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SUMMARY 

A new strategy for molecular cloning in the cyanobacterium Anacystis nidulans R-2 is described. This 

strategy involved the use of a transposon and was developed for the cloning of a gene encoding methionine 

biosynthesis. A met::Tn9OZ mutant was isolated. Chromosomal DNA fragments were cloned in the 

Escherichia coli plasmid vector pACYC184. A recombinant plasmid carrying the inactivated met::Tn901 

gene was selected after transformation to E. coli. The cloned met::Tn901 DNA fragment was used as a 

probe to select the corresponding A. nidulans R-2 wild-type met gene from a gene library prepared in E. 

coli, using the newly constructed shuttle cosmid vector pPUC29. When transformed into A. niduluns Met- 

mutants, this cloned gene allowed the mutants to grow prototrophically. 

INTRODUCTION 

Cyanobacteria, also called blue-green algae, are 

the only prokaryotes that perform an oxygenic, 

“higher-plant” type, photosynthesis. In addition, 
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Abbreviations: Ap, ampicillin; CCC, covalently closed circular; 

Cm, chloramphenicol; kb, kilobase pairs; L, linear; OC, open 

circular; SDS, sodium dodecyl sulfate; Tc, tetracycline; U, 

units; ::, indicates novel joint; [ 1, indicates plasmid-carrier 

state. 

some species are able to fix molecular nitrogen 

even under aerobic conditions (Stanier and 

Cohen-Bazire, 1977). It is thus of particular inter- 

est to develop molecular genetic studies within this 

group of microorganisms. Until now, genetic anal- 

ysis has been extremely limited, since transforma- 

tion, the only currently available tool, is restricted 

to six cyanobacterial strains: A. nidulans 602 

PCC7943 (Shestakov and Khyen, 1970), A. nidu- 

lans PCC6301 (Herdman, 1973), Aphanocupsu 

PCC6714 (Astier and Espardellier, 1976), Gloeo- 

capsa alpicola PCC6308 (Devilly and Houghton, 

1977), Agmenellum quadruplicatum PCC7002 
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(Stevens and Porter, 1980) and .‘$v~chocvsris 

PCC6803 (Grigorieva and Shestakov, 1982). 

Mutants from A. nidufuns PCC6301 have been 

isolated and biochemically characterized, but only 

very restricted genetic linkage maps have been 

established (Delaney et al., 1976: Ladha and 

Kumar, 1978; Doolittle, 1979). As an alternative 

to classical genetic analysis, we have begun to 

develop a molecular cloning system in A. niduluns 

R-2 (Van den Hondel et al., 1980). 

The cyanobacterium A. niduluns R-2 harbours 

two plasmids, pUH24 (7.9 kb) and pUH25 (50.8 

kb) which have, thus far, remained cryptic. The 

small plasmid pUH24 has been genetically marked 

by in vivo insertion of the TEM P-lactamase trans- 

poson Tn90Z (Van den Hondel et al., 1980). This 

recombinant plasmid pCH 1 (pUH24: :Tn 901) effi- 

ciently transforms A. nidulans R-2, is stably main- 

tained, and confers on the cells resistance to l--2 

pgg/ml of ampicillin. In ApK transformants, pCH1 

replaces the small plasmid pUH24, while the large 

plasmid pUH25 remains (Van den Hondel et al.. 

1980). Recently, two hybrid shuttle cloning vec- 

tors, pUC104 and pUClO5, capable of transfor- 

ming E. co/i and A. nidulans R-2, have been con- 

structed in vitro (Kuhlemeier et al., 1981). These 

vectors consist of the E. co/i plasmid pACYC184 

and the cyanobacterial plasmid pUC 1 derived from 

pCH1 (part of pCH1 had been deleted in vitro so 

that pUC1 still encoded ampicillin resistance and 

that Tn901 could not transpose any more). Plas- 

mid pUC104 was used further to construct a 

cosmid vector (pPUC29, 14.2 kb), by in vitro 

insertion of the cohesive end DNA sequence of 

bacteriophage X (to be published elsewhere). After 

insertion of foreign DNA, cosmid pPUc’29 can be 

used as a plasmid to transform both E. coli and A. 

nidulans R-2 or can be packaged in vitro into X 

particles, and introduced into E. coli cells by infec- 

tion. 

At present two cyanobacterial genes, nifH and 

gInA from Anabaena cylindrica PCC7 120, sharing 

sufficient homology with the corresponding en- 

terobacterial genes, have been isolated by means 

of heterologous DNA hybridization (Mazur et al., 

1980; Fisher et al., 1981). In addition, ribosomal 

RNA genes have been cloned from A. nidulans 

PCC6301. The cloned rDNAs have been char- 

acterized by DNA-RNA hybridization and the 

R-loop technique (Tomioka et al.. 1081). In this 

report, we describe an alternative cloning strategy 

which involves the use of a transposon as a physi- 

cal marker. This method has been successfully 

applied to the cloning of a gene involved in 

methionine biosynthesis in A. niduhns R-2, and 

theoretically can be extended to the cloning of any 

cyanobacterial gene into which a transpnson is 

inserted. 

MATERIALS AND METHODS 

(a) Strains and plasmids (or cosmids) 

The plasmids, bacterial and cyanobacterial 

strains used in these experiments are listed in 

Table I. 

E. co/i strains were grown in LB medium, at 

37°C with the exception of the thermosensitive 

strains BHB2688 and BHB2690 which were grown 

at 30°C. Solid media contained 15 g agar per liter. 

Ampicillin (50 pg/ml), tetracycline (10 pg/ml) or 

chloramphenicol (25 (*g/ml) were added when 

growing bacteria that contained plasmids. 

A. nidulans strains were grown in BGl 1 minimal 

medium (Rippka et al., 1979) supplemented with 

methionine 30 pg/ml or 200 pg/ml for MET1 

and 602 Met- , respectively. A. niduluns R-2[pCH 1 

] and MET1 were grown with ampicillin (1 pg/ml). 

Solid media contained 10 g agar per liter. Cells 

were incubated at 3O”C, under a light intensity of 

3000 lux (white fluorescent light). 

(b) Isolation of Met _ mutants induced by Tn 901 

A. nidulans R-2 Met ~ mutants induced by 

transposition of Tn901 were isolated as follows: A. 

nidufuns R-2[pCHl] cells were grown to a density 

of 8 X 10’ cells/ml, in minimal medium supple- 

mented with methionine. Cells were collected by 

centrifugation and, after three washings, were re- 

suspended to a concentration of ? X lo6 cells/ml, 

and incubated for 18 h in minimal medium, to 

deplete the endogenous methionine pool. As Tn 901 

conferred on A. niduluns R-2 cells resistance to 

only l-2 pg/ml of ampicillin, the cell population 

was enriched for Met mutants by a further in- 
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TABLE I 

Strains and plasmids used in this study 

Strains/plasmids 

(or cosmids) 

Relevant characteristics Reference/source 

Escherichia coli 

803 

BHB2688 

BHB2690 

recA hsdS supE supF 

NZOS (XEam4 b2 red3 imm434 clts Sam’l)/h 

N205 (XDamlS b2 red3 imm434 cIts Sam7)/X 

P. Kourilsky 

flnstitut Pasteur) 

Hohn ( 1979) 

Hohn (1979) 

Plasmids and cosmids 

pACYC184 

pBHT187 

pPUC29 

pTH225 

CmR TcR, with a unique EcoRI restriction site in the cam gene 

Recombinant piasmid pACYCl84::(R-2 DNA::Tn90I), 

Cm’ TcR ApR (Fig. la) 

Hybrid w&d vector E. coli-A. nidulans R-2, CmR ApR (Fig, lb) 

Recombinant cosmid pPUC29: : R-2 DNA, Cms ApR (Fig. lc) 

Chang et al. (1978) 

This work 

Our laboratories 

(to be published) 

This work 

Anacystis nidulans 

R-2 

R-2 [pCHl] 

met- 1 

602 Met- 

Wild-type strain harbouring plasmids pUH24 (7.9 kb) and pUH25 

(50.8 kb) 

R-2 strain harbouring pCH1 ( = pUH24::TnPOl) instead of pUH24, 

ApR 
R-2 met::Tn901 [pCHl], ApR Met- 

MET1 mutant of A. nidulans 602 harbouring two plasmids (7.9 kb 

and 50.8 kb) 

Our laboratories 

PCC7942 

Van den Hondel 

et al., 1980 

This work 

S. Shestakov 

(Moscow University) 

cubation for 16 h in minimal medium containing 
150 pg/ml of ampicillin. After washing, surviving 
cells (approx. 1%) were plated on minimal medium 
supplemented with methionine. Met- mutants 
were screened, by replica plating, on minimal 
medium with and without methionine. Two Met- 
mutants resistant to ampicillin were obtained. The 
mutant MET1 was used further in this work. 

(c) DNA preparation 

Plasmids (or cosmids) from E. coli and from A. 
nidulans R-2 strains were purified by CsCl- 
ethidium bromide density gradients accordin to 
Davis et al. (1980) and Van den Hondel et al. 
(1979), respectively. For rapid screening of E. coli 
transformants, the technique devised by Birnboim 
and Doly (1979) was followed. 

Chromosomal DNA from A. niduluns R-2 

strains was extracted by Marmur’s technique 
(Marmur, 1961) with slight modifications. 2-3 g of 
wet packed cells were washed once with 120 mM 
NaCl, 50 mM EDTA, pH 8.0 and resuspended in 
40 ml of the same saline-EDTA solution. Lysis 
was performed by incubations with 3 mg/ml 
lysozyme (1 h, 37OC), then with 1% w/v SDS (1 h, 
37*(Z). The lysed suspension was made 0.5 M with 
NaClO, and extracted three times with 1 vol. of 
chloroform-isoamyl alcohol (24: 1). DNA was 
precipitated with ethanol, spooled and resus- 
pended in 10 mM Tris . HCl pH 7.5, 0.1 mM 
EDTA (T/O.lE). The DNA solution was treated 
with 50 pg/ml ribonuclease B (1 h, 37OC). After 
phenol and chloroform-isoamyl alcohol extrac- 
tions, DNA was again precipitated with ethanol, 
spooled and resuspended in T/O. 1 E buffer. 



114 

(d) Restriction analysis and DNA ligation 

Restriction endonucleases EcoRI (Boehrmger) 

and BamHI (BRL) were used according to the 

manufacturer’s instructions. 

T4 DNA ligase was purified by R. Teertstra 

(Utrecht) using the strain KA936 from K. Murray 

(obtained from A. de Waard, Leiden) as described 

by Murray et al. (1979). The dilution buffer was 66 

mM Tris. HCl, pH 7.6, 6.6 mM MgCl,, 10 mM 

DTT and 0.4 mM ATP. Molar ratios of vector to 

DNA fragment cloned were 1 : 20 and 1 : 1 for 

cloning into pACYC184 and pPUC29, respec- 

tively. The reaction mixture, containing 1 unit of 

T4 DNA ligase/ml, was incubated at 16°C for 

24 h. 

(e) Southern transfers and DNA hybridiza~ons 

Restriction DNA fragments and undigested 

plasmid DNA were electrophoresed on a 0.7% 

agarose gel (16 h, 3 V/cm} in 89 mM Tris-borate 

buffer pH 8.3, containing 3 mM EDTA. DNAs 

were then transferred to nitrocellulose filters as 

described by Southern (1975). 

The ll.l-kb mef::Tn901 DNA fragment used 

as a probe was purified from the EcuRI digested 

plasmid pBHTl87 according to Tanaka and 

Weisblum (1975) and 32 P-labelled by nick transla- 

tion (Rigby et al., 1977). The [ol-32P]dATP (410 

Ci/mmol) was purchased from Amersham. Hy- 

bridizations were performed as described by 

Hanahan and Meselson (1980). 

(f) A. nidirfans R-2 gene library: construction and 

screening 

After partial digestion with EcoRI, chro- 

mosomal DNA samples were subjected to velocity 

sedimentation on a sucrose gradient (Van den 

Hondel et al., 1979). The 30-40-kb fragments were 

collected and ligated to the EcoRI-digested 

pPUC29 cosmid DNA. Ligated DNA was 

packaged in vitro into the heads of bacteriophage 

X (Collins, 1979) using the strains BHB2688 and 

BHB2690 described by Hohn (1979). E. co/i strain 

803 was then infected with this packaged DNA, 

ApR colonies were selected and tested by replica 

plating for sensitivity to chloramphenicol. ApR 

Cms colonies were screened by colony hybridiza- 

tion (Hanahan and Meselson, 1980) using the 

met::Tn901 13’P]DNA probe purified and labelled 

as described in section (e). In this experiment, cold 

pPUC29 DNA (10 pg per filter) was added during 

the prehybridization incubation, to decrease the 

background which might have resulted from the 

presence of a Tn9OZ fragment in the cosmid vector 

(see Fig. 1 b). 

(g) Transformations 

Transformation of E. coli was performed 

according to the calcium shock method (Cohen et 

al., 1972). Transformation of A. niduluns strains 

was performed as described by Van den Hondel et 

al. (1980). 

RESULTS AND DISCUSSION 

In the present work, we used A. niduhs R- 

2[pCHI] cells to isolate mutants induced by trans- 

position of Tn9OZ. Met- mutants were recovered 

at a frequency of 10-4. The reversion frequency 

for the Met+ phenotype was lower than 10e9, 

suggesting that a met gene had been inactivated by 

insertion of Tn901. An analysis of the plasmid 

content of two Met- ApR mutants revealed the 

presence of plasmids pCH1 and pUH25. One of 

these mutants, METI, was studied further. 

The cloning of the methionine gene from A. 

niduhns R-2 proceeded as follows. 

Step I. Total DNA of the mutant MET1 was 

partially digested with EcoRI and cloned into the 

E. coli plasmid vector pACYCl84 linearized by 

the same restriction enzyme. The vector encoded 

chloramphenicol and tetracycline resistances, and 

cloning into its unique EcoRI site inactivated the 

cam gene. E. coii strain 803 was transformed with 

this cloned DNA, and selection for ampicillin-re- 

sistant colonies yielded recombinant plasmids 

harbouring DNA fragments which contained a 

Tn901 insertion. pCHl (pUH24::Tn9OZ ) has no 

EcoRI site and is not replicated in e. coli (Van den 

Hondel et al., 1980). Thus, the cloned DNA frag- 

ments could only have originated from pUH25 or 

chromosomal DNA. Three ApR TcR Cm’ colonies 

were obtained. Plasmid DNA from these transfor- 
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Bum HI 

Bum HI 

t 
Barn HI 

Barn 

Eco RI 

1 

PTH 225 
47.0 kb 

Fig. 1. Schematic representation of the plasmids pBHTl87, 

pPUC29 and pTH225. (a) Recombinant plasmid pBHTl87, 

obtained by cloning totat DNA from the MET1 mutant of A. 

nidulans R-2 (thin line and dotted box), into the EcoRI site of 

E. coli plasmid vector pACYCl84 (black box). (b) Cosmid 

pPUC29; hybrid E. coli-A. niduluns R-2 vector pUClO4 (black 

box, pACYCl84 part, open and dotted boxes, pUC1 part into 

which we have inserted, in vitro, the 1.7-kb BglII DNA frag- 

mants was purified, digested with EcoRI and 
analyzed by agarose gel electrophoresis. All three 
contained a similar 11.1 -kb EcoRI DNA fragment, 
termed “met: :Tn 901 “, inserted into the 
pACYC184 vector. One of these recombinant 
plasmids, pBHTl87 (15.1 kb), was analyzed fur- 
ther. Restriction analysis of the purified EcoRI 
met::Tn902 DNA fra~ent revealed the presence 
of two BumHI sites, one located in the transposon 
Tn901 (Van den Hondel et al,, 1980), the second 
in the cloned A. niduluns R-2 DNA fragment. Fig. 
la shows a schematic representation of pBHT187. 

To demonstrate that the cloned met::Tn901 
fragment originated from the chromosome of the 
mutant METl, a Southern hyb~~tion experi- 
ment was performed. Plasmid DNA from pUH24, 
pUH25, pCHl and chromosomal DNA from both 
mutant MET1 and wild-type strain were tested 
using the 32P-labelled met::TnPOZ EcoRI DNA 
fragment as a probe. As shown in Fig. 2, the 
32 P-labelled probe hybridized with a 11. I-kb EcoRI 
fragment from the MET1 chromosomal DNA 
(lanes 5 and 61, as well as with a 6.2-kb EcoRI 
fragment from the wild-type cbromosomal DNA 
(lanes 2 and 3). The difference in size between 
these two bands corresponded to the &&-value of 
transposon Tn9OI. No hybridization was observed 
with undigested pUH24 (Fig. 2, lane 7) nor with 
pUH25 EcoRI fragments (Fig. 2, lane 9). These 
results show that the met::Tn901 DNA fragment 
originated from the chromosomal DNA of the 
mutant METl. The additional hybridization bands 
observed in Fig. 2 (lanes 5 and 6) resulted from 
the presence, in the chromosomal DNA prepara- 

ment from pHC79 (hatched box; Hohn and Collins, 1980) 

housing the cos (black square) sequence of bacteriophage h. 

Cosmid pPUC29 possesses a unique EcoRI site in the cam 

gene; ApR gene is carried on a 1.7-kb DNA fragment of Tn901 

which has lost the ability to transpose. (c) Recombinant cosmid 

pTH225 obtained by cloning a 32.SLb chromosomal DNA 

fragment from wild-type A. nidukms R-2 partially digested with 

EcuRI (thin line) into the EcoRI site of the cosmid vector 

pPUC29. Within each plasmid or cosmids, the length of the 

restriction fragments were drawn according to their respective 

sizes. Within the DNA fragment cloned in pTH225, only two 

EcoRI and one BarnHI sites have been mentioned; the sixes of 

these restriction fragments and their respective locations have 

been determined from the sixes of the hybridizing bands (see 

Fig. 2, lanes 2 or 3, and Fig. 3a. lane 4). 
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6.2 

Fig. 2. Identification of the EcoRI DNA fragment from A. niduhns R-2 chromosomal DNA which contained a gene involved in 

methionine biosynthesis. Ethidium bromide-stained gel (left) and autoradiogram of the corresponding Southern blot after hybridiza- 

tion with the met::Tn901 [32P]DNA probe (right). Lane 1, M, standards (X DNA digested with HindIII+ X DNA doubly digested 

with Hind111 and EcoRI). Lanes 2-4, chromosomal DNA of wild-type A. nidulans R-2 after digestion with EcoRI (2.0, 1.0 and 0.4 U 

per ltg of DNA in lanes 2. 3 and 4, respectively). Lanes 5 and 6. chromosomal DNA of the A. nrduhns R-2 mutant MET1 totally 

digested with EcoRI (2 U per l.tg of DNA); this DNA preparation contained L and OC forms of plasmid pCHl (black arrows). Lane 

7, undigested plasmid pUH24 (7.9 kb) from wild-type A. nidulans R-2 with CCC, L and OC plasmid DNA forms (from bottom to 

top). Lane 8, undigested plasmid pCHl from the mutant METI with CCC, L and OC plasmid DNA forms (from bottom to top; 

black arrows). Lane 9, EcoRI-digested (partial digestion) plasmid pUH25 (50.8 kb) from wild-type A. r~idulms R-2. 

tion, of linear and open-circular forms of plasmid 
pCH1 which carries Tn901 (cf. lane 8 showing 
CCC, L and OC forms of pCH1). 

Step II. To select a DNA fragment that con- 
tains the corresponding wild-type met gene, we 
first prepared, in an E. coli strain, a gene library 
from wild-type A. nidulans R-2 chromosomal DNA 
(for construction and screening of the bank see 
MATERIALS AND METHODS). Our two main require- 

ments were: first, to clone large DNA fragments, 
in order to preserve the authentic gene order, and 
to cover the entire genome, statistically, in a limited 
number of E. coli colonies; second, to clone DNA 
fragments into a vector that can be transferred 
back into the original organism. To meet these 
criteria, we prepared the gene library in our newly 
constructed cosmid vector pPUC29 (Fig. lb) which 
is able to replicate either in E. coli or in A. nidulans 
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R-2 cells. Because of the length dependence of the 

DNA for in vitro packaging, a strong selection for 

hybrid DNA of 38-52 kb occurred (Hohn, 1979). 

By analogy with the taxonomically closely related 

A. niduluns PCC6301 (Rippka et al., 1979) the 

genome size of A. niduluns R-2 can be estimated to 

approx. it4, 2 x lo9 (approx. 3 x lo3 kb). As 

pPUC29 is 14.2 kb long, DNA fragments of ap- 

prox. 24-38 kb can be inserted into this co&d. 

Thus, the entire genome can be expected to be 

present in a few hundred colonies. 

This A. nidulans R-2 gene library was screened 

a 

kb 

- 10.2 

-6.0 

-2.5 

-1.4 

b 

mef :: Tn 901 I? B 0 R 

32P_DNA probe 
kb 

Tn 901 

R B R 

“met DNA” cloned in pTH 225 
2.5 3.7 kb 

Fig. 3. Analysis of DNA from the recombinant co&d pTH225. 
(a) Ethidium bromide-stained gel (left) and autoradiogram of 
the corresponding Southern blot after hybridization with the 
mef::Tn901 EcoRI [32P]DNA fragment as a probe (right). 
Lane 1, M, standards as in Fig. 2. Lane 2, DNA of cosmid 
vector pPUC29 digested with BamHI and EcoRI. Lane 3, 
EcoRI met::Tn901 DNA fragment digested with BarnHI. Lane 

4, recombinant cosmid pTH225 DNA digested with BumHI 
and EcoRI. (b) Schematic representation depicting the EcoRI 
(R) and BamHI (B) sites in the ll.l-kb mer::TnPOI DNA 
fragment used as a probe and in the corresponding wild-type 
chromosomal “met DNA” fragment cloned in pTH225. 

by in situ colony hybridization using the 

met: :Tn901 EcoRI [ 32P]DNA fragment as a probe. 

Of 300 ApR colonies analyzed, one hybridized with 

the probe and contained a 47-kb recombinant 

cosmid, which we called pTH225 (Fig. lc). TO 

confirm that this recombinant cosmid contains the 

wild-type metgene, DNA was analyzed by agarose 

gel electrophoresis after double digestion with 

BamHI and EcoRI, and then tested with the 

met::Tn901 [32P]DNA probe. As shown in Fig. 

3a, three of the BamHI-EcoRI DNA fragments 

from pTH225 (10.2, 3.7 and 2.5 kb; lane 4) 

hybridized with the probe as well as three frag- 

ments (6.0, 3.7 and 1.4 kb; lane 3) from the 

BamHI digest of the EcoRI met::Tn901 fragment. 

The 10.2-kb hybridization band from pTH225 (Fig. 

3a, lane 4) corresponded to the larger BamHI- 

BamHI restriction fragment of the cosmid vector 

pPUC29 (Fig. 3a, lane 2 and Fig. lb and c) and 

the 3.7- and 2.5-kb bands to DNA fragments from 

the wild-type chromosomal DNA of A. niduhns 

R-2. Fig. 3b shows a schematic drawing of the 

EcoRI met::Tn901 DNA fragment, and of the 

corresponding EcoRI wild-type “met DNA” frag- 

ment cloned into the recombinant cosmid pTH225. 

On the basis of the M,-values of these fragments, 

we propose a structure in which Tn901 has been 

inserted very close to the BamHI site of the wild- 

type chromosomal DNA fragment. The 3.7-kb 

BamHI-EcoRI restriction fragment was common 

to both the met::Tn901 and the wild-type “met 

DNA” fragment, and thus corresponded to chro- 

mosomal DNA. The 6.0- and 1.4-kb pieces of the 

met::Tn901 DNA represented wild-type “met 

DNA” (2.5 kb) into which Tn901 (4.9 kb) had 

inserted. 

With the recombinant cosmid pTH225, we then 

transformed two Met- mutants, the original A. 

niduluns R-2 MET1 and a Met- mutant of a 

taxonomically closely related cyanobacterium A. 

nidulans 602 (obtained after N-methyl-N-nitroso- 

N’-nitroguanidine mutagenesis). Both yielded 

Met+ colonies after transformation with pTH225 

DNA and selection on minimal medium. The 

frequency of transformation, under conditions 

which gave no spontaneous Met+ revertants, was 

approx. 5 x 10e5 and approx. 5 X lo-’ for the 

MET1 and the A. niduluns 602Met- mutants, re- 

spectively. These results demonstrated that we had 
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effectively cloned a gene involved in methionine 

biosynthesis. As schematically represented in Fig. 

3b, the insertion of Tn9U1, which inactivated the 

met gene in METl, occurred very close to the 

BamHI site leading, after digestion, to two 

BumHI-EcoRI pieces of 2.5 and 3.7 kb. Thus, if 

the coding capacity of the inactivated met gene is 

not greater than 2.5 kb, the corresponding wild- 

type gene must be present in its entirety in pTH225. 

In addition, as the two Met- mutants recovered 

prototrophic growth, these results suggested that 

the mutations had occurred either in the same 

gene or in closely linked genes. 

An analysis of three Met+ transformants of A. 

~j~~Z~~~ MET1 showed that the plasmids pCH1 

(12.4 kb) and pUH25 (50.8 kb) were still present, 

whereas pTH225 was not found. Since the cosmid 

vector pPUC29 is incompatible with pCH1, this 

suggests that homologous recombination had oc- 

curred between the “met DNA” from pTH225 and 

the inactivated met gene on the chromosome of A. 

niduiuns METl. Similar results were found after 

analysis of three Met+ transformants of A. nidu- 

lans 602 Met-. The endogenous plasmids in this 

mutant (7.9 kb and 50.8 kb) were still present in 

the Met+ transformants, and pTH225 was not 

found, In addition, the transformants were not 

ampicillin-resistant. These results suggested that 

recombination had occurred leading to the loss of 

the ampicillin-resist~~ gene carried by the cosmid 

cloning vector pPUC29. 

In this work, we have shown that 

transposition-induced mutants can be obtained in 

the cyanobacterium A. nidulans R-2. The use of a 

shuttle co&d vector allowed not only the con- 

struction of an A. nidu~uns R-2 gene library in E. 

coli but also the study of the cloned gene in the 

organism from which it originated. This is the first 

example of molecular cloning of a cyanobacterial 

gene which permits the restoration of a wild-type 

phenotype. These molecular genetic tools should 

provide the means to analyze the functional 

organization of the cyanobacterial genes, in cases 

where no direct selection nor heterologous DNA 

probes are avaiiable. 
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