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ABSTRACT 

 
 Despite the well-known list of strains producers of important substances, selection of new microorganisms is rising because of 
increase necessity. The selection of highly productive strains are particularly important, such physiological parameters as a valuable chemical 
composition of biomass, growth rate and productivity of the strain, the competitiveness of other types of microorganisms, the ability to 
maintain the stability of the biological activity. With these criteria provides novel strains of Streptomyces isolated from various soil types in 
Moldova. 
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Introduction 

 The list of microorganisms which are 
producers of biological active substances is updating 
because of increase necessity [KRASIL’NIKOV, 
1970; KUZNETSOV, 1975; KALAKUTSKIY, 
1977; EGOROV, 2004; ZENOVA, 2014]. 
 The issue of population variability of 
microorganisms is particularly important due to the 
rapid development of biotechnology, since 
production conditions used in large populations of 
cells which must maintain a high activity over 
several generations [EGOROV, 1985]. 
 Many researchers, who work with 
actinomycetes, are now convinced that the 
actinomycetes are allocated among the other 
organisms of its variability. 
 Variability of microorganisms is a source of 
formation and a factor in the evolution of nature, as 
well as the basis of artificial selection. On the other 
hand, the process of variability is undesirable if 
necessary stabilization characteristics of organisms 
[KUZNETSOV, 1975; ANDREIUK, 1991]. 
 The term "lipid" encompasses a wide range 
of natural substances of low polarity that differ in 
chemical structure. 
 Start rethinking of the role of lipids in 
living systems began in the 60s of the establishment 
of the structure, biosynthesis and physiological role 
of prostaglandins. In the last two decades of the 
twentieth century, especially in the 90s, as a result of 
numerous studies have found that other lipids are 

essential biological effectors, regulators and 
mediators involved in virtually all the most 
important physiological processes in the body, and 
in biochemical reactions occurring in animal and 
human cells [ARTEMOV, 1981]. 
 According to Krasilnikov (1961), 
actinomycetes occupy one of the first places among 
the microorganisms by the number of active strains 
which synthesizes amino acids (AA). Were found 
many strains which yield of one or another AA is no 
less than 1 mg / ml [ASEEVA, 1965; ANDREIUK, 
1967]. Most actinomycetes accumulating significant 
quantities of leucine, glutamic and aspartic AA, 
were found highly active producers of alanine and 
glutamic acid. [ASEEVA, 1965; KOVALCHUK, 
1977; FISCHER, 1989; WHITE, 1994]. 
 There is information about the role of AA 
in the formation of such antibiotics as tylosin, 
actinomycin, tetracycline, avermectin, 
streptovanomitsin and others. [YOCHEVA, 1996; 
NAIDENOVA, 1993; NGUYEN, 1995; SANCHEZ, 
1996; GERERDIN-CHARBONNIER, 1999; 
MIRONOV, 1995]. 
 One of the important directions for the 
creation of environmentally safety technologies in 
growing crops is the use of plant growth regulators 
[EGOROV, 2004]. Growth regulating substances are 
used for household significant effects: stimulation of 
seed germination, activation of vegetative 
development of plants, increase crop yields, plant 
protection against a number of diseases due to the 
strengthening of the immune status of plants. 
Practical interest in biologicals due to their 
efficiency, as well as the fact that they are based on 
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microorganisms isolated from natural ecological 
communities, non-polluting and safe for animals and 
humans. 
 Increasingly, researchers in the scientific 
literature is recommended for use in the biological 
control of plant growth and stimulating group of 
strains Streptomyces [KRASIL’NIKOV, 1970]. 
 The problem of long-term "conservation" of 
microorganisms associated to the solution of some 
problems such as the selection of optimum media 
and conditions tread to protect microbial cells from 
damage that occur at low temperatures and 
subsequent storage [NETRUSOVA, 2005]. 
 Usually, necessarily for long preservation 
in lyophilized condition or other methods, cultures 
are tested for survival and preservation properties of 
interest to researchers, in particular, antimicrobial 
properties, pigmentation, biomass productivity and 
its AA composition and so forth [MORGAN, 2009]. 
For preparation of cells to lyophilization were 
suspended in a medium containing protective 
solutions. American Type Culture Collection 
succeeded in long-term storage of various bacteria 
by using as cryoprotectants of 20% skimmed milk, 
12% solution of sucrose, 10% solution of dextrane, 
10% solution of glycerol and others [RUDIC, 2002]. 
 Using special media for preservation with 
cryoprotectants allow to reduce the number of 
cryodestruction and to ensure the largest possible 
number of living, structurally and functionally intact 
cells. Most of the hypotheses of the protective action 
of traditional cryoprotectants are based on the 
properties to reduce the amount of ice, change the 
size and structure of crystals to lower the freezing 
point of the solution [MORGAN, 2009]. 
 The paper presents experimental data from 
a study of strains Streptomyces of NCNM as 
potential producers of biologically active substances 
(lipids, AA, substances with antimicrobial 
properties, plant growth regulators), as well as the 
results of their storage by lyophilization. 
 

Matherials and methods 

 Streptomyces strains were isolated from the 
soil - soil carbonate with reduced amount of humus 
(2.4-2.5%) of the Central Part of Moldova. 
Collection strains were obtained from the All-
Russian Collection of Microorganisms (ARCM). 
The natural variability of selected soil fresh isolates 
(SFI) and their growth characteristics were studied 
on the following media: SAA (starch ammonia 
agar), Czapek with glucose, oat, SR-I. 
 To determine the antimicrobial properties 
of the studied strains was used disc-diffusion method 
(EGOROV, 2004) and a wide range of test 

organisms, including, in addition to conventional, 
so-called "classical test" - Gram-positive and Gram-
negative bacteria, representatives of yeast-like fungi 
as Candida, phytopathogenic fungi and bacteria.  
The intracellular lipids were extracted from biomass 
by Folch method, modified in the laboratory 
[BURTSEVA, 2002]. 
 For obtaining complex of exometabolites 
(EM), strains were grown in a liquid organic 
medium with amount as basic source of carbon and 
nitrogen – corn flour. Tomato and cucumber seeds 
were soaked in solutions of EM and incubated 4 
days at 26ºC, and then determined germination and 
root length. 
 Lyophilization. Cultures in stationary phase 
were suspended in protective media and frozen at 
t°= -50°C, drying of frozen mass is achieved at -88 
... -94oC of condenser and vacuum - 5-8 Pa. 
 Used cryoprotective media (CrM): 
Skimmed milk (SM); Skimmed milk + glucose 7% 
(SM+G7%); Gelatin 1,0% + sucrose 10,0% 
(Gel1%+S10%); Gelatin 2,5% + sucrose 7,5 % 
(Gel2,5%+S7,5%); Gelatin 2,5% + glucose 7,5 % 
(Gel2,5%+G7,5%) [UZUNOVA-DONEVA, 2004]. 
 

Results and discussions 

 According to the literature, soil 
actinomycetes are involved in soil cleaning, 
constitute useful compounds for human (enzymes, 
lipids, antibiotics, vitamins, etc.). [VALAGUROVA, 
2003; ZENOVA, 1992]. 
 Our research has shown that many 
populations of studied strains were heterogeneous, 
and screening on agar medium can be observed 
splitting into a number of clones with different 
morphological, cultural, physiological properties, the 
ability to accumulate biomass and synthesize lipids. 
 We studied strains marked by differences in 
biomass yield, the amount of lipids in it (Table 1), 
and the percentage of major lipid fractions - 
phospholipids, sterols, and glycerides. When 
comparing the quantitative changes occurred, it was 
noted that, for example, biomass of these strains 
after 3 months decreased slightly, and the content of 
lipids in it can be noted the following: from 
Streptomyces sp. 20, lipids in the biomass were 
slightly less (by 14.2%), while 29 strains of 
Streptomyces spp. and Streptomyces sp. 36 - much 
smaller, by 2 times. 
 Relatively quantitative content of individual 
lipid fractions were determined that lipid of strain 
Streptomyces sp. 19 in an integrated quantity of 
phospholipids on medium flour was 13.78%, sterols 
11.27%, and 20.78% glycerides. 
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Table 1 - Biomass productivity and lipid 
biosynthesis of Streptomyces strains isolated from 
soil, cultivated on a complex medium 

Streptomyces 

sp. 

Complex medium (flour) M 

Biomass, g/l 
Lipids, % 

(ADB) 
19 14.15  0.21 12.1   0.41 
20 13.37  0.23 22.56  0.45 
21 14.09  0.48 24.37  0.87 
25 8.34  0.53 8.33  0.24 
26 16.50  0.25 7.01  0.31 
29 14.37  0.57 11.24  0.40 
30 12.15  0.55 27.0  0.91 
34 8.51  0.42 14.03  0.49 
35 8.74  0.53 13.17  0.36 
36 17.69  0.21 10.44  0.21 
38 12.6  0.32 18.80  0.45 
40 15.82  0.45 7.48  0.34 

 
 From Streptomyces sp. 20 a slight increase 
of total lipids, significantly increased the number of 
such lipid fractions as the phospholipids and sterols 
(almost 2 times) and slightly, but also increased the 
number of glycerides (by 11.3%). Strain 

Streptomyces sp. 29 after 3 months in the amount of 
phospholipids decreased almost by 2 times, but 
sterols were almost 3.5 times higher. At the strain 
Streptomyces sp. 36 the number of the most 
important factions as phospholipids, sterols, 
glycerides after 3 months increased as follows: 
phospholipids – by 28.3%, glycerides – by 23.3% 
and sterols – by 2.3 times. 
 Check for morphological uniformity of the 
population culture of these strains was carried out on 
4 media. Within 3 months on different nutrient 
media population studied strains was heterogeneous. 
More clearly, this heterogeneity was detected by 
using media SAA and Czapek: strain Streptomyces 
sp. 20 types of colonies were observed - with the 
basic blue-white aerial mycelium (94.1 and 85.3% 
for Czapek and SAA, respectively) and white (0.9 
and 14.7% respectively). The size of colonies on 
media was almost equal. 
 Regarding the strain Streptomyces sp. 36 
(Streptomyces massasporeus CNMN-Ac-06) - has 
also been observed that on oat medium and M-I was 
presented population colonies of the same type, 
main air mycelium with white and violet- brick 
substrate mycelium. On Czapek in the population of 
the colonies were found 3 types - basic, oligosporus 
and white, size 4-5 and 2-3 mm in a ratio of 88.4, 
8.7 and 2.9%, the shape of the colony and the color 
of the aerial and the substrate mycelium was 
different. When sowing strain of 4 types of colonies 

were observed on SAA - basic, oligosporus, alter 
color and white. 
 Determination of the antibiotic properties 
(Table 2) of the main culture Streptomyces 

massasporeus CNMN-Ac-06 and 3 of its natural 
variants revealed that they synthesized at least 2 
substances with antimicrobial properties, as they 
differ by antimicrobial spectrum. Thus, the only 
option "alter color" was seen ability to delay the 
growth of B. subtilis (15.0 mm), only variant of the 
"white" retain the growth of yeast S. cerevisiae (15.0 
mm). Actively retain the growth of pathogenic fungi 
Alternaria alternata only two variants - oligosporus 
and alter color. Growth of other fungi - F. solani 
best retain variant of alter color (18.0 mm). 
 Studies on the accumulation of biomass and 
lipid content in it have been carried out at the 
collection and SFI strains of Streptomyces soil 
isolates cultivated on synthetic medium Dulaney and 
complex medium. 
 Experiments have shown that after 
cultivation on complex medium, Streptomycetes 
produces more quantities of biomass than on 
synthetic media containing glucose. 
 When grown on a complex medium strains 
accumulated biomass in an amount of 8.3 g / l - 17.7 
g / l, in which lipids were 7.0-27.0%. 
 Comparing the percentage of such 
biologically important lipid fractions as 
phospholipids, triglycerides and sterols, in collection 
and SFI strains can be note that in the last, lipids 
contains more triglycerides, sterols, and especially 
phospholipids. 
 Studying the composition of AA of 
mycelium of collection, Streptomyces showed that it 
contained 15-16 of AA, qualitative composition is 
identical, regardless of the culture medium. 
 For SFI strains, more favorable nutrient 
medium for the synthesis of AA was medium 
Dulaney. 
 
Table 2 - Antimicrobial activity of Streptomyces 

massasporeus CNMN-Ac-06 and its variants 
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And when grown on complex medium M-I was 
observed increased synthesis of glutamic, valine, 
alanine, leucine AA, but in smaller amounts than 
medium Dulaney (average by 2-3 times). 
 As a result of our research found that when 
cultured on a complex medium M of SFI in their 
biomass contains only 12 AA. The amount of 
essential AA was 40.5-53.58%. The amount of 
essential AA was found very different from strain to 
strain (24.8-64.23%). Comparative analysis of the 
content of the basic essential AA in SFI and 
collection biomass and so-called "ideal protein", 
showed that in the majority of collection and number 
of AA as threonine, valine significantly higher 
compared to SFI and even "ideal protein". 
 That is, studies have shown that the 
synthesis of AA of studied Streptomyces happens in 
different ways and depends essentially on the 
specificity strains. SFI have greatest interest, since 
cultivated on a complex medium they accumulate 
biomass, in which the essential AA constitute 41.4-
64.23% of the amount of detected AA, whereas the 
collection cultures have - 20-30% [KOVALCHUK, 
1977]. 
 Among the microorganisms actinomycetes 
have proven themselves as the most productive and 
inexhaustible source of antibiotics. The most 
common and well-studied group of actinomycetes is 

the genus Streptomyces, of which the largest number 
of representatives were synthesize antibiotics 
[DRINEAEV, 1996; INONE, 1993; BUTIAC, 1996; 
EL-NAGGAR, 1997; ARCAMONE, 1998].  
 It was found that 7 strains completely 
inhibited the growth of S. aureus, 5 of the 9 strains - 
growth of another test microorganisms - E. coli and 
7 strains actively retards the growth of Proteus 

vulgaris (the size of the zone 20.0 - 34.0 mm) with 
growth and on Czapek medium and medium SAA, 7 
strains have the ability to delay the growth of the 
fungus Aspergillus niger (11.0 – 16.0 mm) and 4 - a 
strain of Penicillium verrucosum. 
 It was also found that the antimicrobial 
properties of collection strains are less. In SFI, on 
the contrary, can clearly be seen high activity against 
Gram-positive and Gram-negative bacteria, as well 
as the ability to retard the growth of plant pathogens 
- bacteria and fungi. 
 An objective assessment of the 
effectiveness of the use of actinomycetes as sources 
of growth-stimulating substances are the results of 
our extensive research on the effect of 
exometabolites strain of S. massasporeus CNMN-
Ac-06, on the germination of vegetable seeds 
(tomato and cucumber). It is found that it EM 
complex stimulates germination of tomato seeds is 
20.8%, and seeds of cucumber 18.7% of control 
[DELIU, 1997]. 
 Table 3 shows that the germination of 
tomato seeds was changed under the influence of 
EM of different Streptomyces strains studied is not 
the same. 
 
Table 3 - Germination of tomato seeds under the 
influence of EM of strains Streptomyces 

S. sp. Concentration, % Germination, % 
Control - 88.33 

11 
0.5 86.67 
1.0 93.33 

33 
0.5 91.67 
1.0 93.33 

47 
0.5 88.33 
1.0 90.0 

49 
0.5 98.33 
1.0 93.33 

76 
0.5 95.0 
1.0 91.67 

154 
0.5 98.33 
1.0 96.67 

 
As could be seen in the table 3, EM of three strains - 
S. sp. 11, S. sp. 33 and S. sp. 47, at a concentration 
of 1% contributed to better germination, than at a 
concentration of 0.5%, 



84 
 

 The results of the influence of EM solutions 
Streptomyces soil on root length in tomato seeds 
showed that of the tested strains EM five strains 
have had a positive effect on root development. 
Moreover, three strains best results obtained when 
using EM solutions in a concentration of 1.0% 
(strains of S. sp. 11, 33 and 76). 
 For example, seed soaking in solutions of 
EM S. sp. 11 increases in root length by sufficiently 
great degree - 82% of control at concentrations of 
1.0% and 51.5% - EM at a concentration of 0.5%, 
and solutions of EM strain S. sp. 49 - (89.2% and 
74.3% at concentrations of 0.5 and 1.0 EM% 
respectively). 
 Recent years NCNM intensified research on 
the effect of lyophilization on the preservation of 
Streptomyces. 
 As objects of our studies were served nine 
strains of actinomycetes of the genus Streptomyces 
kept in the National Collection of Microorganisms 
Nonpathogenic (NCNM).  
 It investigated determined that all species of 
Streptomycetaceae survive after the lyophilization 
process, but their viability is different and depends 
largely on protection and rehydration media use. 
Thus, the strain S. canosus CNMN-Ac-02 showed 
maximum viability on protective medium Gel 2,5% 
+ G 7,5 % - 90.3% after rehydration. For strain S. 

canosus CNMN-Ac-04 optimum was found with 
using protective medium Gel 2,5% + G 7,5%, the 
cell viability was 89.2%, others media was less 
effective. For S. canosus CNMN-Ac-03 was slightly 
more sensitive to the protective medium Gel 2,5% + 
G 7,5%, its viability is 81.3% (Table 4). 
 
Table 4 - Viability of strains Streptomyces canosus 
CNMN-Ac-02, Ac-03 and Ac-04, after 
lyophilization on different protective media, % 

Strain 
CNMN-
Ac-02 

CNMN-
Ac-03 

CNMN-
Ac-04 

BL 100 100 100 
SM 76.0 79.4 76.4 

SM+ 
G.7% 

82.2 79.8 67.0 

Gel.1% 
+ 

S.10% 
88.4 73.7 81.5 

Gel.2,5% 
+ 

S.7,5% 
80.8 75.0 75.0 

Gel.2,5% 
+ 

G.7,5% 
90.3 81.3 89.2 

 

 Some strains of S. massasporeus studied, 
the lowest viability had S. massasporeus CNMN-
Ac-06: 70.1 to 75.7% that corresponding to titer of 
7.5 and 6.8 log UFC ml-1. Despite higher titer 
registered after lyophilization on all protective 
media, and rehydration used maximal viability of 
this strain, 75.7%, was recorded on the medium Gel 
2,5% + G 7,5% rehydrated with DW (distillate 
water) with lowest titer – 6.8 log UFC ml-1 (Table 
5). 
 Analysis results showed that natural 
variants of S. massasporeus CNMN-Ac-06 - S. 

massasporeus CNMN-Ac-07 and S. massasporeus 
CNMN-Ac-08, unlike the initial strain, had a higher 
degree of viability: about 73.4 to 90.8% and from 
77.5 to 83.1%, as detected maximal values is as in 
the initial strain, the use of protection medium Gel 
2,5% + G 7,5 % and DW as rehydration medium. 
 
Table 5 - Viability of strains Streptomyces 

massasporeus CNMN-Ac-06, Ac-07 and Ac-08, 
after lyophilization on different protective media, % 

Strain 
CNMN-
Ac-02 

CNMN-
Ac-03 

CNMN-
Ac-04 

BL 100 100 100 
SM 70.1 77.8 78.6 

SM+ 
G.7% 

72.9 77.9 78.8 

Gel.1% 
+ 

S.10% 
73.4 80.4 77.5 

Gel.2,5% 
+ 

S.7,5% 
69.3 79.9 79.3 

Gel.2,5% 
+ 

G.7,5% 
75.7 90.8 83.1 

 
 Thus, the protective media containing 
gelatin and sucrose or glucose in various 
concentrations are effective for lyophilization of 
actinomycetes, and the results confirm the data of 
literature on the effectiveness undeniable of media 
protection on maintaining the viability of strains, a 
major role awarded to the composition of medium 
and the initial cell density. 

 
Conclusions 

1. Isolated, identified and proposed as producers of 
biologically active substances following 
Streptomyces strains isolated from the soil of 
Moldova - Streptomyces sp. 20, 21, 30, 34 and 36, 
characterized by an increased content of lipids (20.0-
27.0%) and lipid fractions (phospholipids and 
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sterols), the optimal composition of AA and 
antimicrobial properties. 
2. Established heterogeneity of the population of 
strains S. spp. 20, 29 and S. massasporeus CNMN-
Ac-06. It identified four types of colonies: basic 
(85.9%), oligosporic (10.3%), alter color (2.1%), 
white (1.7%) which are of interest, as producers of 
lipids and substances with AA and antimicrobial 
properties. 
3. The use of drugs based on quality of isolated from 
Moldova soils Streptomyces for pretreatment of 
seeds vegetables (tomatoes, cucumbers) improves 
germination and seedling growth in greenhouses. 
4. Lyophilization of streptomycetes strains are 
effective by using protective media containing 
gelatin and sucrose or glucose in different 
concentrations. 
5. Given in attention the sensitivity of different 
strains of the same species of streptomycetes at 
lyophilization, significant impact of protective 
media and initially titer on their viability, selecting 
the optimum parameters for lyophilization requires 
individual approach to species. 
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