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Two large, hydrophobic polypeptides termed PSI-A and PSI-B of Photosystem I are thought, as a heterodimer, to
harbor all redox centers and pigments required for primary charge separation. The gene psaB coding for PSI-B was
cloned from Anabaena oariabilis, a segment replaced by a drug-resistance cassette, and returned to Anabaena on a
suicide plasmid. Double recombinants (mutants) grew only chemoheterotrophically, had a reduced chlorophyll
content, and lacked Photosystem I.

Cyanobacteria are well-suited for genetic analysis of
oxygenic photosynthesis. Since most transformable
species can only grow photoheterotrophically (which
requires some activity of Photosystem I), but not
chemoheterotrophically, directed mutagenesis was
mainly used to probe various aspects of Photosystem II
(examples in Ref. 1). Nelson's group [2,3] has inacti­
vated, in Synechocystis sp. PCC 6803, the genes psaD
and psaE that code for small, peripheral subunits of
Photosystem I (PS I). The mutants did not lose the
activity of PS I completely, and could grow photo­
heterotrophically. Recently, 'light-activated', cherno­
heterotrophic growth of Synechocystis has been re­
ported [4].

The cyanobacterium Anabaena oariabtlis strain FD,
a facultative chernoheterotroph, can receive plasmid
DNA by conjugation and recombine it with resident
DNA [5]. With the method of sacB-mediated, positive
selection for double recombinants [6], the strain has
already been used to replace a gene coding for a
proteinase by a mutated form [7]. We have now applied
these techniques to the mutagenesis of the gene psaB
that codes for a subunit of PS 1, PSI-B. PSI-B is a
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hydrophobic polypeptide of about 80 kDa that, proba­
bly in a heterodimer with the homologous polypeptide
PSI-A, harbours four of the six known redox centers
and all the pigments of PS I except those of the outer
antenna (recently reviewed in Ref. 8). The initial steps
of charge separation occur within this heterodimer.

The major part of the psaB gene of A. oariabilis
was located from a library of HindIII-digested, size­
fractionated genomic DNA in plasmid pBS( +)
(Stratagene, Heidelberg, Germany) with two degener­
ate oligonucleotides corresponding to conserved re­
gions of the DNA sequence of the gene (bp 1696 to
1721 and bp 1957 to 1976, numbering according to the
psaB-sequence of Svnechococcus sp, PCC 7002 [9]) as
described [10]. One strand of the 2.5-kb-long insert was
sequenced [10]. The insert covered the C-terminal part
of the psaB product corresponding to amino-acid
residue 103 to residue 733 of the homologous Syne­
chococcus sequence [9], and a further 551 bp down­
stream of the psaB gene.

Mutation of the psaB gene. The cloned insert was
transferred as a 2.5 kb HindIII fragment to vector pIC
20R [11], bp 665 to 1610 deleted by double digestion
with Bell and Sty I and filled in with the Klenow
enzyme. The Km'y Nrn" drug cassette C.K3 was in­
serted as a SmaI fragment from pRL 448 [12], and the
resulting mutated, partial psaB gene was transferred
as an EcoRV/Smai fragment into the unique NruI
site of pRL 270. Plasmid pRL 270 is a mobilizable,
positive selection vector containing gene sacB [7]. Es­
sential features of the resulting plasmid pMM III are
shown in Fig. 1A
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Mutation of Anabaena. Plasmid pMM III was trans­
ferred to A. oariabilis strain PO by conjugation on
filters [5] and exconjugants obtained in AA-based me­
dia [13], as follows: the filters were first incubated for 1
day on AA-medium solidified with 1% agar at 30 0 C
under white light of 3000 lux, then under the same
conditions for 1 week on plates containing, in addition,
kanamycin at 25 p,g/ml. Thereafter, double recom­
binants were isolated and identified essentially as de­
scribed [7], except that plates and liquid cultures were
kept at 30 0 C in darkness and all media were supple­
mented with 5 mM fructose, 1 mM sodium thiosulfate,
10 /hg/ml (liquid) and 25 /hg/ml (plates) of kanamycin
and 10 mM sodium arsenate. Arsenate, to which
cyanobacteria are fairly resistant [14] was included to
keep cultures axenic. Three clones were obtained which
were resistant to sucrose and to kanamycin, and thus
potential double recombinants [6]. As the three clones
had indistinguishable phenotypes, only one of them
(mutant MM 0 is described in more detail.

Characteristics of the mutant. The mutant did not
grow photoautotrophically or photoheterotrophically
(i.e., in the light in the presence of 5 mM fructose), but
did grow in the dark on fructose, on plates and in
liquid. The lack of photoheterotrophic grows suggests
that the mutant is sensitive to light. In the following,
pertinent properties of the dark-grown mutant are

compared to those of the wild-type grown identically
except for the omission of kanamycin.

Fig. 1A shows essential features of the suicide (in­
tegration) plasmid pMM III used for mutagenesis. The
inserted drug cassette C.K3 contains a single HindIII
restriction site. When Southern blots of HindIII-di­
gested DNA from the wild type and the mutant MM I
were probed with the plasmid (see Ref. 7 for the
methods), the 2.5 kb band (wild type) was replaced by
two bands of 1.8 kb and 0.8 kb (mutant, Fig. IB), as
expected (0.945 kb of the gene psaB were replaced by
1.1 kb of cassette C.K3). Digestion with EcoRI, which
does not cut in the insert of pMM III, resulted in a
single band of about 8.5 kb both for the wild type and
the mutant (not shown).

Mutant MM r had a lower Chi content than the wild
type (Fig. 2), consistent with the absence of PS I (see
below). The Chi content was reduced about 4-times
(Table O. Light-dependent CO 2 fixation, measured
with [14C]C0 2 as in Ref. 15, was strongly reduced:
When calculated on a Chi basis, the mutant fixed CO 2
at 1.6% of the rate of the wild type (100% = 100-120
u mol CO 2 (mg Chl)- I h-I), when calculated on a
packed cell basis, at 0.4% of the rate of the wild type.

Membranes were isolated from the cells in dilute
buffer (20 mM Tris, 0.1 M NaCI (pH 8.1)) by French
press treatment followed by differential centrifugation
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Figv l. (A) Essential features of plasmid pMM III which was used to rnutagenize the psaB gene of Anabaena cariabilis, The plasmid is based on
the positive selection vector pRL 270 described in Ref. 7. Shown are the restriction sites for HindIIJ (H). Lengths are given in kb. Abbreviations:
born, basis of mobilization sequence (ori T region); em', chloramphenicol resistance gene; C.K3, kanamycin/neomycin resistance cassette: Em',
erythromycin resistance gene; or; V. replication origin of pBR 322; sacls,gene from Bacillussubiilis coding for levansucrase. The double-headed
arrow in the scale marker for the chromosomal portion. (BJ Southern analysis of A. rariabilis strain FD (lane 1) and its mutant MM T(lane 2).
Aboul2 /lg of HindllJ-digested DNA was separated by agarose gel electrophoresis, blotted on nitrocellulose and probed with plasmid pMM III.
The hybridization temperature was 68 0 C. Cassette C.K3, which was inserted into the pSIlB gene of the mutant, contains a restriction site for

Hindll!. Sizes of the fragments .. in kb, are indicated at the left. For further details, see text.
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T ABLE I

Choracteristics of chemoheterotrophically grown Anabal'1la rariabilis
FD and its pstlB mutant MM I

" C hlo ro phyll was assa yed as in R ef. 16, the vo lume of the packed
cell s in grad ua ted ce ntri fuge tubes after ce ntrifugati on for 10 min
at 300 0 X g .

h De termined by SOS.-PAGE of isolated membran es.
c D e te rmin ed by redox d iffe ren ce spect ro sco py as in Ref. 17.
d Act ivitie s are express ed as !Lmol O 2 co ns umed (rng chlo rop hyll

a )- I h - I . Assaye d with isolated me mbran es as in R ef . 18. T =
25 0 C, act inic red ligh t ( > 640 nrn ) of approx. 300 W 012

c Activit ies are express ed as ", mol 02 evo lved (mg chlorop hyll 0) - 1

h - I or u rnol O 2 evolved (ml p ack ed ce llsl " ? h - I • Assa yed with
intact cells as in Re f. 16, except tha t the elect ro n acceptor system
con siste d of 0.4 mM p-be nzoquinone, to mM K .1Fe(CN)6: ot he r
cond it ion s as above.

(10 min at 3000 Xg , 1 hat 100 000 X g ), a tre a tm ent
that removes the phycobiliproteins. In the red region of
the sp ec trum, such membranes from the mut ant exhib­
ited a Ch1 maximum at 672 nrn, compared to 677 nm in
the wild-type membranes (not shown). The primary
electron donor of PS I, P 700, was not detected in
redox diffe rence spectra of membranes from MM I
(see insert of Fig. 2 and Table I). It also lacked PS I
activity, me asured as light-dependent electron trans­
port from red uced cytochrome c-553 to methyl violo­
gen, and lacked both polypeptides PSI-A and PSI-B
(Table I).

However, the mut ant did contain a normal amount
of the principal antennae of Photosystern II , the phyco­
biliproteins (absorption maximum at 625 nm in Fig. 2),
and show ed Pho tosystem II activity, measured as light­
dependent oxygen evolution with p-b enzoquinone!
K 3F e(CN)fi as electron accep tors (Tab le 1). On a
chlorophyll basis, this activity was about 3-fold higher
in the mutant than in the wild-type, consist ent with the
reduced content of chlorophyll in MM I, but the act iv­
ity was similar when related to the volume of packed
cells (Table D.

Con clusions. To our knowledge, this is the first re­
port on sit e-directed mutagenesis of one of the large
sub un its of PS 1. The mutant did not contain any
detectable PS I, an ind ication that the photosy stem can
not be built from homodimers of PSI-A. A sim ilar
conclusion has been reached from anal ysis of mutants
of Chla mydomon as obtai ned by conventional mutagen­
esis [19]. Mutant MM I may facilitat e a bio chem ical
analysis of Pho tos ystem II which was present in normal
amou nts. Onl y recentl y has the dire cted mu tagenesis of
a chloroplas t gene, psaC, of the green alga Chlamy­
dom on as reinhardtii with a drug-resistance casse tte
been achi eved [20]. In combination with the available,
rathe r adva nced techniques for DNA transfer and for
selection of double recombinants, the cyanobacterium
Anabaena oariabilis strain FD appears very well suited
for a detailed analysis of PS I by site -di rected mu tagen­
esis.
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Fig. 2. In vivo absorption spectra of dark-grown Anabaena rariabllis
strain FD and its p,.aB-mutant MM 1. The absorption maximum at
625 rim is principally that of phycocyanin , the maxim" at 678 nrn and
438 nm arc those of chlorophyll a. The mutant had a str on gly
reduced ch lorophyll cont e nt. Conditions: Dark grown cultures were
susp ended in glycerol/water (I : [) at a de nsity of abo ut 0.6 p.1 of
pack ed ce llsy ml a nd absorp tio n spec tra were recorded at room
tempe ra tur e in a Kontron Uvikon 860 equ ipped with a sca tt e red
tra nsmi ssio n accesso ry. The spe ct ra were normalize d at 750 nm. The
inset sh ows ascorba te- red uce d minus fe rr icyanide-oxidized d iffe re nce
spec tra (see Rd. 17) of isol ated thylakoids in the far-red reg ion. The
spec t ra we re no rma lized a t 740 nm. T he maximu m a t 700 nm ,
pr esen t on ly in the wild type membranes, corr esp ond s to P7OO, the
primary e lect ron don or of Pho tosyste rn 1. Both sa mples contai ned

me mbran es with 30 p.g chloroohy lly ml,
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