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  Species of the actinomycete Microntonospora 

are the producers of the commercially important 

group of aminoglycoside antibiotics, the genta-

micins: _Micromonospora ecltinospora and M. 

pu purea produce gentamicin C and M. in yoensis 

produces sisomicin1~4). In view of the im-

portance of these organisms it would be useful 

to attempt to find plasmids in order to establish 

breeding systems for these organisms. During 

our preliminary genetic study of _M. in yoensis we 

isolated a large plasmid. The yield of plasmid 

DNA was very low and most subisolates 

did not show plasmids at all. A similar but 

more extreme situation had been observed in 

Streptomyces griseus NRRL 3851, a cephamycin 

producer, in which it had been impossible to 

detect the plasmid DNA in spite of many efforts`'. 

It has been found recently that it is possible to 

induce the excision of a chromosomally inte-

grated plasmid to become a free multicopy 

plasmid in S. griseus6). Therefore our ap-

proach was to attempt the induction of free 

plasmid in a plasmid deficient subisolate of M. 

inyoensis. The successful efforts reported here 

concerning the appearance of a plasmid following 

UV irradiation gives a support to the view that 

such an induction may be a general method for 

obtaining plasmids in industrial strains. In 

our specific case it enabled the physical analysis 

of the plasmid and should facilitate its develop-

ment eventually as a vector for gene cloning in 

 .Iicromonospora.

Experimental and Results

 Batches (20 ml) of overnight shake cultures 

(CM medium: glucose 10g, yeast extract 5 g, N-Z 
amine 5 g, KH2PO4 2 g, K_HPO, 4 g, MgSO4 

7H2O 0.5 g, H,0 1 liter) of Al. Oryoensis M 100 (a 
sisomicin producing strain from Schering Corp., 
N.J.) at 37=C, were diluted in batches of 200 ml

CM medium and incubated for 1~2 days at 
37-C. Sucrose and glycine were added to final 
concentrations of 25% and 0.5% respectively 
and the cultures were incubated further for 1 
hour. Plasmid DNA was isolated by a scaled-
up modification6) of the BIRNBOIM and DOLY 
procedure7). The plasmid DNA was separated 
by CsCI-ethidium bromide gradient centrifuga-
tion and analyzed by agarose gel electrophoresis 
(0.7% agarose gel in TEA buffer) and restriction 
endonuclease digestion as described by LABAN 
and COHEN5). 
 UV Irradiation: The overnight cultures (log 

phase) were irradiated in Petri dishes (0.5 cm

Fig. 1. Agarose-gel electrophoresis of DNA pre-

 parations of,11. inyoensis M100. 
   1, 3; No UV treatment. 2, 4; After UV treat-

 ment. 3, 4; DNA cleaved with Pst I en clon Lie] ease. 

   a; plasmid pIMI cccDNA. b; chromosomal 

 DNA. c, d; Pst I fragments of plM1.

Fig. 2. Gel-electrophoresis analysis of restriction 

 fragments of pIM1 DNA. 

   a; Cla I, b; Cla I - Pst I, c; Pst I, d; Cla I+ 

 Hind III, e; Hind III, f; Pst I + Hind III, g, h; size 

 references: g, SCP2", cleaved with Eco RI, 31 Kb11); 

 h, four Bam HI fragments of SCP2X, 15.9 Kb, 8.5 

  Kb, 4.5 Kb, 2.2 Kb11).
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depth), 30 seconds, 60 cm from a GE Germicidal 
lamp, 30 Watts, 1,000 ergs/mm2 before the trans-
fer to the flasks with 200 ml CM medium. 
 M. inyoensis M100 was found to contain ex-
trachromosomal DNA in covalently closed 
form following CsCl-ethidium bromide centri-

fugation and by agarose-gel electrophoresis 
separation. On agarose-gel electrophoresis this 
DNA migrated more slowly than the chromo-
somal DNA (Fig. 1), indicating a large molecular 
weight (ca. 44 Kb). The size of the plasmid 

pIMI was determined to be 44.3 Kb by agarose 
gel electrophoresis analysis of the whole plasmid 
as well as its restriction endonuclease fragments 

(Fig. 2). The positions of the cleavage sites of 
six restriction endonucleases, as determined by 
single and double digestion (Fig. 2), on the phy-
sical map of the plasmid pIMI is presented in 
Fig. 3. The plasmid also has 8 Kpn I and 12 
Bam HI sites. It has two unique sites for the 
restriction endonucleases Cla I and Bgl II (Fig. 
3). 
 Electron microscopic observations revealed 
supercoiled and open circle molecules of 43 -
46 Kb (Fig. 4A); in some of the preparations of 
CsC1 gradients smaller plasmids (10.3 Kb and 
16.5 Kb) were also observed (Fig. 4B, C). The 
nature of these small plasmids and their relation 
to pIM1 is not clear. 
  In preliminary experiments the yields of 

plasmid DNA were very low; moreover, plasmid 
DNA could not be recovered from most sub-
isolates. A subisolate of M. inyoensis M100, 
which repeatedly failed to yield plasmid DNA, 
was selected for testing the effect of UV irradia-
tion. Following a high dose-1,000 ergs/mm2 
-of UV irradiation of shake cultures at the log 

phase, plasmid DNA was easily detected in CsCl-
ethidium bromide gradients and in electro-

phoresis separations. In 10 repeats, a discerni-
ble amount of plasmid DNA was always observed 
following the UV induction, but no plasmid 
DNA was observed in the uninduced controls 

(Fig. 1). A two month old induced culture con-
tinued to yield plasmid DNA without further 
induction. The plasmid that had been isolated 
in the preliminary experiments without UV 
treatment was identical with plM1 : its size was 
44 Kb and it had the same two Pst I and 12 
Bam HI fragments.

Discussion

 In the last several years gene cloning techniques 

have been applied to this industrially important 

group of organisms9). However, sometimes 

the host range of a vector developed for one

Fig. 3. Restriction endonuclease map of plasmid 

 pIM1.

Fig. 4. Electron microscope pictures of plasmids of 
 M. inyoensis. 
   A; pIM1, relaxed ccc DNA (length indicates 43 

 43.5 Kb). 
   B; One of the small plasmids with internal re-
 ference (length indicates 16.5 Kb) 
   C; The smaller plasmid (length indicates 10.3 Kb). 

   R; reference: ¢X174 DNA=1.77pm=5.386 Kb, 
 refs 12, 13. 
   Bar represents 0.5 pm.
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organism does not include another organism, 

chosen for study because of its industrial import-
ance. Endogenous plasmids may be prefered 

for development into cloning vectors for such 
microorganisms, but sometimes industrial strains 
do not seem to carry endogenous free plasmids, 

as in the cases of Al. iuyoensis and S. griseus. It 
is being suggested that the induction of the ap-

pearance of plasmid DNA in an apparently 

plasmid deficient actinomycete, as reported here 
and for S. griseus6), may be a general method 

for the isolation of resident plasmids in actino-
mycetes. The mechanism of the effect of UV 

irradiation and the source of the reappearing 

plasmid are not yet clear. In S. griseus the 
excision of a free plasmid out of the chromosome 

can be induced"'; a similar interpretation vsas 
suggested to the UV induction of plasmid in the 
archaebacterium Sulfobolus acidocaldarius10). 

Alternatively, it is possible that the UV induces 
the increase in copy number of the resident 

plasmid from a preinduced very low (and thus 
undetectable) copy number plasmid. The 

plasmid pIM1 with its unique sites for inserting 
selective markers can now be used for attempting 

transformation and eventually gene cloning in 
micromouospora.
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