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ABSTRACT

Report 141 pages, 6 figures, 11 tables, 33 sources, 8 appendices.

BACTERIOPHAGES, NOSOCOMIAL INFECTION, BIOPREPARATION, ANTIBIOTIC RESISTANCE, LYTIC ACTIVITY
Objects of research: soil samples, water samples, Escherichia coli, Pseudomonas aeruginosa, bacteriophages that lyse Escherichia coli and Pseudomonas aeruginosa.
Instrumentation and methodological support for microbiological, virological and molecular-biological research were used in the work.
The aim of the project is to study the lytic properties of bacteriophages isolated from environmental sites in Kazakhstan and to identify the possibility of creating new antibacterial agents based on lytic phages to reduce nosocomial infections.
On the ground of acquired information after completing the planned research the main findings of the studies were as follows:
12 strains of bacteriophages that lyse E. coli and 8 strains of bacteriophages that lyse P. aeruginosa were isolated from environmental samples. According to the structural features of viral particles, all isolated strains can be attributed to the Caudovirales order, 9 of them to the Myoviridae family and 11 to the Siphoviridae family. The bacteriophage strains were sent for storage to the collection of the Scientific Production Center for Microbiology and Virology LLC, their description was compiled and a bacteriophage library was created, which allows to systematize and quickly select the bacteriophage strains necessary for certain studies.
It was found that all the studied bacteriophages possessed the maximum lytic activity at a dose of 105 viral particles per ml. The studied bacteriophages were highly active against certain strains of E. coli or P. aeruginosa, and were able to completely suppress the growth of up to 9 test bacterial strains.
It has been established that the biopreparations developed on the basis of E. coli and P. aeruginosa cocktails had maximum lytic activity at concentrations of 105 viral particles per ml and were able to inhibit the growth of 90% of E. coli and P. aeruginosa strains.
The effective dose for practical application of the developed biopreparations was found is 106 – 108 viral particles per 1ml, the storage of prepared cocktails of E. coli and P. aeruginosa bacteriophages under sterile conditions at 4 ... 8 ° C or freeze drying completely preserves their initial level of lytic activity. The packages of regulatory and technical documentation for the production of biological products based on the lytic bacteriophages E. coli and P. aeruginosa have been developed.
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LIST OF ABBREVIATIONS AND SYMBOLS

In this R&D report, the following abbreviations and symbols are used:

ATCC – american type culture collection

CDC – centers for disease control
McF – McFarland turbidity standard
NCBI – national center for biotechnology information
PFU - plaque-forming unit
WHO - world health organization
CFU - colony forming unit
MPB - meat-peptone broth
PBS - phosphate buffered saline
INRODUCTION
Hospital, nosocomial infections or infections relating to medical care are a worldwide major public health problem, regardless of country living standards. The situation is exacerbated by not only the chronic diseases development or an increase in death, but also the enhanced economic costs per patient. According to the World Health Organization, 8.7% of all hospital patients had nosocomial infections [1]. 
The main measure of controlling nosocomial infections is prevention through the sanitary treatment of devices, equipment and premises of medical institutions, as well as antibiotic therapy of already infected patients. Unfortunately, in recent time, both of the above methods are unable to achieve a sufficiently high level of efficiency. This is related to the ability of a number of nosocomial infection agents to form biofilms which protect them from chemical antibacterial substances, as well as the widespread spread of antibiotic resistance among pathogenic micro-organisms through the horizontal transfer of resistance genes [2-4]. 

The problem is compounded by the fact that, at the present stage of scientific development, the search for and development of new chemical antibacterial preparations are being slowed down, and antibiotics already in existence continue to lose their effectiveness [5, 6].

According to CDC, some of the main pathogens causing nosocomial infections are widespread gram-negative bacteria are Escherichia coli (intestinal coli) and Pseudomonas aeruginosa (singular coli). In hospitalized patients with the weakened immune system, they may cause respiratory pneumonia, septicaemia, neonatal meningitis, peritonitis, inflammation of the genitourinary tract, gastrointestinal tract, skin lesions and surgical wounds [7, 8].

Phage therapy is one of the most promising area in the search for alternative means to prevent and combat nosocomial infections. The need for a review of phage therapy was also raised at the UN General Assembly on 21 September 2016. Proponents of phage therapy point out several major advantages that bacteriophages have over antibiotics: host specificity, self-expression, biofilm deterioration, and low toxicity to humans [9-11].

The project purpose is to study the lytic properties of bacteriophages isolated from environmental sites in Kazakhstan, and to identify the possibility of creating new antibacterial agents based on lytic phages to reduce the level of nosocomial infections.

The phase of the project for the 2020 year: development of scientific and technical documentation for the production and use of a developed biopreparation based on lytic phages. The submitted report includes interim reports of 2018, the phase of the project - "Isolation of bacteriophages with lytic properties from environmental samples and creation of a collection on their basis" (inventory number 0218RK00326) (inventory 0218RK00326) and 2019, phase of the project - "Studies of the spectrum of activity of lytic bacteriophages and the development of biopreparation with antibacterial activity on their basis" (inventory 0219RK00179).
MAIN PART OF THE R&D REPORT
1. Substantiation of the selected studies
Nosocomial infections are one of the main problems of modern healthcare due to its widespread distribution, causing significant harm to the health of patients and employees of medical institutions, causing great economic damage. According to WHO, annually, around the world, about 10 million hospitalized patients die or become disabled due to incompetent medical practice and lesion by nosocomial infections. According to rough estimates in developed countries, from 5 to 10% of patients in hospitals suffer from nosocomial infections, in developing countries their number may reach 25% [1]. The lesion of a hospitalized patient with nosocomial infections increases the duration of his stay in the hospital by 2-3 times, which leads to an increase in the cost of treatment 3-4 times and the risk of a lethal outcome by 5-7 times [12].

The aggravation of the problem of nosocomial infections is due to the global spread of antibiotic resistance among pathogenic microorganisms. According to the World Health Organization, many achievements of modern medicine and epidemiology in the fight against infectious diseases, made in the XX century, may lose their significance due to the growth of resistance of bacteria to antibiotics [1].

At the present stage of the development of science, in the direction of searching for and developing new chemical antibacterial preparations, there is a decrease in activity, besides existing antibiotics continue to lose their effectiveness. Maintaining this tendency, in the end will lead to the exhaustion of funds for fighting with resistant microorganisms [13].

WHO and national health authorities around the world are focusing on the necessity to solve the problem of drug resistance, and actively supporting research aimed at finding and developing fundamentally new ways to fight infectious diseases in conditions of stopping the development of new antibiotics by many pharmaceutical companies.

The ability of pathogens of nosocomial infections to form biofilms creates additional health problems, because up to 75% of high-tech endoscopic equipment is infected with biofilms of endogenous origin (microorganisms of standard human microflora).

The existence of a wide arsenal of medicinal agent for fighting nosocomial infections does not reduce necessity of finding new means for fighting with pathogens of nosocomial infections. One of the directions of such researches is the study of bacteriophages as a source of new antibacterial drugs with a high potential of usage.

The possibility of using phages to decontaminate the surface from pathogens of nosocomial infections was shown. Examples of the effective use of listeriophages for the disinfection of stainless steel and polypropylene surfaces contaminated with Listeria monocytogenes are described [14]. It has been established that bacteriophages infecting Yersinia pestis are capable of completely destroying the plague pathogen on various hard surfaces [15].

The use of phages for the disinfection of hospitals on the example of hospital salmonellosis was carried out. It is established that the use of antibacterial preparations based on phages in children's hospitals reduces the nosocomial infection of salmonellosis by 2.3 - 24.4 times [16]. Experiments were also conducted on the use of bacteriophages by aerosol dispersion. As a result, it was shown, that the dispersion of a preparation containing various strains of bacteriophages completely removes bacteria from the air in the rooms of the surgical department [17].

Experiments on the aerosol dispersion of phages in the intensive care units were carried out. The treatment of the premises was carried out continuously for 2 months, with a decrease in contamination, at the same time the formation of phage-resistant strains was detected, as a result the method of intermittent dispersion - repeated treatments once a week with an interval of 3 weeks was more rational. The best effect was shown by the use of a bacteriophage against Pseudomonas aeruginosa. The authors noted complete cessation of circulation of the pathogen within 24 hours after a single spray of bacteriophages [18].

Of great interest is research on the use of bacteriophages for food processing (phage bioprocessing), which can significantly reduce infection transmission through foodstuffs. It was shown that DT1 and DT6 strains of coliphages can be used to protect against pathogenic E. coli during milk fermentation without damaging the quality of the ferment [19]. A method to protect food against poisoning with Salmonella was proposed by treating food products with phage preparations against Salmonella enteritidis, Salmonella typhimurium, and others [20]. Highly effective in suppressing the reproduction of Escherichia coli in food products was demonstrated by a preparation containing 140 strains of bacteriophages possessing high lytic activity [21].

Biopreparations based on phages can be successfully used to destroy biofilms formed by pathogens of nosocomial infections. A strain SF153b containing a polysaccharide dehydrogenase enzyme was described that had the ability to lyse the exopolysaccharides of biofilm protective layer (glycocalyx) [22]. A "two-tooth" bacteriophage was obatained by the methods of genetic engineering that able to express enzymes to destroy the glucosamine polymer underlying the biofilm. This preparation significantly reduced the number of cells in the bacterial biofilm [23].


Studies on the use of bacteriophages to control biofilms formed by causative agents of catheter-associated urinary tract infections (Proteus mirabilis and Escherichia coli) have been conducted. After treatment of urinary catheters with a hydrogel containing lytic bacteriophages, the biofilm population in them was destroyed. On bacteriophage-treated catheters, a decrease in the formation of Proteus mirabilis biofilms and Escherichia coli was detected in 90%, compared to the untreated control [24].

Thus, in the conditions of the global spread of antibiotic resistance to reduce the level of nosocomial infections, there is an urgent need to search for and develop additional preparations for fighting with pathogenic microorganisms. Such additional, and in some cases, alternative or single agents are antibacterial preparations based on lytic bacteriophages. The use of such prepartions in practice will significantly reduce the number of cases of nosocomial infections in hospitals, thereby improving the safety of patients' health and life, and reducing health care costs.
2 Materials and methods

2.1 Materials

Environmental samples: water samples and soil samples taken from various environmental sites.

Bacterial strains. As the main bacterial cultures required for bacteriophage passages and testing of their activity, as well as for determining the lytic activity of the bacteriophages and preparations under investigation, 10 strains of E. coli and 11 strains of P. aeruginosa  were used (table 1).
Table 1 - Bacterial cultures used in research
	Strains E. coli
	Strains P. aeruginosa
	Organization providing bacterial strains

	444
	342
	City Clinical Infectious Hospital named after I.S. Zhekenova

	
	153С
	

	753
	241
	

	3774
	2968
	"Central Clinical Hospital", Almaty

	3957
	3088
	

	3992
	4012
	

	4231
	4122
	

	4238
	4232
	

	4320
	4285
	

	4325
	4305
	

	15597
	10145
	ATCC


Nutrient media. A nutrient broth (NB) (Nutrient Broth, "Himedia", India) was used for the cultivation of bacteria and bacteriophages propagation. For storage of bacteria, isolation of bacteriophages, determination of titer by Gratia and description of the morphology of plaque-forming units (PFU), 2% nutrient agar (NA) (Nutrient Agar "Himedia", India) was used.
Paper filter «Red Tape» and membrane filters with pore size of 0.45 um Agilent Captiva (Agilent Technologies, USA) was used for filtration of samples and phage lysates.
2.2 Methods

Environmental sampling. Soil and water samples were collected in 500 ml sterile bottles, water samples were collected at a depth of 15-20 cm, soil samples were collected from a surface layer up to 10 cm deep. The samples were transported and stored at a temperature of 4...8°C in opaque and protected against direct sunlight.
Obtaining of soil filtrates. 500 ml of sterile PBS was added to 50 g soil sample for obtaining homogenous suspension and placed on shaker for 6 hours. After 6 hours the soil suspension was filtered through the paper filter «Red Tape», then, to inactivate pathogenic microorganisms chloroform was added to final concentration of 0.1% and held for 24 hours at 4...8° C. The samples were then filtered through a paper filter and through a bacterial filter with a pore diameter of 0.45 µm. The samples were stored in a dark place at a temperature of 4...8°C.
Obtaining of water filtrates. To inactivate pathogenic microorganisms, chloroform was added to the water samples to a final concentration of 0.1% and kept for 24 hours at a temperature of 4 ... 8 ° C. The water samples were filtered through a paper filter and through a bacterial filter with a pore diameter of 0.45 μm. The samples were stored sterile in a dark place at a temperature of 4 ... 8 ° C.
DNA from the obtained filtrates was isolated using a PureLinkViralDNA / RNA extraction kit (Invitrogen, USA) according to the manufacturer's protocol. The concentration of isolated DNA was measured using a Qubit dsDNA HS (High Sensitivity) kit according to the instructions for a Qubit 3.0 fluorometer. Analysis of the quality of genomic libraries was carried out on an Agilent 2100 instrument, using the supplied chips according to the manufacturer's instructions. 

The metagenomic sequencing of samples was performed on the Illumina Miseq platform . The obtained pair-end reads were assembled into contigs using the autonomous software "Edena", freely available under the General Public License (GPLv3). Reads intersection was determined at 35 nucleotides. An autonomous version of the NCBI nucleotide database containing 6,079 complete virus genomes was used as a source of reference sequences (viral genomes). Assembled contigs were analyzed using the METAVIR program [25]. The results were presented graphically using the Krona program. [26]

The bacterial strains used were cultivated in the nutrient broth for 24 hours at 37°C. Nutrient broth prepared by the manufacturer’s instructions
Testing of indicator bacterial cultures for the presence of lysogenic phages. Petri dishes with prepared 2% nutrient agar were plated with 24-hour culture of indicator bacteria. After 12 hours of incubation at 37 ° C, the growth of a continuous lawn of bacteria without any lysis zones was observed, after which the open Petri dishes were irradiated with ultraviolet light for 10 minutes at a distance of 10 cm. The irradiated bacteria were washed off with 10 ml of nutrient broth and cultivated during 2 hours at 37 ° C, then 500 μl of chloroform (50 μl per 1 ml of suspension) was added to the bacterial suspension, shaken, and then centrifuged for 10 minutes at 6000 rpm. The presence of bacteriophages in the obtained supernatant was determined by the Otto method [27].

Determination of the presence of lysogenic phages by the Otto method. Melted 2% nutrient agar was poured into sterile Petri dishes, cooled, and dried in a thermostat for 10-15 min, after the dishes were plated with 24-hour culture of indicator bacteria. A drop of the sample was applied on the plated dishes closer to one side, the dish was tilted allowing the drop flow down to the opposite side of the dish. The dishes were incubated at 37°C for 12 hours before observing the result. If the sample contained bacteriophage, a lysis zone formed along the sample droplet path.
Isolation and propafation of bacteriophages from the filtrates of environmental samples. To the 200 μL of the prepared filtrates 700 μL 24-hour suspension of indicator bacteria and 2 ml of liquid nutrient medium were added. In order to ensure bacterial infection with viruses and reproduction of new daughter viral particles, the mixture was cultivated for 18-24 hours at 37°C with aeration. The mixture was then centrifuged for 30 minutes at 3,000 rpm. The supernatant was filtered through bacterial filters with a pore diameter of 0.45 nm. The obtained phage lysates were stored in sterile conditions at 4...8°C [28, 29]. The presence of phage in the filtrates is determined by Otto method.
Isolation of bacteriophages on a solid nutrient medium. The initial phage lysates were titrated to nine 10-fold dilutions. 1 ml of each dilution was mixed with 14 ml of 2% nutrient agar and 1 ml of the 24-hour suspension of indicator bacteria was added. The resulting mixture was poured into Petri dishes and incubated for 18 hours at 37 ° C. The same mixture was used as negative control, but 1 ml of sterile PBS was added instead of the water sample. At the end of the incubation period, the formation of individual PFU on the continuous lawn of the bacterial culture was observed.

Isolation of pure lines of bacteriophages. After the detection of PFU on a continuous lawn of the bacterial culture, a separate lysis zone was selected at the maximum dilution of phage lysate, In this process, a single phage plaque was harvested from the agar overlay plate using a sterile Pasteur pipette. Afterwards, 5 ml of nutrient broth was added to the harvested single plaque, which was incubated for 2 h at the temperature of 37 °C. The mixture was centrifuged at the temperature of 4 °C for 15 min in 14000 g and filtered through a 0.45-μl filter. Co-cultivation of the phages and bacterial host was performed by adding 100 μl of the filtered suspension to the 18-24 h. Bacterial culture (1 ml) and incubation of the resultant at the temperature of 37 °C for 24 h. Moreover, single plaque isolation steps were repeated three times.
Bacteriophage propagation. In sterile flasks containing 40 ml of sterile nutrient broth 500 μl of phage lysate and 5 ml of 24 h culture of host bacteria were added. The cultivation was carried out for 24 hours at 37 ° C. After cultivation, to remove bacterial cells, the resulting phage lysates were centrifuged for 30 minutes at 6000 rpm, followed by filtration through bacterial filters with a pore diameter of 0.45 μm. Phage lysates were stored under sterile conditions at a temperature of 4 ... 8 ° C.
Determination of the lytic activity of the obtained phage lysates was carried out by the Appelman method [30].
The titer of the bacteriophage in suspension was determined by the Gratia methods [31].

Concentration of bacteriophages by ultracentrifugation. The precipitation of the bacteriophage from the phage lysates was carried out by centrifugation at 29000 rpm (100000g) for 90 min. at 4 ° C. The resulting bacteriophage pellet was dissolved in a minimum volume of PBS [32].

The structure of the isolated bacteriophages was examined by transmissive electron microscopy at magnifications of 60-80 thousand times. The bacteriophages were concentrated by ultra-centrifugation before they were deposited on the surface of a formvar coated grid (300 mesh copper grid). The samples were negatively stained with3 % phosphotungstic acid (pH 6.8).

The presence of bacteriophages and their lytic activity was assessed by co-cultivation with a bacterial test culture. For this, a series of consecutive 10-fold dilutions of the initial phage lysate and 24-hour bacterial suspension with a turbidity index of 1 McF are preliminarily were prepared. The co-cultivation of microorganisms and phages was  carried out in microplates at 37 ° C for 6 hours. 150 μl of nutrient broth or LB medium, 50 μl of phage containing sample (of each dilution) and 50 μl of 1 McF bacterial suspension were added to the wells of the microplate. Samples containing 50 μl of sterile FSB pH 7.4 instead of the bacteriophage, were used as a control of the bacterial test culture growth. As a negative control, a sample containing only 250 μl of sterile LB broth was used. Each experiment was conducted in at least 3 replications. The bacterial growth dynamics was estimated by the change in the optical density of the suspension at 600 nm. Spectrophotometric scanning of the microplate was carried out every 30 minutes during the co- cultivation time using the Tecan M200 PRO multi-reader [33].
The effective dose and method of applying the bacteriophage preparation (cocktail) were determined on a model of a continuous lawn of a bacterial test culture. For obtaining continuous bacterial lawn, 1 ml of 24-hour test bacterial culture with a turbidity index of 1 McF was added on the prepared 2% agar, and incubated at 37° С for 2 hours in standard Petri dishes. Simultaneously 8 consecutive 10X dilutions of the studied bacteriophages cocktail were prepared. After 2 hours of incubation, one dilution of the cocktail was applied to the one Petri dish. The application of a cocktail of bacteriophages was carried out in different ways: the surface of the plated agar was covered with a solution of bacteriophages, or the solution of bacteriophages was sprayed over the surface of the plated agar. After applying the cocktail of bacteriophage, the Petri dishes were kept at room temperature for two hours. Then, the surface agar of each Petri dish was washed off with 1 ml of sterile PBS, which was inoculated with new Petri dishes with nutrient agar. After 24 hours of incubation at 37 ° C, the effective dose of the cocktail was assessed by the presence of CFU. For negative control, a continuous lawn of a bacterial test culture and was treated with sterile PBS.
The stability of the bacteriophages cocktails was determined in different ways:

1) storage in sterile conditions at room temperature, 

2) storage in sterile conditions at +4...+ 8° C. 

For 1st and 2nd storage methods, 1 ml of prepared cocktail were poured into sterile glass vials of 10 ml volume, then vials were covered with rubber caps and rolled in aluminum caps. 

3) Storage in a lyophilized state with the addition of a stabilizing medium (0.8M solution of sucrose).

 For the 3rd storage method 1 ml of a bacteriophage cocktail and 1 ml 1.6 M of a sucrose solution were mixed, the mixture was frozen at -40 ° C and lyophilized. After lyophilization, the vials were closed in vacuum with rubber covers and rolled with aluminium caps. All procedures were performed in a sterile condition.
Fresh samples of bacteriophage cocktails were prepared stability determine. Phage lysates of the strains included in the cocktail were mixed in equal volumes, after which the entire volume of the resulting cocktail was passed through a 0.45 μm bacterial filter. The concentration of each bacteriophage strain in the phage lysate was 108 viral particles per ml. 

The biopreparation stability was determined by the preservation of the lytic activity level. Lytic activity was assessed every month for each storage method by co-cultivation with a bacterial test culture in a microplate.
Statistical processing of the results was carried out using Statistica 10.0" software package " and "Microsoft Excel". For tabular and graphical representation of the obtained results, the Microsoft Office software package was used.
3 Research results
3.1 Isolation of lytic bacteriophages from environmental samples and creation of a library on their basis
3.1.1 Collection of soil samples from environmental objects for isolation of lytic phages
An analysis of the literary data on taxonomy of bacteriophages lytic E.coli and P. aeruginosa was conducted with a view to identifying the sampling sites for phages-containing samples. It has been shown that most of the viruses of the E. coli and P. aeruginosa belong to the three families of the Caudovirales order: Myoviridae, Podoviridae and Siphoviridae. A number of soil samples were selected and their metagenomic analysis was conducted, which showed that the great variety of bacteriophages of the Myoviridae, Podoviridae and Siphoviridae families are found are found in soil samples collected in places containing waste or on the banks of sanitary adverse water bodies. An example is the metagenomic analysis of a soil sample collected from the Kapshagai trash dump. It has been determined that the sample (figure 1) contains a wide variety of sequences of Caudovirales viruses related to the Myoviridae, Podoviridae, Siphoviridae families and potentially able to lysing E. coli and P. aeruginosa.
For isolation the lytic phages of E. coli and P. aeruginosa, five soil samples were collected at the following points in Almaty city and its suburbs:
1) near the garbage collection in the Tastak 2 district of Almaty
2) on the territory of the landfill located at 36 km of the Almaty-Kapshagai highway,
3) on the Kapshagay landfill 
4) on the shore of the lake situated in Almaty airport district,
5) on the bank of the Right Esentay River in the Pervomaiskiy district, Almaty city 

The mass of the collected soil samples was at least 50 g. Bacteriophages in the selected samples were detected in the cultures of indicator bacteria E. coli and P. aeruginosa by the Otto method. As a result of the plating, bacteriophages of E. coli were found in a soil sample collected from the banks of the Pravy Esentai river in the area of Pervomaisky microdistrict, Almaty.
3.1.2 Collection of water samples from environmental objects for isolation of lytic phages
For justification the choice of water sample collection sites, metagenomic analysis of a number of collected water samples for the presence of viruses of the Caudovirales order was carried out. It was shown that the maximum diversity of phages of the order was found in samples collected from waste and sewage waters, as well as from sanitary-unfavourable waters. As an example, a metagenomic analysis of a water sample collected on the territory of the sewage filtration fields of the city of Kapshagai is given. It was found that sample (figure 2) contains a wide variety of bacteriophages of the Caudovirales order related to the Myoviridae, Podoviridae and Siphoviridae families.
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Figure 1 - Metagenomic analysis of a soil sample for the presence of bacteriophages of the order Caudovirales, families Myoviridae, Podoviridae, Siphoviridae
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Figure 2 - Metagenomic analysis of a water sample for the presence of bacteriophages of the order Caudovirales, families Myoviridae, Podoviridae, Siphoviridae
Based on the data obtained, 5 water samples were collected, presumably containing bacteriophages infecting E. coli and P. aeruginosa. Samples were collected in the following locations in Almaty, its suburbs and Shymkent:

1) the river Right Esentai in the area of the Pervomaisky district, of Almaty city

2) waste collector of sewage waters of Shymkent 

3) sewage filtration fields of the city of Kapshagay

4) sewage canal flowing into Lake Sorbulak

5) lake located near the airport of Almaty

The samples were collected into sterile bottles in volume of 500 ml. Bacteriophages in the collected samples were detected using the cultures of indicator bacteria E. coli and P. aeruginosa by the Otto method. 

As a result of the studies carried out, bacteriophages which lysing E. coli were found in 4 water samples: in the sample from the Right Esentai river, in the sample of sewage water from the city of Shymkent, in the sample from the sewage filtration fields of the city of Kapshagai and in the sample collected from a sewage canal that flows into Sorbulak lake. Bacteriophages that lyse the test culture P. aeruginosa were found in 3 samples: in the sample of sewage water from the city of Shymkent, in the sample from the sewage filtration fields of the city of Kapshagai, and in the sample from a sewage canal that flows into Lake Sorbulak.
3.1.3 Study of the lytic properties of bacteriophages obtained from collected samples using test cultures
The initial step in isolating new strains of bacteriophage is to test indicator cultures for the presence of prophages in their genome. Activation of the prophages in bacterial cells was performed by ultraviolet radiation. As a result, it was found that the bacterial cultures used in the studies did not contain do not contain prophage in their genome.
The main objective of the research was the isolation and investigation of phages with the lytic properties against E. coli and P. aeruginosa. Previously, according to the literature, it was found that E. coli bacteriophages have a higher strain-specificity than P. aeruginosa bacteriophages; therefore, E. coli bacteriophages were isolated using 5 clinical strains - 753, 444, 3957, 3992, 4231, and P. aeruginosa bacteriophages were isolated using 1 clinical strain (P. aeruginosa 342).

Bacteriophages isolation was carried out from soil and water samples of the environment. As a result of successive selective passages, 12 bacteriophages lysing clinical strains of E. coli and 8 bacteriophages lysing clinical strains of P. aeruginosa were isolated. In accordance with the source of isolation and specificity, the phages were named, E. coli phages: Ec.ph.PS, Ec.ph.PR, Ec.ph.ShS4, Ec.ph.ShS444, Ec.ph.ShS444K, Ec.ph.ShS3957, Ec.ph.ShS3992M, Ec.ph.ShS3992B, Ec.ph.ShS4231, Ec.ph.SKS6, Ec.ph.SKS8, Ec.ph.PFK3; P. aeruginosa phages: Ps.ph.ShS1, Ps.ph.ShS2, Ps.ph.PFK1, Ps.ph.PFK2, Ps.ph.PFK3, Ps.ph.PFK4, Ps.ph.SKS1, Ps.ph.SKS2.

The isolated phages were investigated for properties with taxonomic value: 1) morphology of negative colonies; 2) lytic activity and 3) structure of viral particles. The morphology of plaques was studied by plating the obtained phage lysates on 2% nutrient agar together with a 18-24 hour of indicator bacterial culture. Bacteriophage strains isolated from a single source were selected according to the morphotype of the negative colonies (appendix A, figures A.1, A.2).

The level of lytic activity of isolated strains of bacteriophages was determined by Appelman method,  the titer was determined by Gratia method. The results of the studies are presented in table 2.
Table 2 - Titer and lytic activity of isolated bacteriophages
	Bacteriophage strain
	The titer of Gratia
	Lytic activity according to Appelman

	Bacteriophages E. coli

	Ec.ph.PS
	2,7±0,1х106
	10-5

	Ec.ph.PR
	4,2±0,1х106
	10-5

	Ec.ph.ShS4
	9±0,3х109
	10-8

	Ec.ph.ShS444
	2,2±0,1х108
	10-7

	Ec.ph.ShS444К
	4,9±0,1х108
	10-7

	Ec.ph.ShS3957
	3,6±0,2х108
	10-7

	Ec.ph.ShS3992M
	2,3±0,1х108
	10-7

	Ec.ph.ShS3992B
	1,1±0,1х108
	10-7

	Ec.ph.ShS4231
	2,3±0,1х108
	10-7

	Ec.ph.SKS6
	3,4±0,1х106
	10-6

	Ec.ph.SKS8
	1,7±0,08х107
	10-6

	Ec.ph.PFK3
	2,2±0,1х108
	10-8

	Bacteriophages P. aeruginosa

	Ps.ph.ShS1
	1,8±0,2х108
	10-7

	Ps.ph.ShS2
	3,3±0,1х108
	10-7

	Ps.ph.PFK1
	2,3±0,09х108
	10-7

	Ps.ph.PFK2
	3,3±0,1х108
	10-7

	Ps.ph.PFK3
	7,5±0,03х108
	10-8

	Ps.ph.PFK4
	2±0,1х108
	10-7

	Ps.ph.SKS1
	3,2±0,1х108
	10-7

	Ps.ph.SKS2
	7±0,2х108
	10-8


The structure of the isolated bacteriophages was studied using transmissible electron microscopy. Before microscopy samples were prepared, the virus particles from the phage lysates were concentrated by centrifugation at 100000g. Bacteriophages have been observed at magnifications of 60-80 thousand times (appendix A, Figures A.3 to A.5).

Transmission electron microscope revealed tailed forms of all the isolated bacteriophages with average size of 200 nm, according to classification they were all tailed phages similar to those belonging to order Caudovirales. Viral particles of 5 E. coli bacteriophages (Ec.ph.PS, Ec.ph.PR, Ec.ph.ShS3957, Ec.ph.SKS8, Ec.ph.PFK3) and 4 bacteriophages of P. aeruginosa (Ps.ph.ShS1, Ps.ph.ShS2, Ps.ph.SKS1, Ps.ph.SKS2) had a icosahedral head, with wide tail of medium length. In some electron micrographs, the sheat, the fibers and the spikes of the baseplate are well distinguished. Bacteriophages with a similar structure of viral particles similar to those belonging to the Myoviridae family. Viral particles of the remaining 7 strains of bacteriophages E. coli (Ec.ph.ShS4, Ec.ph.ShS444, Ec.ph.ShS444К, Ec.ph.ShS3992M, Ec.ph.ShS3992B, Ec.ph.ShS4231, Ec.ph.SKS6) and 4 strains of bacteriophages P. aeruginosa (Ps.ph.PFK1, Ps.ph.PFK2, Ps.ph.PFK3, Ps.ph.PFK4) possessed with thin, long, flexible tail and a more rounded head, which suggests they belong to the Siphoviridae family.

Thus, 12 strains of bacteriophages were isolated from environmental samples collected on the territory of the Republic of Kazakhstan, that lyse E.coli and 8 strains of bacteriophages that lyse P. aeruginosa. The isolated strains of bacteriophages contained between 106 to 109 viral particles per ml, a significant level of lytic activity, and 10-5 to 10-8. By the structure of the viral particles, all the isolated strains can be attributed to the Caudovirales order, 9 of them to the Myoviridae family and 11 to the Siphoviridae family.
3.1.4 The lytic phages library creation
In accordance with the work schedule for the creation of the lytic phage library, propagation of all isolated bacteriophage strains was carried out, purified phage lysates were obtained and titers of viral particles were determined by Gratia method. The obtained phage lysates were centrifuged and filtered through bacterial filters, and were stored under sterile conditions at 4...8°C. 
In accordance with the previously obtained data, a description of all isolated bacteriophage strains was compiled (tables 3, 4). This description indicates naming of phages, source of isolation, the host strain, the morphotype of plaques, the titer of viral particles in the stored sample, the lytic activity of the bacteriophage according to Appelman and structural characterization of the viral particles. As a result of the work carried out, a library of bacteriophages was created, which allows systematizing and quickly selecting necessary strains of bacteriophages for certain investigations.
3.2 Studies of lytic activity spectrum of the bacteriophages and the development of biopreparations on their basis with antibacterial activity
3.2.1 Study of the activity of the obtained lytic phages in relation to test cultures and selection of the most active strains
For further research, from the created library, bacteriophage strains with a titer of 108 to 
Table 3 – Description of the isolated E. coli bacteriophages

	Bacteriophage

strain
	Source of isolation
	Host strain
	Morphotype of plaques
	Phage titer by Gratia
	Lytic activity by Appelman
	Virion Morphology


	Order / family of isolated bacteriophages

	1
	2
	3
	4
	5
	6
	7
	8

	Ec.ph.PS
	Soil from the bank of the Right Esentai river in the area of. Pervomaisky microdistrict Almaty


	E. coli 753
	clear plaque with a diameter of ≈ 2.5 mm  with a zone of incomplete lysis with a diameter of up to 7 mm
	2,7±0,1х106
	10-5
	The head is in the icosahedron form, with wide, straight tail of medium length
	Caudovirales/

Myoviridae

	Ec.ph.PR
	The Right Esentai river in the area of Pervomaisky microdistrict Almaty
	E. coli 753
	clear plaque with a diameter of ≈ 2.5 mm  with a zone of incomplete lysis with a diameter of up to 6 mm
	4,2±0,1х106
	10-5
	The head is in the elongated icosahedron form with wide, straight tail of medium length
	Caudovirales/

Myoviridae

	Ec.ph.ShS4
	Sewage of  the city of Shymkent 
	E. coli 753
	clear plaque with a diameter of ≈ 4 mm  with a zone of incomplete lysis with a diameter of up to 8 mm
	9±0,3х109
	10-8
	Rounded head with a thin, long, flexible tail with pronounced spikes
	Caudovirales/

Siphoviridae

	Ec.ph.ShS444
	Sewage of  the city of Shymkent
	E. coli 444
	clear plaque with a diameter of ≈ 1.5 mm without a zone of incomplete lysis.
	2,2±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail with pronounced spikes
	Caudovirales/

Siphoviridae

	Ec.ph.ShS444К
	Sewage of  the city of Shymkent
	E. coli 444
	clear plaque with a diameter of ≈ 2 mm without a zone of incomplete lysis..
	4,9±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail with pronounced spikes.


	Caudovirales/

Siphoviridae

	Ec.ph.ShS3957
	Sewage of  the city of Shymkent
	E. coli 3957
	clear plaque with a diameter of ≈ 1.5 mm without a zone of incomplete lysis
	3,6±0,2х108
	10-7
	The head is in the icosahedron form, with a wide, straight tail of medium length, fibers and spines are pronounced


	Caudovirales/

Myoviridae

	Ec.ph.ShS3992M
	Sewage of  the city of Shymkent
	E. coli 3992
	clear plaque with a diameter of ≈ 1.5 mm without a zone of incomplete lysis
	2,3±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail
	Caudovirales/

Siphoviridae

	

	Continuation of table 3

	1
	2
	3
	4
	5
	6
	7
	8

	Ec.ph.ShS3992B
	Sewage of  the city of Shymkent
	E. coli 3992
	clear plaque with a diameter of ≈ 2 mm without a zone of incomplete lysis.
	1,1±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail.
	Caudovirales/

Siphoviridae

	Ec.ph.ShS4231
	Sewage of  the city of Shymkent
	E. coli 4231
	clear plaque with a diameter of ≈ 4 mm with a clear  zone of incomplete lysis up to 6 mm
	2,3±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail with pronounced spikes
	Caudovirales/

Siphoviridae

	Ec.ph.SKS6
	Sewage canal flowing into lake Sorbulak
	E. coli 753
	clear plaque with a diameter of ≈ 1.5 mm with a zone of incomplete lysis with a diameter of up to 5 mm
	3,4±0,1х106
	10-6
	Rounded head with a thin, long, flexible tail
	Caudovirales/

Siphoviridae

	Ec.ph.SKS8
	Sewage canal flowing into lake Sorbulak
	E. coli 753
	clear plaque with a diameter of ≈ 2.5 mm with a zone of incomplete lysis with a diameter of up to 6 mm
	1,7±0,08х107
	10-6
	The head is in the icosahedron form, with wide, straight tail of medium length with pronounced spikes
	Caudovirales/

Myoviridae

	Ec.ph.PFK3
	Sewage filtration fields Kapshagai
	E. coli 753
	clear plaque with a diameter of ≈ 3.5 mm with a zone of incomplete lysis with a diameter of up to 7 mm
	2,2±0,1х108
	10-8
	The head is in the elongated icosahedron form with wide, straight tail of medium length
	Caudovirales/

Myoviridae


Table 4 – Description of the isolated P. aeruginosa bacteriophages

	Bacteriophage

strain
	Source of isolation
	Host strain
	Morphotype of negative colonies
	Phage titer by Gratia
	Lytic activity by Appelman
	Virion Morphology
	Order / family of isolated bacteriophages

	Ps.ph.ShS1
	Sewage of  the city of Shymkent
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 1.5 mm with a zone of incomplete lysis with a diameter of up to 6 mm
	1,8±0,2х108
	10-7
	Icosahedral head, wide, straight tail of medium length with distinguishable spikes and fibers
	Caudovirales/

Myoviridae

	Ps.ph.ShS2
	Sewage of  the city of Shymkent
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 5 mm without a zone of incomplete lysis
	3,3±0,1х108
	10-7
	Rounded head with wide, straight tail of medium length.
	Caudovirales/

Myoviridae

	Ps.ph.PFK1
	Sewage filtration fields Kapshagai
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 1 mm with a zone of incomplete lysis with a diameter of up to 6 mm
	2,3±0,09х108
	10-7
	Rounded head with a thin, long, flexible tail
	Caudovirales/

Siphoviridae

	Ps.ph.PFK2
	Sewage filtration fields Kapshagai
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 1.9 mm without a zone of incomplete lysis
	3,3±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail
	Caudovirales/

Siphoviridae

	Ps.ph.PFK3
	Sewage filtration fields Kapshagai
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 3.5 mm without a zone of incomplete lysis.
	7,5±0,03х108
	10-8
	Rounded head with a thin, long, flexible tail
	Caudovirales/

Siphoviridae

	Ps.ph.PFK4
	Sewage filtration fields Kapshagai
	P. aeruginosa 342
	clear plaque less than 1 mm in diameter with a zone of incomplete lysis with a diameter of up to 6 mm
	2±0,1х108
	10-7
	Rounded head with a thin, long, flexible tail with distinguishable spike
	Caudovirales/

Siphoviridae

	Ps.ph.SKS1
	Sewage canal flowing into lake Sorbulak
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 1.3 mm with a zone of incomplete lysis with a diameter of up to 8mm
	3,2±0,1х108
	10-7
	The head is in the elongated icosahedron form with wide, straight tail of medium length
	Caudovirales/

Myoviridae

	Ps.ph.SKS2
	Sewage canal flowing into lake Sorbulak
	P. aeruginosa 342
	clear plaque with a diameter of ≈ 2 mm with a zone of incomplete lysis with a diameter of up to 7 mm.
	7±0,2х108
	10-8
	Rounded head with wide, straight tail 
	Caudovirales/

Myoviridae


109 PFU per ml were selected: 8 E. coli bacteriophages (Ec.ph.ShS4, Ec.ph.ShS444, Ec.ph.ShS444К, Ec.ph.ShS3957, Ec.ph.ShS3992M, Ec.ph.ShS3992B, Ec.ph.ShS4231, Ec.ph.PFK3) and 8 of P. aeruginosa bacteriophages (Ps.ph.ShS1, Ps.ph.ShS2, Ps.ph.PFK1, Ps.ph.PFK2, Ps.ph.PFK3, Ps.ph.PFK4, Ps.ph.SKS1, Ps.ph.SKS2).

The activity level of the isolated bacteriophages was assessed by the ability of different doses of viruses to suppress the growth of the same number of host bacteria.. 

The lytic activity of E. coli bacteriophages was determined on 5 test cultures: bacteriophages Ec.ph.ShS444 and Ec.ph.ShS444K on E. coli 444; bacteriophages Ec.ph.ShS4, Ec.ph.PFK3 on E. coli 753; bacteriophages Ec.ph.ShS3992M and Ec.ph.ShS3992B on E. coli 3992, bacteriophage Ec.ph.ShS3957 on E. coli 3957; bacteriophage Ec.ph.ShS4231 on E. coli 4231. All test cultures used are clinical strains and were provided by JSC the Clinical Infectious Diseases Hospital named after Izatima Zhekenova in Almaty.
The Gratia titer of the initial phage lysates was 108 viral particles per ml, the turbidity index of 24-h bacterial suspensions was 1 McF, which approximately corresponded to 3х108 cells per ml. Doses of bacteriophages were prepared in 8 concentrations - the initial phage lysate and 7 consecutive 10x dilutions.
The bacterial growth was measured at cultivation with bacteriophage in microplates on multi-channel spectrophotometer during 6 hours.
As a result of the research, it was established (table 5, appendix A, figure A.6) that the most active bacteriophages were Ec.ph.ShS4 and Ec.ph.ShS4231, which inhibited the growth of bacterial test cultures by 100%. Minimal lytic activity was shown by bacteriophages Ec.ph.ShS444 and Ec.ph.ShS444K, which after 4 dilution only partially suppressed bacterial growth. In turn, all studied E. coli bacteriophages possessed the ability to inhibit bacterial growth by at least 50% at maximum dilution, and possessed the maximum lytic activity at a dose of 105 viral particles per ml.

Table 5 - Level of lytic activity of E. coli bacteriophages
	E.coli bacteriophage strain 
	Dilution bacteriophage

	
	Orig. phago lysate
	lg-1
	lg-2
	lg-3
	lg-4
	lg-5
	lg-6
	lg-7

	Ec.ph.ShS4
	++*
	++
	++
	++
	++
	++
	++
	++

	Ec.ph.PFK3
	++
	++
	++
	++
	++
	++
	++
	+

	Ec.ph.ShS444
	++
	++
	++
	++
	+
	+
	+
	+

	Ec.ph.ShS444K
	++
	++
	++
	++
	+
	+
	+
	+

	Ec.ph.ShS3957
	++
	++
	++
	++
	++
	++
	+
	+

	Ec.ph.ShS3992M
	++
	++
	++
	++
	++
	++
	++
	+

	Ec.ph.ShS3992B
	++
	++
	++
	++
	++
	++
	++
	+

	Ec.ph.ShS4231
	++
	++
	++
	++
	++
	++
	++
	++

	* - ++ - inhibition of the growth of a bacterial test culture by 100-90%; + - inhibition of the growth of a bacterial test culture by 90-50%.


In the study of the lytic activity of P. aeruginosa bacteriophages, 1 clinical strain, P. aeruginosa 342, provided by the Clinical Infectious Diseases Hospital named after Izatima Zhekenova in Almaty., was used as a test culture.
The Gratia titer of the original phage lysates was 108 viral particles per ml, the turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF, which was approximately 3x108 cells per ml. Doses of bacteriophages were prepared in 8 concentrations - the initial phage lysate and 7 consecutive 10-fold dilutions.

The density of bacterial growth during co-cultivation with P. aeruginosa bacteriophages was carried out in the same way as in the case of studying the lytic activity of E. coli bacteriophages.

It was shown (table 6, appendix A, figure A.7) that all the studied strains of P. aeruginosa bacteriophages had approximately the same lytic activity and maximally suppressed the growth of the bacterial test culture at a concentration from the initial phage lysate to the 10-3 dilution, which corresponded to doses from 108 to 105 viral particles per ml. In 10-4 and 10-5 dilutions, the studied bacteriophages had an average level of lytic activity, suppressing the growth of the bacterial test culture by 85-55%. In the 10-6 and 10-7 dilutions, the level of lytic activity was minimal, except for the bacteriophages Ps.ph.ShS1, Ps.ph.ShS2, which inhibited the bacterial growth at the maximum dilution, and the bacteriophages Ps.ph.PFK1, Ps.ph.PFK4, which did not suppress the growth of the bacterial test culture at 10-7 dilution.

Table 6 - Level of lytic activity of P. aeruginosa bacteriophages
	P. aeruginosa bacteriophage strain
	Dilution bacteriophage

	
	Orig. phago lysate
	lg-1
	lg-2
	lg-3
	lg-4
	lg-5
	lg-6
	lg-7

	Ps.ph.ShS1
	+++*
	+++
	+++
	+++
	++
	++
	++
	++

	Ps.ph.ShS2
	+++
	+++
	+++
	+++
	++
	++
	++
	++

	Ps.ph.PFK1
	+++
	+++
	+++
	+++
	++
	++
	+
	-

	Ps.ph.PFK2
	+++
	+++
	+++
	+++
	++
	++
	+
	+

	Ps.ph.PFK3
	+++
	+++
	+++
	+++
	++
	++
	+
	+

	Ps.ph.PFK4
	+++
	+++
	+++
	+++
	++
	++
	+
	-

	Ps.ph.SKS1
	+++
	+++
	+++
	+++
	++
	++
	+
	+

	Ps.ph.SKS2
	+++
	+++
	+++
	+++
	++
	++
	+
	+

	* - +++ - inhibition of growth of bacterial test culture by 100-90%; ++ - inhibition of growth of bacterial test culture by 90-50%; + - inhibition of growth of bacterial test culture by 50-20%; ( - inhibition of growth of bacterial test culture by 20-0%.


As a result of the conducted work, it was established that all studied bacteriophages possessed the maximum lytic activity at a dose of 105 viral particles per ml. This dose is standard for commercial preparations of bacteriophages and indicates high efficacy of the strain, so all studied bacteriophages have been selected for further investigation.
3.2.2 Study of the activity spectrum of selected lytic phages in relation to causative agents of nosocomial infections (Escherichia coli, Pseudomonas aeruginosa) posing a threat to patients and staff in medical institutions
The spectrum of activity of bacteriophages was assessed by their ability to lyse various bacterial strains of E. coli or P. aeruginosa during co-cultivation.

8 previously selected E. coli bacteriophages (Ec.ph.ShS4, Ec.ph.PFK3, Ec.ph.ShS444, Ec.ph.ShS444K, Ec.ph.ShS3957, Ec.ph.ShS3992M, Ec.ph.ShS3992B, Ec.ph.ShS4231) were tested for their ability to inhibit various bacterial strains. 10 E. coli strains were used as test cultures: 444, 753, 3774, 3957, 3992, 4231, 4238, 4320, 4325, 15597. The Gratia titer of phage lysates was 108 viral particles per ml, the turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF, which was approximately 3x108 cells per ml.

The density of bacterial growth during co-cultivation with a bacteriophage was carried out in microplates on a multichannel spectrophotometer for 6 hours.

As a result, it was found (table 7, appendix A, figure A.8) that the bacteriophage Ec.ph.ShS4 had the broadest lytic spectrum, which completely suppressed the growth of 6 E. coli strains. The bacteriophage Ec.ph.ShS3957 also suppressed the growth of 6 strains of E. coli, but the growth of E. coli 753 and 4231 strains was not completely suppressed by this bacteriophage, but by 30% and 50%, respectively. Bacteriophages Ec.ph.PFK3, Ec.ph.ShS444, Ec.ph.ShS3992M had an average spectrum of lytic activity and suppressed the growth of 3 strains, bacteriophages Ec.ph.ShS3992B and Ec.ph.ShS4231 suppressed the growth of 2 E. coli strains. The bacteriophage Ec.ph.ShS444K proved to be the most strain-specific, which suppressed the growth of only one E. coli strain on which it was isolated - E. coli 444. The growth of 1 clinical strain of E. coli 3774 was not suppressed by the studied bacteriophages.
Table 7 - Lytic spectrum activity of E. coli bacteriophages

	E. coli bacteriophage strain
	E. coli clinical strains

	
	444
	753
	3774
	3957
	3992
	4231
	4238
	4320
	4325
	15597

	Ec.ph.ShS4
	(*
	+++
	(
	(
	(
	+++
	+++
	+++
	+++
	+++

	Ec.ph.PFK3
	(
	+++
	(
	(
	(
	+++
	(
	(
	+++
	(

	Ec.ph.ShS444
	+++
	(
	(
	++
	(
	(
	(
	++
	(
	(

	Ec.ph.ShS444K
	+++
	(
	(
	(
	(
	(
	(
	(
	(
	(

	Ec.ph.ShS3957
	+++
	+
	(
	+++
	(
	++
	(
	+++
	(
	+++

	Ec.ph.ShS3992M
	++
	(
	(
	+++
	+++
	(
	(
	(
	(
	(

	Ec.ph.ShS3992B
	++
	(
	(
	(
	+++
	(
	(
	(
	(
	(

	Ec.ph.ShS4231
	++
	(
	(
	(
	(
	+++
	(
	(
	(
	(

	* - +++ - inhibition of bacterial culture growth by 100-90%; ++ - inhibition of bacterial culture growth by 90-50%; + - inhibition of bacterial culture growth by 50-20%; ( - no inhibition of the growth of bacterial culture.


8 selected bacteriophage strains were used (Ps.ph.ShS1, Ps.ph.ShS2, Ps.ph.PFK1, Ps.ph.PFK2, Ps.ph.PFK3, Ps.ph.PFK4, Ps.ph.SKS1, Ps.ph.SKS2) for studying the spectrum of lytic activity against clinical strains of P. aeruginosa (2968, 3088, 4012, 4122, 4232, 4285, 4305, 153С, 241, 10145). The Gratia titer of all studied phage lysates was 108 viral particles per ml, the turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF, which was approximately 3x108 cells per ml. The method of co-cultivation and estimation of the growth dynamics of bacterial culture was similar to the method used in the study of the lytic activity spectrum of the E. coli bacteriophages.
Result of the studies showed (table 8, appendix A, figure A.9) that out of 8 selected P. aeruginosa bacteriophages, the bacteriophage Ps.ph.ShS1 possessed the broadest spectrum of lytic activity, which suppressed the growth of 9 out of 10 used strains of P. aeruginosa by 100-50%. Bacteriophage Ps.ph.SKS2 inhibited the growth of 8 strains of P. aeruginosa, bacteriophage Ps.ph.PFK2 possessed the lytic activity against 7 strains of P. aeruginosa. The remaining bacteriophages inhibited the growth of 6 different strains of P. aeruginosa between 30% and 100%. Among the bacterial strains of P. aeruginosa used, no strain has been identified that is resistant to all bacteriophages of P. aeruginosa
Table 8 - Spectrum of lytic activity of P. aeruginosa bacteriophages
	P. aeruginosa bacteriophage strain
	P. aeruginosa clinical strains

	
	153C
	241
	2968
	3088
	4012
	4122
	4232
	4285
	4305
	10145

	Ps.ph.ShS1
	++*
	++
	(
	+++
	++
	+++
	+++
	+++
	+++
	+++

	Ps.ph.ShS2
	(
	++
	(
	(
	++
	+++
	+++
	+++
	++
	(

	Ps.ph.PFK1
	+
	(
	+++
	+++
	+ 
	+++
	+++
	(
	(
	(

	Ps.ph.PFK2
	(
	++
	(
	(
	+ 
	+++
	+++
	+++
	+
	+++

	Ps.ph.PFK3
	(
	++
	(
	(
	+ 
	+++
	+++
	+++
	+
	(

	Ps.ph.PFK4
	++
	(
	(
	++
	+ 
	+++
	+++
	(
	+ 
	(

	Ps.ph.SKS1
	(
	+++
	(
	(
	+++
	+++
	+++
	+
	++
	(

	Ps.ph.SKS2
	+++
	++
	(
	(
	+ 
	+++
	+++
	+++
	+
	+++

	* - +++ - inhibition of bacterial culture growth by 100-90%; ++ - inhibition of bacterial culture growth by 90-50%; + - inhibition of growth of bacterial culture by 50-20%; ( - no inhibition of growth of bacterial culture.


Therefore, the studies of activity spectrum of lytic phages in relation to various E. coli and P. aeruginosa strains showed that none of the studied strains of bacteriophages possessed the ability to suppress the growth of all bacterial test cultures used. In turn, the studied bacteriophages possessed the high activity against certain strains of E. coli or P. aeruginosa, and were able to completely inhibit the growth of up to 9 test bacterial strains. Therefore, in further studies on the development of biopreparations with antibacterial activity against E. coli and P. Aeruginosa, a mixture of lytic phages (phage cocktail).
3.2.3 Development of a biopreparation based on selected lytic phages with antibacterial activity against Escherichia coli and Pseudomonas aeruginosa
Taking into account the fact that individual strains of bacteriophages have the maximum lytic activity in relation to only certain strains of bacteria, for development of effective antibacterial preparations with a wide broad spectrum, the formation of mixtures of different bacteriophages, so-called phage cocktails, is more expedient.

In accordance with the work schedule, biopreparations based on lytic phages infecting E. coli or P. aeruginosa were developed and prepared. The obtained biopreparations are cocktails of phage lysates containing various strains of bacteriophages. For the formation of cocktails, bacteriophage strains with a high level of lytic activity against several strains of E. coli or P. aeruginosa were selected.

At developing phage cocktails, the concentration of each bacteriophage strain was 108 viral particles per ml. Prepared biopreparations against pathogenic E. coli or P. aeruginosa included 8 previously studied strains of bacteriophages of the relevant bacteria (table 9).
Table 9 –Bacteriophages included in developed biopreparations

	Bacteriophages in a biopreparation against pathogenic E. coli.
	Bacteriophages in a biopreparation against pathogenic P. aeruginosa.

	Ec.ph.ShS4
	Ps.ph.ShS1

	Ec.ph.PFK3
	Ps.ph.ShS2

	Ec.ph.ShS444
	Ps.ph.PFK1

	Ec.ph.ShS444K
	Ps.ph.PFK2

	Ec.ph.ShS3957
	Ps.ph.PFK3

	Ec.ph.ShS3992M
	Ps.ph.PFK4

	Ec.ph.ShS3992B
	Ps.ph.SKS1

	Ec.ph.ShS4231
	Ps.ph.SKS2


The lytic activity of a preparation based on the E. coli bacteriophages was determined on two test cultures: E. coli 753 and E. coli 444. The number of viral particles in the biopreparation was determined by the Gratia method. One milliliter phage cocktail contained 108 virions. The turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF, which was approximately 3x108 cells per ml. The lytic activity of the phage biopreparation was studied at 8 concentrations - the initial concentration of the biopreparation and 7 consecutive 10X dilution. The density of bacterial growth during co-cultivation with the biopreparation was carried out in microplates on a multichannel spectrophotometer for 6 hours.

As a result of the research, it was found (figure 3) that the developed preparation based on the  E. coli bacteriophages suppressed the growth of the E. coli 444 test culture by 90-100% at concentrations from the initial to the 10-4 dilution, dose of bacteriophages was from 108 to 104 viral particles per ml. In 10-5-10-7 dilutions, the growth inhibition of E. coli 444 was 86-75%. 
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Figure 3 - Dynamics of bacterial test cultures growth during co-cultivation with different concentrations of the created biopreparation
The growth of the test culture E. coli 753 was completely inhibited by the created preparation at all investigated concentrations during the entire cultivation period.
In the study of the lytic activity of the biopreparation based on P. aeruginosa bacteriophages, the P. aeruginosa 342 strain was used as a test culture. The initial Gratia titer of the biopreparation was 108 viral particles per ml, the turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF. 8 concentrations, from initial and 7 consecutive 10X dilutions were used as different doses of the biopreparation. 

The density of bacterial growth during co-cultivation with the P. aeruginosa bacteriophages cocktail was carried out in the same way as in the case of studying the lytic activity of the E. coli bacteriophages cocktail.

It was shown (figure 4) that biopreparation based on P. aeruginosa bacteriophages inhibited the growth of the bacterial test culture by 90-100 per cent at concentration from the initial to 10-3 dilution which corresponded to the dose of viral particles from108 to 105. In other concentrations investigated biopreparation possessed the average level of lytic activity and  inhibited bacterial test culture growth on 22-63%.
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Figure 4- Bacterial test culture growth dynamics in co-cultivation with different concentrations of biopreparation, based on P. aeruginosa bacteriophages
As a result it was shown that biopreparation based on E.coli bacteriophages possessed maximum lytic activity in relation to both test culture in doses from 108 to 104 viral particles in ml. Biopreparation based on P. aeruginosa bacteriophages had suppresive effect in relation to P. aeruginosa 342 by 90 %  in dose from108 to 105viral particles in ml.  

Thus, created biopreparations based on E. coli и P. aeruginosa bacteriophages cocktails possessed maximum lytic activity in concentrations 105 viral particles in ml, which is standard for commercial phage preparations and showed their high antibacterial activity sufficient for effective control of pathogenic E. coli и P. aeruginosa.
3.2.4 Study of spectrum activity of developed biopreparation for practical application to reduce contamination level of Escherichia coli and Pseudomonas aeruginosa
The spectrum of lytic activity of the developed biopreparations was assessed by their ability to inhibit the growth of various strains of E. coli or P. aeruginosa.
The spectrum of activity of the biopreparations based on cocktail of E. coli bacteriophages was determined on 9 clinical strains and 1 reference strain of E. coli (444, 753, 3774, 3957, 3992, 4231, 4238, 4320, 4325, 15597). The Gratia titer of viral particles in the phage cocktail was 108 per 1 ml, the turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF.

The density of the test cultures growth during co-cultivation with a cocktail of E. coli bacteriophages was carried out in microplates on a multichannel spectrophotometer for 6 hours.

It was shown (appendix A, figure A.10) that a biopreparation based on the E. coli cocktail is able completely suppress the growth of 9 of the 10 E. coli test cultures during whole period of cultivation. The growth of the clinical strain E. coli 3774 was practically not suppressed apparently linked to lack of bacteriophage with ability to lyse this bacterial strain in the phage cocktail.
The spectrum of lytic activity of the biopreparation based on the cocktail of P. aeruginosa bacteriophages, also were determined on 9 clinical strains and 1 reference strain P. aeruginosa (153C, 241, 2968, 3088, 4012, 4122, 4232, 4285, 4305, 10145). The Gratia titer of viral particles in the phage cocktail was 108 per 1 ml, the turbidity index of the 24 – h incubated bacterial cultures before use was diluted to 1 McF.
The co-cultivation method and evaluation of the growth dynamics of bacterial culture was similar to the method used to study the spectrum activity of the biopreparation based on the cocktail of E. coli bacteriophages.

It was found (appendix A, figure A.11) that the P. aeruginosa cocktail-based biopreparation completely suppressed the growth of all test cultures of P. aeruginosa.

Thus, studies showed that developed biopreparations based on the  bacteriophage cocktails are capable of completely suppressing the growth of at least 9 clinical strains of E. coli and 10 clinical strains of P. aeruginosa, which provides these biopreparations a wide broad of activity and, as a consequence, a high efficiency in practical application to reduce the contamination level of pathogenic E. coli and P. aeruginosa.
3.3 Study of the conditions for use and storage of developed biopreparations, development of scientific and technical documentation for their production and use
3.3.1 Development of optimal conditions for the use of the biopreparation based on lytic phages for practical use for reduce the contamination level with Escherichia coli and Pseudomonas aeruginosa
The effective dose and method for applying the preparation of bacteriophages (cocktail) were determined on the model of continuous lawn of a bacterial test culture. The E. coli 753 and P. aeruginosa 342 strains were used as test cultures for the E. coli bacteriophage cocktail and for the P. aeruginosa bacteriophage cocktail, respectively. Bacteriophage cocktails were tested at 8 different doses, from initial to 7 consecutive 10X dilutions, using 2 methods of application (spraying cocktail to the surface of inoculated agar, or covering the surface of agar with a thin layer of cocktail). The efficacy of the investigated doses and application method of cocktail was determined by the amount of СFU after the collected washing offs were inoculated. Each experiment was repeated three times.
It was established that the E. coli bacteriophage cocktail at a dose of 108 to 105 viral particles per ml completely lyse the test culture on the surface of the nutrient agar, since after in washing -  offs from the agar, the CFU growth was not detected. At plating washes from agar treated with the bacteriophages cocktail at a dose of 104 – 102 viral particles per ml, the growth of single CFU was observed. After the agar was treated with a phage cocktail at a dose of 101 virus particles per ml, the growth of numerous CFUs was observed. The lytic activity of the investigated cocktail did not depend on the method of application (table 10).

Table 10 - Growth CFU of the bacterial test cultures after plating washes from nutrient agar treated with the cocktail of E. coli bacteriophages

	Application method
	Cocktail concentration, viral particles / ml

	
	108
	107
	106
	105
	104
	103
	102
	101

	Spraying to the surface
	(*
	(
	(
	(
	+
	+
	++
	+++

	Application in a thin layer on the surface
	(
	(
	(
	(
	+
	+
	++
	+++

	* ( - no CFU; + - presence of 1 - 10 CFU; ++ - presence of 10 - 20 CFU; +++ - more than 20 CFU


In indentifying the effective dose and the P. aeruginosa bacteriophage cocktail application, it was shown that in doses of 108 - 106 it completely lysed the bacterial test culture on the surface of the treated agar, without leading to CFU growth after washing off inoculation. After inoculation of agar washes treated with a cocktail at a dose of 105 – 102, an increase in single CFU was observed. Agar treatment with a cocktail of P. aeruginosa bacteriophages at a dose of 101 led to the growth of numerous single colonies. As in the case of the E. coli cocktail of bacteriophages, the application method of the cocktail to the surface did not affect its lytic activity (table 11).

Table 11 - Growth CFU of the bacterial test cultures after plating washes from nutrient agar treated with the cocktail of P. aeruginosa bacteriophages

	Application method
	Cocktail concentration, viral particles / ml

	
	108
	107
	106
	105
	104
	103
	102
	101

	Spraying to the surface
	(*
	(
	(
	+
	+
	+
	++
	+++

	Application in a thin layer on the surface
	(
	(
	(
	+
	+
	+
	++
	+++

	* ( - no CFU; + - presence of 1 - 10 CFU; ++ - presence of 10 - 20 CFU; +++ - more than 20 CFU


Studies showed that the optimal concentration for practical application of the developed biopreparations is 106 to 108 viral particles per ml. This concentration allows to completely eliminate sensitive bacteria on the treated surface. It was shown that when the studied bacteriophages cocktails are sprayed onto the surface to be treated, their lytic activity remains the same as when the surface is completely covered with a thin layer. Therefore, for practical purposes, the spray method is recommended for use.
3.3.2 Study of stability of the developed biopreparation based on lytic phages

In accordance with the work schedule, the stability of antibacterial biopreparations created from cocktails of lytic strains of bacteriophages E. coli and P. aeruginosa under different storage conditions was studied. The obtained biopreparations were stored in three ways: 

1) in sterile conditions at room temperature, 

2) in sterile conditions at +4...+ 8° C, 

3) Storage in a lyophilized state with the addition of a stabilizing medium (0.8M solution of sucrose).

The biopreparations stability was determined by the preservation of lytic activity level. The lytic activity of biopreparations was assessed by their 100% ability to suppress the growth of a bacterial test culture. The E. coli 753 and P. aeruginosa 342 strains were used as test cultures for the E. coli bacteriophage cocktail and for the P. aeruginosa bacteriophage cocktail, respectively. Bacteriophage cocktails were tested at 8 different doses, from initial to 7 consecutive 10X dilutions. Before use, the turbidity index of the bacterial cultures was diluted to 1 McF, which was approximately 3x108 cells per ml. The activity of biopreparations for all storage methods used was determined every month for 8 months of storage.

The bacterial growth quantification during co-cultivation with biopreparations was carried out in microplates on a multichannel spectrophotometer for 8 hours.

As a result of the research, it was shown (figure 5) that a freshly prepared biopreparation based on the cocktail of E. coli bacteriophages suppressed 100% the growth of the test bacterial culture at a concentration of 10 viral particles per 1 ml. Similar lytic activity in the biopreparation continued after 8 months of storage under sterile conditions at 4...8° C. The storage of the bacteriophage cocktail in sterile conditions at room temperature allowed it to maintain its maximum lytic activity for the first 3 months. Then every month of storage activity decreased by 1 lg and after 8 months of storage at room temperature 100% inhibition of bacterial test culture growth was observed at a concentration of 106 viral particles of 1 ml. Lyophilization of the biopreparation  reduced its lytic activity by 3 lg and amounted to 104 viral particles per ml, while this activity level of lyophilized biopreparations maintained over the storage period.
A cocktail of P. aeruginosa bacteriophages completely suppressed the growth of the bacterial test culture at a concentration of 105 viral particles per ml. After 8 months of storage at 4...8°C, the lytic activity of the phage cocktail remained at the same level. When the cocktail of P. aeruginosa bacteriophages was stored at room temperature, the maximum lytic activity was retained for the first 3 months, in the next 3 months of storage, the lytic activity decreased by 1 lg, and in the remaining 2 months of storage, by 1 lg too. As a result, after 8 months of storage of the biopreparation based on an of P. aeruginosa bacteriophages cocktail, 100% suppression of the growth of a bacterial test culture was observed at a concentration of 107 viral particles per ml. After freeze drying, the lytic activity of the P. aeruginosa bacteriophage cocktail decreased from the maximum by 2 lg and remained the same throughout the storage period (Figure 6).
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Figure 5 - The concentration of viral particles in the E. coli bacteriophages cocktail that completely inhibits the growth of bacterial test culture, depends both on period and method of storage

[image: image13.emf]0

1

2

3

4

Freshly prepared

phage cocktail

1 month storage 2 month storage 3 month storage 4 month storage 5 month storage 6 month storage 7 month storage 8 month storage

Reverse values of 10

-

fold dilution (lg)

Storage at room temperature Storage at 4 ... 8 ° C Freeze-dried storage


Figure 6 - The concentration of viral particles in the P. aeruginosa bacteriophages cocktail that completely inhibits the growth of bacterial test culture, depends both on period and method of storage
Thus, it was found that the storage of prepared of E. coli and P. aeruginosa bacteriophages cocktails in sterile conditions at an optimal dose at 4...8° C or freeze drying completely preserves their initial level of lytic activity. However, the freeze drying of phage cocktails, with the addition of a 0.8M sucrose solution as the stabilizing medium, requires that the dose of phages in the preparation exceed 102-103 viral particles. The initial storage of bacteriophage cocktails at room temperature has gradually reduced their lytic activity and this type of storage is not recommended.
3.3.3 Development of scientific and technical documentation for the production of a developed biopreparation based on lytic phages
According to the work schedule, the Organization Standards for the production of two biopreparations were developed: «Cocktail of the E. coli bacteriophages» and «Cocktail of the P. aeruginosa bacteriophages» (appendix B)
3.3.4 Development of scientific and technical documentation for the production of a developed biopreparation based on lytic phages
In accordance with work schedule, instructions for the manufacture and application of two biopreparations were developed: «Cocktail of the E. coli bacteriophages» and «Cocktail of the P. aeruginosa bacteriophages» (appendices C, D).
CONCLUSION

On the ground of acquired information after completing the planned research the main findings of the studies were as follows:

For the determination bacteriophages’ lytic activity, a collection of standard and clinical strains of E. coli and P. aeruginosa was created.

It was shown that the bacteriophages of E. coli and P. aeruginosa mainly belong to three families of the Caudovirales order: Myoviridae, Podoviridae and Siphoviridae. Using metagenomic analysis, it was shown that the widest variety of bacteriophages of E. coli and P. aeruginosa are found in environmental objects with an unfavorable sanitary environment.

Five soil and five water samples were collected from environmental objects. Twelve strains of bacteriophages of lysing E. coli: Ec.ph.PS, Ec.ph.PR, Ec.ph.Shs4, Ec.ph.Shs444, Ec.ph.Shs444k, Phec.ph.Shs3957, Ec.ph.Shs3992m, Ec.ph.Shs3992b, Phec.S4231, Ec.ph.SKSS6, .phec.SKS8, Ec.ph.PFK3, and 8 strains of bacteriophage lysing P. aeruginosa: Ps.ph.Shs1, Ps.ph.Shs2, Ps.ph.PFK1, Ps.ph.PFK2, Ps.ph.PFK3, Ps.ph.PFK4, Ps.ph.SKS1, Ps.ph.SKSS2 were isolated. All isolated bacteriophage strains have a titer from 106 to 109 viral particles per ml, and a lytic activity level from 10-5 to 10(8. According to the structural features of viral particles, all isolated strains can be attributed to the Caudovirales order, 9 of them to the Myoviridae family and 11 to the Siphoviridae family.
The bacteriophage strains were sent for storage to the collection of the Scientific Production Center for Microbiology and Virology LLC, their description was compiled and a bacteriophage library was created, which allows to systematize and quickly select the bacteriophage strains necessary for certain studies.

It was found that all the studied bacteriophages possessed the maximum lytic activity at a dose of 105 viral particles per ml.

The spectrum of lytic activity of the studied bacteriophages was determined. It was shown that none of the studied bacteriophage strains had the ability to suppress the growth of all used bacterial test cultures. The studied bacteriophages were highly active against certain strains of E. coli or P. aeruginosa, and were able to completely suppress the growth of up to 6 test bacterial strains. Therefore, for further research, mixtures of lytic phages, the so-called phage cocktails, were created.

It has been established that the biopreparations developed on the basis of  E. coli and P. aeruginosa bacteriophage cocktails possessed the  maximum lytic activity at concentrations of 105  viral particles per ml, which is standard for commercial phage praparations and shows their high antibacterial activity sufficient for effective control of pathogenic strains of bacteria E. coli and P. aeruginosa.
It has been established that developed biopreparation on the basis of bacteriophage cocktails are capable of completely suppressing the growth of 90% of E. coli and P. aeruginosa strains used in research.

The effective dose for practical application of the developed biopreparations was found is 106 – 108 viral particles per 1ml. This concentration allows to completely eliminating sensitive bacteria from the treated surface. It was shown that when the studied cocktails of bacteriophages are sprayed onto the treated surface, their lytic activity remains the same as when the surface is fully covered with a thin layer. Therefore, from a practical point of view, the dispersal method is recommended.
It was found that the storage of prepared cocktails of E. coli and P. aeruginosa bacteriophages under sterile conditions at 4 ... 8 ° C or freeze drying completely preserves their initial level of lytic activity. However, freeze drying of phage cocktails, with the addition of a 0.8 M sucrose solution as a stabilizing medium, requires that the dose of phages in the preparation exceed 102-103 viral particles. Storage of bacteriophage cocktails in their initial state l state at room temperature gradually reduced their lytic activity, as a result of which this storage method is not recommended.

The packages of normative and technical documentation have been developed, consisting of "Organization Standard for E. coli bacteriophages cocktail ", " Organization Standard for  P. aeruginosa bacteriophages cocktail", " Instructions for the production and control of the  E. coli bacteriophage cocktail ", " Instructions for the production and control of  the P. aeruginosa bacteriophage cocktail ", Guidance on the use of the  E. coli bacteriophages cocktail "," Guidance on the use of the P. aeruginosa bacteriophages cocktail "
According to the results of the research, 15 scientific works were published, 3 of which are in publications indexed in the Web of Science and Scopus databases (Appendices E, F).
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APPENDIX A
Additional figures to the report
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Dilution of the original phagolysate 10-7
Figure A.1 - Zones of lysis formed by isolated E. coli bacteriophages
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Dilution of the original phage lysate 10-7
Figure A.2 - Zones of lysis formed by isolated P. aeruginosa bacteriophages
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Figure A.3 - Photographs of electron microscopy of the isolated strains of E. coli bacteriophages
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Figure A.4 - Photographs of electron microscopy of isolated strains of E. coli bacteriophages
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Figure A.5 - Photographs of electron microscopy of isolated P. aeruginosa bacteriophage strains
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Figure A.6 - Effect of bacteriophages at various concentrations on the growth of E. coli test cultures
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Figure А.7 - Effect of bacteriophages at various concentrations on the growth of P. aeruginosa test cultures 
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Figure А.8 - Growth dynamics of various E. coli strains in the presence of the studied bacteriophages
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Figure А.9 - Growth dynamics of various P. aeruginosa strains in the presence of the studied bacteriophages
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Figure А.10 - Growth dynamics of various E. coli strains in the presence of a bipreparation based on a cocktail of E. coli bacteriophages
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Figure А.11 - Growth dynamics of various P. aeruginosa strains in the presence of a bipreparation based on a cocktail of P. aeruginosa bacteriophages
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4 Alexyuk M.S., Alexyuk P.G., Turmagambetova A.S., Anarkulova E.I., Moldakhanov E.S., Bogoyavlenskiy A.P. Study of the diversity of aquatic phages infecting bacteria of the genus Pseudomonas // Biotechnology: state and development prospects, May 23-25, 2018, Moscow, Russia. - 2018. - P. 139-141. (In rus).
5 Alexyuk P.G., Alexyuk M.S., Turmagambetova A.S., Akanova K.S., Zhumanov Zh.Zh., Bogoyavlenskiy A.P., Berezin V.E. Diversity phages in Kazakhstan as source for development new therapeutic preparations // BACTERIOPHAGES: Theoretical and Practical Aspects of Their Application in Medicine, Veterinary and Food, 24-26 September 2018, Nizhny Novgorod, Russia – Moscow: Medical Marketing Agency, 2018. – P. 8.

6 Alexyuk M., Alexyuk P., Turmagambetova A., Bogoyavlenskiy A., Berezin V. Prospects of sequencing technologies in the development of phagotherapy // 28th Annual Meeting of the Society for Virology, 14–17 March 2018, Würzburg.

Publications for 2019.

In domestic publications:

7 Bogoyavlenskiy A., Alexyuk M., Alexyuk P., Turmagambetova A., Moldakhanov Y., Berezin V. Overview of Bacteriophage Research in Kazakhstan: Phage Preparations as Disinfectants (hospitals, medical instruments) // Regional Workshop Alternative Approaches to Combatting Anti-Microbial Resistance (AMR) Almaty, Kazakhstan, April 18-19, 2019, P. 9-10.
8 Alexyuk P.G., Alexyuk M.S., Bogoyavlenskiy A.P., Moldakhanov E.S., Berezin V.E. Isolation of lytic bacteriophages of Pseudomonas aeruginosa from wastewater // Regional Workshop Alternative Approaches to Combatting Anti-Microbial Resistance (AMR) Almaty, Kazakhstan, April 18-19, 2019, P. 24.

9 Alexyuk M.S., Bogoyavlenskiy A.P., Alexyuk P.G., Zhumanov Zh. Zh., Anarkulova E.I., Berezin V.E. River’s virome as a source of new phages against antibiotic-resistant microorganisms // Regional Workshop Alternative Approaches to Combatting Anti-Microbial Resistance (AMR) Almaty, Kazakhstan, April 18-19, 2019, P. 23.

10 Moldakhanov E.S., Alexyuk M.S., Alexyuk P.G., Biyashev K.B., Bogoyavlenskiy A.P. Diversity of antigenic properties of E. coli among chickens // Research, results. - 2019. - No. 1. - P. 20-28. (In rus).
In foreign publications:
11 Moldakhanov Y.S., Alexyuk M.S., Bogoyavlenskiy A.P., Alexyuk P.G., Turmagambetova A.S., Zaitseva I.A., Sokolova N.S., Akanova K.S., Anarkulova E.I., Omirtaeva E.S., Berezin V.E. Complete Genome Sequence of Escherichia-Infecting Phage CEC_KAZ_2018, Isolated from Soil // Microbiology Resource Announcements. – 2019. – Vol. 8. - Issue 36. e00540-19. https://doi.org/10.1128/MRA.00540-19. Scopus: CiteScore – 1.7; Percentile – 45th.
12 Alexyuk P., Alexyuk M., Bogoyavlenskiy A., Moldakhanov Y., Akanova K., Berezin V. Isolation of Pseudomonas aeruginosa bacteriophage from municipal sewage // Journal of Biotechnology. – 2019. – Vol. 305. – P.75. https://doi.org/10.1016/j.jbiotec.2019.05.260. Web of Science: Impact Factor – 3.5; Quartile – 2.
13 Alexyuk M.S., Bogoyavlenskiy A.P., Alexyuk P.G., Moldakhanov Y.S., Turmagambetova A.S., Anarkulova E.I., Berezin V.E. Complete Genome Sequence of vB_EcoP_PR_Kaz2018, a T7-Like Bacteriophage // Microbiol Resour Announc. – 2019. – Vol. 8, N49. – e01323-19. https://doi.org/10.1128/MRA.01323-19. Scopus: CiteScore – 1.7; Percentile – 45th.
Publications for 2020.

In domestic publications:

14 Alexyuk P.G., Alexyuk M.S., Bogoyavlenskiy A.P., Akylova M.A., Moldakhanov E.S., Omirtaeva E.S., Berezin V.E. Study of the spectrum of activity of a cocktail of bacteriophages on a model of clinical strains of Pseudomonas aeruginosa // Materials of the International Scientific and Practical Conference "Modern Challenges for Biotechnology, Veterinary Medicine and Medicine", Gvardeisky 2020. P. 31-36. (In rus).
Patents: 
15 Bogoyavlenskiy A.P., Alexyuk M.S., Alexyuk P.G., Turmagambetova A.S., Berezin V.E. A set of primers for detecting viruses in aqueous samples by the polymerase chain reaction method // Patent of the Republic of Kazakhstan for invention No. 33410 dated 01.21.2019. (In rus).
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TECHNICAL SPECIFICATIONS AND

CALENDAR WORK PLAN

Under contract No. ___ from ____________2018

1. NAME OF THE CONTRACTOR:
RSE on REM "Institute of Microbiology and Virology" SC MES RK

1.1 Priority: Life and Health Sciences.

1.2 By sub-priority: Basic and applied research in the field of biology. Biochemical, physiological and molecular-genetic mechanisms of the life of microorganisms, fungi and algae. Theoretical and practical foundations of their use in biotechnology.

1.3 Theme of the project: № АР05130916 «Study of the possibility of using bacteriophages isolated from environmental objects in Kazakhstan to create new antibacterial agents».

1.4 The total amount of the project is 24,000,000 (twenty four million) tenge, including with a breakdown by years, for the performance of work in accordance with clause 3:

· for 2018 - in the amount of 8,000,000 (Eight million) tenge;

· for 2019 - in the amount of 8,000,000 (Eight million) tenge;

· for 2020 - in the amount of 8,000,000 (Eight million) tenge.

2. CHARACTERISTICS OF SCIENTIFIC AND TECHNICAL PRODUCTS BY QUALIFICATION CHARACTERISTICS AND ECONOMIC INDICATORS
2.1 Direction of work: Applied research.

2.2 Scope: Virology, medicine, biotechnology.

2.3 End result:

· for 2018: bacteriophages with lytic properties will be isolated from environmental samples and collection will be created on their basis. The collection of soil and water samples will be carried out with the subsequent isolation of bacteriophages with lytic properties from them. The study of the lytic properties of bacteriophages isolated from various environmental samples will be carried out using a test culture model. A collection of isolated bacteriophages with lytic activity will be created. As a result of scientific research, one publication will be published in a domestic peer-reviewed publication with a non-zero impact factor. Participation in the scientific conference will be taken;

· for 2019: the spectrum of activity of lytic bacteriophages and the development of a biopreparation with antibacterial activity on their basis will be investigated. An assessment of the activity of the lytic properties of the isolated bacteriophages in relation to the test cultures used will be carried out and the most active variants will be selected. Studies of the spectrum of lytic activity of selected bacteriophages in relation to causative agents of nosocomial infections: Escherichia coli, Pseudomonas aeruginosa will be carried out. Based on the selected lytic phages, biotechnological preparations will be developed that have antibacterial activity against the causative agents of nosocomial infections: Escherichia coli, Pseudomonas aeruginosa. A study of the spectrum of activity of a biopreparation created on the basis of lytic phages for practical use in order to reduce the level of dissemination of Escherichia coli and Pseudomonas aeruginosa will be carried out. As a result of scientific research, one publication will be published in a domestic peer-reviewed publication with a non-zero impact factor. Participation in the scientific conference will be taken;

· for 2020: scientific and technical documentation will be developed for the production and use of the developed biopreparation based on lytic phages. Optimal conditions for using a biopreparation based on lytic phages for practical use will be worked out in order to reduce the level of dissemination of Escherichia coli and Pseudomonas aeruginosa. A study of the stability of the antibacterial preparations based on lytic phages will be carried out depending on the methods and shelf life. An organizational standard, instructions for the manufacture and instructions for the use of the developed biological product based on lytic phages will be developed. As a result of the implementation of the project during 2018-2020, at least two publications will be published in peer-reviewed foreign journals, indexed in the Web of Science or Scopus database with a non-zero impact factor (presumably in the journals: WaterEnvirRes, VirusDisease, Vopr. Virology., Arch .of Virology or a similar peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases). An application will be filed for a patent of the Republic of Kazakhstan. Participation in the scientific conference will be taken.
1.5 Patentability: research results are patentable.

1.6 Scientific and technical level (novelty): high.

1.7 The use of scientific and technical products is carried out: by the Customer and the Contractor together.

1.8 Type of use of the result of scientific and (or) scientific and technical activities:

· publications, reports.
3. NAME OF WORKS, TERMS OF THEIR IMPLEMENTATION AND RESULTS

	Job code, stage
	Name of work under the Contract, and the main stages of its implementation
	Period of execution
	Expected result

	
	
	starting
	ending
	

	1
	Isolation of lytic bacteriophages from environmental samples and creation of a library on their basis.
	February 2018
	Until November 1, 2018
	Bacteriophages with lytic properties will be isolated from environmental samples and libraries will be created on their basis. The collection of soil and water samples will be carried out with the subsequent isolation of bacteriophages with lytic properties from them.

The study of the lytic properties of bacteriophages isolated from various environmental samples will be carried out on the model of test cultures.

A library of isolated bacteriophages with lytic activity will be created.

As a result of scientific research, one publication will be published in a domestic peer-reviewed publication with a non-zero impact factor. Participation in the scientific conference will be taken.

	1.1
	Collection of soil samples from environmental objects for isolation of lytic phages.
	February 2018
	March 2018
	Collection of soil samples from environmental objects will be carried out to isolate lytic phages.

The collection of soil samples will be carried out with the subsequent isolation of bacteriophages with lytic properties from them.

	1.2
	Collection of water samples from environmental objects for isolation of lytic phages.
	April 2018
	June 2018
	Collection of water samples from environmental objects will be carried out to isolate lytic phages.

The collection of water samples will be carried out, followed by the isolation of bacteriophages with lytic properties.

	1.3
	Study of the lytic properties of bacteriophages obtained from collected samples using test cultures.
	July 2018
	September 2018
	The lytic properties of bacteriophages obtained from collected samples using test cultures will be studied.

The study of the lytic properties of bacteriophages isolated from various environmental samples will be carried out on the model of test cultures.

	1.4
	The lytic phages library creation.
	October 2018
	November 1, 2018
	A library of lytic phages will be created.

A library of isolated bacteriophages with lytic activity will be created.

	2
	Studies of lytic activity spectrum of the bacteriophages and the development of biopreparations on their basis with antibacterial activity
	January 2019
	Until November 1, 2019
	The spectrum of activity of lytic bacteriophages and the development of a biological product with antibacterial activity on their basis will be investigated.

An assessment of the activity of the lytic properties of the isolated bacteriophages in relation to the test cultures used will be carried out and the most active variants will be selected.

Studies of the spectrum of lytic activity of selected bacteriophages in relation to causative agents of nosocomial infections: Escherichia coli, Pseudomonas aeruginosa will be carried out.

Based on the selected lytic phages, biotechnological preparations will be developed that have antibacterial activity against the causative agents of nosocomial infections: Escherichia coli, Pseudomonas aeruginosa.

A study of the spectrum of activity of a biopreparation created on the basis of lytic phages for practical use in order to reduce the level of dissemination of Escherichia coli and Pseudomonas aeruginosa will be carried out.

As a result of scientific research, one publication will be published in a domestic peer-reviewed publication with a non-zero impact factor. Participation in the scientific conference will be taken.

	2.1
	Study of the activity of the obtained lytic phages in relation to test cultures and selection of the most active strains.
	January 2019
	March 2019
	The activity of the obtained lytic phages in relation to test cultures and the selection of the most active variants will be investigated.

An assessment of the activity of lytic bacteriophages in relation to the test cultures used will be carried out and the most active variants will be selected.

	2.2
	Study of the activity spectrum of selected lytic phages in relation to causative agents of nosocomial infections (Escherichia coli, Pseudomonas aeruginosa) posing a threat to patients and staff in medical institutions.
	April 2019
	June 2019
	The spectrum of activity of selected lytic phages in relation to causative agents of nosocomial infections (Escherichia coli, Pseudomonas aeruginosa), which pose a threat to infecting patients and personnel in medical institutions, will be investigated.

Studies of the spectrum of lytic activity of the selected bacteriophages in relation to the causative agents of nosocomial infections: Escherichia coli and Pseudomonas aeruginosa will be carried out.

	2.3
	Development of a biopreparation based on selected lytic phages with antibacterial activity against Escherichia coli and Pseudomonas aeruginosa.
	July 2019
	September 2019
	A  biopreparation  will be developed based on selected lytic phages that have antibacterial activity against Escherichia coli and Pseudomonas aeruginosa.

On the basis of selected lytic phages, biotechnological preparations will be developed that have antibacterial activity against the causative agents of nosocomial infections: Escherichia coli and Pseudomonas aeruginosa.

	2.4
	Study of spectrum activity of developed biopreparation for practical application to reduce contamination level of Escherichia coli and Pseudomonas aeruginosa
	October 2019
	November 1, 2019
	A study of the spectrum of activity of the developed  biopreparation  created on the basis of lytic phages for practical use in order to reduce the level of  dissemination  of Escherichia coli and Pseudomonas aeruginosa will be carried out.

	3
	Development of scientific and technical documentation for the production and use of the developed  biopreparation based on lytic phages.
	January 2020
	Until November 1, 2020
	Scientific and technical documentation for the production and use of the developed  biopreparation  based on lytic phages will be developed.

Optimal conditions for using a  biopreparation  based on lytic phages for practical use will be worked out in order to reduce the level of  dissemination  of Escherichia coli and Pseudomonas aeruginosa.

A study of the stability of the antibacterial preparations based on lytic phages will be carried out depending on the methods and shelf life.

An organizational standard, instructions for the manufacture and instructions for the use of the developed  biopreparation  based on lytic phages will be developed.

As a result of the implementation of the project during 2018-2020, at least two publications will be published in peer-reviewed foreign journals indexed in the Web of Science or Scopus database with a non-zero impact factor (presumably in the journals: WaterEnvirRes. VirusDisease, Vopr. Virology, Arch. of.Virology or a similar peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases). An application will be filed for a patent of the Republic of Kazakhstan. Participation in the scientific conference will be taken.

	3.1
	Development of optimal conditions for the use of the biopreparation based on lytic phages for practical use for reduce the contamination level with Escherichia coli and Pseudomonas aeruginosa.
	January 2020
	March 2020
	Optimal conditions for using the developed  biopreparation based on lytic phages for practical use will be worked out in order to reduce the level of colonization of Escherichia coli and Pseudomonas aeruginosa.

	3.2
	Study of stability of the developed biopreparation based on lytic phages.
	April 2020
	June 2020
	A study of the stability of the antibacterial developed  biopreparation  based on lytic phages will be carried out, depending on the methods and shelf life.

	3.3
	Development of scientific and technical documentation for the production of a developed biopreparation based on lytic phages.
	July 2020
	September 2020
	Scientific and technical documentation will be developed for the production of the developed  biopreparation based on lytic phages.

An organization standard for biopreparation of lytic phages will be developed.

	3.4
	Development of scientific and technical documentation for the production of a developed biopreparation based on lytic phages.
	October 2020
	November 1, 2020
	Scientific and technical documentation for the use of the developed biopreparation based on lytic phages will be developed.

Instructions for the manufacture and instructions for the use of the developed  biopreparation  based on lytic phages will be developed.

	

	From customer:                                                                                      

The chairman

State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan"

______________  B.S. Abdrasilov


	From the Contractor:

General Director of   RSE on REM "Institute of Microbiology and Virology" SC MES RK

________________  A.K. Sadanov                  

Familiarized with:

Scientific supervisor of the project

___________________  P.G. Alexyuk 
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