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ABSTRACT. A seven-step selection procedure (repeated UV irradiation, single-step application of rdtrous 
acid, and natural selection, following each mutagonie treatment) made it possible to increase production 
of mithramyein by Streptamyees atroolivaceus from 40--50 ~g/ml to 680--830 ~zg/ml, i.e. roughly by 15 
to 19-fold. The UV radiation was more effective when applying lower doses, yielding about 5% survival, 
2.3~/o survival was obtained after the treatment with nitrous acid. N-Methyl-2V'-nitro-xXLnitrosoguanidine 
applied in a buffer pH 9.0) at  doses yielding more than 99% killing was less effective than the two former 
mutagens. 

When studying possibilities of biological transformation of antibiotics by strepto- 
myeetes (Van~k, 1973) we concentrated mainly on transglucosidations (Hovorkovs et 
al., 1974a, 1974b; Mat6ifi et al., in press) and transglycosidations (Van~k et al., 
1973). Species producing glycosides of phenolic type containing minor sugars appear 
particularly useful for this kind of study. However, the successful progress of these 
studies depends to a considerable extent on selection of suitable mutan t  strains. 
V~riants producing increased quantities of a given glycoside must  first be isolated 
from low-producing wild strains. In  addition, blocked mutants,  unable to form the 
aglycone of the antibiotic molecule, but  yet capable of biosynthesis of nucleotides 
of corresponding sugars, are required. In  the present experiments StreTtomyces  atro- 
olivaceus (Gauze et al., 1967), a producer of the glycosidic antibiotic mithramycin 
(aureolic acid) with anti tumor activity (Grundy et al., 1953; Rao et al., 1962; Bak- 
h~eva et al., 1968) was applied. This communication summarizes results of a multi- 
stage selection of high-producing variants from a standard strain, related with the 
wild type, including both the application of mutagens and screening without mu- 
tagenic treatment.  Isolation of different types of mutan t s  blocked in biosynthesis of 
mithramycin will be published later. 

n 

* Present address: Depar tment  of Industrial Microbiology, Inst i tute of Microbiology, University of Tu- 
eumgn, Argentina. 
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MATEIUALS AND METHODS 

Working l~rocedure and microorganism. The scheme of the used working procedure 
is illustrated in Fig. 1. In each selection step about 200 isolates were evaluated in 
four experiments performed under submerged conditirns (according to the scheme 
recommended by Alikhanyian et al., 1957); among variants exceeding the activity 
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Fxo. 1. Scheme of selection of improved strains in ~trcpto~nyces aZrcolivaceu8 producing mi thramyein .  
UV, ul traviolet  light; S, na tura l  selection; MNG, N-mothyl-N'-nitro-N-nitrosoguanidine,  HNOs, ni t rous 
acid; bold-face numerals,  number  of selection step. 

of the parent strain by more than 20%, the most stable strain was selected for 
further work. The first selection step was performed with a standard strain Strepto- 
myces atroolivaceus 11294/62 (derived from the wild type; Gauze et al., 1967) ob- 
tained from the Institute of New Antibiotics in Moscow. 

Media and cultivation. Cultures on Petri dishes and agar slants were incubated 
for 7--10 days at 28~ on a sporulation medium according to tterold et al. (1956) 
which was found to be most useful of five media tested*. Submerged cultivation was 
performed on a reciprocal shaker (96 strokes/rain, amplitude 10 era) in 500 ml flasks 
containing 80 ml of the fermentation medium of composition (%, w/v): glucose, 
2.5 (inoculum) or 5.0 (second vegetative generation); soybean meal, 1.5; NaC], 0.3; 
CaCOa, 0.3**. The basic medium containing all compounds with the exception of 

* In  addit ion to the  medium according to Herold et al. (1956), containing sucrose, dextrin,  urea, l~*ptone, 
beef ext rac t  and  mineral  salts, also glucose-asparagine agar, Czapek-Dox medium with sucrose and a min- 
eral medium No. 1 wi th  s tarch (Gauze e t a / . ,  1967), and  reproductive medium 1 with glucose, peptone,  
yeast  ext rac t  and caseine hydrolysate (Hopwood and Sermonti ,  1962) were tested. 
** A modification of the medium according to Gauze et al. (1967) containing glucose instead of starch.  
By  this modification it was possible to increase the  product ion of mi thramycin '  by  the  s tandard  s t ra in  by  
about  10%. On the  contrary,  sucrose had an  unfavourable  effect on the production,  as well as supplemen- 
t a t i on  of the medium wi th  cer tain complex sottreos of nutr ients ,  e.ff. corn steep, molasses, yeast  extract ,  
peptone or easeine hydrolysate (Blumauerovs unpublished data).  
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glucose was adjusted to pH 6.1--6.2 with 2 0 ~  HC1; pH after sterilization was 6.7 
to 6.8. A 5 0 ~  solution of glucose was sterilized separately and added to the flasks 
just before the inoculation. Flasks of the second vegetative generation were inocu- 
lated with 5 ~  of 30 h old inoculum and incubated at 28~ for 96 h. 

TABLE I. Spontaneous and  induced variability in the  production of mi th ramye in  discovered in the  course 
of selection of SCr~p~myce~ a S r o o l i v ~ .  

Selection 
step 

Paren t  
s t ra in  

Mutagen 

Spread in productivi ty* 

Total range 
The mos t  
f requent  
elass** 

:Frequency 
of superior 

produ- 

% 

Frequency 
of inactive 

m u t a n t s  
% 

I 11294/62  n o n e  0 - - 1 4 0  0 - -  20 16.6 15.5 
U V  0 - - 4 2 0  0 - -  20 20 .6  29 .8  

I I  UV-I-78 none 0 - -  160 80--  120 4.3 1.8 

I I I  UV-I-78/45 UV 0--200 60--120 16.7 0.5 

IVa UV-II-100 UV 0--260 80--  120 26.2 1.8 
l'Vb MNG 0--380 0--140 17.2 2.0 

Va C~ none O -- 160 100 -- 120 29.4 2.3 
Vb C-III-200 none 0--  140 80 -- 100 2.3 1.1 

V i a  C.III-110[5 UV 0--160 80--140 22.7 4.9 
Vl-b HNO2 10 - -  160 60--  120 3.0 0 

V I I a  C-IV-58 none 40--  180 100-- 140 38.8 0 
VIIb  C-IV-195 none 20--200 140-- 160 76.4 0 

* Percentage of the respective parent  act ivi ty;  
** Including more t h an  50% of the  total  numbe r  of isolates tested;  

*** Frequency of the  var ian ts  reh~hing more t h a n  120% of the  respective parent  ac t iv i ty  in the  whole 
populat ion tested. 

Mutagenesis.  When irradiating the cells with UV light two parallel exposures 
yielding about 5% and less than 1% survival, i.e. 50 and 70 sec (selection steps I 
and III)  or 70 and 90 sec (steps IVa and Via) exposures, respectively, were em- 
ployed; these doses corresponded to 3,000, 4,200 and 5,400 erg mm -2 sec -1. N-Methyl- 
N'-nitro-N-nitrosoguanidine (MNG) (Koch-Light) was applied in a 0.05M Tris- 
maleate buffer (pH 9.0) at a concentration of 3 mg/ml. The treatment lasted for 30, 
60 and 120 min (Delid et al., 1970), all three doses being lethal for 99% cells in the 
population. Detailed data concerning experimental conditions of the UV and M_NG 
mutagenesis have already been published (Blumauerovs et al., 1973a). In the exper- 
iments with nitrous acid, 0.05~ NaNO~ in a 0.2M acetate buffer (pH 4.0) was applied 
for 20 rain (Tessman et al., 1964), yielding 2.3% surviving cells. 
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Assay of antibiotic activity. Production of mithramycin was assayed by means of 
the plate diffusion technique using Bacillus subtilis as a test microorganism. The 
standard preparation of mithramycin was obtained from the All-Union Research 
Institute of Antibiotics in Moscow. 

RESULTS AND DISCUSSION 

The original cultures of the standard strain of Streptomyces atroolivaceus 11294/62 
used for the first selection step produced about 40--50 t~g of mithramycin per ml; 
however, the productivity of the strain decreased to less than 10 ~g/ml on sub- 
cultures on agar slants (apparently as a result of a high spontaneous variability of 
the standard strain). A relatively broad range of productivity was detected (0 to 
140% of the original activity) in the progeny obtained after spraying eonidia of the 
parent culture; most isolates belonged to the group reaching a~ most a 20% pro- 
duction (Table I). Blocked mutants without the antibiotic activity representing 
about 15% of the tested population were also classified in this group. High-producing 
variants exceeding the parent activity by more than 20% occurred with a similar 
frequency as the non-producing strains (i.e. 16.6% of the total number of isolates); 
however, it is apparent that  on repeated subcultures of the parent culture these 
variants are gradually excluded from the population by a spontaneous selective 
pressure, the predominance of the more viable low-producing and non-producing 
forms leading to a rapid decrease of the total productivity*. 

After the UV irradiation of the standard strain the production of mathramycm 
varied within 0--420% of the parent activity (Table I). However, also in this case 
low-producing and non-producing isolates predominated. Whereas the yield of high- 
producing variants increased by only 4% after the mutagenie treatment, frequency 
of blocked non-producing mutants was. roughly two-fold. 

A considerable morphological variability could be observed in untreated and ir- 
radiated populations of the standard strain. Most morphological mutants were low- 
producing or completely non-producing; on the other hand, colonies of variants 
with a middle or higher activity usually did not substantially differ from the parent 
strain. Thus, a visual detection of high-producing strains on Petri dishes was im- 
possible. However, a correlation between the antibiotic aotivity and intensity of 
pigmentation could be observed under submerged conditions. 

Several conclusions concerning the effectivity of the used selection procedure may 
be made on the basis of the results of further selection (cf. Table 1): (1) Beginning 
with the second seleetiort step the productivity is increased, most isolates varying 
within 60--120% of the parent activity. At the same time, it was possible to de- 
crease frequency of the non-producing mutants to about 1--2% of the total; in the 
last two steps the non-producing mutants were not detected at all. A considerable 
decrease or a complete loss of the original morphological variability were observed 
at the same time. (2) UV radiation alternating with natural selection is a very suitable 
means for improving strains of Strelotomyces atroolivaceus. Lower exposures yielding 
roughly 5% surviving cells are usually most effective. Evaluation of the UV radi- 

* • decrease of activity caused by a genetic non-homogeneity of the cultures was also observed in other 
antibiotics producing streptomyeetes, during their subeulturing, storage or after lyophilization (Stark 
et al., 1971). 
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ation as a highly effective mutagen for increasing the productivity is in agreement 
with results described e.g. in Streptomyces griseus, Streptomyces noursei (Thoma, 
1971), Streptomyces rimosus (Mindlin and Alikhanyian, 1958) or Streptomyces aureo- 

faciens (Goldat, 1961; Blumauerovs 1973b). (3) After the MNG treatment (selection 
step IVb) a broad productivity range was obtained (both with respect to total 
variability and within the most frequent group), however, the yield of high-producing 
variants was lower than among isolates obtained after a parallel UV irradiation 
(step IVa). Most highly active variants selected after the application of MNG were 
unstable and their productivity further greatly decreased. Also the natural selection 

T.tBT.E II.  Improved productivity of some strains of Streptomyces atroolivaceus resulting from successive 
selection. 

Selection step 
I 

Strain I Average activity 

I 
~g/~ 

Ratio to the activity 
of 11294/62 

% 

--  11294/62 42 100 

I UV-I-78 88 215 

Via  C-IV-58 666 1,600 
VIIa  C-IV-58/1 683 1,640 

VIb C-IV-195 713 1,710 
VIIb C-IV-195/16 830 1,990 

of the resulting most stable isolate C-III-200 (step Vb) was relatively ineffective 
and resulted in an almost 13-times lower yield of (+)-variants than a parallel spread 
of the strain C-III-110 (step Va). Therefore, the use of MNG was avoided in further 
selections. 

It  is apparent that conditions chosen for the application of MNG, useful for the 
isolation of auxotrophic mutants in streptomycetes (Deli5 et al., 1970; Blumauerovs 
et al., 1973a) are not optimal for the induction of mutations in loci controlling the 
excessive metabolism. A similar conclusion could be reached also when studying 
mutagenesis in Streptomyces aureofaciens (Blumauerovs et al., 1973b). (4) The appli- 
cation of nitrous acid (step VIb) was seemingly far much less effective than the UV 
irradiation (step Via), however, relatively high yield of high-producing variants 
could be obtained after the spread of the resulting isolate C-IV-195 in step VIIb 
(76.4% of the total number of isolates). This result shows that  the expression of 
mutations induced with nitrous acid is delayed, thus indicating that the natural 
selection should necessarily be included in the improvement procedure after each 
use of this mutagen. 

Final results of the selection studies are summarized in Table II. By the used 
seven-step procedure it was possible to increase the production of mithramycin by 
15 to 19-fold. As shown by later chromatographic analysis (Stajner et al., in press) 
no other biologically active compound was responsible for this increased antibiotic 
titre. It  can be assumed that a further selection could undoubtedly result in a further 
increase of the production of the antibiotic. 

The improved strains differed from the standard type not only by their higher 
productivity but also by some other phenotypic characteristics, e.g. a changed pig- 
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mentation of submersed cultures (from light grey-brown to dark yellow-green- 
brown), increased sporulation ability and increased growth rate. 

This work was supported by  the  In ternat ional  Atomic Energy Agency under  research contract  No. 845/ 
]RB.  We should like to t h a n k  Academician G. F. Gauze (Inst i tute  of New Antibiotics, Academy of Medical 
Sciences of USSR, Moscow) for providing the initial s t ra in  of ~tre~$omyces as$roolit~eus, and  Prof. 
A. I). Kuzovkov (All-Union Research Ins t i tu te  of Antibiotics,  USSR Ministry of Medical Indus t ry ,  
Moscow) for the  mi th ramycin  s tandard.  We also t h a n k  Mrs. V. Hununlov& for her  capable t~chnieal 
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