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I. Introduction 

Cyanobacteria (blue-green bacteria) are O2-evolv- 
ing photosynthetic prokaryotes some species of 
which hx N2 in air because the nitrogenase is pro- 
tected from O2 inactivation by being localized in dif- 
ferentiated cells called heterocysts [ 1 ]. Recently 
much attention has been paid to the possible role of 
plasmids as vehicles for the transfer o f n i f g e n e s  and 
other genetic determinants associated with N2-fixa- 
tion in prokaryotes [2,3]. This paper characterizes 
the extrachromosomal DNA of the N2-f'txin8 hetero- 
cystous cyanobacterium Nostoc 7524 and two non- 
heterocystous deletion mutants of this organism 
using gel electrophoresis, electron microscopy and 
restriction enzyme analysis. Three species of cova- 
lently closed circular (CCC) DNA of different mo- 
lecular weight were found. It is also concluded that 
the failure of the non-heterocystous mutants to dif- 
ferentiate heterocysts cannot be readily ascribed to a 
loss of plasmid:bome genetic material. 

2. Materials and Methods 

Nostoc  PCC 7524, Synechococcus PCC 6301 and 
PCC 7002 were obtained from the Pasteur Culture 
Collection, Paris [4]. The culture conditions and 
media used were as previously described [5,6]. The 
non-heterocystous st rains of Nostoc 7524, ND1001 

and NDI050, which have short and long trichome 
morphologies, respectively, were spontaneous mu- 
tants which arose independently during prolonged 
maintenance of the wild-type heterocystous strain 
NDO001 in medium BG-I 1o + NaNO3 (1.5 g/l). 
Synechococcus 6301 and 7002 were used for the iso- 
lation of marker plasmid DNA since they harbour 
plasmids of known molecular weights [6,7]. Checks 
on bacterial contamination were carried out routinely 
161. 

Plasmid DNA was isolated by CsCl-ethidium bro- 
mide density gradient centrifugation as before [6] 
except that after concentrating the cleared iysate 
with polyethylene glycol, the precipitate was dis- 
solved in 26.7 g TE buffer. Thereafter 28.4 g (for 
Nostoc 7524) or 28.7 g (for Synechococcus 6301 and 
7002) CsCI was added and dissolved carefully. 3 ml of 
ethidium bromide solution (5 mg/ml) was then added 
and the .solution was centrifuged at 45 000 rev./min 
for 20 h at 15°C in a Beckman VTi 50 vertical rotor. 
Gel electrophoresis, heat treatment, and restriction 
enzyme analysis of plasmid DNA were performed as 
before [6]. Electron microscopy was carried out 
according to Davis et al. [8]. The spreading solution 
contained 60% formamide, 0.4 M ammonium acetate, 
10 mM EDTA, pH 7.8. The hypophase was distilled 
H20, redistiUed twice over quartz. The restriction 
endonuclease endoR.Hindll was a kind gift from Dr. 
P.D. Baas, State University of Utrecht. Other restric- 
tion enzymes were purchased from Bethesda Re- 
search Laboratories, Rockville, MD or New England 
Biolabs, Beverly, MA. 
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3. Results and Discussion 

Nostoc 7524 (wild-type strain ND0001) and the 
two non-heterocystous mutants (ND1001 and 
ND1050) all contained extrachromosomal DNA 
which was observed as a satellite band after dye- 
buoyant-density gradient centrifugation. This band 
was collected and subjected to further investigations. 

Gel electrophoresis of the CsCl-ethidium bromide 
fraction was performed on 0.6% horizontal agarose 
gels to separate the plasmid components present and 
4 distinct bands were routinely observed in material 
from all 3 strains (Fig. 1). To determine whether these 
bands had a CCC or an open circular (OC) conforma- 
t ion two methods were used - heat treatment and 
sucrose-gradient centrifugation. Both methods 
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Fig. 3. Cleavage pattern of plasmid pDU1 with endoR2~g/I. 
(A) pDU1 digested with endoR.Bg/I; (B) pDU1 after diges- 
tion with endolCSgfl p/us marker fragments of 
endoRJ/indIII digest of 7̀  DNA; (C) marker fragments of 
endoR.HindIII digest of 7̀  DNA. The molecular weights of 
the 7, HindIII fragments are indicated on the right hand side 
of the gel. The reaction mixtures were analysed on a 1% 
horizontal agarose slab gel as previously described [6 ]. 

revealed the presence o f  3 distinct CCC plasroj'd~spe- 
cies (data not shown). This accords with the f'mdings 
o f  CCC DNA in a variety o f  cyanobacteria [6]. 

The molecular weights o f  the three plasmids were 
calculated by reference to marker CCCDNA isolated 
from Synechococcus 6301 and 7002 (Fig. 1). The 
Nostoc  7524 plasmids designated pDU1, pDU2 and 

j~U1 

A 

B 
Fig. 4. Cleavage patterns of plasmids pDU1 and pDU2 with 
endoRJ/indII. Digests were fractionated by gel electr 0- 
phoresis on (A) a 1% horizontal agarose gel, and (B) a discon- 
tinuous polyacrylamide slab gel, consisting of a 3% polyacryl- 
amide gel on top of a 10% polyacrylamide gel layer. Marker 
fragments (M) from endoR.HaeIII digestion of 0X174 RF 
DNA were also run on the same polyacrylamide gel. The 
molecular weights of these are indicated on the left hand side 
of the gel. 

Fig. 1. Agarose gel electrophotesis of covalently closed cir- 
cular (C) and open circular ((3) plasmid DNA isolated from 
Nostoc 7524 strains ND0001, ND1001 and ND1050. Marker 
plasmid DNA (M) isolated from Synechococcus 7002 and 
6301 were run on the same gel and the mo~ieculax weights of 
the CCC form of the marker DNAs axe indicated on the left 
and right hand sides of the gel, respectively. Gel electrc~ 
phoresis was performed on a 0.6% horizontal agarose slab gel 
as previously described [6]. 

Fig. 2. Electron micrographs of plasmids from Nostoc 7524 
strain ND0001. (A) pDU1; (13) internal marker DNA of 
pBR322 (left) and pDU1 (right); (C) pDU2; (D) pDU1 (left) 
and pDU (right). The plasmid DNA was purified by CsCI- 
ethidium bromide density gradient centrifugation and spread 
for electron microscopy as previously described [ 8 ]. 

pDU3 were found to have molecular weights of  4 + 
0 .1 ,8  -+ 0.2 and 28 + 3.0 megadaltons, respectively. 

Electron microscopy of  extrachromosomal DNA 
from Nostoc  7524 revealed the presence o f  3 plas- 
mids o f  different contour lengths. These contour 
lengths were measured using plasmid pBR322 [9] as 
internal standard and molecular weights of  4.1 + 0.4, 
7.9 -+ 0.6 and 25 ~: 2 were calculated for plasmids 
pDU1 (Fig. 2A, B, D), pDU2 (Fig. 2C) and pDU3 
(Fig. 2D), respectively. 

Plasmid pDU1, which may be useful as a cloning 
vehicle due to its small size and ease of  isolation, was 
characterized further by restriction enzyme analysis. 
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The restriction enzyme endoR.BglI cut pDU1 at one 
site to produce a double stranded linear DNA mole- 
cule. When run on a 1% horizontal agarose gel using 
DNA endoR.HindlII marker fragments as standard 
(Fig. 3) its molecular weight was calculated to be 
4.1 -+ 0.1 megadaltons thus confirming the value ob- 
tained by contour length and gel electrophoresis 
investigations. 

From electron microscopy and gel electrophoresis 
evidence it was found that plasmid pI)U2 was twice 
the size of  plasmid pDU1 ; the possibility that it may 
therefore be a dimeric molecule of pDU1 was then 
investigated. Plasmids pDU2 and pDU1 were incu- 
bated separately with the same restriction enzyme in 
order to compare their restriction patterns. Digestion 
of pDU2 and pDU1 with endoR.HindlI followed by 
gel electrophoresis on agarose (Fig. 4A) and discon- 
tinuous polyacrylamide (Fig. 4B) slab gels revealed 
similar restriction patterns for each plasmid. Thus, 
plasmid pDU2 appears to be a dimer of plasmid 
pDU1. There are reports of  dimeric plasmids in other 
bacteria [10,11 ] but they have not hitherto been 
reported in cyanobacteria. The restriction enzyme 
patterns of plasmids pDU1 and pDU3 were investi- 
gated after incubation with endoRJt'baI and were 
found to be different (data not shown). From this 
evidence we conclude that pDU3 is unlikely to be 
derived from a single plasmid DNA form. 

Collectively, the data provide evidence for the 
presence of 3 species of CCCDNA in the heterocystous 
cyanobacterium Nostoc 7524. This compares with 
plasmid numbers ranging from 0 - 5  reported for vari- 
ous other heterocystous cyanobacteria [ 12]. Neither 
the plasmid content nor plasmid size were different 
in the wild type and in the non-heterocystous mu- 
tants. The latter appear to be deletion mutants, since 
wild-type revertants have never been detected in 
repeated selection experiments on medium lacking 
a source of combined nitrogen. The results indicate 

that the failure of the mutants to differentiate 
heterocysts cannot be readily ascribed to the loss 
of plasmid-borne genes coding for heterocyst dif- 
ferentiation unless, of course, the deletion is so small 
as to make no detectable change in plasmid molecular 
weight. The specific roles of such plasmids in cyano- 
bacteria are currently under investigation. 
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