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Two mixed oligonucleotide probes derived from conserved regions of the Synechocystis sp. strain PCC 6714
ferredoxin amino acid sequence were utilized to isolate an A nacystis nidulans R2 clone containing the ferredoxin
I gene. Nucleotide sequence analysis revealed a 297-base-pair (bp) open reading frame with a deduced amino
acid sequence having high homeology to other cyanobacterial ferredoxins. Assuming proteolytic cleavage of the
initial methionine residue, the molecular weight of the mature A. nidulans R2 ferredoxin was 10,370. The initial
methionine residue was preceded by a probable ribosome-binding site sequence, AGGA. Northern hybridiza-
tion analysis with the cloned ferredoxin gene indicated an RNA transcript of approximately 450 bp. S1 nuclease
mapping localized the transcription start site to a position 64 bases upstream from the initial methionine
residue. The nucleotide sequence 14 to 8 bp preceding the transcription start site resembled a typical
Escherichia coli promoter, but the sequence in the —35 region did not. Southern hybridization detected only
a single copy of the ferredoxin sequence in the A. nidulans R2 genome.

The nonheme, iron-sulfur protein ferredoxin is the termi-
nal constitutent of the photosynthetic electron transport
chain. In addition to its role in the photoreduction of NADP
and cyclic photophosphorylation, ferredoxin has been impli-
cated in a number of other cyanobacterial processes, includ-
ing nitrogen fixation (34) and the reduction of nitrate and
nitrite (21, 23). In higher plants, ferredoxin plays a role in
glutamate synthesis (20), the reductive carboxylic acid cycle
(4), fatty acid metabolism (4), pseudocyclic electron flow
(18), sulfite reduction (30), and the light regulation of photo-
synthesis via the ferredoxin-thioredoxin system (3). Thus,
ferredoxin plays a central role in the distribution of light-
generated reducing power.

In some cyanobacteria and plants, two distinct ferredoxins
are present (13, 17, 25). Amino acid sequence data (11, 12,
14) have confirmed that these two ferredoxins (designated I
and II) are encoded by distinct structural genes. Gene
duplication early in evolution is probably responsible for the
presence of two ferredoxin genes within a single organism
(13, 14). While it has been proposed that the two ferredoxins
may differ in function (31), no differences have been detected
to date.

In eucaryotic algae, clostridia, and cyanobacteria, ferre-
doxin levels appear to be regulated by iron availability (16).
In the cyanobacterium Nostoc sp. strain MAC, both types of
ferredoxin decrease dramatically as the iron concentration
falls below 2 pM, with type II ferredoxin disappearing more
rapidly than type I. The flavoprotein flavodoxin substitutes
for ferredoxin under these conditions. Natural isolates of the
cyanobacterium Microcystis aeruginosa have been found
which contain both types of ferredoxin, only type I, or only
flavodoxin, apparently because of differences in growth
conditions (5). At present, little is known regarding how
these genes are regulated by the available concentration of
iron.
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In this communication we report the isolation and nucle-
otide sequence of the gene (petF) encoding the ferredoxin I
protein from the unicellular, transformable cyanobacterium
Anacystis nidulans R2. The nucleotide sequence data con-
tain the coding information for a mature polypeptide of
10,370 daltons which is highly homologous to other cyano-
bacterial ferredoxin I proteins. Southern hybridization data
indicated the presence of only one copy of this ferredoxin
sequence in the A. nidulans R2 genome.

MATERIALS AND METHODS

Culture conditions and cyanobacterial-DNA purification.
A. nidulans R2 was grown in BG-11 medium (1) at 29°C,
either in liquid media or on plates containing 1% agar. Cells
in the exponential phase of growth were harvested, and
chromosomal DNA was isolated essentially as described in
reference 35.

Hybridization with 32P-labeled probes. Restricted genomic
DNA s were electrophoresed in 0.7% agarose gels containing
80 mM Tris hydrochloride (pH 8.0), 10 mM sodium acetate,
and 2 mM EDTA. Southern transfer was carried out as
described in reference 22. Conditions for hybridization were
as described previously (19), except that synthetic oligonu-
cleotide probes were hybridized at 37°C. Oligonucleotide
probes (generously supplied by R. Barnett, Allelix Inc.)
were end labeled with [y-*?P]JATP and T4 polynucleotide
kinase (22). The ferredoxin clone was labeled by nick
translation (19) or the random oligonucleotide priming
method (8).

Library construction and DNA cloning. Plasmid clone
banks were constructed by standard techniques (22) in the
Escherichia coli vector pDPL13 (19). Ligated DNA was used
to transform E. coli HB101 by the RbCl method (22).
Large-scale E. coli plasmid DNA isolation was carried out as
described elsewhere (19).

DNA from plasmid clone banks was electrophoresed on
low-melting-temperature agarose gels and manually fraction-
ated into several size categories. DNA was recovered from
each fraction (22), and a portion was reelectrophoresed and
transferred to nitrocellulose filters. The filters were then
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hybridized to the oligonucleotide probes, and the remaining
DNA from positive fractions was used to transform HB101.
DNA was isolated from individual colonies (19) and
rescreened by another round of electrophoresis, blotting,
and hybridization.

Nucleotide sequence analysis. A 1.1-kilobase (kb) Pstl
fragment was cloned into M13mpl9 for DNA sequence
analysis. Sequencing was carried out by the dideoxy chain
termination method (29) with a universal primer (P-L
Biochemicals Inc.) and 3°S-dATP (Amersham Corp.).
Subclones for further sequencing were generated either by
the sequential deletion method of Dale et al. (7) or by
restricting and religating the original clones with selected
restriction enzymes. Single-stranded M13 DNA was isolated
as described elsewhere (7). Sequencing reactions were elec-
trophoresed on 0.4-mm-thick 8.3 M urea-8% polyacrylamide
gels, and the data were analyzed with a series of computer
programs created by J. Pustell (27).

RNA isolation and transcript analysis. A. nidulans R2 RNA
was isolated by centrifugation (4,000 X g, 15 min) of cells
from exponentially growing cultures (approximately 1 liter)
and suspension in 20 ml of 0.1 M Tris hydrochloride (pH
6.5), 6 M guanidine hydrochloride, 10 mM dithiothreitol, and
1% N-lauryl sarcosine (6). After incubation at room temper-
ature for 15 min the suspension was passed through a French
pressure cell at 16,000 1b/in2. The suspension was centri-
fuged (12,000 X g, 10 min, 0°C) to remove insoluble material,
and the supernatant was adjusted to 0.11 M sodium acetate
(pH 5.5). The RNA was precipitated at —20°C overnight
after the addition of 0.75 volume of ethanol. RNA was gently
pelleted (3,000 x g, 1 h, 0°C), suspended in 8 ml of sterile
distilled water, and adjusted to 0.2 g/ml of CsCl (40). This
solution was layered over a 1.2-ml cushion of 5.7 M CsCl and
centrifuged in a Beckman SW41 rotor at 30,000 rpm for
approximately 15 h. The RNA pellet was dissolved in 0.5 mi
of sterile 10 mM Tris hydrochloride (pH 8.0)-1 mM EDTA,
extracted once with 2 volumes of 1:1 phenol-chloroform and
once with 2 volumes of chloroform, and precipitated with 2
volumes of ethanol.

RNA was electrophoresed on 1.1% agarose gels after
denaturation with glyoxal and dimethyl sulfoxide (27).
Northern blotting and hybridization were done by the
method of Thomas (37). For mapping the 5’ end of the
ferredoxin transcript, the 1.1-kb PstI fragment was restricted
with Asp718 (a Kpnl isoschizomer which leaves 5’ overhang-
ing ends), treated with phosphatase (22), and purified on a
low-melting-temperature agarose gel (22). The recovered
fragment was end labeled with T4 polynucleotide kinase, and
0.1 pg was mixed with 80 pg of A. nidulans R2 RNA.
Hybridization and S1 nuclease digestion were carried out as
described elsewhere (22). Samples were extracted with
phenol-chloroform, precipitated with ethanol, and sus-
pended in 90% formamide—0.1% xylene cyanol-0.1% bromo-
phenol blue for analysis on either 8 M urea-5% polyacryl-
amide gels or sequencing gels. End-labeled fragments of a
Tagql digest of pBR322 or a nucleotide sequence ladder of
M13mpl9, respectively, were used as size markers.

RESULTS

Cloning and sequence analysis of the A. nidulans ferredoxin
gene. The amino acid sequences of ferredoxins from a wide
range of cyanobacteria are relatively homologous, with
approximately 40 invariant residues (10). To isolate the
ferredoxin gene from A. nidulans R2, two conserved regions
from the Synechocystis sp. strain 6714 amino acid sequence
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FIG. 1. Hybridization of oligonucleotide probes to A. nidulans
R2 DNA. (A) Hybridization with probe I (see text). (B) Hybridiza-
tion with probe II. Lanes in both panels are as follows: 1, HindIII
digest of lambda DNA; 2 through 6, A. nidulans R2 DNA digested
with EcoRl, Hindlll, BamHI1, Xhol, and Clal, respectively. Molec-
ular weight markers (HindIlI-digested lambda DNA) are indicated
by the horizontal marks and correspond to sizes of 23.1, 9.4, 6.7,
4.3, 2.3, and 2.0 kb.

(amino acids 65 to 71 and 88 to 94) (10) were selected as the
basis for oligonucleotide probes. The sequences for probe I
were

5" GAC GAC GAC CAA ATC GAA GC 3’
T T T G T
Asp Asp Asp GIn Ile Glu Ala

The sequences for probe II were

5" GAA ACC CAC AAA GAAGAAGAY
T G
Glu Thr His Lys Glu Glu Asp

For each codon, base composition was predicted on the
basis of codon usage information from the nucleotide se-
quence analysis of other cyanobacterial genes (reference 36
and references therein). Both probes are 20 bases long and
contain a mixture of oligonucleotides. Probe I has either of
two bases incorporated at five positions, while probe II
incorporates two bases at two positions.

The two oligonucleotide mixtures were used to probe
Southern blots of restricted A. nidulans R2 genomic DNA. A
large number of hybridization signals were obtained with
probe I, while a single hybridization band was obtained for
each restriction enzyme digest with the second ferredoxin
probe (Fig. 1). The lack of specificity of probe I is probably
due to the large number (32) of different oligonucleotides
present in the mixture. Increased hybridization stringency
resulted in an overall decrease in signal intensity rather than
a significant decrease in the number of signals (results not
shown). However, one band in each of the probe I lanes
comigrated with the bands hybridized by probe II.

To clone the sequence homologous to ferredoxin probe II,
a HindlIIl plasmid library of A. nidulans R2 genomic DNA
was constructed and screened as described in Materials and
Methods. Several plasmid recombinants gave strongly hy-
bridizing signals, and one of them, pFAN1, was studied
further. This clone contained a total insert of 9.8 kb consist-
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FIG. 2. (A) Restriction map of the large HindIIl fragment of
pFANL1. Only sites for Clal, EcoRI, Hindlll, and PstI are indicated.
(B) Restriction map and sequencing strategy of the A. nidulans R2
Pst] fragment containing the ferredoxin gene. Arrows below the
restriction map indicate the direction and extent of DNA regions
analyzed by the chain termination sequencing procedure. Letters
indicate restriction enzymes as follows: C, Clal; E, EcoRl; H,
HindIIl; K, Kpnl; P, Pstl; S, Sacl; L, Sall; X, Xbal. The coding
regions of the ferredoxin gene are indicated by the black boxes.

ing of three HindIII fragments. Further subcloning localized
the hybridization signal to a 1.1-kb Ps:I fragment which was
contained entirely within the largest HindIII fragment (7.0
kb) of pFAN1 (Fig. 2A). The PstI fragment was subcloned
into M13mp19 and sequenced. The sequencing strategy and
a detailed restriction map of this fragment are shown in Fig.
2B.

The nucleotide sequence of the A. nidulans R2 ferredoxin
gene is shown in Fig. 3. Based on the amino acid sequences
of other cyanobacterial ferredoxins, the mature protein
begins at the alanine residue (25). The deduced amino acid
sequence codes for a protein containing 98 amino acids with
a calculated molecular weight of 10,370 and an estimated pl
of 4.6. These values are typical of plant ferredoxins. The
protein encoded by this gene appeared to be more similar to
cyanobacterial type I ferredoxins than to type II (24). This
gene was approximately 65% homologous to the Silene
pratensis ferredoxin gene at the nucleotide level (33). The
two oligonucleotide probes had 95 and 100% homology,
respectively, with the A. nidulans R2 ferredoxin gene se-
quence. ,

Several cyahobacteria have been shown to contain two
forms of ferredoxin which differ in amino acid sequence (11,
14). Southern hybridization (at low stringency conditions:
hybridization in 6x SSC [1x SSC is 0.15 M NaCl plus 0.015
M sodium citrate] at 60°C, washing in 2x SSC, 50°C) with a
0.95-kb Clal fragment containing the A. nidulans R2 ferre-
doxin gene (Fig. 2A) indicated that only one copy of the petF
gene was present in the genome (Fig. 4). The sizes of the
faint higher-molecular-weight bands in Fig. 4A, lanes 1 and
2, were consistent with their being partial digestion prod-
ucts. However, given the substantial differences between the
amino acid sequences of cyanobacterial type I and II fer-
redoxins (Nostoc sp. strain MAC has 34 amino acid differ-
ences between types I and II; Aphanothece sacrum has 38
such differences), it is possible that the two types of ferre-
doxin genes might not hybridize under these conditions.

Transcript and promoter analysis. The length of the ferre-
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doxin transcript was determined by hybridizing a ferredoxin
gene probe to Northern blots of A. nidulans R2 RNA. The
ferredoxin transcript was approximately 450 bases long (Fig.
5). Given the length of the ferredoxin gene, it was the only
gene encoded on this transcript.

The 5’ end of the transcript was determined by S1 nucle-
ase protection experiments (Fig: 6). In these experiments,
the 5’ end of the transcript occurred approximately 237 bases
from the first C in the Asp718 restriction site. This placed the
transcript start at position —64 (Fig. 3). Consistent with
these data was the presence of the sequence TAGTAT 8
bases upstream of the start site. This sequence was homol-
ogous to the —10 region of the consensus E. coli promoter
(28). However, the sequence from the region in which one
would expect to find the —35 region of the promoter
(GCAGTT) was in no way similar to the E. coli consensus
sequence (TTGACA). These promoter regions were also
very different from the consensus nif type promoters which
regulate cyanobacterial genes involved in nitrogen fixation
(15).

Approximately 50 base pairs downstream from the petF

-240 -230 -220 -210 -200 -190
L] - - - -

-
ACT AAT GCT TAG CTT AGA GGG CTT ACT GGG AGC GGG CCG AGT TTG AGC CGT GAT TAC COC
-180 -170 -160 -150 -140 -130
- - - . - .
TAC GAA CTT TCC GGC CAC GCT CCA TTG CTT AGA CAT AAA ATT CCC TTA TGT CTA GAC TGG
-120 -110 -100 -90 -80 -70
- - - - - - v
CGA TTG ATA GCA TTT CTC GCG GCG_CAG TTC GCC CTT TGG CAA CCC ATA GTA_TCA ATG GGA

-60 -50 -40 -30 -20 -10
-

- - - - .

AAG GTA CGG GCA GGC TGT CAA TCG ATG AGC TCT GCC ACC CCA AAA GCG ATA GAG_GAC ACG
1 10 20 30 40 50
- - - - - .

CTC ATG GCA ACC TAC AAG GTT ACG CTC GTC AAT GCT GCC GAA GGC TTG AAC ACC ACG ATC
Met Ala Thr Tyr Lys Val Thr Leu Val Asn Ala Ala Glu Gly Leu Asn Thr Thr lle

60 70 80 90 100 110
- - - - - -

GAC GTG GCT GAC GAT ACC TAC ATC TTG GAC GCC GCT GAA GAG CAA GGC ATT GAC CTG CCT

Asp Val Ale Asp Asp Thr Tyr Ile Leu Asp Ala Ala Glu Glu Gln Gly Ile Asp Leu Pro

120 130 140 150 160 170

- - - * -
TAC TCC TGC OGT GCT GGT GCT TGC TCG ACC TGT GCT GGC AAA GTC GTC TCT GGT ACC GTC
Tyr Ser Cys Arg Ala Gly Ala Cys Ser Thr Cys Ala Gly Lys Val Val Ser Gly Thr Val

180 190 200 210 220 230

- - - - - -
GAC CAA TCG GAT CAA TCC TTC TTG GAT GAC GAC CAA ATT GCA GCA GGC TTT GTC CTG ACC
Asp Gln Ser Asp Gln Ser Phe Leu Asp Asp Asp Gln Ile Ala Ala Gly Phe Val Leu Thr
240 250 260

- - -

TGC GTC GOC TAT COG ACC TCC GAT GTG ACG ATC GAA ACC CAC AAA GAA GAA GAC CTC TAC
Cys Val Ala Tyr Pro Thr Ser Asp Val Thr Ile Glu Thr His Lys Glu Glu Asp Leu Tyr

270 280 290
- - -

300 310 320 330 340 350
- - - - - -
TAA GTC TTG CTT CGA CTG CTT CAA TCC TTA GAA TTC-AAA TCA AAT TGC GGC TTC CAA ATT
— —_—
360 370 380 390 400 410
" - * - - -
GGG AGT OGC TTT TTT ATC GCC GTA GTC AGC AGC GAT OGC TCA CTA CCG TCC AGA AAC AGC
G
420 430 440 450 460 470
- - L ] - - -
CTG OGA TCG CCC TGA CTT AAC GCC OCT CCC CTA GCA ATC CTG ACT CGG TAG AGT TCA GGC
480 490 500 510 520 530
- - - - - -

CAA GGA CTC AAG GTT GAG GCG ATC GTT CAG CAA OGT CTT GCT CTA GGC GTC CGG CGT GAC
540 550 560 570
. )

- -
TCT TGT GGG GAA GAG CGA TOG CCT TCC TGC AG

FIG. 3. Nucleotide sequence of the A. nidulans ferredoxin gene.
The sequence presented begins approximately 110 base pairs up-
stream from the Xbal site and ends at the 3’ Pstl site. Promoter
regions are underlined. The transcription start site is indicated by
the arrowhead. The ribosome-binding-site sequence is double un-
derlined. The transcription termination stem-and-loop structure is
indicated by the arrows.
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FIG. 4. Hybridization of the 0.95-kb Clal fragment containing
the ferredoxin gene to (A) A. nidulans R2 DNA and (B) pFAN1
DNA. In both panels DN As were digested with EcoRI (lane 1), Clal
(lane 2), and HindIll (lane 3). Molecular weight markers are as
described in the legend to Fig. 1.

termination codon was a palindromic sequence (Fig. 3)
which appears to be a typical procaryotic transcription
terminator (28). The palindromic structure (nucleotides 344
to 366) had a 9-base inverted repeat sequence (7 of which
were complementary) and a loop of 5 bases. The stem
structure was G-C rich (14 of 18 bases) and was followed by
a series of six T residues. Both of these features are common
in procaryotic transcription terminators (28). If one assumes
that the 3’ end of the ferredoxin transcript occurred at the
end of this stem-and-loop structure (position 366), the length
of the transcript was then 430 bases. This length is in close
agreement with the estimate from the Northern hybridiza-
tion analysis.

Within the ferredoxin mRNA, there were two possible
methionine codons at which translation could be initiated
(Fig. 3, positions —39 and 1). However, only one of these
methionine codons (position 1) was associated with a ribo-

28 ——»

15—
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%

FIG. 5. Northern hybridization analysis. Total A. nidulans RNA
(20 .g) was denatured, electrophoresed, blotted, and hybridized to
a 0.61-kb Sacl fragment containing the ferredoxin gene. Size mark-
ers (in kilobases) are the rRNAs (two largest markers) and two DNA
restriction fragments from pFANI1.
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some binding sequence. The sequence AGGA, which is
complementary to the 3’ end of the A. nidulans 16S rRNA
sequence (2, 38) was found 7 bases upstream from the
initiator codon. The observation that all ferredoxin amino
acid sequences begin with an alanine residue (25) suggests
that the methionine is proteolytically removed after transla-
tion, as has been reported for several cyanobacterial pro-
teins (36, 39).

DISCUSSION

DNA sequence analysis of the A. nidulans R2 ferredoxin I
gene revealed the presence of a 297-base-pair open reading
frame with a deduced amino acid sequence having high
homology to other cyanobacterial ferredoxins. This gene
was transcribed as an approximately 430-base-pair
monocistronic mRNA. The initial methionine of the primary
translation product appeared to be posttranslationally proc-
essed to produce a mature protein of 98 amino acids.

Several regulatory sequences from the A. nidulans ferre-
doxin gene conformed to the features of typical E. coli
control regions, including the transcription terminator and
ribosome-binding site. However, the apparent promoter
region of the petF gene resembled the E. coli promoter only
in the —10 region. The —35 region (GCAGTT) showed no
homology to either the E. coli consensus promoter or to
other cyanobacterial promoters (15, 26, 32). The only other
A. nidulans promoter sequence published, that for the large
and small subunits of ribulose bisphosphate carboxylase
(32), also has an E. coli-like —10 region (TAGGTT) but an
unusual —35 region (CAATAA). A similar promoter is found
for these same genes in the heterocyst-forming cyano-
bacterium, Anabaena sp. strain 7120 (26). Isolated
Anabaena RNA polymerase transcribes efficiently from this
promoter, suggesting that it may not necessarily recognize
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FIG. 6. Determination of the ferredoxin transcription start site.
(A) S1 nuclease-protected fragments were electrophoresed on an 8
M urea-5% polyacrylamide gel. Lane 1, Undigested, end-labeled
Asp718 fragment; lane 2, S1 protected fragments. Size markers (in
base pairs) were an end-labeled Tagl digest of pBR322. (B) High-
resolution S1 mapping. S1 nuclease-protected fragments were elec-
trophoresed next to a DNA sequencing ladder of M13mp19. The
largest protected fragment (arrow) is 237 base pairs.
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10 20 30 40 50
ANACYSTIS NIDULANS R2 AT-YKVTLVNAAEGLNTTIDVADDTYILDAAEEQGIDLPYSCRAGACSTC
CHLOROGLEOPSTS FRITSCHII ID Q ED AL
MASTIGOCLADUS LAMINOSUS I1E K EP Q A
APHANIZOMENON FLOS-AQUAE I-D TT CP AL
NOSTOC STRAIN MAC I v -bQ TE P E I DL
NOSTOC MUSCORUM F IE TKHEEP E EY F
SPIRULINA PLATENSIS IE IE CD AL
SPIRULINA MAXIMA ISE ITE CD AL
APHANOTHECE HALOPHITICA S IEEM E EP E vV E
SYNECHOCYSTIS 6714 S T K IT-PD -ENS ECS AL
SYNECHOCOCCUS SP. R-PD SE PE E v L F
NOSTOC STRAIN MAC II RF DE EP E AL F ss S
APHANOTHECE SACRUM I S KT-PD -DNV T P E vV EL
APHANOTHECE SACRUM II 1 EE I AILE qQr G AL S S

60 70 80 90

ANACYSTIS NIDULANS R2 AGKVVSGTV-DQSDQSFLDDDQIAAGFVLTCVAYPTSDVTIETHKEEDLY

CHLOROGLEOPSIS FRITSCHIT IK E Y C E 13
MASTIGOCLADUS LAMINOSUS LI E Y cv E 14
APHANIZOMENON FLOS-AQUAE LT I VE Y 15
NOSTOC STRAIN MAC I I EK Y LK 17
NOSTOC MUSCORUM L E Y vaQ 18
SPIRULINA PLATENSIS TIT I E Y C XK QG 18
SPIRULINA MAXIMA IT SI E Y CQQG 19
APHANOTHECE HALOPHITICA IKE EI E Y A CIQE 23
SYNECHOCYSTIS 6714 ITA S E Y C 24
SYNECHOCOCCUS SP. LLE E EK R CKLNQ E 25
NOSTOC STRAIN MAC II N ILKK N N NCE R DAIA 28
APHANOTHECE SACRUM I L PA PDE Q YI G Cv A 29
APHANOTHECE SACRUM II L AAPN D A L WM GC M QSEVL 33

FIG. 7. Comparison of cyanobacterial ferredoxin amino acid
sequences. All sequences other than A. nidulans R2 are from
reference 24. A, Alanine; D, aspartic acid; E, glutamic acid; G,
glycine; I, isoleucine; K, lysine; L, leucine; M, methionine; N,
asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T,
threonine; V, valine; W, tryptophan. Dashes denote gaps introduced
to maximize homology. Numbers at the end of each sequence
indicate the number of amino acid differences relative to A. nidulans
R2.

the consensus E. coli promoter (15). However, the A.
nidulans ferredoxin gene promoter differs substantially from
the ribulose bisphosphate carboxylase promoter. As this
gene may be regulated by iron availability, it is possible that
an 'activating protein which binds near the promoter is
required for expression. Further investigation of the ferre-
doxin promoter regions will allow an understanding of the
regulation of this gene.

When the deduced amino acid sequence of the A. nidulans
R2 ferredoxin protein was compared with those of other
cyanobacterial ferredoxins, the number of amino acid differ-
ences ranged from 13 to 33 (Fig. 7). The A. nidulans
ferredoxin appeared to be more homologous to ferredoxins
from filamentous cyanobacteria than to those from the two
unicellular cyanobacteria (Aphanothece sacrum and Syn-
echocystis sp. strain 6714) investigated. Previous compari-
sons (10) between the ferredoxins of unicellular and filamen-
tous cyanobacteria have noted a similar overall lack of
homology among unicellular species. To reconcile this dif-
ference with the traditional taxonomic divisions of the
cyanobacteria (9), Hase et al. (10) have proposed that the
presence of two gaps (positions 11 and 15) in the amino acid
sequence of ferredoxins from unicellular species is the
characteristic that distinguishes these species from filamen-
tous ones. However, the ferredoxin from A. nidulans, a
unicellular species, did not conform to this proposal. On the
basis of overall amino acid homology, one must conclude
that either cyanobacterial taxonomy requires massive revi-
sion or that plant ferredoxins are evolving too quickly to be
useful taxonomic tools. Indeed, exceptionally high evolu-
tionary mutation rates have been calculated for plant fer-
redoxins (24), and phylogenetic trees constructed for higher
plant ferredoxins show little resemblance to traditional tax-
onomy, suggesting that ferredoxins are not a good general
taxonomic indicator.

The isolation and sequencing of the A. nidulans R2 petF
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gene is the first step in understanding the gene regulation and
expression of the ferredoxin polypeptide. Since ferredoxin is
involved in a large number of metabolic processes because
of its role as a distributor of light-generated reducing power,
it is critical to understand the effects of environmental
influences on the expression of this important protein.
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