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In cyanobacteria, green algae, and higher plants, the psaC
gene encodes PsaC, the apoprotein for two iron-sulfur clusters,
FA and FB, located in the PSI complex in the thylakoid
membrane. FA and FB act as the terminal electron acceptors
in the PSI complex (reviewed in ref. 2). Our research objective
is to develop a genetic system in which various hypotheses
concerning the structural and functional roles of the PsaC
protein can be tested. Our experimental organism is the
filamentous nitrogen-fixing cyanobacterium Anabaena var-
iabilis ATCC 29413 (henceforth called Anabaena 29413) for
the following reasons: (a) Anabaena 29413 is capable of dark
chemotrophic growth (8), and (b) it is possible to introduce
exogenous DNA into these cells via conjugal transfer from
Escherichia coli cells (1). In addition, positive selection vectors
have been constructed so that gene replacement mutations
may be created via homologous double-reciprocal recombi-
nation events (4). As a first step in the molecular genetic
analysis of the PsaC protein, we recently engineered and
characterized a psaC interruption mutant ofAnabaena 29413
(Table I) (5).

Figure 1 shows the nucleotide sequence of the psaC gene
and its flanking regions. It also shows the derived amino acid
sequence of the PsaC protein. A sequence of 37 N-terminal
amino acid residues of the PsaC polypeptide from a purified
PSI preparation from Anabaena 29413 matches completely
with the amino acid sequence deduced from the nucleotide
sequence except the first Met residue (K. Nyhus, M. Ikeuchi,
Y. Inoue, J. Whitmarsh, and H.B. Pakrasi, manuscript in
preparation). Thus, the N-terminal Met residue ofthis protein
is posttranslationally removed in Anabaena 29413. The PsaC
protein from Anabaena 29413 is highly similar to the same
protein from other organisms (2). The only difference in the
sequence of the PsaC protein of Anabaena 29413 from that
of all other species is a conservative replacement of Ile at
position 38 by Val (2).
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Table I. Characteristics of the psaC Gene from Anabaena 29413

Organism:
Anabaena variabilis ATCC 29413, a filamentous cyanobacterium.

Location on Chromosome:
Present as a single copy and located on a 595-base pair-long Sspl/
EcoRl restriction fragment.

Function:
PsaC is the apoprotein for two (4Fe-4S) centers FA and FB, acting
as the terminal electron acceptors in the PSI complex.

Techniques:
AEMBL 3 genomic DNA library of Anabaena 29413 was screened
with the psaC gene from tobacco chloroplast genome (7). Restric-
tion fragments of the X clone containing psaC gene were subcloned
in pUC 118 and pUC 119 plasmid vectors, and dideoxynucleotide
sequencing was performed using universal primers (6). A 22-mer
oligonucleotide corresponding to the sequence of the noncoding
strand around the translation start site of the psaC gene was used
in the primer extension analysis for the identification of the 5'-end
of the psaC mRNA (3).

Gene Structure:
A single, monocistronic, 420-base-long psaC transcript was de-
tected in Anabaena cells grown in light as well as in complete
darkness. Transcription begins at an A residue at position -49
with respect to the translation intiation site. A Shine-Dalgamo
sequence was found upstream of the intiation codon of the psaC
open reading frame.

Protein Structure:
The mature PsaC protein is expected to be 80 amino acids long
with a predicted molecular mass of 8685 D and a predicted
isoelectric point of 5.74. The most notable feature is the presence
of nine conserved Cys residues at positions 10, 13, 16, 20, 33, 47,
50, 54, and 57, respectively.

EMBL Accession No.:
X57153
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psaC GENE IN ANABAENA 29413

-349 -289
atttaaaaaattcattcattacaaatttatatttttgtcccagtcatagtaattaagtaa

-229
taaataccatagaaactaactcaaatcgctttttttagtctgacttacacttcatatatc

-169
tttacaccaagtattgagcatagtttagtgaatgaggtaaacacgctgctgtcatgtagc

-109
tgatttataaggaaagagagaaattccgcaaatcgtagtttttaaaagtgtctattactt

-49
gtttaaagttatgtagccttttacttacggtggataacgactgcgtaaactatgccttga

1 10
ttatgattctttcacagaaaagaacactggaaaagqaccgttttttcaatgtctcatacc

SD M S H T
1

20 30 40 50 60 70
gtaaaaatctacgatacctgcattggctgcactcaatgtgtccgcgcctgccctactgac
V K I Y D T C I G C T O C V R A C P T D

10 20

80 90 100 110 120 130
gttctggagatggttccttgggatggctgtaaggctgctcaagtcgcttcttcaccccgt
V L E M V P W D G C K A A Vv A S S P R

30 40

140 150 160 170 180 190
acagaagactgcgtaggctgcaagcgttgtgaaacagcttgcccgactgacttcttgagc
T E D C V G C K R C E T A C P T D F L S

50 60

200 210 220 230 240 252
attcgggtttatctgggtgcagaaacaactcgcagcatgggtctagcttactaaggaatt
I R V Y L G A E T T R S M G L A Y STOP

70 80

312
cactaccgattccttttttgctcacaattaagtgtctcgatagcaagcctctttagcttt

372
gtagggtgggtagcaatggcgttccgctcgccgtaagccatcagcccatcctacaacatc

432
atgagaaatttataaaaatacctagtggttaaaggagcaaaatctgctcttttttcttgg

492
gtgtgaagttattattagttaattgttgactcttgactgctgacaaccgaccactgacaa

521
ctaacaactgacaaatgacatatactgga

Figure 1. Nucleotide sequence of the psaC gene and its flanking regions in Anabaena 29413. The translated amino acid sequence (in one letter
codes) is shown below the DNA sequence in the coding region. The numbering of the nucleotides begins with the A of the initiating Met codon.
The numbering of the amino acids begin with Ser, the first residue of the mature protein. The Shine-Dalgamo (SD) ribosome-binding site is
underlined. T, start site of the psaC transcript; -, and *-, a potential stem-loop structure.
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