
STUD I A  UN IVERS I TAT I S  MOLDAV I AE ,  2016, nr.1(91) 
Seria “{tiin\e reale [i ale naturii”    ISSN 1814-3237    ISSN online 1857-498X    p.61-71 

 

 61

VIABILITY AND ANTIMICROBIAL ACTIVITY OF STREPTOMYCES STRAINS 

FROM NCNM AFTER LYOPHILIZATION 

Oleg CHISELIŢA, Svetlana BURŢEVA, Maxim BÎRSA,  
Valentina BULIMAGA*, Anastasia VASILICIUC 

Institute of Microbiology and Biotechnology,  
Academy of Science of Moldova 

*State University of Moldova 
 
The article deals with the aspects related to lyophilization of streptomycetes strains, preserved in the National 

Collection of Nonpathogenic Microorganisms (NCNM). Was determined that lyophilization do not significantly modify 
the antimicrobial activity of streptomycetes. Maximum viability of strains of genus Streptomyces (83,2-90,2%) is ensured 
after lyophilization at initial titer by 9-11 log10UFC ml-1 in protective medium (gelatin 2,5% + glucose 7,5%) by rehydration 
with distillate water. 
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VIABILITATEA ŞI ACTIVITATEA ANTIMICROBIANĂ A TULPINELOR DE STREPTOMYCES  
DIN CNMN DUPĂ LIOFILIZARE 
Acest articol prezintă aspecte legate de liofilizarea tulpinilor de streptomicete, depozitate în Colecţia Naţională de 

Microorganisme Nepatogene (CNMN). A fost stabilit că liofilizarea nu modifică esenţial activitatea antimicrobiană a 
streptomicetelor. Viabilitatea maximă a tulpinilor genului Streptomyces (83,2-90,2%) este asigurată după liofilizarea la 
titrul iniţial 9-11 log10UFC ml-1 în mediu protectiv (gelatină 2,5% + glucosă 7,5%) şi la rehidratarea cu apă distilată. 

Cuvinte-cheie: Streptomyces, liofilizare, crioprotectori, viabilitate, activitate antimicrobiană. 
 
 
Introduction 
Streptomycetes are widely distributed in nature: in the air, water reservoirs, in various animal and vege-

table residues, but many of them are in the soil [1-5]. Representatives of the largest group among the 
actinomycetes are streptomycetes. Recent years, they are considered not only as producers of antibiotics of 
different chemical nature, but also of other bioactive substances as enzymes, vitamins, amino acids, lipids, 
vaccines against human and animal infectious diseases, various drugs of controlling insects and rodents, 
substances with a phytohormonal activity, which influence the growth and development of plants, stimulate 
seed germination, increase crop yields [6-11]. In modern medicine are used more than a hundred medicines 
drugs created by using soil actinomycetes [12,13]. 

The great importance in the detection of new strains – producers of biologically active substances has 
preserving their viability, biological activity and properties of valuable properties that is essential from the 
initial study to their use in the production of different biological products. 

There are many methods of preservation of microorganisms related to short (up to several years): storage 
in soil, periodic subculturing, under a layer of paraffin oil, in distilled water, in dry form on substrates  
of different nature et al. [14-17], but the most comfortable and effective from the point of view of the 
majority microbiologists, is cryopreservation in liquid nitrogen and lyophilization, that allows to store 
microorganisms in a viable state more than 30 years and reduce the risk of various contaminants and genetic 
mutations to a minimum [18-24]. Effective conservation with unmodified genomes and populations is a 
problem, especially considering physiological diversity of microorganisms, as well as the fact that the ability 
to survive in certain conditions is not only connected with the genus and species of the microorganism, but 
often with his race [25,26]. It is believed that from all of the groups of microorganisms, the bacterial forms 
better supports lyophilization [17,27,28]. 

Preservation of the viability and other properties of actinomycetes species is very important for their 
practical use, because these members of the microbial world a high level of genetic instability [29,30]. 

The problem of long-term "conservation" of microorganisms is associated (paired) to the solution of some 
problems such as the selection of optimum media and conditions to protect microbial cells from damage that 
occur at low temperatures and subsequent storage. Success of the lyophilization also depends on the quality 
of used cells, on conditions in which they are viable and were grown [28,31]. 
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Usually, the cultures supposed at long preservation in lyophilized condition or by other methods, are 
tested for survival and preservation properties, in particular, antimicrobial properties, pigmentation, biomass 
productivity and its amino acid composition [30,32,33]. 

In addition, the determination of direct correlation of viability of conserved culture and biological activity 
many authors believe as an important moment for long-term storage of strains – producers of biologically 
active substances [7,33,34]. 

In general, the practice of preservation by freezing developed a number of methods, corresponding to the 
cell immersion mechanisms in anabiotical state that have been identified (and continue to be identified) in the 
study of the formation and germination of dormant microorganism cells. The cells before the lyophilization 
were suspended in protective medium 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 dextran, 10% solution of glycerol and others [35,36]. 

In microbiology, sucrose-gelatin protective medium (sucrose 10% + gelatin 1%) and its various modifica-
tions that are suitable for bacteria and for actinomycetes is used for many years for the lyophilization [31]. 
The authors are unanimous in the opinion that it is best to preserve the ability of microorganisms to synthesize 
biologically active substances of different chemical nature, providing the freeze-drying of spores in sucrose-
gelatin medium [18,37,38]. However, due to the huge variety of naturally occurring microorganisms, one 
cryoprotectant in practice is insufficient. Therefore, for preservation of new strains should at first to study the 
effect of various types of cryoprotectants and select a suitable for the type of microorganisms, as well as 
conditions for their subsequent storage. For example, the medium comprising skimmed milk supplemented 
with sucrose, sodium glutamate, polyvinylpyrrolidone, peptone, medium Gause or regulated medium CP-15 
containing soybean flour, corn steep liquor, molasses, potato starch, inorganic salts and with addition of 1% 
carbamide are used in the lyophilization of strain Streptomyces aureofaciens [39]. 

Other protective media, including, for example, peptone (0,1-10%), sucrose (10%), glucose (5-15%), 
lactose (10%), trehalose (10%), skimed milk (10-20%), sodium glutamate (5%), casein hydrolysate and other 
many materials successfully are used for the preservation of the genera Bacillus, Pantoea, Serratia, Erwinia, 
Lactobacillus, Acetobacter, Streptococcus and others [17,26,28,31]. 

Since it is believed that carbohydrates have less pronounced cryoprotective properties than glycerol or 
dimethyl sulfoxide, they are recommended to be used in combination with other protectors. As a protective 
media successfully are used the culture media containing peptone, tryptone, yeast extract. 

Using of the special media with cryoprotectants for preservation allows to reduce the number of cryodestructed 
cells and to increase the 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 and decreasing of the freezing point of the solution [26,40]. 

Viability of the microorganisms after lyophilization depends on storage conditions and particularly condi-
tions of rehydration [41,42]. Typically, researchers have used sterile distilled and tap water for rehydration 
[29, 43-45]. Rehydrated media containing skimmed milk, sucrose, saline solutions, sodium glutamate, peptone 
extract or water, solutions containing peptone, yeast extract, and manganese sulfate, various substances with 
antioxidant activity, can be used also [14,46]. 

Thus, based on the above, the research goal is to assess the viability of different streptomycetes on pro-
tective and rehydration media and antimicrobial activity after lyophilization. 

Materials and methods 
As objects of our studies were served nine strains of actinomycetes of the genus Streptomyces kept in the 

National Collection of Microorganisms Nonpathogenic (NCNM). The strains were grown under aerobic in 
static conditions, in glass tubes on Czapek agarized medium with glucose and oatmeal agarized medium, 
incubation time - 7-14 days, at t°= 27°C [29,47,48]. 

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. 

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%+Z7,5%); Gelatin 2,5% + 
glucose 7,5 % (Gel2,5%+G7,5%) [18,29,46]. 

After lyophilization strains have been generated with the different rehydration media at room temperature 
for 1 hour. 
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Rehydration media (RhM): 
Czapek (Cz): Glucose – 20,0 g/l; NaNO3 – 2,0 g/l; K2HPO4 – 1,0 g/l; MgSO4*7H2O – 0,5 g/l; KCl – 0,5 g/l; 

FeSO4*7H2O – 0,01 g/l; pH = 7,0-7,3. 
Dulaney (Dl): Glucose – 20,0 g/l; (NH4)2HPO4 – 7,5 g/l; NaCl – 5,0 g/l; K2HPO4 – 2,0 g/l; MgSO4*7H2O – 

1,0 g/l; CaCl2 – 0,4 g/l; ZnSO4*7H2O – 0,01 g/l; FeSO4*7H2O – 0,01 g/l; pH = 7,0.  
Distillate water (DW) [46,49]. 
Viability determination. The content of a vial after lyophilization was suspended in 1,0 ml of rehydration 

medium. The viability of the strains before and after lyophilization was determined using the method of 
successive dilutions, suspensions were inoculated on the agarized medium, the units forming colony (UFC) 
count after 7-14 days of incubation at 27°C [29, 49]. Number of viable cells was expressed in log10 of UFC in 
1,0 ml of suspension. 

The bacterial survival ratio (BSR) is reported as the ratio of the log of the number of bacterial cells 
present in the suspension after lyophilization (AL) to the log number of viable cells before lyophilization 
(BL) multiplied by 100, i.e., BSR = (logAL/logBL) × 100 [50]. Averages and standard deviations were 
calculated from at least three independent lyophilization analyses. 

The antimicrobial activity of strains before and after lyophilization on protective medium Gel1%+S10% 
[37] was determined by the Egorov’s method, applying to the agar blocks [7]. As the test cultures were used 
three strains of bacteria: Corynebacteruim michiganense 102, Agrobacterium tumefaciens 8628, Erwinia 
carotovora 8982 and 7 strains of phytopathogenes fungi: Aspergillus niger, Aspergillus flavus, Penicillium 
funiculosum, Thielaviopsis basicola, Fusarium oxysporum, Alternaria alternata and Botrytis cinerea, causing 
various plant diseases. 

Experimental data were subjected to statistical processing by program Office Excel 2010. 

Results and discussions 
In National Collection of Nonpathogenic Microorganisms (NCNM) more than 500 strains of microorga-

nisms with biotechnological importance, including the actinomycetes of genus Streptomyces are persevered. 
The strain Streptomyces canosus CNMN-Ac-02 and its variants, obtained by γ-ray and UV, Streptomyces 
canosus CNMN-Ac-03 and Streptomyces canosus CNMN-Ac-04 and the species massasporeus – Streptomyces 
massasporeus CNMN-Ac-06, Streptomyces massasporeus CNMN-Ac-07 and Streptomyces massasporeus 
CNMN-Ac-08 are producers of bioactive substances: phytohormones (auxin, gibberellins), briefs and immuno-
active amino acids, lipids containing highly unsaturated fatty acids. Abovementioned strains and strain 
Streptomyces levoris CNMN-Ac-01, isolated from soils of Moldova and its natural variants S. levoris var. k-1 
and S. levoris var. 4 possess high antimicrobial activity against a broad spectrum of phytopathogenic fungi 
and bacteria, which can cause various diseases in crop plants and Apis mellifera.  

Actually, the main activities in the field of preservation of cultures of microorganisms are directed on the 
task of preserving the maximum number of viable and intact cells with the original genome and phenotypic 
characteristics that are important for their identification and their use in scientific research and biotechno-
logical processes. Different species display different degree of freeze-drying survival, Gram-negative bacteria 
often showing lower survival than Gram-positive bacteria [45]. In addition to species, freeze-drying tolerance 
also depends on freeze-drying medium and rehydration conditions [42]. 

Thus, strains of actinomycetes were lyophilized by using different protection media and regenerated 
with different media for rehydration, 2 of 3 – Cz and Dl, with different minerals in its composition (Table 1, 
Fig.1). In the result of our study was established, that all species of actinomycetes survive after the 
lyophilization process, but their viability is different and depends largely on used media of protection and 
rehydration.  

If we analyze the viability of the species S. canosus average viability depending on used protection and 
rehydration media, we highlight two media: Gel 2,5% + S 7,5% + Cz and Gel 2,5% + G 7,5% + DW, 
where strains of this species exhibit maximum viability after lyophilization - 82,1 and respectively, 86,9% 
(Fig.1). 



STUD I A  UN IVERS I TAT I S  MOLDAV I AE ,  2016, nr.1(91) 
Seria “{tiin\e reale [i ale naturii”    ISSN 1814-3237    ISSN online 1857-498X    p.61-71 

 

 64

Table 1 

Viability of strains Streptomyces canosus CNMN-Ac-02, Ac-03 and Ac-04, after lyophilization on 
different protective and regeneration media with different rehydration media 

 

S. canosus CNMN- 
Ac-02 

S. canosus CNMN- 
Ac-03 

S. canosus CNMN-
Ac-04 

Strain Titer 
logUFC 

ml-1 

BSR 
% 

Titer 
logUFC 

ml-1 

BSR 
% 

Titer 
logUFC 

ml-1 

BSR 
% 

BL 7,4±0,03 100 10,1±0,1 100 7,4±0,03 100 
DW 5,6±0,3 76,0±4,3 8,0±0,1 79,4±1,9 8,3±0,04 76,4±0,3 
Cz 6,1±0,2 82,1±2,7 8,1±0,8 79,8±7,5 8,7±0,1 79,4±1,2 SM 
Dl 5,8±0,03 78,3±0,5 8,2±0,2 81,1±2,2 7,7±0,7 70,4±6,5 

DW 6,1±0,1 82,2±2,1 8,1±0,06 79,8±1,5 7,3±0,06 67,0±0,4 
Cz 6,4±0,04 85,7±0,9 8,5±0,1 84,0±1,6 7,7±0,1 70,2±1,2 SM+ 

G.7% Dl 6,4±0,02 86,3±0,6 8,3±0,1 82,1±1,6 8,3±0,8 75,7±7,4 
DW 6,6±0,1 88,4±0,9 7,5±0,1 73,7±1,8 8,9±0,02 81,5±0,4 
Cz 6,8±0,03 91,0±0,7 7,3±0,1 72,0±1,3 8,9±0,6 81,3±4,6 

Gel.1% 
+ 

S.10% Dl 6,5±0,06 86,9±1,1 7,3±0,2 71,9±1,7 8,9±0,03 81,7±0,9 
DW 6,0±0,08 80,8±1,1 7,6±0,6 75,0±6,6 8,2±0,7 75,0±6,5 
Cz 6,1±0,1 82,4±1,4 8,2±0,1 80,6±2,2 9,1±0,1 83,3±0,7 

A
L 

C
M

 

Gel.2,5% 
+ 

S.7,5% 

R
M

 

Dl 6,2±0,1 83,1±2,3 8,0±0,2 78,8±2,2 8,9±0,02 81,2±0,4 
BL 8,7±0,5 100 11,1±0,6 100 11,1±0,8 100 

A
L 

C
M

 Gel.2,5% 
+ 

G.7,5% 

R
M

 

DW 7,8±0,6 90,3±2,0 9,0±0,8 81,3±2,3 9,9±0,7 89,2±0,2 
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Fig.1. Average viability of species Streptomyces canosus (3 strains) before and after lyophilization,  

in dependence of used protective and rehydration media. 
 
Maximum viability after lyophilization the strains of Streptomyces canosus manifest on protective media 

containing sucrose or glucose and gelatin in various proportions. Significant influence on the viability of 
these strains had also the used rehydration medium, DW and Cz were the optimal.  

The initial strain of Streptomyces levoris, as well as its natural variants, showed obvious morbidity on 
protective media with SM and gelatin-sucrose in comparison with the gelatin-glucose, indifferent of the used 
rehydration medium. Thus, protective media SM, SM + G 7%, Gel 1% + S 10% and Gel 2,5% + S 7,5%, 
titer strains after lyophilization significantly decreased on average by 4,5 log UFC ml-1, compared with  
1-1,1 log UFC ml-1 on medium Gel 2,5% + G 7,5%. This has conditioned significantly lower viability of strains 
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of this species on the respective protective media, which reached values of only 65-71%, compared with 89,8 
to 90,7% registered on medium Gel 2,5% + G 7,5%. Significant morbidity probably is due to initially very 
high titer of 13,5-13,8 log UFC ml-1 [44] and not to the composition of a protective medium (Table 2). 

As in case of S.canosus species, the species Streptomyces levoris, the same two protective media ensure 
maximum viability of the species, but the effectiveness of medium Gel 2,5% + G 7,5% + DW is superior. 
This protective medium provides a viability of the species average about 90%, which is with 20,5 to 24,7% 
more compared with the others (Fig. 2). Thus, the major influence on the viability of strains of Streptomyces 
levoris after lyophilization were established: initially cell titer - at 10-11 log UFC ml-1 and the medium Gel 
2,5% + G 7,5%, rehydration with DW. The highest species viability was of about 90%. 

Table 2 
Viability of strains Streptomyces levoris CNMN-Ac-01, k-1 and 4, after lyophilization on different 

protective and regeneration media with different rehydration media 
 

S. levoris 
CNMN-Ac-01 

S. levoris k-1 S. levoris var. 4 

Strain Titer 
logUFC 

ml-1 

BSR 
% 

Titer 
logUFC 

ml-1 

BSR 
% 

Titer 
logUFC 

ml-1 

BSR 
% 

BL 13,5±0,1 100 13,8±0,1 100 13,8±0,1 100 
DW 8,8±0,8 65,3±6,1 9,0±0,2 65,4±1,6 9,1±0,2 65,9±1,0 
Cz 9,3±0,05 69,1±0,6 9,3±0,05 67,1±0,2 9,3±0,06 67,3±0,3 SM 
Dl 9,3±0,7 68,7±4,9 9,4±0,06 68,3±0,6 9,0±0,7 64,9±4,9 

DW 8,8±0,8 65,0±5,9 9,1±0,2 65,8±1,0 9,2±0,1 66,6±0,6 
Cz 9,2±0,2 68,4±1,3 9,3±0,05 67,6±0,3 9,4±0,1 67,7±1,0 SM+ 

G. 7 % Dl 9,2±0,6 68,4±4,7 9,4±0,09 68,0±0,6 9,4±0,1 68,2±1,0 
DW 8,7±0,8 64,7±5,9 9,3±0,09 67,6±0,5 8,7±0,7 62,6±4,8 
Cz 9,4±0,1 69,5±0,8 9,2±0,2 66,8±1,2 9,3±0,06 67,2±0,6 

Gel. 1 % 
+ 

S. 10 % Dl 9,5±0,05 70,7±0,2 9,4±0,1 67,8±0,6 9,5±0,05 68,9±0,4 
DW 9,0±0,1 66,6±1,0 9,3±0,09 67,7±0,4 8,9±0,9 64,1±0,6 
Cz 9,2±0,2 68,0±1,5 9,2±0,2 66,8±1,2 9,3±0,1 67,5±0,6 

A
L 

C
M

 

Gel. 2,5% 
+ 

S. 7,5 % 

R
M

 

Dl 9,6±0,04 71,1±0,1 9,5±0,02 68,6±0,2 9,6±0,01 69,4±0,1 
BL 11,0±0,6 100 11,0±0,7 100 11,0±0,7 100 

A
L 

C
M

 Gel. 2,5% 
+ 

G. 7,5 % 

R
M

 

DW 9,9±0,7 89,8±1,2 10,0±0,7 90,7±0,8 9,9±0,7 90,1±1,6 
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Fig.2. Average viability of species Streptomyces levoris (3 strains) before and after lyophilization,  

in dependence of protective and rehydration media used. 
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From the studied strains of S. massasporeus, the lowest viability had S. massasporeus CNMN-Ac-06: 
69,3 to 75,7%, corresponding to titer of 7,5 and 6,8 log UFC ml-1 , respectively. Despite of higher titer registered 
after lyophilization on all used protective and rehydration media, a maximal viability of this strain, 75,7%, 
was recorded on the medium Gel 2,5% + G 7,5% rehydrated with DW with lowest titer – 6,8 log UFC ml-1 
(Table 3). 

Table 3 

Viability of strains Streptomyces massasporeus CNMN-Ac-06, Ac-07 and Ac-08,  
after lyophilization on different protective and regeneration media  

with different rehydration media 
 

S. massasporeus 
CNMN-Ac-06 

S. massasporeus 
CNMN-Ac-07 

S. massasporeus 
CNMN-Ac-08 

Strain Titer 
logUFC 

ml-1 

BSR 
% 

Titer 
logUFC 

ml-1 

BSR 
% 

Titer 
logUFC 

ml-1 

BSR 
% 

BL 10,8±0,1 100 10,8±0,1 100 10,8±0,1 100 
DW 7,5±0,05 70,1±0,7 8,4±0,07 77,8±0,6 8,5±0,04 78,6±0,4 
Cz 8,0±0,04 73,9±0,7 7,9±0,4 73,4±3,1 8,6±0,07 79,8±0,6 SM 
Dl 8,0±0,1 74,4±1,4 8,7±0,03 80,7±0,5 8,4±0,05 77,9±0,4 

DW 7,8±0,04 72,9±0,2 8,4±0,07 77,9±0,6 8,5±0,07 78,8±0,8 
Cz 7,9±0,04 73,2±0,2 8,7±0,02 80,2±0,1 8,6±0,05 79,9±0,4 SM+ 

G. 7 % 
Dl 8,0±0,1 74,3±1,2 8,6±0,5 79,9±0,7 8,8±0,02 81,1±0,3 

DW 7,9±0,03 73,4±0,1 8,7±0,05 80,4±0,4 8,4±0,1 77,5±0,9 
Cz 7,9±0,04 73,2±0,4 8,7±0,02 81,0±0,1 8,9±0,01 82,2±0,3 

Gel. 1 % 
+ 

S. 10 % Dl 8,1±0,02 75,2±0,3 8,8±0,01 81,2±0,2 8,8±0,03 81,1±0,4 
DW 7,5±0,2 69,3±1,2 8,6±0,06 79,9±0,7 8,6±0,1 79,3±1,5 
Cz 8,1±0,04 75,1±0,7 8,7±0,04 80,9±0,3 8,7±0,06 80,3±0,7 

A
L 

C
M

 

Gel. 2,5% 
+ 

S. 7,5 % 

R
M

 

Dl 7,9±0,04 73,4±0,6 8,8±0,01 81,1±0,2 8,8±0,02 81,4±0,2 
BL 8,9±0,7 100 10,4±0,7 100 8,2±0,7 100 

A
L 

C
M

 Gel. 2,5% 
+ 

G. 7,5 % 

R
M

 

DW 6,8±0,6 75,7±1,4 9,4±0,6 90,8±0,4 6,8±0,7 83,1±2,0 

 
Analysis of the results showed that natural variants of S. massasporeus CNMN-Ac-06, S. massasporeus 

CNMN-Ac-07 and S. massasporeus CNMN-Ac-08, unlike of the initial strain, had a higher degree of 
viability: about 73,4 to 90,8% and from 77,5 to 83,1%, detected maximum values for protection medium Gel 
2,5% + G 7,5 % and DW, as rehydration medium. 

Maximum values of viability of strains S. massasporeus CNMN-Ac-07 reactivated on Dulaney and  
S. massasporeus CNMN-Ac-08 reactivated on medium Czapek were obtained for the same protective 
medium – Gel 1% + S 10%: 81,2% and 82,2% respectively (Table 3). 

Analysis of the results presented in Table 3 allowed evaluation of several protective and rehydration 
media for lyophilization of species S. massasporeus, which are composed of gelatin and sucrose or glucose 
in different proportions, which average viability of the species ranges between 78,6 and 83,2%. The  
media Gel 1% + S 10% + Dl and Gel 2,5% + G 7,5% + DW, recorded maximum results 79,2 and 83,2%, 
respectively (Fig. 3). 

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. 
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Fig.3. Average viability of species Streptomyces massasporeus (3 strains) before and after lyophilization,  

in dependence of the used protective and rehydration media. 
 
The results of the evaluation of antimicrobial activity of streptomycetes before and after lyophilization 

(Tables 4 and 5), highlight that the strain S. massasporeus CNMN-Ac-06 and its variants attest the maximum 
antimicrobial activity compared to the other studied cultures. These strains all showed antagonism against 
test-strains phytopathogenic bacteria and against to 5 of 7 phytopathogenic fungi. The highest retention areas 
have been registered against pathogens of fusariose – Fusarium oxysporum (24,0 mm after lyophilization), 
tomato bacterial wilt – Corynebacteriul michiganense 102 (24,0 mm after lyophilization) and rottenness rot 
and soft of vegetables – Erwinia carotovora 8982 (20,0 mm after lyophilization). It has also been reported 
antimicrobial activity against Aspergillus niger, Penicillium funiculosum and Botrytis cinerea, the growth of 
which has not been retained by other strains of streptomycetes (Table 4 and 5). 

The strain S. levoris CNMN-Ac-01 and their variants were less active against Agrobacterium tumefaciens 
8628, demonstrating no antagonist relations. This strain has pronounced antifungal activity against Fusarium 
oxysporum, which causes fusaria wilting of the plant (retention zone diameter increasing from 19,0 to 30,0 mm) 
and to Thieloviopsis basicola, which causes black rot of plants (ø retaining area growth – 20,0- 27,0 mm). 

Analyzing of the antimicrobial activity of S. canosus CNMN-Ac-04, allows to conclude that this strain  
is more active, compared with S. canosus CNMN-Ac-02 and S. canosus CNMN-Ac-03 (ø 28,0-30,0 mm), 
retaining grown of Corynebacteriul michiganense and showing also a pronounced antibiotic activity against 
Aspergillus niger, Aspergillus flavus and Fusarium oxysporum. 

An increasing of antimicrobial activity against Agrobacterium tumefaciens 8628 (9,37 and 3,57%, 
respectively) was fixed after lyophilization (AL) of S. canosus CNMN-Ac-04 and S. massasporeus CNMN-
Ac-07, while to Corynebacterium michiganense 102 - 6,25%. Meanwhile, antimicrobial activity against 
Erwinia carotovora 8982 at S. massasporeus CNMN-Ac-06 and at S. levoris var. 4 decreased after lyophili-
zation by 23,1% and 5,0%, respectively. 

Table 4 
The antibacterial properties of streptomycetes before and after lyophilization 

Diameter of the growth inhibition zone, mm 
Corynebacteruim 
michiganense 102 

Agrobacterium 
tumefaciens 8628 

Erwinia 
carotovora 8982 

Strains 

BL AL BL AL BL AL 
S. canosus CNMN-Ac-02 – – – – 10,0±1,3 10,0±0 
S. canosus CNMN-Ac-03 – – – – 13,0±0,7 12,5±0 
S. canosus CNMN-Ac-04 28,0±1,1 28,5±0,7 16,0±0,7 17,5±1,7 18,0±0,9 17,0±0 
S. levoris CNMN-Ac-01 20,0±0,7 20,0±0 – – 18,0±1,3 18,0±1,3 
S. levoris var. K-1 20,5±0,9 20,0±1,1 – – 20,5±1,3 20,0±1,1 
S. levoris var. 4 20,5±1,3 20,0±1,1 – – 20,0±1,1 19,0±1,1 
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S. massasporeus 
CNMN-Ac-06 24,0±0 24,0±1,1 15,0±0,7 15,0±0,9 26,0±0 20,0±0 

S. massasporeus 
CNMN-Ac-07 16,0±0 17,0±0 14,0±0 14,5±0 24,0±0 23,5±0 

S. massasporeus 
CNMN-Ac-08 17,0±0 16,5±0,7 11,0±1,1 11,0±0 16,0±0 16,0±1,1 

 
An increasing of antifungal activity against Fusarium oxysporum was established only after lyophilization 

(AF) of S. massasporeus CNMN-Ac-06 – 14.6%, while the activity of S. massasporeus CNMN-Ac-08 
against Alternaria alternata and Penicillium funiculosum was decreased by 12,5 and 14,3%, respectively, at 
S. canosus CNMN-Ac-04 –Fusarium oxysporum - with 11,25%, at S. levoris var. K-1 against Fusarium 
oxysporum and Alternaria alternata – with 5.0 and 9.1%, respectively. Thus, experimental results confirm 
that streptomycetes possess antimicrobial activity against various bacteria and fungi [38] and emphasizes the 
possibility of keeping of streptomycetes antimicrobial activity after lyophilization, in proportions of 80-90% 
from baseline [51]. 

The results of this research will contribute significantly to streamlining regulation of technological 
lyophilization of strains of microorganisms of the genus Streptomyces kept in NCNM. 

 

Table 5 
Antifungal properties of streptomycetes before and after lyophilization 

Diameter of the growth inhibition zone, mm 
S. canosus 

CNMN-Ac-02 

S. canosus 
CNMN-Ac-03 

S. canosus 
CNMN-Ac-04 

Test-strain 

BL AL BL AL BL AL 
A. niger 9,0±0 9,0±0 14,0±1,1 14,0±1,1 16,0±0,9 16,0±0,9 
A. flavus – – – – – – 
P. funiculosum – – – – – – 
T. basicola – – – – 12,0±1,1 12,0±0 
F. oxisporum – – 12,0±0 12,0±0 18,0±1,3 16,0±0,7 
A. alternata – – – – – – 
B. cinerea – – – – – – 

S. levoris 
CNMN-Ac-01 S. levoris k-1 S. levoris var. 4  

BL AL BL AL BL AL 
A. niger 13,0±0,7 13,0±0,9 14,0±0 14,0±1,3 14,0±0,7 14,0±0 
A. flavus 20,0±1,1 20,5±1,3 18,0±0 18,0±1,3 14,0±0,7 14,0±0 
P. funiculosum – – – – – – 
T. basicola 27,0±1,7 27,5±0,9 20,0±0 20,0±0 11,0±1,1 11,0±0 
F. oxisporum 30,0±0 30,0±0 20,0±0 19,0±0 20,0±0 19,5±0,7 
A. alternata 11,0±0 10,5±0,9 11,0±0 10,0±0 12,0±1,1 11,5±0,9 
B. cinerea – – – – – – 

S. massasporeus  
CNMN-Ac-06 

S. massasporeus  
CNMN-Ac-07 

S. massasporeus  
CNMN-Ac-08  

BL AL BL AL BL AL 
A. niger 14,0±0 14,0±1,7 15,0±0,9 14,5±0 – – 
A. flavus 18,0±0 18,0±0 – – – – 
P. funiculosum 12,0±0,9 12,0±0 10,0±0,7 9,5±0,9 12,0±0 10,5±0,9 
T. basicola 24,0±0,9 20,5±0 10,0±1,1 10,0±0 9,5±0,9 9,0±0 
F. oxisporum 20,0±0 24,0±1,1 17,0±1,1 17,0±0 10,0±0 9,5±0 
A. alternata 10,0±0 – 12,0±1,3 12,0±0 14,0±0 12,0±0 
B. cinerea 14,0±1,1 14,0±1,7 10,0±0 9,0±0 10,0±0 10,0±0 
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Conclusions 
So research results allow concluding the following: 
1. Given in attention the sensitivity of different strains of the same species of streptomycetes at lyophiliza-

tion, significant impact of protective media and initially titer on their viability were established, selecting the 
optimum parameters for lyophilization, requiring individual approach at the level of species or strain.  

2. Lyophilization of streptomycetes strains on effective protective media containing gelatin and sucrose 
or glucose in different concentrations ensures a maximum viability after lyophilization registered for most 
strains. The optimal factors were: protective medium gelatin 2,5% + glucose 7,5%, rehydration with distilled 
water and the initial cell density of 9-11 log UFC ml-1. 

3. Lyophilization change insignificantly antimicrobial properties of studied streptomycetes strains, 
coupled with high activity. 
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