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ABSTRACT

The abstract consists of 58 p., 14 fig., 6 tabl., 65 references, 2 appendices.

CYANOBACTERIA, BIODIESEL, WASTEWATER TREATMENT, CARBON DIOXIDE UTILIZATION, GENOME SEQUENCING
Object of research: Newly isolated (Anabaena variabilis R-I-5 and Nostoc calsicola RI-3) and collection strains of cyanobacterium (Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201, Synechococcus elongatus 7942, Desertifilum sp. IPPAS B-1220 and Prochlorothrix hollandica) from the al-Farabi Kazakh national University collection of phototrophic microorganisms. 
Aim of work: To develop a waste - free technology for wastewater biorefining and carbon dioxide utilization based on cyanobacteria for the potential production of biodiesel.

Research methods: microbiological, biotechnological, biochemical and molecular biology methods
Research results: Axenic cyanobacteria cultures were isolated and identified as Anabaena variabilis R-I-5 and Nostoc calsicola RI-3.  As a result of productivity screening, collection strains of Cyanobacterium sp IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and isolated Anabaena variabilis R-I-5 strain were selected. It was found that the Cyanobacterium sp. B-1200 strain, along with C16 FA, had a large number of C14 FA. The optimal concentration of CO2 for the cultivation of cyanobacteria was established. The prospects of using the Cyanobacterium sp IPPAS B-1200 strain in wastewater treatment are shown.  The ratio of waste water to the nutrient medium optimal for the cultivation of cyanobacteria is determined. The genome size of the studied Cyanobacterium sp. IPPAS B-1200 strain was found to be 3410249 base pairs, the genome contains only 3119 genes, of which 2934 protein-coding genes, 137 pseudogenes, 4 rRNA - coding genes, 40 tRNA - coding genes, 4 non-coding RNA genes, and 2 CRISPR sites were also found in the genome. The results obtained allow us to recommend the strains Cyanobacterium sp. IPPAS B-1200 and Desertifilum sp. IPPAS B-1220 both for bioremediation of municipal wastewater and carbon dioxide utilization, as well as for obtaining biomass for the production of biodiesel.
Degree of implementation: number of published works 31, including textbooks – 4 and monograph -2, articles in peer-reviewed foreign scientific publications indexed in the Web of Science or Scopus databases with a non - zero impact factor- 10, articles in journals recommended by CCEFS MES RK – 6, abstracts in proceedings of international conferences – 6, patent-1 and copyright certificate -2.
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INTRODUCTION

In recent decades, the world's population has experienced a shortage of fresh water and energy [1]. Cyanobacteria are promising biofuel producers [2], mainly due to high reproduction rate, high photosynthetic capacity and low nutritional requirements [3]. The cultivation of cyanobacteria in wastewater can, simultaneously with its purification, ensure efficient production of biodiesel. Such an integrated approach can form the basis of an economically viable and environmentally friendly technology for the production of biofuels from biomass of cyanobacteria, since a huge amount of wastewater and nutrients in it (for example, nitrogen and phosphorus) can be reused by them for the growth of photosynthetic cells. [4]. At the same time, for the efficient production of cyanobacterial biomass, additional sources of CO2 are required, since atmospheric carbon dioxide is insufficient for the rapid accumulation of biomass [5], despite an increase in the concentration of CO2 in the atmosphere on a planetary scale. In this regard, it seems rational to use CO2, which is emitted into the atmosphere by operating enterprises and amounts to 60-70% of industrial gaseous emissions [6]. The photosynthetic system of plants and phototrophic microorganisms provides the renewal of oxygen in the atmosphere along with the conversion of carbon into potentially useful biomass. At the same time, cyanobacteria and microalgae are the most promising production facilities capable of effectively fixing СО2 several times more per unit area than plant objects [7]. Since, along with wastewater treatment, the reduction of industrial CO2 emissions into the atmosphere is a global task, cyanobacteria are in the focus of multifaceted applications: a) bioremediation of wastewater, b) utilization of industrial gases, and c) production of biomass on this basis for further biofuel production. The basis of any modern industrial production is the provision of environmental safety, which is achieved by the introduction of new waste-free technologies based on biochemical processes [8]. Such technologies require a preliminary study of the influence of the investigated factors on the vital activity of the producers used. Thus, the technologies of using phototrophic microorganisms in the processes of removing excess CO2 from the atmosphere require a detailed study of the effect of carbon dioxide on the viability of the studied organisms and the selection of its optimal concentrations favorable for the growth and accumulation of biomass [9, 10].

Project goal: to develop a non-waste technology for biological treatment of waste water and utilization of carbon dioxide based on cyanobacteria for the potential production of biodiesel.
Based on the results of the previous stages, reports were prepared:

Stage 1. Isolation and screening of cyanobacterial strains - producers of fatty acids and the study of the possibility of using municipal wastewater for their cultivation. (Inventory No. 0215РК00852 – 2018).  

Stage 2. Determination of fatty acid composition of lipids of cyanobacterial strains - producers of fatty acids cultivated in municipal wastewater. Optimization of methods for extracting lipids from cells of cyanobacterial strains and studying their ability to absorb carbon dioxide (Inventory No. 0216RK00687 - 2019).
The purpose of stage 3 of the work is to develop a technology for mass cultivation of strains of cyanobacteria - producers of fatty acids in municipal wastewater to obtain biomass.

In accordance with the schedule for the implementation of research work at stage 3, the following tasks were set:
1) Isolation and screening of cyanobacterial strains - producers of fatty acids.
2) Development of technology for mass cultivation of cyanobacterial strains - producers of fatty acids in municipal wastewater for biomass production.
3) Development of technology for the production of biodiesel fuel based on strains of cyanobacteria - producers of fatty acids.
4) Sequencing of genomes of cyanobacteria - producers of fatty acids.
5) Abstract and characteristics of the genomes of cyanobacteria - producers of fatty acids.
MAIN PART
1  Literature review
Cyanobacteria are the most efficient biological producers of natural hydrocarbons in the form of fatty acids, and, therefore, a universal renewable source of biomass suitable for rapid processing into biodiesel and other types of biofuels. Unlike other renewable energy sources, biomass can be converted directly into a liquid fuel called "biofuel". One of the most common biofuels in use today is biodiesel, which represents the first generation of biofuel technologies [11]. 

Cyanobacteria are modern and promising producers of biodiesel fuel. They represent a diverse group of gram-negative bacteria capable of oxygenic photosynthesis [12]. Cyanobacterial fatty acids can be potential precursors for the renewable production of cyanodiesel and other useful products. The main advantage of using cyanobacteria as a raw material for biomass production is the high rate of their reproduction, the ability to accumulate a significant amount of fat and, in the presence of favorable conditions, grow throughout the year. Usually, with an optimal supply of nutrients and the presence of all growth factors (sunlight, water, carbon dioxide and mineral salts), the mass of these crops can double per day. Moreover, it can serve as a source of not only triacylglycerides and hydrocarbons used in the production of biofuels, but also many other high-value substances: pigments, sugars, vitamins, antibiotics [13].

Due to the global increase in population and the rise in living standards of people, there is a high level of water pollution around the world. Wastewater usually contains organic matter such as proteins, carbohydrates, lipids, volatile acids, and inorganic substances containing sodium, calcium, potassium, magnesium, chlorine, sulfur, phosphate, bicarbonate, ammonium salts and heavy metals [14]. Many species of cyanobacteria are able to grow in wastewater due to their ability to use organic carbon and inorganic nitrogen and phosphorus in excess of wastewater. In addition, the efficient production of cyanobacterial biomass requires enriched CO2 sources, since the rate of supply from the atmosphere is limited by the rate of diffusion through the surface resistance of water in the cultivation system [15]. So an alternative solution to this problem is the cultivation of cyanobacteria near thermal power plants and other industrial plants. Advantages of locating cyanobacterial biomass production next to CO2-emitting production facilities [16]. This project is aimed at the production of biofuels based on cyanobacteria that can grow in wastewater while utilizing carbon dioxide in the atmosphere using it as a carbon source. Thus, the reduction of additional costs for the provision of nutrients to cyanobacteria and the optimization of highly efficient biological treatment of wastewater, the transesterification system to create continuous production of biodiesel increases the possibilities of obtaining renewable biofuel, which is ecologically and economically viable for Kazakhstan (Figure 1).
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Figure 1 - Removal of excess carbon dioxide from the atmosphere and bioremediation of wastewater by cyanobacteria for sustainable production of biodiesel
With the tendency to increase the concentration of carbon dioxide in the atmosphere, caused not only on a local but also on a global scale, studies in the aspects of the impact of carbon dioxide on the environment are becoming increasingly important. Recognized deficiencies in sustainable development, as well as severe environmental degradation and global warming problems caused by anthropological CO2 emissions, are major challenges facing the world today [17]. It should be recognized that, in contrast to extensive studies of the effect of carbon dioxide on the human and animal body, the effect of carbon dioxide on the metabolic processes of the plant cell has been studied to a much lesser extent. The mechanisms of photosynthesis inhibition by excess CO2 concentration remain unreported to date [18, 19]. A decrease in the intensity of photosynthesis at high CO2 concentrations was associated with "narcotic poisoning." In later works, the inhibition of photosynthesis was explained from the point of view of acidification of the cytoplasm as a result of the formation of acidic products of hydration of carbon dioxide [20]. Microalgae and cyanobacteria are much more resistant to high CO2 concentrations than higher plants. An increase in the concentration of CO2 in the environment up to 1-5% activates the growth and photosynthesis of microalgae [21]. Resistance to inhibitory CO2 concentrations is species-specific and varies over a wide range of values. Some strains are capable of growing in a 100% CO2 atmosphere. The latter is possibly related to the participation of these organisms in the change in the gas composition of the atmosphere from anoxic, rich in CO2, to oxygen and in the formation of the biosphere [21, 22]. It has been shown that an extremely high concentration of CO2, being a stress factor, causes profound changes in the structure and metabolism of microalgae, leading to the transition of cells to specialized biosynthesis and hypertrophied accumulation of lipids and carbohydrates [22]. Interest in the influence of high concentrations of carbon dioxide on the activity of cyanobacterial microalgae has arisen in the last 30 years, in particular, in connection with projects for cleaning the atmosphere from industrial pollution using microalgae as biofilters [23], due to their ability to grow intensively under conditions of increased CO2 content in the atmosphere [24]. Microalgae and cyanobacteria have the potential for CO2 recycling and bioremediation, as well as for the production of chemical energy in the form of biomass [23]. The potential production of renewable energy and valuable products (eg carotenoids, antioxidants and polyunsaturated fatty acids) makes large-scale microalgae cultivation an attractive application. Lipid metabolism plays an important regulatory role in the adaptation of plant cells to stress. In recent years, studies have shown an increase in lipid metabolism with elevated CO2 concentrations [25]. 
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Designation: I – Cyanobacterium sp. IPPAS B-1200 (50% wastewater +50% BG-11); II – Cyanobacterium aponium IPPAS B-1201 (25% wastewater +75% BG-11); III – Desertifilum sp. IPPAS B-1220 (25% wastewater +75% BG-11).
Figure 2 - Scheme of obtaining biodiesel by cultivating strains of cyanobacteria on BG-11 medium and wastewater using CO2
In this regard, cyanobacteria have a triple application - biomass production for sustainable biofuel production, wastewater bioremediation, and carbon dioxide utilization (Figure 2).
2 Materials and research methods

2.1 Research objects

The objects of this work were collection strains of cyanobacteria Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponinum IPPAS B-1201, Desertifilum sp. IPPAS B-1220, Synechococcus elongatus 7942 and Anabaena variabilis R-I-5 and Nostoc calcicola RI-3 were taken from the collections of the Institute of Plant Physiology. K.A. Timiryazev [26, 27] and the collection of phototrophic microorganisms of the Kazakh National University named after al-Farabi. As well as isolated cultures of cyanobacteria from hot springs and bioponds of the “TengryFish” fish farm located in the village of Chundzha, Uygur district of Almaty region, from the Beskainar and Kyzylkayrat rivers of Talgar district, Almaty region, rivers of Enbekshikazakh district, Almaty region, and soil samples were taken from rice fields of Baghlan province (Afghanistan).

2.2 Water sampling and isolation of axenic cultures of cyanobacteria
Water sampling for microbiological studies was carried out according to the generally accepted method [28]. Isolation of axenic cultures of cyanobacteria was carried out according to standard methods [29, 30.].
2.3 Cultivation of cyanobacteria in the laboratory

The cultivation of the enrichment culture was carried out on liquid media BG-11, Gromov No. 6, Zarruk [31, 32]. The cultivation was carried out in a laboratory luminostat in a continuous mode at a temperature of 25–40 ° C, under artificial lighting. The cells of the studied cyanobacteria were continuously grown in 500 ml vessels on BG-11 liquid nutrient medium with glass tubes at 25 ° C and 28 ° C and artificial illumination with a light intensity of 300 μmol / m2 / sec, as well as aeration with sterile gas and air enriched with 0%, 5%, 10%, 15% and 20 CO2. Aeration was carried out using a BOYU air compressor with an S-4000B air pump (China). The concentration of СО2 was controlled by a rotameter РМА-0.063 G (Russia). Large-scale cultivation (100 L) was carried out in a homemade laboratory photobioreactor with a volume of 200 L.

The cultivation of the enrichment culture was carried out on liquid media BG-11, Gromov No. 6, Zarruk [31, 32]. The cultivation was carried out in a laboratory luminostat in a continuous mode at a temperature of 25–40 ° C, under artificial lighting. The cells of the studied cyanobacteria were continuously grown in 500 ml vessels on BG-11 liquid nutrient medium with glass tubes at 25 ° C and 28 ° C and artificial illumination with a light intensity of 300 μmol / m2 / sec, as well as aeration with sterile gas and air enriched with 0%, 5%, 10%, 15% and 20 CO2. Aeration was carried out using a BOYU air compressor with an S-4000B air pump (China). The concentration of СО2 was controlled by a rotameter РМА-0.063 G (Russia). Large-scale cultivation (100 L) was carried out in a homemade laboratory photobioreactor with a volume of 200 L.

2.4 Determination of the species composition of cyanobacteria
Determination of the preliminary taxonomic affiliation of cyanobacteria based on morphological characters was carried out according to Komarek and Anagnostidis [33-36].
2.5 Determination of growth rate, fluorescence and biomass
The growth of the cultures was measured as a change in optical density on a PD-303UV spectrophotometer (Japan). The productivity of the culture biomass was determined by the Sirenko method [28]. The growth rate coefficient of cyanobacterial cultures was calculated from the increase in the number of cells in experimental vessels by the following level (1): 
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(1)

Where N0 is the initial number of cells; Nt is the number of cells in time t.

The constant fluorescence of chlorophyll, a (F0) in the cells of the studied cyanobacteria [37] was measured using an AquaPen AP 100 fluorometer (Czech Republic). To study the effect of CO2 concentration on cell growth, the studied cultures were aerated with sterile gas and a mixture of air enriched with 0%, 5%, 10%, 15%, and 20 CO2. Aeration was carried out using a BOYU air compressor with an S-4000B air pump (China). The concentration of СО2 was controlled by a rotameter РМА-0.063 G (Russia). Statistical analyzes of the data obtained were investigated by analysis of error (ANOVA) with a 95% confidence level.

2.6 Extraction of total lipids and analysis of fatty acids
To determine the total amount of lipids in the cells of the studied cyanobacteria, the following methods were used: Folch [38] (chloroform / methanol 2/1 (v / v)), Bligh and Dyer [39] (chloroform / methanol 1/2 (v / v)) , Khara and Radina [40] (hexane / isopropanol 3/2 (v / v)). Distillation was used using an IKARV10 basic vacuum rotary evaporator (IKA, United States). Fatty acid composition analysis was determined by capillary gas chromatography (CGC Agilent 6850 Series GC system).

2.7 Determination of physical and chemical parameters of waste water

The analysis of the physical and chemical parameters of wastewater was carried out in cooperation with the testing laboratory of LLP RSPIC KAZECOLOGY (Almaty, Kazakhstan). To determine BOD5, we used a Dissolved oxygen meter YSI 5100 (Great Britain) [41]. To assess the effect of wastewater on the growth rates of cyanobacteria, the following variants of the experiment were prepared containing a nutrient medium and wastewater in different ratios:

Option 1 - BG-11;

Option 2 - WW;

Option 3 - 75% WW + 25% BG-11;

Option 4 - 50% WW + 50% BG-11;

Option 5 - 25% WW + 75% BG-11.
2.8  Obtaining methyl esters of fatty acids 
Fatty acid methyl esters (FAME) were obtained by the method of alkaline transseterification [42].
2.9 Cyanobacterial genome sequencing and annotation
The genome DNA of Cyanobacterium sp. IPPAS B-1200 was isolated using the Williams method [43] with additional purification [44]. To carry out the sequencing, we used the Ion PGM Hi-Q Sequencing Kit and the Ion 316 ™ Chip v2 BC microchip. Throughout all procedures, the peak manufacturer's protocol (Thermo Fisher Scientific) was strictly followed. For de novo assembly of the Cyanobacterium sp. IPPAS B-1200 was used by accembler SPAdes 3.1.0, included in the Torrent Suite software package [45]. The generated gene was annotated with the help of the automated program NCBI - Prokaryotic Genome Annotation Pipeline (PGAP).

3 Results and its discussion

3.1 Isolation and screening of cyanobacterial strains - producers of fatty acids

3.1.1 Isolation of axenic cultures of cyanobacteria from various ecosystems and the study of their morphological and cultural properties
In order to isolate promising strains of cyanobacteria, water samples were collected from hot springs and bioponds of the “TengryFish” fish farm, the village of Chundzha, Uygur district, Almaty region, from the Beskainar and Kyzylkayrat rivers of Talgar district, Almaty region, rivers of Enbekshikazakh region, Almaty Soil samples were taken from rice fields in Balkhash province (Afghanistan).

As a result of microscopy, it was found that cyanobacteria in samples from rice fields in Baghlan province are represented by 29 species. Most of the identified species belong to the genera Anabaena (42% of the total cyanobacteria) and Nostoc - 35%. 35 species of cyanobacteria belonging to 7 genera were identified from the hot springs in Chundzha. The dominant species were representatives of the genus Phormidium (14 species). In water samples from bioponds of the fish farm “TengryFish”, 26 species of cyanobacteria were found, representatives of the genera Phormidium and Nostoc occupied a dominant position. As a result of analysis of water samples in the Beskaynar and Kyzylkairat rivers, 23 species of cyanobacteria were found. Representatives of the genera Oscillatoria and Synechocystis occupied the dominant position in the algal groupings. As a result of microscopic examination of the studied water samples from the rivers of the Enbekshikazakh region, about 22 species of cyanobacteria were found, from certain species of cyanobacteria the genus Phormidium in total is 42%, the genus Oscillatoria - 26%, the genus Synechocystis - 21%, and 11% - the genus Anabaena and genus Leptolyngbya.

From the taken water samples, 9 enrichment cultures of cyanobacteria were obtained, from which 2 axenic cultures were isolated by repeated passages. The resulting axenic cultures of cyanobacteria were isolated from soil samples from rice fields in Baghlan province (Afghanistan) and belonged to the genera Anabaena and Nostoc. To determine the species belonging of the isolated cultures of cyanobacteria, their morphological and cultural properties were studied.

The study of the morphological and cultural characteristics showed that the cells of the Anabaena sp. form strongly curved threads. Trichomes are single-row, unbranched. The predominant cell shape is ellipsoidal. Vegetative reproduction with hormogonia (thread fragments). Sporogenic culture. Young spores are larger than vegetative cells, slightly ellipsoid, 5.0x7.0 microns in size. The spore shell is smooth. The strain belongs to the heterocyst forms. Heterocysts are spherical with a diameter of 5.0 microns, located in the filament intercalary outside the natural connection with spores. Macroscopic colonies grow over the entire surface of the nutrient medium. It grows well at a temperature of 25-27 ° C on liquid and agar BG-11 media. Based on its morphological and cultural properties, the isolated strain was identified as Anabaena variabilis R-I-5 (Figure 3).

           
[image: image9]
Figure 3 - Cell morphology of Anabaena variabilis R-I-5 (magnification 1x100)

Culture of cyanobacteria Nostoc sp. I form long filaments, occasionally with layered transparent sheaths, trichomes with intense constrictions at the transverse septa, bright blue-green. The vegetative cells of the isolated strain have from spherical to elongated and cylindrical shapes, with granular contents in the center, 7-8 µm in length, 4-6 µm in width. Heterocysts are formed in a nitrogen-free environment. Heterocysts are round, less often oval, intercalary, wider than vegetative cells, light brown, 6-9 microns in diameter. Akinetes are single and / or up to 10 in a row, rounded, occasionally slightly elongated, with many granules inside, sometimes 3-4 cellular, sometimes with layered transparent sheaths, 7-11 microns in diameter. As well as the previous species grows well at a temperature of 25-27 ° C on liquid and agar BG-11 media. The suspension in the mass is blue-green, slimy. Based on its morphological and cultural properties, the isolated strain was identified as Nostoc calcicola RI-3 (Figure 4).
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Figure 4 - Morphology of cells of Nostoc calcicola RI-3 (magnification 1x100)

Thus, as a result of the work carried out, pure algological cultures of cyanobacteria were obtained from the hot springs and bioponds of the “Tengryfish” fish farm in Chundzhi village, the Beskaynar and Kyzylkairat rivers, which will be further studied. Two axenic cultures of cyanobacteria were obtained from soil samples from rice fields in Baghlan province (Afghanistan), identified as Anabaena variabilis R-I-5 and Nostoc calcicola RI-3 based on morphological and cultural properties. Strains Anabaena variabilis R-I-5 and Nostoc calcicola RI-3 were selected for performance screening.

3.1.2 Screening of isolated and collection strains of cyanobacteria by productivity in order to determine their biotechnological potential

The most important indicators of the productivity of phototrophic microorganisms include growth rate, photosynthetic activity, dry biomass yield, and total lipid content. In connection with this, we carried out a screening of collection and isolated cyanobacteria strains by productivity. The objects of research were collection strains of Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponinum IPPAS B-1201, Synechococcus elongatus 7942 and isolated strains of Anabaena variabilis R-I-5 and Nostoc calcicola RI-3. Screening of experimental cultures of cyanobacteria was carried out on the basis of the results of a comparative analysis of productivity, which included the determination of the growth rate, fluorescence, dry weight and total lipids. The initial optical density in all variants was 0.03. Measurement of the optical density of cells of the experimental strains was carried out every day.

The results of testing the growth of experimental strains of cyanobacteria showed that within 8 days there was an exponential growth of cells of the strains Anabaena variabilis R-I-5, Cyanobacterium aponinum IPPAS B-1201 and Cyanobacterium sp. IPPAS B-1200, then a decrease in growth activity is noted. Growth curves of Cyanobacterium sp. IPPAS B-1200, Anabaena variabilis R-I-5, Nostoc calcicola RI-3, Cyanobacterium aponinum IPPAS B-1201 and Synechococcus elongatus 7942 are shown in Figure 5.

[image: image11]
Figure 5 - Curves of growth of cells of collection and isolated strains of cyanobacteria
As seen in Figure 5, the culture of Cyanobacterium sp. IPPAS B-1200, Anabaena variabilis RI-5 and Cyanobacterium aponinum IPPAS B-1201 are characterized by more linear growth compared to Nostoc calcicola RI-3 and Synechococcus elongatus 7942. In addition to the optical density of the studied cultures for determining the concentration of cyanobacteria in suspension and assessing their growth rate constant fluorescence used - F0 [46]. In the work, measurements F0 were carried out for all experimental strains during 8 days of cultivation. The measurement results are shown in Figure 6. 

[image: image12]
Figure 6 - Curve of constant fluorescence (F0) of collection strains of cyanobacteria
According to the results of our experiments, the greatest photosynthetic activity is manifested in the cyanobacteria Cyanobacterium sp. IPPAS B-1200 and Anabaena variabilis R-I-5 and is 26101 and 25054 relative units, respectively. While in the rest of the collection strains, the maximum values ​​of this parameter were in the range of 12775-21310 relative units, which caused the slowdown of their growth already on the 6-7th day of cultivation. After 8 days of cultivation, the accumulation of dry matter in the cells of all subjects was determined. Based on the data obtained, it was found that the average indicators for the accumulation of dry biomass were for the culture of Cyanobacterium sp. IPPAS B-1200 - 1.36 g / l, for Anabaena variabilis RI-5 strain - 1.19 g / l, for Cyanobacterium aponium IPPAS B-1201 strain - 1.11 g / l, for Nostoc calsicola RI-3 strain - 0.45 g / l and for the culture of Synechococcus elongatus 7942 - 0.56 g / l. 

And the average indicators of the total lipid content in the cells of the strain Cyanobacterium sp. IPPAS -1200 is 28%, while for Anabaena variabilis RI-5 this figure is 15.8%, Cyanobacterium aponinum IPPAS B-1201 - 14.7%, Nostoc calcicola RI-3 - 13.5% and for culture Synechococcus elongatus 7942 - 7%.

It was found that collection strains of Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and the isolated Anabaena variabilis R-I-5 strain have the highest growth rates, fluorescence, biomass yield and total lipid content, which determine their high productivity.

In this way, as a result of screening, collection strains of Cyanobacterium sp. IPPAS B-1200 and Cyanobacterium aponinum IPPAS B-1201, as well as Anabaena variabilis R-I-5 isolated from rice fields in Baghlan province, Afghanistan for further study of their physiological and biochemical properties in order to determine potential producers of biodiesel fuel.
3.2 Study of the possibility of using municipal wastewater for the cultivation of cyanobacterial strains - producers of fatty acids

The purpose of the next stage of our work was to study the possibility of using municipal wastewater for the cultivation of cyanobacterial strains - producers of fatty acids. The objects of study of this work were the Anabaena variabilis R-I-5 strain isolated from rice fields of Baghlan province (Afghanistan) and collection cultures of Cyanobacterium sp. IPPAS B-1200 and Cyanobacterium aponinum IPPAS B-1201. For work we have chosen a treatment plant in Almaty.

To study the possibility of using municipal waste water as a nutrient medium for cyanobacteria, strains of Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponinum IPPAS B-1201 and Anabaena variabilis R-I-5 were cultivated on waste water from a water utility after biological treatment of treatment facilities in Almaty and the Sorbulak storage pond. Experimental cultures were cultivated on four media options: option 1 (waste water sampled from a water utility after biological treatment), option 2 (waste water from the Sorbulak storage tank), option 3 (waste water from a water utility with a nutrient medium in a 1: 1 ratio) , option 4 (waste water from Sorbulak with nutrient medium in a ratio of 1: 1). Incubation was carried out for 14 days with an initial density of all studied cultures - 0.04 units. OP (Figure 7). 

[image: image13]
Figure 7 - Coefficients of the growth rate of strains of Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and Anabaena variabilis R-I-5, when cultured on various media
As can be seen from this graph, the nutrient medium most optimal for the growth of the studied crops was option 3, where the waste water from the water utility was diluted with the nutrient medium in a 1: 1 ratio. The crops were characterized by intensive growth, which is undoubtedly associated with the rich mineral composition of the environment. At the same time, the highest indicators of the growth rate coefficient in variant 3 were noted for the strains of Cyanobacterium sp. IPPAS B-1200 and Cyanobacterium aponinum IPPAS B-1201, which were 0.48 and 0.43, respectively. Undoubtedly, it can be argued that the addition of micro- and macroelements to waste water accelerates the growth of the studied crops and, as a consequence, the process of bioremediation of this waste water. In order to determine the bioremediation ability of the studied strains of cyanobacteria, the physicochemical composition of wastewater from a water utility after biological treatment before and after cultivation of cyanobacteria in it was analyzed and the percentage of the decrease in indicators for each strain was revealed (Figure 8).
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Figure 8 - Bioremediation ability of Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and Anabaena variabilis R-I-5 cyanobacterial strains
As a result of the analysis, it was possible to reduce the concentration of organic pollutants and physicochemical indicators by an average of 94.3% after growing experimental cyanobacteria cultures on wastewater from a water utility after biological treatment (The data obtained as a result of this experiment are described in more detail in the report for 2018 year). In turn, this proves that algolization can be an effective method of wastewater treatment. As shown in Figure 8, the maximum rate of purification of the studied wastewater - 98% is observed in the collection strain Cyanobacterium sp. IPPAS B-1200, which indicates its high capacity for wastewater bioremediation.
3.3. Determination of fatty acid composition of lipids of cyanobacterial strains - producers of fatty acids cultivated in municipal wastewater
Due to the fact that one of the important criteria for selecting a potential producer of biodiesel is a stable and high synthesis of FA, in this work we analyzed the FA composition of cells of collection strains of cyanobacteria cultivated in municipal wastewater. The research objects of this work were the strains of Desertifilum sp. IPPAS B-1220, Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and Prochlorothrix hollandica. The studied cultures were cultivated on wastewater from a water utility after biological treatment of treatment facilities in Almaty with a nutrient medium BG-11 in a ratio 1:1, established as the optimal medium as a result of the work done earlier. Incubation was carried out for 14 days with an initial density of 0.05 units of OD. for all studied cultures. After the lapse of time, the FA composition of the lipid extracts of the studied cyanobacterial strains was determined on a gas-liquid chromatograph. During the work, chromatographic profiles were obtained and the content of individual FAs in cyanobacteria Desertifilum sp. IPPAS B-1220, Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and Prochlorothrix hollandica.

The fatty acid composition of the total lipids of the studied species included 12 fatty acids, which are presented in Table 1. The length of their carbon chains ranged from 14 to 18 atoms (Table 1).

Table 1 - Spectrum of fatty acids of cyanobacterial cultures

	Fatty acids
	Mass fraction of fatty acids,%

	
	Desertifilum sp. IPPAS B-1220
	Cyanobacterium sp. IPPAS B-1200
	Cyanobacterium aponium IPPAS B-1201
	Prochlorothrix hollandica

	14:0
	0,4
	30,0
	30,8
	14,0

	14:1∆9
	-
	9,6
	2,1
	17,4

	15:0
	-
	1,5
	-
	-

	16:0
	23,0
	16,5
	13,1
	29,6

	16:1∆7
	3,5
	0,3
	0,4
	

	16:1∆9
	0,8
	39,3
	41,5
	23,0

	16:1∆11
	-
	0,3
	-
	-

	16:2∆7,10
	40,0
	-
	-
	-

	18:0
	1,5
	1,2
	1,5 
	10,2

	18:1∆9
	3,3
	0,1
	2,4
	5,8

	18:1∆11
	0,5
	0,9
	-
	-

	18:2∆9,12
	26,0
	0,1
	-
	-


As can be seen from Table 1, saturated and unsaturated fatty acids were present in the lipid extracts of the cultures. Of the saturated fatty acids in the studied species, myristic, palmitic and stearic acids were predominantly found. Unsaturated monoenic acids are mainly represented by myristooleic, palmitoleic, oleic, vaccenic acids. The ratio of individual acids and their amount depend on the species characteristics of cyanobacteria. For example, the amount of myristic acid (C14: 0) in Cyanobacterium aponium IPPAS B-1201 (30.8%) and Cyanobacterium sp. IPPAS B-1200 (30.0%) is significantly higher than in other species. A large proportion of the total number of fatty acids accounted for C16 unsaturated acids. Of the monoenic fatty acids, palmitoleic acid (C16:1∆9) prevailed in the total lipids; it accounted for 39.3% in Cyanobacterium sp. IPPAS B-1200, for 41.5% in Cyanobacterium aponium IPPAS B-1201 and for 23.0% in Prochlorothrix hollandica. Also the Desertifilum sp. IPPAS B-1220 culture is characterized by a high content of C18:2∆9.12 acid and is 26.0%. According to literary data, both in single cells and in filamentous cyanobacteria, including the presenters of the species Prochlorococcus, C14 FA in such a large number are not available. At the same time, exactly 14: 0 and ∆9-14: 1 FA are the most promising raw material for the production of biofuel.

As a result of the work, it was revealed in the Cyanobacterium sp. B-1200 strains a large number of C14 FA were supplied  next to C16 FA - saturated myristic and monounsaturated myristoleic acids - in the amount of 40%. The same high content of C14 FA was found in the cyanobacteria Prochlorothrix hollandica - in the amount of about 31% relative to other investigated cyanobacteria. Proceeding from this, for further investigation, the strains of Cyanobacterium sp. B-1200 and Prochlorothrix hollandica were selected as the most promising producers of biodiesel.
3.4 Optimization of the method of extraction of lipids from cells of cyanobacteria strains - producers of fatty acids
Currently, considerable experimental data on the extraction of the lipid fraction from phototrophic microorganisms have been accumulated, which indicate that a sufficiently complete extraction of lipids can be performed if a mixture of a polar solvent and a non-polar or weakly polar one is used [47, 48]. In this work, the cells of Cyanobacterium sp. IPPAS B-1200 and Prochlorothrix hollandica were grown for 3-4 days in flasks in 200 ml of liquid nutrient medium under conditions of laboratory luminescence. Then the undergrowth culture was transferred to a photobioreactor and cultivated for 6 days under optimal conditions. To extract lipids from the dry biomass of the studied cultures, three methods of lipid extraction were used: the Folch method, the Bligh and Dyer method, and the method proposed by Hara and Radin, which differ in the use of different solvents and in different ratios. As a result of experiments, data were obtained to determine the quantitative content of lipids in the strains of Cyanobacterium sp. IPPAS B-1200 and Prochlorothrix hollandica extracted with various solvents (figure 9).
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Figure 9 - The amount of lipids in different extraction methods
As can be seen from Fig. 9, the highest lipid yield of 90 mg/g and 80 mg/g dry matter of Cyanobacterium sp. IPPAS B-1200 and Prochlorothrix hollandica biomass were respectively observed during the extraction of biomass with a mixture of chloroform: methanol in a ratio of 1:2 according to the Bligh and Dyer method.

When analyzing the obtained results, it is possible to conclude that the use of the Bligh and Dyer method provides the maximum extraction of lipids and biomass of the studied strains. It was established that the extraction of lipids from the cells of Cyanobacterium sp. IPPAS B-1200 and Prochlorothrix hollandica in the presence of chloroform-methanolic mixture(1:2)  is optimal, which allows us to recommend this method for obtaining biodiesel based on these strains. At the same time, the highest lipid yield was 9% in the Cyanobacterium sp. IPPAS B-1200.
3.5 Study of the ability to absorb carbon dioxide by cyanobacterial strains - producers of fatty acids

Compared to plants, phototrophic microorganisms have the best ability to absorb CO2 and thus convert it into their own biomass, which can be used to utilize it or reduce its concentration in the atmospheric air while obtaining their useful biomass. At the same time, the assimilation of CO2 by different types of cyanobacteria can be different, and this fact undoubtedly requires the search for promising cultures of cyanobacteria with a high potential for assimilating carbon dioxide for use in waste-free technologies. To study the ability to absorb carbon dioxide by cyanobacterial strains, we carried out a comparative analysis of the indicators of the cell growth rate in collection strains of cyanobacteria: Cyanobacterium sp. IPPAS B-1200, Desertifilum sp. IPPAS B-1220, Cyanobacterium aponium IPPAS B-1201 and Synechococcus elongatus 7942 under the influence of various CO2 concentrations.

For this, cyanobacterial cells were grown in flasks under artificial illumination with a light intensity of 300 μmol/m2/sec and aeration with a gas-air mixture containing 5%, 10%, 15%, 20% CO2 for 8 days; in the control variant, the cyanobacterial biomass was aerated with conventional air a mixture with a carbon dioxide content of 0.03%. The productivity of cyanobacteria was assessed by the change in the optical density of cells, the measurement of this indicator was carried out every 24 hours. The initial optical density in all variants of the experiment and control was OD720 = 0.03. According to the results obtained, the saturation of the medium with carbon dioxide as a whole significantly accelerated the growth of cyanobacterial cells; however, as expected, the species-specific response of cyanobacteria to various carbon concentrations was observed.

Thus, a relatively rapid growth from the first day of cultivation was observed in the Cyanobacterium sp. IPPAS B-1200. The growth rate coefficient of 0.92 for this culture was recorded on the 6th day of the experiment at a concentration of 10% CO2. For the strain Desertifilum sp. IPPAS B-1220 the maximum growth rate among all variants of the experiment was also observed when the medium was enriched with 10% CO2. The increase in cell numbers for the other two strains, Cyanobacterium aponium IPPAS B-1201 and Synechococcus elongatus, was characterized by a slower rate compared to the previous strains. In this case, the optimal concentration of СО2 for their growth was 5%. The growth rate coefficients for them at a given CO2 concentration were 0.51 - 0.62, respectively. The calculated data of the growth rate coefficients for cyanobacteria are presented in Figure 10.
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     Abbreviation: n.d. - not detected
Figure 10 - The influence of different concentrations of carbon dioxide on the growth of the studied strains of cyanobacteria

Our results are consistent with published data and indicate the existing differences in the attitude to CO2 of the studied strains of cyanobacteria. [50-54].

However, it should be noted that for the cultures studied by us under the conditions of the supply of a significantly high concentration of carbon dioxide in the medium (80%), a strong inhibition of the growth of all studied strains was recorded as compared with the control. Despite a slight increase in the number of cyanobacterial cells on the first day, after 3 days, the onset of the phase of death of the cell cycle was observed in all strains. Thus, phototrophic microorganisms, despite the fact that they need carbon sources, have different tolerances to carbon dioxide. Undoubtedly, high concentrations of CO2 can affect the pH of the chloroplast stroma and, consequently, lead to inhibition of the process of photosynthesis, as well as cause various other negative processes leading to the cessation of growth and often to the death of crops [55].

Thus, according to our results, the optimal CO2 concentration for the cultivation of cyanobacteria Cyanobacterium sp. IPPAS B-1200 and Desertifilum sp. IPPAS B-1220 was 10%, for the Cyanobacterium aponium IPPAS B-1201 strain the optimal value was 5%.
3.6 Development of technology for mass cultivation of cyanobacterial strains - producers of fatty acids in municipal wastewater to obtain biomass
3.6.1 Determination of optimal wastewater concentrations for the growth of cyanobacterial strains - producers of fatty acids
It is known that the combination of water purification and the consumption of flue gases, including carbon dioxide, with the production of cyanobacteria and microalgae biomass will significantly improve the environmental friendliness and efficiency of the process of obtaining biomass of a biodiesel producer.

For this purpose, in our experiment we used municipal wastewater from the Sorbulak storage pond. The Sorbulak reservoir is a natural closed basin located in the north-western part of the city of Almaty, used for collecting, post-treatment and storage of municipal wastewater in the city. To assess the effect of wastewater on the growth indicators of cyanobacteria, 4 variants of experimental samples were prepared containing pre-filtered and sterilized wastewater and a nutrient medium in various ratios, and BG-11 medium was used as a control. According to the results of the previous experiment, 3 strains were selected, which were distinguished by the highest growth rates under conditions of high CO2 concentrations. Thus, the studied cultures of cyanobacteria were grown on five different media (see Materials and Methods) with an initial density of OD720 = 0.03 units for 14 days (Figure 11). CO2 was added based on the results of preliminary studies. In all variants for the strains Desertifilum sp. IPPAS B-1220 and Cyanobacterium sp. IPPAS B-1200 - 10% CO2 concentration in air was 10% and for Cyanobacterium aponium IPPAS B-1201 - 5%.

The results obtained indicate that wastewater in a certain ratio can be effectively used as a nutrient medium for the accumulation of cyanobacterial cells with simultaneous bioremediation.

In variants of experiment No. 4 and No. 5, with the ratios of wastewater to the nutrient medium 25:75 and 50:50, active growth of all studied strains of cyanobacteria was observed. Thus, the highest indicators of the growth rate coefficient were observed in the Cyanobacterium sp. IPPAS B-1200 and were 0.9 and 0.8 in these experimental variants, respectively. For the strain Desertifilum sp. IPPASB-1220 these parameters were between 0.7 and 0.6. Comparatively lower indices of the growth rate coefficient were noted for the Cyanobacterium aponium IPPAS B-1201 strain - 6.5 and 5.7, respectively. An increase in wastewater in the experimental sample up to 75% significantly reduced the growth of cyanobacterial cells, as in experimental variant 2, where pure wastewater was used for their cultivation. As is known, in addition to biogenic elements, wastewater can also contain various toxins, including surfactants, oil products and other compounds of unknown nature, the presence of which inhibits the growth of phototrophic microorganisms [56]. Therefore, dilution of wastewater with water or a nutrient medium reduces its toxic properties, and dilution with a nutrient medium also supplements the elements necessary for nutrition. All this undoubtedly has a positive effect on the growth of cyanobacteria.

Thus, the ratio of wastewater to nutrient medium, the most optimal for the growth of the studied cyanobacteria, were 25:75 and 50:50.

It was found that the most active growth in all experimental variants among the studied cyanobacteria was characteristic of the Cyanobacterium sp. IPPAS B-1200.
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Figure 11 - Growth of cyanobacteria during cultivation in wastewater with diluted BG-11 nutrient medium in different proportions. Abbreviation: WW - wastewater, BG-11 - BG-11 medium
In order to determine the capabilities of cyanobacteria in the purification of this wastewater, the physicochemical composition of the water was analyzed before and after cultivation in it of the most active among the tested cultures, the strain Cyanobacterium sp. IPPAS B-1200 in experimental variants 2 (wastewater - WW) and 4 (wastewater and nutrient medium - WW + NM, in a ratio of 50:50) (Table 2).
Table 2 - Physicochemical composition of wastewater before and after cultivation in it of the strain Cyanobacterium sp. IPPASB-1200

	Defined characteristic
	Unit of measurement
	Wastewater
	50NM+50WW

	
	
	Before cultivation
	After cultivation
	Treatment,
%
	Before cultivation
	After cultivation
	Treatment,
%

	рН
	-
	7,8
	7,4
	76%
	7,2
	7,0
	100%

	Suspended substances
	mg/l
	58
	14,64
	73%
	41
	2,7
	95%

	Smell
	points
	5
	1,5
	80%
	3,9
	0,1
	95%

	BOD5
	mg/l
	56
	12,28
	77%
	43
	1,2
	100%

	COD
	mg О2/l
	33,5
	8,5
	86%
	31,5
	7,9
	92%

	Oxidizability
	mg О2/l
	38
	7,6
	85%
	24
	0,01
	100%

	Ammonia
	mg/l
	14,9
	2,7
	76%
	4,9
	0,12
	100%

	Nitrites
	mg/l
	0,65
	0,15
	79%
	0,9
	0,04
	100%

	Nitrates
	mg/l
	0,97
	0,24
	63%
	1,5
	0,2
	95%

	Phosphates
	mg/l
	3,9
	0,3
	66%
	34,6
	0,7
	92%

	Calcium
	mg/l
	50,9
	8,6
	79%
	70,6
	5,6
	97%

	Magnesium 
	mg/l
	14,81
	3,9
	69%
	44,5
	2,6
	95%

	Chlorides 
	mg/l
	50,7
	17,5
	80%
	68
	6,8
	93%

	Sulphates 
	mg/l
	59,17
	11,2
	76%
	75,6
	9,2
	90%

	Hydrocarbonates
	mg/l
	536,45
	20,12
	80%
	595
	18,6
	96%

	Mineralization
	mg/l
	540
	95,3
	74%
	760
	86,3
	100%

	Iron
	mg/l
	0,21
	0,013
	80%
	0,18
	0,005
	100%

	Copper
	mg/l
	0,008
	0,005
	75%
	0,0075
	0,0006
	100%

	Zinc
	mg/l
	0,07
	0,021
	70%
	0,043
	0,002
	100%


The results obtained indicate that the cultivation of the cyanobacteria Cyanobacterium sp. IPPASB-1200 on wastewater from the storage tank reduces the concentration of organic pollutants and, accordingly, improves the physicochemical properties of water. The percentage of purification in general for individual pollutants is 68-100%, which indicates a high prospect of using wastewater for the cultivation of cyanobacterial strains in order to obtain their biomass and at the same time purify water from pollution.

It should be noted that in experimental variant 2, containing only waste water, despite a significant decrease in the growth rate of the investigated strain, the chemical composition of the water significantly improved, and the percentage of purification for certain groups of pollutants was 68-80%. In experimental variant 4, complete removal of nutrients and an improvement in water quality were observed. Undoubtedly, it can be argued that the additional addition of a nutrient medium to wastewater promotes rapid growth of culture and, accordingly, accelerates the absorption of various water compounds by cyanobacterial cells [57]. An increase in the pH value that occurs during photosynthesis as a result of disturbance of the bicarbonate-carbonate equilibrium is compensated by the introduction of carbon dioxide, which avoids inhibition of the growth of cyanobacteria [58].

Thus, our results indicate the prospects for using the Cyanobacterium sp. IPPAS B-1200 in wastewater purification, the percentage of organic pollutants purification and improvement of physicochemical parameters of water of which has reached 68-100%. It was also found that the most optimal ratio of waste water to nutrient medium for the cultivation of cyanobacteria was 25:75, 50:50.
3.6.2 Determination of lipid content and fatty acid composition of cyanobacterial biomass
It is known that the optimal strain of cyanobacteria suitable for biofuel production must have a number of necessary characteristics, the main ones of which are not only a high level of biomass accumulation, but also lipid productivity (up to 20-40%) and the composition of produced fatty acids, which is optimal for obtaining biodiesel [59]. In this regard, in the next part of this work, the determination of dry weight, total lipid content and analysis of the fatty acid composition of the studied strains of cyanobacteria were performed after cultivation in municipal wastewater. The strains under study were cultivated on wastewater from the Sorbulak storage pond with diluted nutrient medium in a ratio of 50:50, established on the basis of previously performed work as the most optimal medium. Incubation was accomplished for 8 days with an initial density of OD720 - 0.03 in all studied cultures. At the end of the incubation time, the biomass was selected for lipid extraction.

Since, due to the different productivity of cyanobacteria, the yield of dry biomass in the studied strains was different, the percentage of lipids in 1 g of dry weight was calculated. The total lipid content and dry biomass yield are shown in Figure 12.
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Figure 12 - Growth, dry biomass yield and total lipid content 
in the studied cyanobacterial strains
It has been established that the content of lipids in the biomass of cyanobacteria ranges from 15-22% of the dry weight of the biomass. Thus, the highest lipid content is observed in the Cyanobacterium sp. IPPASB-1200 - 22% of dry weight. A good indicator of lipid accumulation (19%) in the biomass was also found in the strain Desertifilum sp. IPPASB-1220. The Cyanobacterium aponium IPPAS B-1201 strain accumulates lipids significantly less, up to 15%.

Further, the content of fatty acids was determined in lipid extracts. During the work, chromatographic profiles were obtained and the content of individual FAs in cyanobacteria Desertifilum sp. IPPAS B-1220, Cyanobacterium sp. IPPAS B-1200 and Cyanobacterium aponium IPPAS B-1201 (Table 3).
 Table 3. FA composition of cyanobacterial lipids

	Fatty acids
	Mass fraction of fatty acids,%

	
	Cyanobacterium sp. IPPAS B-1200
	Cyanobacterium aponium IPPAS B-1201
	Desertifilum sp. IPPAS B-1220

	12:0
	0,1
	0,1
	-

	14:0
	30
	30,8
	0,4

	14:1∆9
	8,6
	3,1
	-

	15:0
	1,5
	-
	-

	16:0
	16,5
	13,1
	23,0

	16:1∆7
	0,3
	0,4
	3,5

	16:1∆9
	37,3
	41,5
	0,7

	16:1∆11
	0,3
	-
	-

	16:2∆7,10
	-
	-
	40,0

	17:1∆10
	0,1
	-
	

	18:0
	1,5
	1,5
	1,5

	18:1∆9
	0,1
	3,4
	3,3

	18:1∆11
	0,9
	-
	0,5

	18:2∆9,12
	0
	-
	26,0

	The amount of saturated fatty acids,%
	48,0
	45,4
	25,9

	Fatty acid content, mg/g dry weight
	59,6
	52,2
	51,9


The results of determining the mass fraction of fatty acids in the cells of the strains of the studied cyanobacteria are presented in Table 3. Analysis of total lipids showed the presence of 14 basic FAs with a carbon chain length from 14 to 18 atoms.

It was determined that only saturated and monounsaturated FAs are present in the lipids of strains of the gender Cyanobacterium. While in the cells of the strain Desertifilum sp. IPPAS B-1220, in addition to these acids, diene FAs were also synthesized. Of the saturated fatty acids in the studied species, myristic, palmitic and stearic acids were found. Unsaturated monoenoic acids are represented by myristooleic, palmitoleic, oleic, cis-vaccenic acids. As a result of the studies, it was found that of the three cultures studied, the strains of the gender Cyanobacterium were characterized by approximately the same composition of fatty acids and significantly exceeded the strain of Desertifilum sp. IPPASB-1220 by the content of saturated and monounsaturated FA with an average chain length from C14 to C18, which are of great interest for the production of biodiesel. It is known that biofuel containing compounds with a large number of saturated bonds is more resistant to oxidation, and when it burns, glycerin does not polymerize, which increases the reliability of engines. Despite the insignificant difference in fatty acid composition, the strain Cyanobacterium sp. IPPAS B-1200 was selected as a promising candidate for biofuel production for further experiments, because it was characterized by a higher growth rate in wastewater and high CO2 concentration, respectively, an active accumulation of biomass and lipids. However, it should be noted that Cyanobacterium aponium IPPAS B-1201 is promising, the fatty acid composition of which also allows us to consider them as a feedstock for biofuel production. It is allowed to consider the possibility of obtaining biodiesel by cultivating these strains both in monoculture and in mixed culture.

Thus, during the work, it was established that the lipid content in the biomass of cyanobacteria ranges from 15-22% of the dry weight of the biomass. It was also determined that of the three cultures studied, the strains of the gender Cyanobacterium were characterized by approximately the same composition of fatty acids and significantly exceeded the strain of Desertifilum sp. IPPASB-1220 by the content of saturated and monounsaturated FA with an average chain length from C14 to C18, which are of great interest for the production of biodiesel.
3.7 Development of technology for the production of biodiesel fuel based on strains of cyanobacteria - producers of fatty acids
3.7.1 Semi-continuous cultivation of Cyanobacterium sp. IPPAS B-1200 and obtaining methyl esters of fatty acids in laboratory conditions

At the next stage, mass cultivation of the Cyanobacterium sp. IPPAS B-1200 in laboratory conditions was performed and the volume of the obtained biomass and methyl esters of fatty acid was recorded. In this case, further scaling of the fermentation process was carried out by a semi-continuous (quasi-continuous) method of cultivation in a photobioreactor of a larger volume (100 L). The main task of this scaling was not only to maintain a high yield of biomass and, accordingly, target metabolites, but also to increase it due to the duration of cyanobacteria cultivation with a reduction in the time of the adaptation period, which is economically feasible in the production of biodiesel.

Thus, the cultivation of cells of the strain Cyanobacterium sp. IPPAS B-1200 was executed for 28 days under optimal conditions determined in previous experiments. At the same time, after obtaining accumulative biomass in order to reduce the effect of cell inhibition by metabolic products and deficiency of substrate, 2/3 of the culture liquid was selected and the suspension was fed with the same volume of fresh medium (50/50) every 4 days. The exposure time for obtaining accumulative biomass was 8 days, while the optical density (OD720) increased from - 0.3 to 1.53 ± 0.08. Then, upon selection and dilution of the culture liquid, the optical density decreased to 0.52 ± 0.05, followed by an increase in biomass in the next 92 hours again to the optical density of 1.52 ± 0.05. The dilution procedure was performed 5 times throughout the experiment. As can be seen from the results obtained, the dynamics of culture growth after dilution repeated the previous dynamics and was characterized by fluctuations in the concentration of microorganisms about the same constant value with a constant average specific population rate (Figure 13). As a result, continuous growth of the culture in the photobioreactor was observed, with the extension of the exponential phase and the phase of linear growth of the cell cycle, without transition to the stationary growth phase. Cell biomass was removed in the logarithmic phase and dried.
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Figure 13 - Intensive cultivation (50% wastewater + 50% BG-11, 10% CO2) of the Cyanobacterium sp.IPPAS B-1200 strain in a laboratory photobioreactor
So for the experimental period (28 days) the yield of dry biomass was 1074.85 ± 0.087 g per 100 l of suspension volume.

Further, we obtained methyl extracts of fatty acids from the obtained biomass using a mixture of solvents hexane-isopropanol. According to the results obtained, the yield of FA methyl esters (biodiesiel) was 94.7% from the volume of 248.29 ± 2.11 g of the biomass of the strain Cyanobacterium sp. IPPAS B-1200, which in recalculation is 0.21 ± 0.013 g/l per 1 g of dry biomass (Table 4).
Table 4. The content of lipids and methyl esters of FA in the biomass of the strain Cyanobacterium sp. IPPAS B-1200

	Strain
	Dry biomass (g/PBR*/28 days)
	The amount of lipids (g/PBR/28 days)
	Total lipid content (% per DW)
	The amount of MEFA (g/PBR/28 days)
	The amount of MEFA 

(% на DW)

	Cyanobacterium sp. IPPAS B-1200
	1074,85    ±5,62
	248,29±2,11
	23,1
	235,13±3,11
	94,7


*Volume PBR is 100 l

 Abbreviation: DW-dry weight
Thus, as a result of mass cultivation in a semi-continuous way in laboratory conditions, the strain of Cyanobacterium sp. IPPAS B-1200, characterized by a high accumulation of lipids and a fatty acid composition, suitable for the production of biodiesel, has been shown to be capable of producing methyl esters of FA. The total content of methyl esters of FA to the total lipid content was 94.7%.
3.7.2 Economic efficiency of producing biodiesel from cyanobacteria using waste-free technology

When conducting economic research, we made calculations of the costs of chemical elements of the BG-11 nutrient medium when cultivating cyanobacteria for 28 days in an industrial photobioreactor with a total yield of 1 ton of dry biomass, which averaged 166 920 tenge (tg). Accordingly, replacing 50% of this nutrient medium with wastewater can save 83 460 tg. In addition, given that phototrophic microorganisms are capable of fixing carbon dioxide in a volume of ~ 0.5 g CO2/l/day, a cyanobacterial culture grown in a 1 ton photobioreactor is capable of absorbing 14 kg CO2 over a full cultivation period of 28 days (500 g of carbon dioxide during photosynthesis per day) [60-63]. According to the calculations of scientists from Stanford Uinversity (Stanford), if the price of 1 kg of CO2 is 941 tg, then the costs for 14 kg will be 13182 tg. Therefore, the use of CO2 collected from production points for cultivation will undoubtedly save these costs, reducing the price of biodiesel by 390 tg per liter.

Thus, based on the above calculations, by replacing 50% of the nutrient medium for cyanobacteria with wastewater and supplying CO2 collected from production points, we reduce the cost of cultivating the biodiesel producer strain and thereby reduce the cost of biodiesel production by 98 525 tg. For example, biodiesel (B20) costs 1 236 tg per gallon. However, biodiesel obtained from cyanobacteria meets the B100 purity standard, so our economic calculations were made at the price of high quality biodiesel. According to the USA Department of Energy 2020, the cost of biodiesel that complies with the B100 purity standard (B99-B100) is 1 802 tg per gallon [64], which in terms of 1 liter of biodiesel is equal to 475 tg, which we have chosen as the initial cost for economic calculations (Table 5).

Table 5. Economic forecast analysis of the production of environmentally friendly biofuel - biodiesel based on the strain of Cyanobacterium sp. IPPAS B-1200

	       Name                          

Nut.medium
	DW, g/l
	Cost of 1 nutrient, tg/t/28 d
	CO2, kg/t/28 d
	Biodiesel, l/t/28 d
	Biodiesel price, tg

	
	
	
	Absorption, kg
	Cost, tg
	Cost, tg (industrial  CO2)
	Quantity, l/t cells
	Quantity, l/ 2/3PBR 2/28d
	Profit, tg 2/3PBR2/28d
	Primary

	After CO2 purification

	BG-11
	3,0
	166920
	42
	39547
	0
	0,75
	1,99
	945
	475
	433

	25%BG-11+75% WW
	3,1
	54784
	43,4
	40865
	0
	0,77
	2,05
	971
	454
	411

	50% BG-11+50% WW
	3,4
	83460
	47,6
	44820
	0
	0,88
	2,34
	1112
	433
	390


*1 Calculated nutrient prices

*2 PBR - 666.3 L

*3 Price for 1 liter of biodiesel 475 tg
As a result of the preliminary calculations, the estimated price for 1 liter of biodiesel may be 390 tg. It should be noted that the cost of a diesel engine obtained by the traditional method today is 342 tg per 1 liter.

Considering the fact that the difference in the price of diesel and biodiesel is not too large, as well as the positive trend of reducing the cost of biodiesel over the past 10 years, scientific research in this area is very relevant and necessary.
3.8 Sequencing of genomes of cyanobacteria - producers of fatty acids
The analysis of the fatty acid composition of the total lipids of Cyanobacterium cells using gas-liquid chromatography in tap with mass spectrometry (GLC-MS) showed a high content of myristic acid - 14:0 and myristoleic acid - 14:1Δ9 (30% and 10% of the total fatty acids, respectively) (section 3.3), what is rare for cyanobacteria [65]. In addition, it was found that the production of eco-friendly biodiesel on the bases of Cyanobacterium sp. IPPAS B-1200  strain is much more economical than traditional sources. In this regard, it is advisable to study this strain of cyanobacteria at the genomic level.
The purpose of this work was to determine the nucleotide sequence of the cyanobacterium genome Cyanobacterium sp. IPPAS B-1200.

For the sequencing  of the cyanobacterium genome Cyanobacterium sp. IPPAS B-1200, the culture was preliminarily cultivated on a nutrient medium Zarruk at a temperature of 30˚C, constant illumination with an intensity of 110 µE∙m− 2∙s− 1 and aeration of a sterile gas-air mixture enriched with CO2 up to a concentration of 1.5%. The cells were grown under these conditions to an optical density of OP750 = 1-2, after which DNA was extracted. An electrophoregram of the genetic DNA of the studied strain is shown in Fig. 14.
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Designations: M - molecular weight detector, 1-3 - the first sample (30, 60, 100 ng DNA, respectively); 4-6 - the second sample (30, 60, 100 ng DNA, respectively)
Figure 14 - Electrophoregram of the genomic DNA of the cyanobacteria Cyanobacterium sp. IPPAS B-1200
As can be seen in Figure 14, the provided genetic DNA samples do not contain significant PNA or degraded DNA.
The isolated DNA was used as a matrix for the preparation of a genomic DNA library for sequencing. Despite the incomplete loading of the chip, the distribution of the read length corresponds to the optimum and sufficient for the assembly of a full genome.
The total volume of received information is 444 m.bp. With the size of the genome of the order of 4 m.bp., the value of the cover is more than 100 times. This coating ensures the accuracy of the sequencing results. Then, the genome was assembled using the accemblepa SPAdes version 3.1.0. Assembly parameters: -k 21,33,55,77,99,127, -s, --iontorrent. During genome-wide sequencing, individual short nucleotide sequences of the cyanobacteria genome Cyanobacterium sp. IPPAS B-1200 were collected in contigue. The data obtained showed that the estimated genome size of the studied strain is 3,410 t. p. o., the number of contigs is 119, the average coverage is 200×, N50 = 80222 bp, the proportion of HZ bases in the genome is 37.7% (according to this Quast 3.0).
As a result of our work, we received a so-called "black" gene. It represents its own set of DNA contigs (separate fragments). It is believed that it is unique DNA sequences that are "collected" in the first place, and not repeated sections, so among such a set of fragments, there is a high probability that genes of interest for research will also be found.
Thus, in the result of the work was sequenced de novo the genome of a cyanobacterium strain Cyanobacterium sp. IPPAS B-1200. It was found that the genome size of the studied strain is about 3.4 million bp, the number of contigs is 119, the average coverage is 200×, N50 = 80222 bp, and the proportion of HZ bases in the genome is 37.7%. The source data (SRA) is available under the number SAMN04633587. Specific nucleotide sequences are available in the international GeneBank database under the numbers KM502966 (sequence 16S RNA) and LWHC00000000 (PGAP). The annotated genome of Cyanobacterium sp. IPPAS B-1200 is also available in the international database under the numbers PRJNA318169 (BioProject) and SAMN04633587 (BioSample).
3.9 Annotation and characterization of the genomes of cyanobacteria - producers of fatty acids
As a result of annotation of genome Cyanobacterium sp. IPPAS B-1200 was established that the total length of the ring chromosome of the studied strain is 3 410 249 base pairs. The genome contains 137 pseudogenes, 4 rRNA-coding genes, 40 tRNA-coding genes, 4 genes of non-coding RNAs, and 2934 protein-coding genes.
Found 4 rRNA - coding genes, provided with three 16S RNA and one 23S RNA. The number of genes encoding tRNA in the genome of Cyanobacterium sp. IPPAS B-1200 is considered sufficient for the recognition of all codes for a given strain. Also, when annotating the genome of the B-1200 strain, 2 CRISPR sites were found (CRISPR loci and cas-CRISPR operons interact to form an inherited adaptive immune system found in many bacteria and most archaea). The total number of potential protein-coding genes is 2934, which takes 94% of the total genome. The full names of all protein-coding genes are listed in the GeneBank with the input number LWHC00000000. Among 2934 protein-coding genes, 1460 (49.8%) were homologous to genes with a well-known function, 1088 (37.1%) showed similarity to genes coding hypothetical proteins and 384 (13.1%) had no similarity to any registered genes. All 2934 genes were classified into 17 categories, according to their biological roles. Table 6 shows the distribution of all protein-coding genes into the appropriate functional categories.
Table 6 - Functional analysis of protein-coding genes of the Cyanobacterium sp. IPPAS B-1200
strain
	Functional categories of identified genes 
	Number of genes

	1
	2

	Biosynthesis of amino acid 
	89


Continuation of table 6
	1
	2

	Biosynthesis of cofacters, prosthetic groups and transmitters 
	87

	Cellular shell 
	50

	Cellular processes
	75

	Central Metabolism
	29

	Energy exchange
	110

	Lipid and fatty acid metabolism
	41

	Photosynthesis and Breathing
	121

	Purines, pyrimidines, nucleosides and nucleotides
	36

	Regulatory functions
	123

	Replication, reduction, recombination and DNA repair
	83

	Transcription
	48

	Translation
	147

	Transport and binding proteins
	167

	Other categories
	254

	Hypothetical proteins
	1088

	Function unknown
	384

	Total
	2934


According to the data shown in table 6, in the Cyanobacterium sp. IPPAS B-1200 strain 121 genes involved in various processes of photosynthesis were identified based on homology with known photosynthetic genes.

Thus, as a result of this work, in the studied strain 2934 protein-coding genes were obtained, which were classified into 17 categories, in compatibility with their biological roles. The obtained results will be applied in further research in genetic engineering, namely in the work on modification of fatty acid genes, to increase the productivity of the Cyanobacterium sp. IPPAS b-1200 strain in the production of biodiesel.
CONCLUSION

According to the calendar plan for the reporting period, a technology was developed for mass cultivation of cyanobacterial strains - producers of fatty acids in municipal wastewater to obtain biomass and produce biodiesel fuel based on them. At the same time, the selection of the optimal CO2 concentration and the ratio of wastewater and nutrient medium for the growth of cyanobacteria was performed, their ability to wastewater treatment was determined; the total lipid content in their biomass was determined and the FA composition was studied. The possibilities of cyanobacteria in obtaining biofuel with their simultaneous use in the processes of wastewater treatment and CO2 utilization are also considered. 
The availability of information about the fully sequenced genome of cyanobacteria allows us to study the problems of structural and functional genomics of photosynthetic organisms.  Information about the structural and functional organization of genomes is of practical importance for the development of breeding and genetic engineering methods. The first time the nucleotide sequence of the Cyanobacterium sp. IPPAS B-1200 genome was determined, its bioinformatic analysis was performed, and the genes involved in lipid and FA metabolism were identified.
The results allow us to draw the following conclusions:

1. A total of 135 different species and varieties of cyanobacteria were found in water samples from hot springs, bioponds of the fish farm “TengryFish”, the Beskaynar and Kyzylkairat rivers, the rivers of the Enbekshikazakh region and rice fields of the Baghlan province.
2. Two axenic cultures of cyanobacteria were isolated from soil samples of rice fields in Baghlan province (Afghanistan), on the basis of morphological and cultural properties identified as Anabaena variabilis R-I-5 and Nostoc calsicola RI-3.
3. As a result of productivity screening, collection strains of Cyanobacterium sp. IPPAS B-1200, Cyanobacterium aponium IPPAS B-1201 and the isolated strain Anabaena variabilis R-I-5, characterized by relatively high growth rates, fluorescence, biomass yield and total lipids, were selected.

4. It was shown that the cultures selected during the screening have an intensive growth in option 3 (wastewater from a water utility with a nutrient medium in a ratio of 1:1). At the same time, the highest growth rate is in the collection strain Cyanobacterium sp. IPPAS B-1200 - 0.48, for Cyanobacterium aponium IPPAS B-1201 - 0.43.
5. It was found that as a result of the cultivation of experimental cultures of cyanobacteria on wastewater from a water utility after biological treatment, it was possible to reduce the concentration of organic pollutants and physicochemical indicators by an average of 94.3%.
6. It was revealed that a large number of C14 FA next to C16 FA were supplied in the strain Cyanobacterium sp. B-1200 - saturated myristic and monounsaturated myristoleic acids - in the amount of 40%. The same high content of C14 FA was found in the cyanobacteria Prochlorothrix hollandica - in the amount of about 31% relative to other studied cyanobacteria.
7. It was found that the extraction of lipids from cells of cyanobacteria Cyanobacterium sp. IPPAS B-1200 and Prochlorothrix hollandica in the presence of chloroform-methanolic (1:2) mixture is optimal, which will allow to recommend this method when production biodiesel.
8. It was found that the optimal concentration of CO2 for the cultivation of Cyanobacterium sp. IPPAS B-1200 and Desertifilum sp. IPPAS B-1220 was 10%, and the optimal value for the Cyanobacterium aponium IPPAS B-1201 strain was 5%.

9. The perspectives of using the strain Cyanobacterium sp. IPPAS B-1200 in wastewater treatment was represented, the percentage of organic pollutants purification and improvement of the physicochemical parameters of water up to 68-100%. The ratio of wastewater to nutrient medium, optimal for the cultivation of cyanobacteria, has been determined - 25:75, 50:50.

10. It has been shown that as a result of mass cultivation in a semi-continuous way in laboratory conditions of the strain Cyanobacterium sp. IPPAS B-1200 the total content of methyl esters of FA to the total lipid content was 94.7%.
11. Preliminary calculations have determined that by replacing 50% of the nutrient medium with wastewater and replacing carbon dioxide obtained by the traditional method with CO2 extracted from thermal power stations, the cost of biodiesel can be reduced by 85,6 tenge. The estimated price of biodiesel in this case will be 390 tenge per liter.
12. It has been established that the size of the genome of the strain Cyanobacterium sp. IPPAS B-1200 contains 3410249 base pairs, number of contigs - 119, average coverage was 200×, N50 = 80222 bp, for HZ bases in gen. - 37.7%.

13. It has been shown that the genome of the strain Cyanobacterium sp. IPPAS B-1200 contains a total of 3119 genes, of which 2934 protein-coding genes, 137 pseudogenes, 4 rRNA-coding genes, 40 tRNA-coding genes, 4 non-coding RNA genes, and 2 CRISPR sites were also found in the genome.
14. It was shown that among 2934 protein-coding genes, 1460 (49.8%) were homologous to genes with a known function, 1088 (37.1%) showed similarity with genes encoding hypothetical proteins, and 384 (13.1%) had no similarity with any registered genes. All genes were classified into 17 categories, according to their biological roles.
15. The results obtained allow us to recommend Corynebacterium sp. IPPAS B-1200 and Desertifilum sp. IPPAS B-1220 strains both for bioremediation of municipal wastewater and carbon dioxide utilization, as well as for obtaining biomass for the production of biodiesel.

16. Obtained the patent for utility model "a Photobioreactor for the cultivation and screening of phototrophic microorganisms". № 4566, 19.12.2019.

Assessment of the completeness of the solution of the tasks. All the tasks were completed.
Recommendations. The results obtained allow us to recommend the strains of Cyanobacterium sp. IPPAS B-1200 and Desertifilum sp. IPPAS B-1220 both in bioremediation of municipal wastewater and carbon dioxide utilization, as well as for biomass production for the production of biodiesel.
Assessment of the technical and economic efficiency of implementation. 
The obtained data on the fully sequenced genome of Cyanobacterium SP. IPPAS B-1200 allows us to study the problems of structural and functional genomics of photosynthetic organisms. As a result of research work, a patent was obtained for the utility model "Photobioreactor for growing and screening phototrophic microorganisms". № 4566, 19.12.2019.

The results were implemented in the educational process at the Department of biotechnology of the al-Farabi Kazakh national University, in the course "Bioenergetics of phototrophic microorganisms", 1st year of PhD doctoral studies in the specialty"6D070100-biotechnology".
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« JlorosopyNe ot 2018
Ha rPaHTOBOE PUHAHCHPOBAHHE

TEXHUYECKASI CIEITH®OUKAIUS U
KAJIEHJIAPHBIH ILJIAH PABOT

Io norosopy NEL”VOT 20 73 2018 roxa

1. TouepHee rocy1apcTsenHoe IpEANpHATHE Ha IIpase Xo3siicTeenHoro penenns «Hayuso-
HCCHEI0BATEMLCKHIA MHCTHTYT npobiem Guosornn u  GuoTexsonornu» Pecmy6amkanckoro
roCyJapCTBEHHOTO NPEANPHATHS HA IpaBe Xo3aitcTBenHoro Beaenns «Kasaxckuit HauuonampHb
ynusepenter M, anb-Papabu» MurncTepeTBa 0Gpasopanus 0 Haykn PecnyGankn Kasaxcran

1.1 ITo nproputery: 4. Hayku o xu3HH 1 300poBEE

1.2 To moanpxopurery: 4.1 @yHIaMeHTaNbHEIC H NPHKIAIHBIE HCCICAOBAHHA B 06IaCTH
Guosornu;

- EI‘[OXHMH“]CCK"E, leI]HOHOFH‘IBCKﬂC H  MOJICKYJIAPHO-TCHETHYCCKHE  MCXaHH3IMBI
KHU3IHENEATENLHOCTH MHKPOOPTaHH3IMOB, IPHGOB it Bojtopocrei. TeopeTHuecKue  TPaKTHYECKHE
OCHOBBI HX HCMOJB3OBAHHA B ﬁuo'rexnonomu;

1.3 Tlo teme npoekra: AP05131218 «Paspaborka GesorxosHoll TexHONMOTHE GHOOUHCTKH
CTOYHBIX BOJ M YTHAH3AUMH YIJIEKHCIOTO Ta3a Ha OCHOBE UHAHODAKTEPHH /ULA NOTCHUHATBHOIO
TPOH3BO/ICTBA GHOMHICISTY.

1.4 OGuiaa cymma npoekta 30 000 000 (Tprauats MHIHOHOB) TEHTE, B TOM HHCIE C
Pa30OHBKOI 110 r0aM, 1A BEMOJIHEHHA PafoT COrMacHo MyHKTY3:

- 1a 2018 roz - B cymme 10 000 000 (JlecsTh MUIUTHOHOB) TEHIe:
- ra 2019 roa - B cymme 10 000 000 (JlecsTh MHIUTHOHOB) TEHTE;
- na 2020 rox - B cymme 10 000 000 (JlecsTh MHILTHOHOB) TEHTe.

2. Xapakmepucmuka Hay4HO-mexn u4ecKol npoOyKUUU NO KEQTUQUKAUUOHHBLY
NPUHAKAM U IKOHOMUMECKUE NOKa3amenu
2.1 Hanpasnenne paboTsl: GHOTEXHONOTHA, GHOIHEPreTHKA

2.2 O6nacTh NPHMEHCHHS: GHOSHEPTETHKA, NMPHPOJIONONH30BAHHE H OXPaHa OKPYKaroweH
Cperibl.

2.3 KoHeuHBli pe3y/bTar:

- 3a 2018 ron: IposeacHa GHOOYHCTKA KOMMYHATBHO-OBITOBBIX CTOMHBIX BOJX Ha OCHOBE
WTAMMOB UMAHOGAKTEPHif = TTPO/IYLICHTOB XUPHBIX KHCIOT B 71aGOPATOPHEIX YCIOBHAX; Byter
OMyG/IMKOBAHA OfHA KHHUra. Byler oina CTaThs B XKYpHAE, MHICKCHDYEMOM B 0a3ax NaHHBIX
Web of Science wmM Scopus ¢ HeHyJIeBHIM MMIAKT-(AKTOPOM M OIHA NyGAMKAalMs B
PelEH3UPYEMBIX OTEUECTBEHHBIX HAYHBIX H3TAHUSAX C HEHY/EBEIM HMNAKT-(aKTOPOM.

- 32 2019 rox: Onpe/iesieHnb! SKUPHOKHCIIOTHBIE COCTARBI JHMIHIOB LITAMMOB UHAHOGAKTePHIi-

TIPOJIYLIGHTOB KHPHBIX KHCITOT, H H3Y4eHbl WX CMOCOGHOCTH MOTJIOUIEHHS YTJIEKHCIOro rasa;
ByJieT o/Ha CTaThs B PelleH3UPYEMBIX OTEUECTBEHHBIX HAYYHBIX H3JAHHSX.
- 32 2020 rox: PajpaGorana TeXHOJOrHS MPOH3BOACTBA OHOIH3EIBHOrO TOIUIMBA H2 OCHOBE
IITAMMOB LIHAHOOAKTEPHIi - IPOYLIEHTOB XUPHBIX KHCIIOT H OMpe/leleHs] OJIHEIE HYKIeOTHHBIE
TIOCIe/10BATEILHOCTH HX reHoma; Byner omyGimkoBana oHa MoHorpadus. Bysier oana crathd B
KypHAle, HHIeKcHpyemMoM B Gazax jaHHeX Web of Science mmm Scopus ¢ HeHyJIeBEIM MMIIAKT-
(hakTopoM u OHA NYGIHKALKS B PEHIEH3NPYEMBIX 3apyOeskHbIX HAYUHBIX H3IAHHAX C HEHYJIEBBIM
HMIaKT-(aKTopoM.

2.4 [laTeHTOCIIOCOGHOCTS: HE ILIAHUPYETCS.

2.5 HayuHo-TeXHHYeCKHH ypoBeHD (HOBHM3HA):

ByayT mpoBeieHb! BhUICMEHHE W CKPHHHMHI IITAMMOB LMaHoGakTepuii - NpoayleHToB
KHPHBIX KHCIOT. BynyT wu3yueHbl BOIMOXKHOCTH HCIONH30BAHHS  KOMMYHANEHO-GLITOBBIX
CTOUHBIX BOJL /LISl KY/IGTHBHPOBAHHS LITAMMOB LIHAHOGAKTEPHIH - NIPOYLEHTOB KHPHBIX KHCTOT;

Brepsete  Gyayr  onpesesieHbl  KHPHOKHCITOTHBIE — COCTaBBl  JIHITHIOB mrwn

J;
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LIMAHODAKTEPHIi- NPOMYIEHTOB XHPHBIX KHCIOT, KYIbTHBHPYEMbIX HA KOMMYHAIBHO-GHITOBBIX
CTOUHBIX BoAax;Bnepsbie GyayT ONTHMU3MPOBAHBI METO/bI IKCTPAKUHH [IHIHIOB M3 KIETOK

LITAMMOB  LHAHOGAKTepUid -

TPOIYUEHTOB JKHPHBIX KHC/IOT;Brieppeie  Oyayr —msyueHsr

CMOCOGHOCTH MOTJIOMEHHA YIMEKHCIOTo rasa mTaMmaMmH UMaHoGakTepull - mpolyueHTamu
JKHPHBIX KHCIOT; Byjer paspaoTaHa TeXHONOTHS MACCOBOTO KyJILTHBHPOBAHMS IITAMMOB
UHaHOGAKTEpHIi - IPOIYLEHTOB KHPHBIX KHCIOT Ha KOMMYHA/IbHO-GBITOBBIX CTOYHBIX BOAX JUIE
nonydenus Guomaccrr; Bymer paspaGotana TeXHOJNOrHS NPOM3BOACTBA GHOMM3ENTBHOTO TOITHBA
Ha OCHOBE LUTAMMOB UMAHOGAKTEPHil- NMPOLYLEHTOB HHPHBIX KHCIOT. BYAYT CeKBeHHpOBaHEHI

TEHOMBI

nManobakTepuit -

TPOIYTIEHTOR

HPHBIX

KHCHOT. Byoyr amHOTHpoBaHEI u

OXapaKTEPHIOBAHBI IEHOMBI LIMAHOOAKTEPHI - IPOAYUEHTOB AKHUPHBIX KHCIOT.
2.6 Hcnonpiobanue HAaydHO-TEXHWUHECKOH NPOIYKUHH OCYWIECTBIAETCS: 3aKa3uukoM H
HcnonuuTteneM COBMECTHO
2.7 Buj HCnonb30BaHkA pe3y/bTaTa HayqHOH M (M/IH) Hay YHO-TEXHHYECKOH JeATEIbHOCTH:
HayuHbIe 1y6UKALIH, OTYETH, 0B30PHO-AHATHTHYECKHE MATEPHAH.

3. Haumenosanue pabom, CpoKu ux peanusauquu u pesyismamsi

Mnpp Hamverosanne pabot 1o Cpok pinomienna® | Omugacnsill pesyasrar®
3anaHus, lIOmBOpy W OCHOBHBIE 3TaNbl Hauano OKOHUAHHE
JTana €ro BBINOTHEHHA*
Bhizenenne W CKPHHHHT Byayt TPOBEICHEI
mTaMmoB  Umanobaktepuii -|  Susaph Wionb | BblICCHHE W CKPHHHHT

1 NPOAYLEHTOB xupHbX| 2018 roxa | 2018 rona | mraMmoB unaHoGaKTepuit -

KHCITOT. TPORYLEHTOB FKHPHBIX
—— KHCIOT.
Wsyuenue BOIMONKHOCTH byayr H3YHEHBI
HCMONB30BAHAR Hioms 2018 1001 BO3MOKHOCTH ]
2 KOMMYH/IbHO-OBITOBBIX roga HOSGPA | HCMONB30BAHAS |
CTOYHBIX BOI | 2018 roma | KoMMyHanBHO-GBITOBEIX |
KYNETHBHPOBAHHA  LITAMMOB CTOYHEIX BOX s
nunaHo6axTepHit - KY/IbTHBHPOBAHHS
MPOyIEHTOB KHPHBIX. IITaMMOB WHaHOGaKTepHif -
KHCTTOT. NPOJIYIEHTOB SKHPHBIX
KHCIIOT.
Byaer onyGankosana oana
kuura. Byner oqna crates B
JKYpHAle, HHIEKCHPYEMOM
B Oasax namHex Web of|
Science mm  Scopus ¢
HEHYNIeBBIM HMIaKT-
axropom H OfHa.
nySauKauns B
peneH3upyeMBIX
OTEYECTBEHHBIX  HAYUYHBIX
H3NAHHAX C  HCHYJICBHIM
| nMnakT-paxTopom.

3 Omnpeznenenue | Byayr onpe/iesnen s
WHPHOKHCIOTHOTO  cocTasa| STHBaph MapT | KHPHOKHCIIOTHBIC COCTABBI
THITAAOB wrammon| 2019 rona | 2019 roga | mrammos nmanoGakTepuid-
umanoGakTepuii- TPOAYUEHTOR SKHPHBIX
POIYIEHTOR KUPHBIX KHCTOT,  KYJILTHBHPYEMBIX
KHCIIOT, KyJABTHBHPYEMbIX Ha| Ha KOMMYHA/IBHO-GEITOBBIX
KOMMYHA/IbHO-BHITOBEIX CTOUHBIX BOMAX.

CTOYHEIX BOJIAX.

4
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OnTummsaiis METOZOB bynyr  ontumusupoBanb
SKCTPAKIMH  JHINIOB  H3| Ampeib Wions | metoxst IKCTPAKIIHH
KITETOK wrammos | 2019 rona | 2019 ropa [mummmos M3 KI€TOK
iHaHoGaKTepHii - LITAMMOB UHaHOGAKTepHi -
NIPOAIYEHTOB HKHPHBIX TIPOZIYIEHTOB KHPHEIX
KHCTIOT. KHCJIOT.
Wsyuenue CrocobHOCTH Bynyr H3YHCHBI|
TOITIOWEH S yraekuenoro | Miroms 2019 o C10COGHOCTH MOTMOMEHHS
rasa mTaMMaMH roaa 01 Hos6ps | yrIeKHeIoro rasa
manobaxrepuit - 2019 ropa |mranmamu wHanobaxTepuii
NPOZIyIEHTAMH KHPHBIX - DPOIYHEHTAMH JKHPHBIX
KHCIIOT.; KHCIIOT.
Byner omma crarbs B
peleHIupyeMBIX
OTCHCCTBEHHBIX  HAYHHBIX|
H3JAHHAX.
PaspaGorka TeXHONOTHH Byzer paspaGoTana
MaccoBOro Ky/IbTHBHpOBaHHs| SHBAph Anpens  TeXHONOTMS — MAcCOBOTO
urrammoB  uuanoGaxtepuii -| 2020 ropa | 2020 rona |Ky7bTHBHpOBAHHS
TIPOIYIEHTOB XKHPHEIX KHCOT LITAMMOB IHAHOOAKTePHii -
Ha  KOMMYHATBHO-GEITOBBIX [IPOY UEHTOB FKHPHBIX
CTOUHBIX BOJAX s KHCTIOT HA KOMMYHAIBHO-
nonyueHHs GHoOMacchl. GBITOBEIX CTOUHBIX BOXAX
| As nONyueHNs GHOMACCEL
Paspaborka TEXHOJIOTHH | Byner pmpuﬁo—raﬂa‘
npoussoacrsa Guomisenshoro| Maii 2020 | ABrycT | TexHOJOrMS NPOM3BOJACTBA
TOIJIHBA HA OCHOBE IITAMMOB roma | 2020 roxa |GHOAMIENLHOIO TOMIMBA Ha
umaHoGakTepui - ocHOBe WTaMMOB
NPOJlyUeHTOB JKHPHBIX IHaHobaK TepHii-
KHCIOT. MPOIyUeHTOR KHPHBIX
KHCTIOT. )
CekBenupoBanne TeHOMOB Byayr CEKBEHHPOBAHE]
uHaHoGaKTepHit- CentsiGpp | OkTa0ph  |reHoMbl UMaHOGaKTepHil -|
| npoayuentos suprbx| 2020 roga | 2020 roga | MposlyUEHTOB IKHPHBIX
KHCTIOT.; | KHCIIOT,
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9 ‘YAunomuulnxapampunuxa OxT6pb. 0 01 Byayr anHoTHpOBamml M
reHOMOB unanoGaktepuii-| 2020 rona HOSIOPA | OXAapaKTePH30BaHbI FEHOMBI|

NPOAYUEHTOB KHPHBIX 2020 rona | unanoGaxTepmii -
KHCJIOT. 1POJIYLIEHTOB HKHPHBIX
KHCIOT.
Byzner onyGinkoBaka oaual
MOHOrpadus.

Byzer onwa crates B
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Appendix 1.1 -1.4 

to the Agreement 

No. __ of 2018 for grant financing

TECHNICAL SPECIFICATIONS AND CALENDAR WORK PLAN

Under Agreement No.___ of 2018

1. Subsidiary state enterprise on the right of economic management "Research Institute of Biology and Biotechnology" of the Republican State Enterprise on the right of economic management "Al-Farabi Kazakh National University"of the Ministry of Education and Science of the Republic of Kazakhstan

1.1 By priority: 4. Life and health sciences

1.2 By sub-priority: 4.1 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 On the topic of the project: AP05131218 "Development of a waste-free technology for biological treatment of wastewater and utilization of carbon dioxide based on cyanobacteria for the potential production of biodiesel."

1.4 The total amount of the project is 30,000 000 (Thirty million) tenge, including with a breakdown by years, for the performance of work in accordance with point 3:

- for 2018 - in the amount of 10,000,000 (Ten million) tenge;

- for 2019 - in the amount of 10,000,000 (Ten million) tenge;

- for 2020 - in the amount of 10,000,000 (Ten million) tenge.

Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Direction of work: biotechnology, bioenergy

2.2 Application area: bioenergy, nature management and environmental protection.

2.3 Final result:  

- For 2018: Biological treatment of municipal wastewater based on strains of cyanobacteria - producers of fatty acids in laboratory conditions; One book will be published. There will be one article in a journal indexed in the Web of Science and Scopus databaseswith a non-zero impact factor and one publication in peer-reviewed domestic scientific journals with a non-zero impact factor.

- For 2019: The fatty acid compositions of lipids of strains of cyanobacteria - producers of fatty acids were determined, and their ability to absorb carbon dioxide was studied; There will be one article in peer-reviewed domestic scientific journals.

- For 2020: A technology for the production of biodiesel fuel based on strains of cyanobacteria - producers of fatty acids was developed and the complete nucleotide sequences of their genome were determined; One monograph will be published. There will be one article in a journal indexed in the Web of Science and Scopus databases with a non-zero impact factor and one publication in peer-reviewed foreign scientific journals with a non-zero impact factor.

2.4 Patentability: not planned.

2.5 Scientific and technical level (novelty):

Isolation and screening of strains of cyanobacteria - producers of fatty acids will be performed. The possibilities of using municipal wastewater for the cultivation of strains of cyanobacteria - producers of fatty acids will be studied; 

For the first time, the fatty acid compositions of the lipids of cyanobacteria - producers of fatty acids cultivated in municipal wastewater will be determined;

For the first time, methods of lipid extraction from cells of strains of cyanobacteria - producers of fatty acids will be optimized;

For the first time, the ability to absorb carbon dioxide bystrains of cyanobacteria - producers of fatty acids will be studied; 

A technology for mass cultivation of strains of cyanobacteria - producers of fatty acids in municipal wastewater to obtain biomass will be developed; 

A technology for the production of biodiesel fuel based on strains of cyanobacteria - producers of fatty acids will be developed. 

The genomes of cyanobacteria - producers of fatty acids will be sequenced. 

The genomes of cyanobacteria - producers of fatty acids will be annotated and characterized.

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

2.7 Type of use of the result of scientific and (or) scientific and technical activities: scientific publications, reports, review and analytical materials.

3. Name of work, terms of their implementation and results

	Cipher

tasks,

stage
	Name of work under the Agreement and the main stages of its implementation*
	Period of execution*
	Expected Result*

	
	
	start
	end
	

	1
	Isolation and screening of strains of cyanobacteria - producers of fatty acids
	January 2018
	June 2018
	Isolation and screening of strains of cyanobacteria - producers of fatty acids will be performed.

	2
	Study of the possibility of using municipal wastewater for the cultivation of strains of cyanobacteria - producers of fatty acids.
	July 2018
	until 01 November 2018
	The possibilities of using municipal wastewater for the cultivation of strains of cyanobacteria - producers of fatty acids will be studied. One book will be published. There will be one article in a journal indexed in Web of science or Scopus databases with a non-zero impact factor and one publication in peer-reviewed domestic scientific journals with a non-zero impact factor.

	3
	Determination of fatty acid composition of lipids of cyanobacteria strains - producers of fatty acids cultivated in municipal wastewater.
	January

2019
	March 2019
	Fatty acid compositions of strains of cyanobacteria - producers of fatty acids cultivated in municipal wastewater will be determined.

	4
	Optimization of lipid extraction methods from cells of strains of cyanobacteria - producers of fatty acids.
	April 2019
	June 2019
	Methods for extracting lipids from cells of strains of cyanobacteria- producers of fatty acids will be optimized.

	5
	Study of the ability to absorb carbon dioxide by strains of cyanobacteria - producers of fatty acids.
	July 2019
	until 01 November 2019
	The ability to absorb carbon dioxide by strains of cyanobacteria - producers of fatty acids will be studied.

There will be one article in peer-reviewed domestic scientific journals.

	6
	Development of technology for mass cultivation of strains of cyanobacteria - producers of fatty acids in municipal wastewater for biomass production.
	January 2020
	April 2020
	A technology for mass cultivation of strains of cyanobacteria - producers of fatty acids in municipal wastewater to obtain biomass will be developed.

	7
	Development of technology for the production of biodiesel fuel based on strains of cyanobacteria - producers of fatty acids.
	May 2020 
	August 2020
	A technology for the production of biodiesel fuel based on strains of cyanobacteria - producers of fatty acids will be developed.

	8
	Sequencing of genomes of cyanobacteria - producers of fatty acids.
	September 2020
	October 2020
	The genomes of cyanobacteria - producers of fatty acids will be sequenced.

	9
	Annotation and characteristics of the genomes of cyanobacteria - producers of fatty acids
	October 2020 
	until 01 November 2020
	The genomes of cyanobacteria - producers of fatty acids will be annotated and characterized. One article monograph will be published.

There will be one article in a journal indexed in the Web of Science or Scopus database with a non-zero impact factor and one article publication in peer-reviewed domestic journals with a non-zero impact factor.
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Scientific leader of the project:

Academician of the national Academy of Sciences,

Doctor of biological science, Professor B. K. Zayadan

signature, date

Almaty, 2020
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