATTTTCCACTTCAGCTGGAAAATGCAGTCTGATGTCTGGGG~CAGTAGACGCAGCAGGTAAT 
5 9 8 W M Y N S L S I V I F H F S W K M Q S D V W G T V D A A G N  

2071 GTGTCTCACATCACTGGTGGT~CTTTGCCCAAAGTGCCATCAC~TCAACGGCTQGTTGCGTGATTTCTTGTGGGCGCAAGCTTCTC~A 
6 2 8 V S H I T G G N F A Q S A I T I N G W L R D F L W A Q A S Q  

2161 GT~TC~CTCCTACGG~GT~GTTGTCCGCTTATGGACTAATGTTCTTGGGCGCTCACTTTGTATGGGCATTCAGCTT~TGTTCCTG 
6 5 8 V I N S Y G S A L S A Y G L M F L G A H F V W A F S L M F L  

2251 TTCAGTGGTCGTGGCTACTGGC~G~AATTGAGTCCATTGTTTGGGCGCAT~TAAACTG~GGTAGCTCCTGCAATCCAACCCCGC 
6 8 8 F S G R G Y W Q E L I E S I V W A H N K L K V A P A I Q P R  

2341 GCTCTGAGCATTACTC~GGTCGTGCTGTTGGTGTAGCTCACTACCTCCTGGGAGG~TTGCTAC~CCTGGGCATTCTTCCACGCACAC 
7 1 8 A L S I T Q G R A V G V A H Y L L G G I A T T W A F F H A H  

2431 ATACTTTCGGTAGGCTAGCAA~AGTTATAAAGAGTACTGAGTATTGAGTGCTGAGTACTGGGTAATAACAGGACTTAGGACTCAA~CT 

7 4 8 I L S V G *  
2521 CAG~CTCTGG~TCTG~ACCTGATGGCTAAAGGTCAGAGGAAATATCAATGGC~CAAAATTTCCAAAATTTAGCCAGGATCTAGCAC 

1 M A T K F P K F S Q D L A  
2611 AGGACCC~CTACCCGTCGCATTTGGTATGCGATGGCTATGGGC~CGACTTTGAAAGCCACGATGGCATGACCGAAGAA~TCTTTAC~ 

1 4 Q D P T T R R I W Y A M A M G N D F E S H D G M T E E N L Y  
2701 A~GATTTTCGCTACTCACTTCGGTCACCTGGCAATCA~TTCTTATGGGCTTCTAGCCTCCTGTTCCATGTAGCCTGGCAAGGTAACT 

4 4 Q K I F A T H F G H L A I I F L W A S S L L F H V A W Q G N  
2791 TTG~CAGTGGATTAAAGATCCTCTACACGTCCGCCCAATTGCTCACGCGATTTGGGACCCCCACTTCGGTAAACCAGCTATTGAAGCTT 

7 4 F E Q W I K D P L H V R P I A H A I W D P H F G K P A I E A  
2881 TTACCC~GCTGGTGCT~CG~CCAGTA~CATTGCTTACTCTGGTGTTTACCACTGGTGGTACACCATCGGTATGCGGACAAACACCG 
1 0 4 F T Q A G A N G P V N I A Y S G V Y H W W Y T I G M R T N T  

Fig. 1. Nucleotide and deduced amino acid sequences of the p s ~  (nucleotides 190-2448) and psaB (nucleotides 2571-4796) genes of Anabaena 
29413 (Genbank a~ession number L26326). The partial sequence of the downstream ORF is shown (nucleotide 4940-5139). Nueleotides are 
numbered starting at the upstream SspI site. ~ e  Pribnow (TATA) box and potential ribosome binding sites are underlined; a ~tential  
h a i ~ i n - ~ i n g  sequence is indicated by arrows. 
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2971 ~CTATATACAGGT~AGTCTTC~TGT~TTGT~GCGTCCTTG~TTG~TGCT~TTGG~G~AT~A~CCCAAGTTCCGT~TA 

1 3 4 E L Y T G S V F L L L F A S L F L F A G W L H L Q P K F R P  
3061 ~CTAGCTT~TTT~GAGTGCTG~T~CGTC~CCACCAC~AGCA~TTTG~CGGCGTTAGC~TCTA~TTGGGCCGGTCACT 
1 6 4 S L A W F K S A E S R L N H H L A G L F G V S S L A W A G H  

3151 TGA~CACG~TA~CCCG~TCTC~GGACAGCACGTAGGTTGGGAT~CTTC~CCACAGCGCCCCACCCAGCAGGCTTACAAC 
1 9 4 L I H V A I P E S R G Q H V G W D N F L T T A P H P A G L Q  

3241 CCT~TTCACAGGC~CTGGGGTGTTTACGCTCAAAACCCTGATACAGCAGGTCACATTTTCAGTACCTCTC~GGTTCTGGTACAGCAA 
2 2 4 P F F T G N W G V Y A Q N P D T A G H I F S T S Q G S G T A  

3331 TTCTGACCT~TTGGGTGGTTTCCATCCTC~ACAGAATCCCTGTGGTTGACAGACATAGCTCATCACCACTTGGCGATCGCTGTACTAT 
2 5 4 I L T F L G G F H P Q T E S L W L T D I A H H H L A I A V L  

3421 TCA~GTTGCTGGTCATATGTACCGTACC~CTTCGGTA~GGTCACAGCATCAAAGAAATGATGAATGCC~CTTTCTTTGGC~AC 
2 8 4 F I V A G H M Y R T N F G I G H S I K E M M N A K T F F G K  

3511 CTG~G~GGTCCCTTC~TATGCCTCACC~G~ATTTATGACACCTAC~C~C~TCTGCACTTCC~TTAGGTTGGCACCTAGCTT 
3 1 4 P V E G P F N M P H Q G I Y D T Y N N S L H F Q L G W H L A  

3601 GTT~GGTG~GTTACCTCTT~GTGGCGCAGCATATGTACTCTCTGCCT~CTACGCATTCATTGCT~GGACTACAC~CACAGGCAG 
3 4 4 C L G V V T S W V A Q H M Y S L P S Y A F I A K D Y T T Q A  

3691 CAC~TACACCCACCACc~TACATAGCCA~T~TT~TGGTT~TG~T~TGCTCACGGTGCTATC~CTTAGTC~GTGA~TACGATC 
3 7 4 A L Y T H H Q Y I A I F L M V G A F A H G A I F L V R D Y D  

3781 CTG~CAAAACAAAGGT~CGTGCTTGAGCGTGTGCTACAGCACAAAG~GCGATTATCTCCCACCTCAGCTGGGTATCGCTATTCTTAG 
4 0 4 P E Q N K G N V L E R V L Q H K E A I I S H L S W V S L F L  

3871 GCTTCCACACCTTAG~TTATACGTCCACAACGACGTAGTAGTTGCTTTCGG~CACCTGAAAAGCAAATCTTGATTGAGCCAGTATTTG 
4 3 4 G F H T L G 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 CTCAGTTCA~C~GCTGCTCACGGTAAGGTAC~TACGGCTTAGATACATTGCTGTCTAACCCCGATAGCGTTGCCTACACAGCCTATC 
4 6 4 A Q F I Q A A H G K V L Y G L D T L L S N P D S V A Y T A Y  

4051 CTAACTACGCC~CGTTTGGCTACCAGGCTGGTTAGATGCCATT~CTCTGGTACT~CTCCCTGTTC~AACAATTGGCCCTGGCGACT 
4 9 4 A N V W L P G W L D P N Y A I N S G T N S L F L T I G P G D  

4141 TCTTGGTACACCATGCGATCGCCTTAGGTCTGCACACCACCACCCTCATCCTAGTCAAAGGTGCTTTGGATGCTCGTGGTTCCAAGCTGA 
5 2 4 F L V H H A I A L G L H T T T L I L V K G A L D A R G S K L  

4231 TGCCGGATAAAAAGGACTTCG~TATGCCTTCCCTTGCGACGGTCCAGGCCGTGGCGGTACTTGCGACATCTCCGCTTGGGACTCCTTCT 
5 5 4 M P D K K D F G Y A F P C D G P G R G G T C D I S A W D S F  

4321 ACCTATCTTTATTCT~GCGTTAAATACAGTAGGTTGGGT~CA~CTACTGGCACTGGAAACATTTAGGTATTTGGCAAGGTAACGTTG 
5 8 4 Y L S L F W A L N T V G W V T F Y W H W K H L G I W Q G N V  

4411 CTCAGTTC~CGAA~TTCCACCTACCTCATGGGCTGGTTCCGTGACTACCTCTGGGCT~CTCTGCTCAGTTGATCAACGGTTAC~CC 
6 1 4 A Q F N E N S T Y L M G W F R D Y L W A N S A Q L I N G Y N  

4501 CCTACGGTGTG~C~CCTGTCTGTCTGGGCGTGGATGTTCCTC~CGGACACCTAGTTTGGGCTACTGGCTTCATGTTCCTCATCTCCT 
6 4 4 P Y G V N N L S V W A W M F L F G H L V W A T G F M F L I S  

4591 GGAGAGGTTACTGGC~GAGTTGATCG~ACCCTAGTTT~GCGCACGAACGTACTCCTATCGCT~CCTAATTCGCTGG~AGAC~GC 
6 7 4 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 CAG~GCTCTCTCCAT~GTTC~GCTCGTGTAGTTGGTCTAGCTCACTTCACCGTCGGCTATGTCCTCACCTACGCAGCCTTCCTCATCG 
7 0 4 P V A L S I V Q A R V V G L A H F T V G Y V L T Y A A F L I  

4771 CCTCCACTGCTGGT~GTTCGGTTGATCTGGCTGCTAGT~TGTAGGTAATT~AAAAATCCCCTGCCGCAAGGTGGGGGTCATTTTTTT 
7 3 4 A S T A G K F G *  ............... > < ................. 

4861 ~CTGATACAC~TTGAGTGTGCT~AAAATATACT~ACATTATC~AGTATTTC~ATAT~TGGAGT~TTATTTGATGCCCAATTT 
4951 ATCTGATAAAG~TT~TAG~C~TTACATAG~CTTGGGTTC~TTCTT~TTAATAGTG~CGAAAAGACTGCGCAGCAATTATGAT 
5041 TGATGCTG~TTGTCATTTGACTATG~T~GGATGAATACTATT~ACGTAATTATA~T~AGGATTGC~ATATTCCTTCCGTTTAACTT 
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 I [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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A) PsaA 
i0 20 30 40 50 60 70 80 90 i00 

Anabaena MTI S PPEREEKKARV IVDKD PVPTSFEKWAQPGHF DRTLARG PKTTI'W IWNLHALAH DFDTH TS D LED I SRK I FAAHFGH LAWTI W LSGMI FHGAKFS N 

Synechococcus -V V N K Q S F Y 
Nicotiana I RS P V ---IL R K E R S I K D D S E V S Q SIIFL Y R 

ii0 120 130 140 150 160 170 180 190 200 210 
YEAWLS D PLNVR PSAQVVW PI VGQDI LNGDVGGGFHG I Q I TSGLFQVWRGWGI TNS FOLYCTA IGG LVLAG LFLFAGWFHYHKRAPKLEWFQNVE S MLNH H LOV LLGCG S LGWA$ 

A TGIK G L AS E M M AG L A 
THIG E R F I AS ~EL A F A M A A D AG L S 

220 230 240 250 260 270 280 290 300 310 320 
HLI HVSAPI NKLLDAGVAVKD I PL PHEFI LNKSVL I DLF P .... GFAAGLTPFFTLNWGQYADFLTFKGGLN FVTC-GLWLTD V RTNWGIGHSIKEI L 

Q L A P LMAE Y KVDW FS VI F AA S N S TA M L 
QV L QF N DP E RDL AQ Y -- -S E A SK R D A I L M GL D 

330 340 350 360 370 380 390 400 410 420 430 440 
ENHKGPFTGEGHKGLY~LqTSWHAOLATNLAFLG S LTI I IAHHMYAM PPY PYLATDYATOLC I FTHH I WI GGFL IVGGAAHAA I FMVR DYD PVVNQNNVLD RV I RH R DA I I SH L 

A A V I MM S V Q P SL M V AM L 
A Q I SL M VV S G SL M A TTRY DL L 

450 460 470 480 490 500 510 520 530 540 550 
5]WVC IFLGFH SFG LY I HNDTMRALGR PQDMFS DTAI QLQ PVFAQWVQNLH TLA PC-GTAPNALE PV SYAF~G -VLAVGGKVAMM PI ALGTADF ~ I HH I HAFT I }~VTV L I L LKGV L 

V F G AATA V -D V V MV 
A S I T A A G TAST LTW DLV LL P V A 

560 570 580 590 600 610 620 630 640 650 660 670 
FARS SRLI PDKANLGFRFPCDG PGRGGTCQVSGWDHVFLGLFWMYNSLSIVIFHFSWKMQSDVWGTVDAAGNVSH I TGGNFAQSAI TINGWLRDFLWAQASQVI NSYGSALSAYG 

CI V APD T G 
T A AI V S SDQ V T S Q S 

680 690 700 7 i0 720 730 740 750 
LMFLGAHFVWAF S I/MFLF SGRGYWQEL I ES IVWAHNKLKVA PAI Q PRA LS I TQG RAVGVAHYLLGG IATIWAFFHAH I L SVG 

L I I L R I 
F T I T L R A 

B) PsaB 

I0 20 30 40 50 60 70 80 90 i00 Ii0 
MATKFPKFS QDLAQD P~'I~R RIWYAMAMGNDFE S HDGMTE~LYQK I FATHFGH LAI I FLWAS S LLFHVAWQGNFEQW I KD PLHVR P IAHA I WDPHFGKPA I EAFTQAGANG PVN I 

I AH S V GS VQ VNT Q A VD SN D 
LR R G FGI TAH DI R N S Q T GN S VQ L Q V RG L 

120 130 140 150 160 170 180 190 200 210 220 230 
AYSGVY~TI GMRTNTELYTGSVFLLLFAS LFLFAGWLHLOPKFR P SLAWFKSAESR ~H LAGLFGVS S LAWAGH LI HVA I PE S RG QHVGWDNF Lq'FAPH PAG LQ PFFTGNW 

GD Q AI IL A S N S M A 
Q L ED AL FLSAIS I WK VS N S T V A EY R N DVL Q G L Q 

240 250 260 270 280 290 300 310 320 330 340 
GVYAQN PDTAGH I FS TSQG SGTAI LTFI~FH P Q T E S L W L T D ~  TNFG I G H S I K~TFFGK pVEG PFNMPHQG I ~ 

SVGA A M Q D D TK E 
NL SSS L G A 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 
GVVTSWVAQHMYS LP S YAF IAKDYTIX]AALYTHHOY IAI FLMVGAFAHGA I FLVRDYDPEQNKGNVLERVLQHKEAI I SH LSWVSLFLGFHTLGLYVHNDVVVAFG TPEKQ I L I E 

I L P QH M G A D 
I L A Q F G I T FI N D A M E A ML 

470 480 490 500 510 520 530 540 550 560 570 
PVFAQF I QAAHGKVLYGLDTL LSN PD SVAYTAY PNYANVWL PGWL DA I NSGTN S LFLTI G PG DFLVHHAIALGLHTTTLI LVKGAL DARG SKLM P DKKDFGYAF PC DG PG RGGTC 

L F I S W G 
I W S TS F V STSGP FN ---GRSI N V ENS S 

580 590 600 610 620 630 640 650 660 670 680 690 
D I SAWDSFYLSLg"WAI24TV(Z~TFYWHWKHLG I WQGNVAQFNENSTYLMGWFR DYLWAN SAQL I NGYN PYGVNNLSVWAWMFLFGH LVWAT~FMF LI SWRGYWQEL I ETLVWAH E 

A AM M I VE S L L S FT 
A AV M I ITL S S L L S F M S A 

700 710 720 730 740 
RTPIANLIRWKDKPVALSIVQARVVGLAHFTVGYVLTYAAFLIASTAGKFG 

L V L S I A 
L R L S IF S 

Fig. 2. Comparison of the deduced amino acid sequences of the PsaA and PsaB proteins from Anabaena 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 
Anabaena 29413 sequence are indicated. Potential membrane-spanning a-helices are underlined. 
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