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ABSTRACT
Report 94 p., 1 figure, 24 tables, 36 sources, 4 attachments
LENTINUS EDODES, POLYSACCHARIDES, PROTEINS, LIPIDS, CARBOHYDRATES, VITAMINS, POLYPHENOLS
Research objects strains of basidiomycetes Lentinus edodes (shiitake).
The purpose of the work is to develop biotechnological approaches to obtaining a new functional product based on the mushroom Lentinus edodes (shiitake) for the correction of nutrition and the prevention of chronic diseases. 
Work methods - microbiological, biotechnological and biochemical research methods. 
On the basis of a comprehensive assessment of the biosynthetic activity of 68 strains, a promising strain L.edodes 2541 was selected for further research, which accumulated on an optimized nutrient medium 13.5 g / l of biomass containing 4.5% endopolysaccharides. The characteristics of the selected producer by chemical composition are given - lipids, endopolysaccharides, crude protein, fatty acids, carbohydrates, vitamins, polyphenols and cytokinins.
To characterize the biological activity, the content of cytokinins and the sorption activity of the biomass were determined. It was found that the predominant component among cytokinins is trans-zeatin. (12 nmol / g). The sorption activity of the biomass showed high selectivity with respect to lead and cadmium, amounting to 9.8 mg / g and 8.9 mg / g, respectively.
The novelty of the research results is that a highly productive strain L. edodes 2541 has been isolated, the regularities of obtaining the biomass of the producer's mycelium in submerged culture in the mode of continuous cultivation with maximum productivity in terms of polysaccharides have been established, the chemical composition and biological activity of the biomass have been determined. 
Application area - microbiology, biotechnology, food industry. 
Implementation degree - the collection of museum cultures was replenished due to the obtained highly productive strain L. edodes 2541...
The economic efficiency of work is determined by the use of a highly productive strain L.edodes 2541 in industrial biotechnology.

The results obtained can be used when pdevelopment of biotechnology of new functional products to correct nutrition and ecology.
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TERMS AND DEFINITIONS
In this R&D report, the following terms are used with appropriate definitions:
	Basidiomycetes 
	-
	class of higher mushrooms with special organs of reproduction of basidia



	Screening
	-
	a method for identifying a single object by analyzing a large number of objects


	Strain
	-
	pure culture of microorganisms of one species, isolated from a specific source and possessing specific biochemical and physiological properties



	Shiitake 
	-
	Japanese forest mushroom (lat. Lentinula edodes)



ABBREVIATIONS AND SYMBOLS
In this research report, the following symbols and abbreviations are used:
	ASM 
	-
	absolutely dry weight

	d
	-
	diameter

	r 
	-
	gram

	g / l
	-
	gram per liter

	dr. 
	-
	others


	ml 
	-
	milliliter


	mm / day
	-
	millimeters per day

	pH
	-
	hydrogen ion magnitude index




INTRODUCTION 
Currently, there is ample evidence that dietary factors control and modulate various bodily functions and thus are involved in maintaining homeostasis and health. From understanding the relationship between nutrition and health / disease, the concept of "functional nutrition" was born and the science of functional nutrition emerged, the paradigm of which is to understand food as medicine. There are a number of diseases such as heart disease, diabetes, obesity and cancer that are associated with nutrition [1,2]. Recently, there has been an increased attention to the creation of food additives and therapeutic and prophylactic drugs that can be used to regulate physiological functions in the human body.

Higher basidiomycetes are promising objects in this direction, since they contain a unique complex of biologically active substances of carbohydrate, lipid and phenolic nature, vitamins, microelements and other compounds vital for the human body [3,4]. These fungi have pronounced immunomodulatory, hepatoprotective, antidiabetic, antiviral and antimicrobial properties [5,6]. In particular, they are a source of new polysaccharides with antitumor and immunomodulatory properties.

One of the most widely cultivated species of edible xylotrophic mushrooms is Lentinus edodes (shiitake), which have been widely used in Chinese medicine for over two millennia. 
However, the industrial production of such drugs has its own limitations. The most significant of them are the limited natural sources of raw materials and wide variability in the content of the necessary biologically active compounds. Attempts to solve these problems by creating artificial plantations are costly and do not solve the problem of standardizing the final product and, as a consequence, do not allow guaranteeing the claimed biological activity. These circumstances indicate the need to develop modern biotechnological approaches based on the cultivation of these fungi in industrial conditions.
Existing research on the artificial cultivation of higher mushrooms has shown that obtaining mushroom biomass under conditions of deep cultivation under optimal growing conditions can become an economically feasible and affordable way to obtain high-quality environmentally friendly products. An important advantage of obtaining biomass of higher fungi using biotechnological methods is the availability of raw materials, the possibility of increasing production volumes and environmental safety.

In Kazakhstan, despite the availability of production facilities and raw materials, biologically active additives based on higher basidiomycetes are not produced. At the same time, interest and urgent need for the widespread use of basidiomycetes in medicine, food industry, diet therapy, and sports nutrition are rapidly growing.
In this regard, it is relevant to conduct research aimed at obtaining biomass of the fungi Lentinus edodes (shiitake) under conditions of deep cultivation, studying the biological properties and chemical composition of the producer and, on the basis of this, the development of a new biotechnology for obtaining biologically active additives with a wide range of therapeutic and prophylactic properties. ... 

All these circumstances served as the basis for the implementation of this project, the ultimate goal of which is "Development of a technology for obtaining a new functional product based on the edible medicinal shiitake mushroom for the correction of nutrition and the prevention of chronic diseases"

 The implementation of the project fully meets the goals and objectives of technology commercialization and will allow the development of production technology new for Kazakhstan dietary supplementstherapeutic and prophylactic action. The data obtained can be used both for the development of fundamental science and have a wide applied value.

The aim of this study was to develop biotechnological approaches to obtaining a new functional product based on the mushroom Lentinus edodes (shiitake) for correcting nutrition and preventing chronic diseases. To achieve the goal, the following main tasks were set:

- Screening of L. edodes strain with a high polysaccharide content

- Development of the cultivation conditions of the selected L. edodes strain for increased synthesis of polysaccharides.

- Study of the chemical composition of the submerged biomass of the selected producer.

- Study of the biological activity of the biomass of the selected producer.

MAIN PART
1 Choosing a direction of research
One of the most widely cultivated species of edible xylotrophic fungi today is Lentinus edodes (shiitake). The fruit bodies of this fungus are grown on an industrial scale in many countries of the world [8]. In addition to the excellent taste, shiitake mushrooms are widely used in Chinese medicine for over two millennia. Fruit bodies of L. edodes contain proteins (26% of dry weight), lipids, including fatty acids (mainly linolenic acid); carbohydrates; minerals; vitamins B1, B2 and C; ergosterols [9,10]. In addition to nutritional components, shiitake contains a number of biologically active substances that have immunomodulatory, antimicrobial and anticancer properties. In 1969. Ikekawa found in his research that shiitake extract inhibited tumor growth rates by 80.7% [11]. At the same time, Chihara was the first to isolate the antitumor polysaccharide lentinan, which is a D-glucan [12-14]. It was found that lentinan activates macrophages, T-lymphocytes, and other effector cells of the immune system, which promote the release of cytokines with antitumor and antimicrobial properties [15, 16]. Other biologically active substances isolated from shiitake are currently being studied. These are polysaccharide KS-2 (antineoplastic agent), glycoprotein LEM (antitumor agent also used in the treatment of hepatitis B), lignin complex consisting of protein, carbohydrates and lignin, EP3 (new immunoactive compound), thioproline (natural antioxidant), lenemin ( antiviral protein), lentinacin and dioxylentacin (platelet agglutination inhibitor), etc. [17, 18]. Another substance found in shiitake mushrooms, eritadenine, is able to significantly reduce blood cholesterol levels [19, 20]. In addition to the already known biologically active substances, shiitake contains a large amount of still little studied substances.

Currently, 70% -80% of all mushroom preparations are obtained from fruit bodies and 20% -30% - from extracts of fungal mycelium and culture fluid [21-25]. Preparations from L. edodes fruiting bodies usually take several months and, moreover, under such conditions it is very difficult to control the quality of the produced product. Existing research on the artificial cultivation of higher mushrooms is aimed at increasing the yield of target products (biomass, protein, amino acids). Obtaining mushroom biomass under submerged cultivation under optimal growing conditions can become an economically feasible and affordable way to obtain high-quality environmentally friendly products. It should be noted that this method of cultivation in terms of the rate of the process is more than an order of magnitude higher than the traditional production of fruit bodies,

The resistance of fungi to the toxic action of heavy metals is well known. The content of heavy metals in fruit bodies can be 100-500 times higher than their concentration in the substrate. This property can be used to create a new generation of enterosorbents that promote the elimination of heavy metals from the body.

Thus, the development of biotechnology for deep cultivation of L. edodes in order to obtain a new drug, which includes a complex of biologically active compounds, is an urgent problem. Data on the dynamics of the accumulation of individual biologically active compounds in the biomass of medicinal basidiomycetes, the features of their structure, biological activity, and methods of controlling the processes of their biosynthesis are incomplete. Carrying out research within the framework of this project will make the cultivation process of L. edodes in order to obtain multifunctional products highly technological. The data obtained can be used both for the development of fundamental science and have a wide applied value.
Scientific noveltyThe project consists in the study of the regularities of obtaining the biomass of the mycelium of the studied L. edodes strains in submerged culture in the mode of continuous cultivation with maximum productivity for polysaccharides. The content of the main biologically active substances - polysaccharides, essential amino acids, fatty acids, minerals, vitamins, polyphenols, cytokinins - was determined in the biomass of the selected strain. Learned ability biomass of the selected strain to sorption of heavy metals. Thus, for the first time in Kazakhstan, original scientific approaches and methodology for creating new types of biotechnological products for Kazakhstan have been developed - medicines based on edible basidiomycete, which have the ability to adjust nutrition and prevent chronic diseases.
2 Objects and methods of research
The object of research was 68 strains of the basidiomycete L. Edodes from the collection of cap mushroom cultures of the Institute of Botany named after N.G. Kholodny NAS of Ukraine (Kiev) (IBK). The preparation of the inoculum consisted of several stages: (i) adding a homogenized 7-day culture grown on agar wort into 100 ml of medium; (ii) incubation at room temperature (22 ± 2ºC), on an orbital shaker (160 rpm), for 7 days; (iii) washing the obtained biomass (3 times) with sterile water. The biomass was separated by centrifugation (4 ° C, 3000 rpm, 30 min.) Followed by washing and drying the sediment at 60 ° C to constant weight and weighed. Beer wort 8 was used as a nutrient medium. according to Balling (PS), and glucose-peptone-yeast medium (GPA) of the following composition (g / l):glucose - 30, peptone - 3, KH2PO4 - 1.0; K2HPO4 1.0; MgSO4 x 7H2O - 0.25; yeast extract - 20 ml; water - 1 l. The total content of endopolysaccharides was determined by the phenol-sulfuric acid method [26]. The determination of the total amount of intracellular polysaccharides was carried out as follows: 2 g of mycelium dried at 60 ° C were incubated in 10 ml of boiling water for 16 hours. After extraction, the sample was cooled, then the precipitate was separated by centrifugation. Polysaccharides were precipitated by the addition of 4 volumes of 95% ethanol and dried at 4 ° C overnight at 60 ° C to remove residual ethanol. The content of polysaccharides was calculated as% of absolutely dry biomass (dm) [27].
To study the effect of various carbon and nitrogen sources on the yield of endopolysaccharides of the previously selected L.edodes 2541 strain, mycelium was grown on a semisynthetic glucose-peptone-yeast medium containing various carbon sources in an amount equivalent to 30 g / l glucose [28, 29], and different nitrogen sources were added equivalent to the amount of nitrogen in 2 g NaNO3.
 Determination of crude protein in fungal biomass was carried out according to the Kjeldahl method [30]. The total lipid content was estimated by the Folch method [31]. The fatty acid composition of lipids was analyzed in the form of methyl esters of fatty acids on a gas-liquid chromatograph "Chrom-5" (Czech Republic) with a flame ionization detector using a stainless steel column 3.7 m long, filled with an N-AW chromaton with 15% polyethylene glycol succinate in an isothermal mode at evaporator temperature 210ºС and column temperature 160ºC. Fatty acid composition will be determined according to the Kavashree method [32]. Study ofthe content of cytokinins will be carried out according to an improved method [33]. 
For the analysis of cytokinins, mycelial biomass was separated from the culture medium by vacuum filtration and washed twice in 50 ml of potassium phosphate buffer, pH 6.5. The procedure for the isolation and purification of cytokinins from fungal material was described in detail earlier [28]. The qualitative composition and quantitative content of hormones were analyzed by HPLC MS (Agilent 1200, United States). The samples were passed through a column of an Agilent Zorbax Eclipse XDB • C18 high-resolution chromatograph (4.6 × 250 mm, 5 μm) using a solvent system methanol: water: acetic acid (37: 62.9: 0.1 by volume) as eluent. in isocratic mode at a rate of 0.5 ml / min at 30 ° C. After elution, the fractions were immediately analyzed on an Agilent 6120 Quadrupole LC / MS mass spectrometer in a combined “multi mode” positive ionization mode (electrospray and chemical ionization at atmospheric pressure). The data were processed using Agilent ChemStation software, version B.03.01 on line. For more accurate identification of cytokinin peaks, the method of internal standards was used, and for quantitative determination, calibration was performed using cytokinin standards manufactured by Sigma Aldrich (USA).
The ability of biomass to sorb heavy metals was determined by the Vlasov method [34]. The sorption of heavy metals in the model sorption system by the fungal mycelium and the cell walls extracted from it was assessed by the decrease in the concentration of the corresponding ions after contact of the dried mycelium and cell walls with solutions of CuSO4, MnSO4, Cd (NO3) 2, Fe2 (SO4) 3, NiSO4, Pb (NO3 ) 2, ZnCl2. The content of metal ions in solutions before and after sorption was estimated by complexometric titration of 0.1 N. solution of Na2EDTA (Trilon B) in the presence of indicators of copper and nickel - murexide, zinc and lead - eriochrome black T. To calculate the sorption capacity, the weight of the sample of the sorbent was recalculated for absolutely dry mass. Sorption conditions were as follows: initial concentrations of solutions 0.25 mM, pH 5.5, temperature 24FROM.

To characterize the sorption activity of biomass and cell walls, the sorption capacity (COE), mg / g, was used:

COE = (Cisx - Ccon) V / m, where (Cisx - Ccon |) is the concentration of metal ions (respectively, initial and final), mg / ml; V — solution volume, ml; m is the mass of the sorbent, g, in terms of dry matter [35]. (Schiewer, Volesky, 1995):.

All analyzes will be performed in triplicate. The received data will be processed using the STATISTICA 6 program [35].
3 Results and discussion

3.1 Selection of L.edodes strains from collection cultures of medicinal mushrooms synthesizing the greatest amount of biomass
To select the strains most actively synthesizing the biomass of the edible medicinal fungus species L. edodes, 68 strains were used, isolated from various tree species growing in different regions of China, Korea and Japan and stored in the collection of cap mushrooms of the Institute of Botany. N.G. Cold NAS of Ukraine. At the first stage, it was necessary to give a preliminary assessment of the growth potential of the tested strains. For this purpose, all cultures were sown on wort-agar (CA) medium, as the most versatile for the growth of fungi. Each culture was seeded in triplicate and grown at 250 for 5 days.

The results obtained showed significant heterogeneity in the growth rate. Some crops, for example 55, 57, 2541, etc., showed active growth already on the second and third days, while others only by the end of the observation period. Some of the cultures, including seven different strains, showed no growth during the entire observation period. It was not possible to identify any dependence of growth on the species of the host tree or the growing area. Based on these characteristics, 31 strains were selected, which were additionally tested for growth rates in CA and CHA media.
Many researchers in the field of studying the cultures of higher basidiomycetes believe that the most stable criterion for the individual characteristics of strains is the growth rate, relation to temperature, microscopic features of the hyphal system. Therefore, the growth rate of the vegetative mycelium, along with the ability to biosynthesize biomass and various metabolites, was chosen by us as one of the most important criteria for the selection of strains. In this regard, we carried out work on a comparative study of the radial growth rate of mycelium of various strains. For this purpose, the mycelium disks were placed in Petri dishes with wort agar (CA) and potato glucose agar (CHA). The study of the radial growth of filamentous fungi under artificial culture conditions is correct to carry out on solid agar media, since this method of cultivation is quite close to the growth conditions of these fungi in nature. The composition of the nutrient medium can significantly affect the growth rate of the mycelium. Therefore, the studies were carried out on two types of nutrient media wort-agar and potato-glucose agar. The mushroom cultures were grown until the cup was completely overgrown, on average 20 days. Colony radii were measured in two mutually perpendicular directions every other day for 8 days. The results are shown in Table 1. Colony radii were measured in two mutually perpendicular directions every other day for 8 days. The results are shown in Table 1. The radii of the colonies were measured in two mutually perpendicular directions every other day for 8 days. The results are shown in Table 1.
Table 1 - The rate of radial growth of mycelium of the investigated L. edodes strains on agar nutrient media 
	No.
	Strain number
	VR growth rate, mm / day

	
	
	CA
	KGA

	1
	55
	6.3 ± 0.2
	7.2 ± 0.3

	2
	57
	6.3 ± 0.4
	8.3 ± 0.3

	3
	65
	7.3 ± 0.2
	8.0 ± 0.3

	4
	503
	7.5 ± 0.2
	9.5 ± 0.4

	5
	504
	4.3 ± 0.2
	8.0 ± 0.1

	6
	507
	8.0 ± 0.4
	6.0 ± 0.1

	7
	711
	6.6 ± 0.2
	7.8 ± 0.1

	8
	712
	7.0 ± 0.2
	7.3 ± 0.4

	9
	713
	5.8 ± 0.3
	6.4 ± 0.2

	10
	1500
	3.9 ± 0.2
	8.0 ± 0.3

	11
	1501
	4.7 ± 0.2
	7.8 ± 0.3

	12
	1628
	7.1 ± 0.2
	8.0 ± 0.3

	13
	1658
	4.7 ± 0.4
	7.7 ± 0.1

	14
	1659
	5.0 ± 0.1
	11.5 ± 0.2

	15
	1712
	9.0 ± 0.3
	9.8 ± 0

	16
	1709
	10.6 ± 0.2
	10.3 ± 0.3

	17
	1711
	11.0 ± 0.2
	10.5 ± 0.2

	18
	1710
	8.5 ± 0.2
	9.6 ± 0

	19
	1973
	11.5 ± 0.2
	11.0 ± 0.2

	20
	1992
	8.0 ± 0.1
	10 ± 0.3

	21
	1997
	6.4 ± 0.3
	6.0 ± 0

	22
	2022
	6.5 ± 0.3
	5.8 ± 0

	23
	2023
	3.3 ± 0.2
	7.2 ± 0

	24
	2056
	4.0 ± 0.3
	6.8 ± 0.3

	25
	2059
	5.8 ± 0.4
	6.1 ± 0.2

	26
	2084
	7.0 ± 0.4
	6.8 ± 0.2

	27
	2180
	10.8 ± 0.4
	5.8 ± 0.4

	28
	2541
	12.0 ± 0.4
	10.2 ± 0.3

	29
	2267
	2.7 ± 0.3
	3.9 ± 0.2

	30
	2085
	5.4 ± 0.2
	6.7 ± 0.3

	31
	2914
	6.6 ± 0.3
	6.0 ± 0.3


Primary selection of cultures was carried out by comparing the size of the colonies. The rate of increase in the radius of colonies (Vr) in the period (t1-t0), when the increase in the length of the mycelial hyphae linearly depends on the cultivation time, is the criterion that objectively characterizes the growth rate of the organism under specific cultivation conditions. Comparison of the rate of radial growth of mycelium showed a significant difference between the strains and made it possible to give a preliminary assessment of their ability to synthesize biomass. The most active were strains 2541, 2180, 1711 and 1973. The diameter of the colonies ranged from 9.0 to 12 mm.

A number of researchers believe that isolates of the same species can form colonies that differ significantly in color and texture. In our experiments, almost all colonies of the studied differ significantly in color and texture. In our experiments, almost all colonies of the studied species were white; nevertheless, over time, most of them acquired a different color or shade. The variability of the morphological characteristics of the colonies on the tested media of different composition was manifested mainly insignificantly and in some cases mainly in the form of changes in the density of the colony and the color of a light cream, cream or lemon-yellow hue. For a more objective assessment of the productivity of the strains, we carried out experiments on deep cultivation of mycelium on media of different composition. The efficiency of synthesis in this case was estimated by the value of the formed biomass. The results are shown in Table 2.
Table 2 - Synthesis of biomass by different strains of L. edodes during submerged cultivation on media of different composition *
	Strain number
	Biomass, g / l

	
	FROM**
	GPA ***

	1
	2
	3

	55
	6.2
	3.5

	2541
	12.0
	13.5

	57
	7.8
	4.4

	65
	9.3
	6.5

	503
	12.3
	7.1

	504
	7.8
	6,3

	1712
	10.0
	6.4

	2082
	6.5
	6.8

	713
	7.5
	5.7

	1500
	7.5
	3.5

	


Continuation of table 2

	1
	2
	3

	1501
	7.3
	6.2

	1658
	6,3
	6.0

	1659
	5.5
	5.2

	1973
	5.8
	5.7

	1992
	5.7
	4.8

	2022
	9.5
	9.2

	2023
	7.8
	8.3

	2056
	6.2
	6,3

	1709
	9.0
	6.4

	1711
	9.8
	4,3

	2059
	9.3
	5.6

	1710
	10.6
	8.5

	2180
	11.0
	7.2

	2267
	8.2
	6.5

	2084
	5.5
	9.1

	2914
	5.9
	8.7

	507
	12.0
	7.2

	2914
	5.9
	8.7

	507
	12.0
	7.2


The tested strains were grown on liquid media "Beer wort" and synthetic glucose-peptone-yeast medium (GPA). The studied L.edodes strains were synthesized on beer wort from 5.0 to 12.0 g / l of biomass, on glucose-peptone-yeast medium - from 3.5 to 13.5 g / l (Table 1). Thus, 19 strains out of 31 strains accumulated biomass in the range of 5-8 g / L on a medium with beer wort, and 12 strains - in the range of 8.1-12.0 g / L. Glucose-peptone-yeast medium turned out to be more selective for individual strains in terms of biomass synthesis - only 6 L. edodes strains out of 31 synthesized 8.1-13.5 g / l of biomass (table 2).
3.2 Screening of L.edodes strains with a high content of polysaccharides in biomass
The biological activity of most fungi is largely determined by compounds of a carbohydrate nature, the content of which reaches 60% of the dry biomass of fungi [14]. They are represented by free and bound sugars, as well as polysaccharides. These substances perform reserve, osmoregulatory, regulatory and protective functions. Special attention of researchers is attracted by polysaccharides, with which the oncostatic and immunomodulating activity of mushroom extracts is associated. Analysis of the literature data allows us to conclude that both the biological characteristics of the strain and the composition of the nutrient medium have a significant effect on the synthesis of endopolysaccharides. In this regard, and in accordance with the ultimate goal of the planned research and development, the selected strains of fungi were studied for their ability to synthesize endopolysaccharides when cultivated in a liquid medium of different composition. The strains were cultivated on C and HBB media as described in the materials and methods. The results are shown in Table 3.

Table 3 - Synthesis of endopolysaccharides by various L. edodes strains during submerged cultivation on media of different composition
	Strain number
	Endopolysaccharides,% to a.m.w.

	
	FROM
	GPA

	1
	2
	3

	55
	2.6
	2.5

	2541
	3.5
	4.5

	57
	3.1
	2

	65
	3.5
	1.7

	503
	2.0
	3.2

	504
	3.1
	2.9

	1712
	2.9
	2.5

	2082
	2.9
	2.5

	711
	3.2
	2.4

	712
	3.3
	2.5

	1500
	2.6
	2.5

	1501
	2.7
	1.8

	1628
	2.5
	2.0

	1658
	3.1
	2.8

	1659
	3.0
	2.8

	1973
	2.8
	1.6

	1992
	2.8
	1.1

	2022
	3.5
	3.1

	
	
	

	Continuation of table 3


	1
	2
	3

	2023
	3.2
	3.2

	2056
	2.8
	2.7

	1709
	2,3
	1.5

	1711
	1,2
	1.8

	2059
	1.1
	2.0

	1710
	1.7
	3.0

	2180
	2.4
	3.0

	1500
	2.6
	2.5

	1501
	2.7
	1.8

	1628
	2.5
	2.0

	1658
	3.1
	2.8

	1659
	3.0
	2.8

	1973
	2.8
	1.6

	1992
	2.8
	1.1

	2022
	3.5
	3.1

	2023
	3.2
	3.2

	2056
	2.8
	2.7

	1709
	2,3
	1.5

	1711
	1,2
	1.8

	2059
	1.1
	2.0

	1710
	1.7
	3.0

	2180
	2.4
	3.0

	2267
	3.5
	3.9


Analysis of data on the content of endopolysaccharides in the biomass of L. edodes strains also showed significant strain variability for this trait, depending on the composition of the nutrient medium used. In 25 strains growing on a medium with beer wort, from 2.1 to 3.5% of endopolysaccharides were accumulated, and in 6 strains this value ranged from 1.0 to 1.9%. On glucose-peptone-yeast medium, 21 strains synthesized 2.1-4.5% of endopolysaccharides, and 10 strains of L. edodes - within 1.1-2.0%.

The highest rates were in strain 2141, which showed 3.5% endopolysaccharide content on medium C and 4.5% on GPD medium. 
Based on a comprehensive assessment of the biosynthetic activity of the studied strains, including the productivity of biomass and endopolysaccharides, for further studies to optimize the composition of the medium and growing conditions, we selected the most promising producer of polysaccharides - strain L. edodes 2541, which accumulated on glucose-peptone-yeast medium 13.5 g / l of biomass containing 4.5% endopolysaccharides. The strain was isolated from fruit bodies collected in China.

3.3 Selection of optimal sources of carbon, nitrogen and cultivation conditions (pH, to) for increased synthesis of polysaccharides by the selected strain L. edodes
At further stages of the study, the effect of the nature of carbon, nitrogen and C: N ratio on the formation of endopolysaccharides by the L. edodes 2541 strain, as well as the cultivation conditions, was studied. In these experiments, we selected glucose-peptone-yeast medium for cultivation. This environment allows you to change the sources of carbon, nitrogen and pH (acidity of the environment). The results of assessing the effect of different carbon sources on the synthesis of polysaccharides in strain 2541 are presented in Table 4.

Table 4 - Influence of various carbon sources on the synthesis of L. edodes 2541 endopolysaccharides during submerged cultivation
	Carbon source
	Biomass, g / l
	Endopolysaccharides,% a.m.w.

	1
	2
	3

	Glucose
	13.50.2
	4.50.2

	Arabinose
	3.00.3
	2.80.2

	Galactose
	3.50,4
	2.50.1

	Xylose
	3.20.2
	2.90.3

	Mannose
	4.60,4
	2.00.2

	Fructose
	3.30.2
	2,30.1

	Lactose
	6.20.3
	3.20.3

	Maltose
	6.40.2
	2.80.2

	Sucrose
	5.80.2
	2.80.2

	Cellobiose
	14.80,4
	5.50.3

	Mannit
	3.20.3
	2.50.1

	Sorbitol
	4.50.2
	2.00.2

	
	
	


The results obtained indicate that cellobiose was found to be the best source of carbon for the growth and formation of L. edodes 2541 endopolysaccharides. The yield of endopolysaccharides on the medium with cellobiose was 5.5%.

In this regard, the effect of various doses of cellobiose on the synthesis of endopolysaccharides in strain 2541 was studied. The results are presented in table 5.

Table 5 - Influence of the concentration of cellobiose in the medium on the growth and formation of endopolysaccharides by the L. edodes 2541 strain during submerged cultivation

	Cellobiose content in the medium, g / l
	Biomass,

g / l
	Endopolysaccharides,

% a.m.

	
	
	

	ten
	6.10.1
	30.05

	20
	7.20.2
	30.007

	thirty
	14.80.2
	4.80.1

	40
	fifteen0.1
	6.00.2

	50
	9.50.2
	3.80.06


As can be seen from the data presented in Table 5, the greatest increase in the biomass yield and the content of endopolysaccharides in the studied strain was observed at a cellobiose concentration in the medium of up to 40 g / l. With a cellobiose content of 50 g / l and higher, the biomass yield and the content of polysaccharides in it decreased, which may be due to the imbalance of the medium in terms of carbon and nitrogen content. However, the maximum value of the efficiency of biosynthesis of polysaccharides, calculated as the ratio of the mass of synthesized endopolysaccharides to the mass of the introduced carbon source, was obtained when growing mushrooms on a medium with 30 g / l cellobiose.

In order to optimize the process of biosynthesis of endopolysaccharides by the selected strain, a series of experiments were carried out on nutrient media, in which the cellobiose content was 30 g / L at different C: N ratios. Peptone was used as a nitrogen source.

Table 6 - Influence of nitrogen sources on the growth and formation of endopolysaccharides by L. edodes 2541 strain during submerged cultivation
	Nitrogen source
	Biomass, g / l
	Endopolysaccharides,% a.m.w.

	NaNO3
	4.40.3
	2.90.1

	NH4NO3
	5.20.2
	2.50.1

	NH4Cl
	4.90.1
	2.70.2

	(NH4) 2SO4
	6.00.3
	3.50.1

	Peptone
	13.50.2
	4.50.2

	Asparagine
	6.20,4
	2.50.2

	Urea
	2.70.1
	2.40.1


As can be seen from the data in Table 6, of all the studied nitrogen sources, peptone was found to be optimal for the formation of L. edodes 2541 endopolysaccharides. At the same time, when calculating the coefficient of synthesis of endopolysaccharides per unit of biomass, the results were quite high on media with all nitrogen sources used. In additional experiments, the effect of different C: N ratios on the biosynthesis of endopolysaccharides was studied. The data obtained showed that the highest yield of endopolysaccharides was obtained at a C: N ratio close to 18 (in the control glucose-peptone-yeast medium, C: N = 16.9).

The studies carried out made it possible to optimize the composition of the nutrient medium for the growth and active formation of endopolysaccharides by the L. edodes 2541 strain. This is a modified medium, which contains g / l: cellobiose 30; KH2PO4 -1; K2HPO4 - 1; MgSO4 0.25; peptone - 3.5; yeast extract - 20 ml, water - 1 liter.
An important condition for obtaining stable results is strict adherence to all basic biotechnological parameters. We have carried out a series of experiments to optimize the main biotechnological parameters (temperature, pH of the medium) in order to obtain biomass L. edodes 2541 with a high content of endopolysaccharides. 

One of the most important factors regulating the growth and synthesis of secondary metabolites by basidiomycetes in culture is the pH of the nutrient medium. This factor determines the physiological activity of cultures, affects the properties of cell walls, transport of nutrients, growth rate and the nature of metabolism, as well as the ability to assimilate certain food sources (Table 7).

Table 7 - Influence of pH on the formation of biomass and endopolysaccharides of L. edodes 2541 during submerged cultivation on a nutrient medium optimized for composition 
	Initial pH
	Final pH
	Biomass, g / l
	Endopolysaccharides,

% a.m.
	The productivity of biosynthesis of endopolysaccharides,

mg / l day

	3
	3.2
	4.50.2
	3.00.1
	16.9

	4
	3.3
	7.00.3
	6.50.1
	56.8

	five
	3.4
	10.00.2
	6.80.2
	87.5

	6
	3.5
	15.50.3
	7.20.3
	94.5

	6.5
	3.6
	10.00.1
	6.50.3
	81.2

	7
	3.7
	9.20.2
	5.30.2
	59.6

	7.5
	4
	8.30,4
	4.80.1
	48.0


It was found that fungi of the genus Lentinus on nutrient media can grow in a wide range of initial pH values ​​- from 3 to 9. The studied L. edodes 2541 strain also grows in a wide range of initial pH values ​​of nutrient media. On an optimized nutrient medium, which is based on cellobiose and peptone, the optimal pH value for a high biomass yield is 5-6.5 (Table 9). The formation of endopolysaccharides occurs in a wide range of the initial pH of the medium - from 3 to 7.5. However, the highest endopolysaccharide productivity of L. edodes 2541 was noted at pH 6. It should be noted that during the growth of L. edodes 2541 in all cases, except for the experiment on a medium with an initial pH = 3, a significant decrease in the pH of the nutrient medium occurs.

In most species of fungi, the maximum yield of biomass and polysaccharides is observed at the same temperature: in fungi of the genus Trametes - at 28-30C, in Lentinus edodes and Phellinus linteus - at 22-25C, in Ganoderma lucidum and Phellinus gilvus - at 30C. At the same time, Auricularia polytricha had the best growth at 20C, and the maximum formation of polysaccharides - at 30FROM.

The optimum temperature for the growth of L. edodes 2541 and the formation of biomass and endopolysaccharides by it was 25C. At this temperature, the amount of biomass was 15.8 g / l, which is 37.5% more than when cultivated under conditions of 20C and 57% more than when grown at 30C. Concentration of endopolysaccharides in biomass at 25C was 7.2% a.m.w. At 20With this value decreased by 33.3%, at 30C - 35%.
 A comprehensive analysis of all the above experimental data made it possible to identify the most optimal conditions for the growth and synthesis of L. edodes 2541 endopolysaccharides under submerged cultivation. Based on the results obtained, an optimized medium was developed, which includes g / l: cellobiose - 30; KH2PO4 -1; K2HPO4 - 1; MgSO4 0.25; peptone - 3.5; yeast extract - 20 ml, water - 1 liter; pH - 6, cultivation temperature 25C. The results are shown in Table 8.

Table 8 - Influence of optimization of the nutrient medium and cultivation conditions on the biosynthesis of endopolysaccharides L. edodes 2541

	Biosynthesis of endopolysaccharides

	before optimization,% a.m.
	after optimization,% a.m.
	% increase

	4.50.2
	7.20.2
	60,00


A quantitative assessment of the influence of optimization of cultivation conditions on the efficiency of growth and biosynthesis of polysaccharides of the selected strain L. edodes 2541 indicates a significant increase in the content of endopolysaccharides in the biomass - by 60% as a result of optimization of biotechnological cultivation processes. 
3.4 Study of the chemical composition of the biomass of the selected L.edodes
3.4.1 Determination of the content of crude protein, lipids and fatty acids in the biomass of the selected strain L .edodes 2541
In order to more accurately characterize the objects of research, at the first stage, we carried out experiments to study the level of accumulation of crude protein and lipids under conditions of submerged cultivation. The efficiency of synthesis in this case was estimated by the amount of these substances per unit of synthesized biomass. The test strains were grown in an optimized liquid medium as described above. The results are shown in Table 9.

On average, the protein content of 20 strains ranges from 8 to 19%. At the same time, in 11 strains, the amount of protein reaches 20-23%. The maximum protein content of 23% is observed in strains 2541, 65, 2022 and 2267. Comparative characteristics of lipid accumulation revealed variability from 3% to 7% to absolute dry weight. Most of the strains contained 6-7% lipids

Table 9 - Synthesis of crude protein and lipids by various L. edodes strains during submerged cultivation on an optimized medium *,% to a.m.w.
	Strain number
	Crude protein
	Lipids 

	2023
	21
	6

	2022
	23
	7

	2541
	23
	7

	57
	20
	6

	65
	23
	7

	504
	20
	6

	1712
	19
	6

	2082
	19
	6

	711
	21
	6

	712
	21
	7

	713
	19
	6

	1501
	eighteen
	five

	2267
	23
	7

	1658
	20
	6

	1659
	20
	6

	1973
	eighteen
	6


Comparative analysis of the studied properties of these strains, including previously obtained data on the synthesis of biomass, made it possible to select strain 2541 as the most promising producer.
 Thus, the strain L. edodes 2541 selected by us had the following characteristics: accumulation on the selected nutrient medium of 13.5 g / l of biomass containing 4.5% of polysaccharides, total protein 23.0% and lipids - 7.0%. The nutritional value of proteins is determined mainly by the composition of amino acids. The content of essential amino acids is of great importance. It was important to assess the objects under study specifically for the ratio of different types of amino acids. The experimental results are presented in table 10.

As a result of the experiments, it was found that the protein of the deep mycelium L. edodes strain 2541 contains all the essential amino acids that are included in the formula of a balanced human nutrition. The high nutritional value of the protein of the deep mycelium of L. edodes strain 2541 is evidenced by the significant content of essential amino acids in it, which make up 47% of the sum of all amino acids (Table 10).

Table 10 - Amino acid composition of proteins of deep mycelium of L. edodes strain 2541 when cultivated on an optimized medium
	Amino acid
	Amino acid,% in protein 

	 
	

	Essential amino acids
	

	Lysine
	6.90.2

	Threonine
	4.50.11

	Cystine
	3.20.08

	Valine
	6.90.15

	Methionine
	2.70.07

	Isoleucine
	5.20.11

	Leucine
	7.50.18

	Tyrosine
	6.50.18

	Phenylalanine
	4.00.12

	The amount of essential amino acids 
	47.41,2

	Histidine
	1,20.02

	Arginine
	4.20.11

	Aspartic acid
	8.00.21

	Serine
	5.90.15

	Glutamic acid
	17.00.32

	Proline
	5.00.2

	Glycine
	5.20.2

	Alanin
	6.10.3


Among the essential amino acids in the biomass of the strain under study, the highest content of leucine, lysine, valine and tyrosine. It should be noted that the composition of plant proteins, in particular cereals, contains very small amounts of lysine and leucine. Among the nonessential amino acids in the protein of the L. edodes 2541 strain under study, glutamic acid is the largest.

Lipids play a special role in a number of vital processes in cells (transmission of information, secretion of metabolites, etc.). That is why it was of particular interest to determine the amount of lipids in the deep mycelium of the studied L. edodes 2541 strain and to study their fatty acid composition. In the initial experiments, it was found that the lipid content in the biomass of the studied strain is 7.00.2%. For a more accurate characterization of the nutritional value, it was necessary to analyze the content of fatty acids and especially polyunsaturated fatty acids. Which are irreplaceable components of nutrition, because, like essential amino acids, they cannot be synthesized in the human body.The data in Table 11 demonstrate that polyunsaturated diene linoleic (C18: 2) acid prevails in the lipids of the studied L. edodes strain - 69% of the total fatty acids. It should be noted that the main fatty acid of many vegetable oils (sunflower, soybean, corn, cottonseed) is also linoleic acid, the content of which is 50–70%.​​

In the lipids of the biomass of the studied strain, 3 types of unsaturated fatty acids are present in small amounts. Found that among saturated fatty acids in lipidsstrain L.еdodes 2541 is dominated by monoenic palmitic (C16: 0) acid, the content of which is 19% of the total fatty acids. 

It has been demonstrated that the amount of unsaturated fatty acids (75%) in the composition of lipids of the L. edodes 2541 strain significantly exceeds the amount of saturated fatty acids (24%). In this regard, the degree of lipid unsaturation is 1.46 (table 11).

Table 11 - Fatty acid composition of lipids of deep mycelium L. edodes strain 2541 when cultivated on an optimized nutrient medium
	Indicators
	% total fatty acids

	The trivial name for a fatty acid
	Systematic name (IUPAC) of a fatty acid
	

	1
	2
	3

	Saturated fatty acids

	Lauric (C12: 0)
	Dodecane
	sl.

	Myristic (C14: 0)
	Tetradecane
	0.730.01

	Pentadecyl (C15: 0)
	Pentadecane
	1.580.04

	Palmitic (C16: 0)
	Hexadecanoic
	19.230.50

	Margarine (C17: 0)
	Heptadecanoic
	0.450.01

	
	
	

	Stearic (C18: 0)
	Octadecane
	2.300.05

	Unsaturated fatty acids

	Palmitoleic (C16: 1)
	Cis-9-hexadecene
	0.850.01

	Heptadecene (C17: 1)
	Cis-9-heptadecene
	0.450.01

	Oleic (C18: 1)
	Cis-9-octadecene
	3.790.03

	Polyunsaturated fatty acids

	Linoleic (C18: 2)
	Cis, cis-9,12-octadecadiene 
	69, 42 1.20

	-Linolenic (C18: 3)
	Cis, cis, cis-9,12,15-octadecatriene
	0.900.30

	CH (degree of lipid unsaturation)
	
	1.460.01

	The amount of saturated fatty acids
	
	24.290.61

	The sum of unsaturated fatty acids
	
	75.412.00


In the fruiting bodies of shiitake, fatty acids make up 3-3.4% of the lipid content. They include acids: linoleic (C18: 2) - 72.8%, palmitic (C16: 0) - 14.7%, oleic (C18: 1) - 3.0%, tetradecene (C14: 1) - 1 , 6%, stearic (C18: 0) - 0.9% and myristic (C14: 0) - 0.1%.

It has been established that in the fruiting bodies of L. edodes, as in a number of other basidiomycetes, lipids do not exceed 5-6% of the mass, and, as a rule, their content is higher in the cap than in the stem. This is due to the fact that the basidiospores in the cap are very rich in lipids. Comparison of the lipid composition of the fruit bodies of L. edodes with the fruit bodies of the widely cultivated edible mushrooms A. bisporus (champignon) and P. ostreatus (oyster mushroom) showed that the main features characteristic of lipids of fungi of the Basidiomycetes class (prevalence of С18: 2, high values ​​of the degree of unsaturation (CH) lipids (1.4-1.5)) are also found in shiitake. However, this fungus also has a number of differences, for example, a high level of palmitic (C16: 0), the presence of palmitoleic (C16: 1) acid.
3.4.2 Determination of the content of carbohydrates, vitamins and polyphenols in the biomass of the selected L. edodes strain
It was found that the optimization of the conditions for the formation of endopolysaccharides due to the previously performed selection of carbon and nitrogen sources, their ratio, pH of the medium and the temperature of cultivation did not have a significant effect on their carbohydrate composition. As when growing mushrooms on the original nutrient medium, and on the optimized nutrient medium, L. edodes endopolysaccharides pcs. 2541 were heteroglycans with the main monomer glucose (table 12).

Table 12 - Influence of nutrient medium optimization on the carbohydrate composition of L. edodes endopolysaccharides pcs. 2541
	Carbohydrate,%
in endopolysaccharide
	Nutrient medium composition

	
	before optimization
	after optimization

	Mannose
	sl.
	sl.

	Galactose
	6.25
	5.97

	Glucose
	93.75
	94.03

	Total:
	100
	100


One of the important characteristics of fungal mycelium is the content and forms of free carbohydrates of various cytosolic fractions. Typically, the cytosol of the mycelium of various types of fungi is characterized by a certain composition of carbohydrates. From the presented data it follows that a characteristic feature of the carbohydrate composition of the mycelium cytosol for L. edodes pcs. 2541 are glucose, mannose, and trehalose (Table 13).

The study of the alcohol-soluble fraction of the cytosol of the mycelium of the strain under study showed that during submerged cultivation, the bulk of this fraction is represented by polyols. Under these conditions, mannitol turned out to be the predominant polyol, and arabitol was the minor component.

Table 13 - Carbohydrate composition of the alcohol and water-soluble fractions of the cytosol of the deep mycelium L. edodes pcs. 2541
	Fraction
	Polyols,% dry biomass
	Polyols, 

% of the amount
	Carbohydrates 

% dry biomass
	Carbohydrates,% of the amount

	
	
	Arabit
	Mannit
	
	Glucose
	Man-noza
	Trehalo-

per

	Alcohol fraction, 

5.74% dry biomass 
	3.61
	1.7
	98.3
	2.13
	70.40
	1.20
	28.40

	Water fraction, 

5.15% dry biomass 
	3.05
	2.1
	97.9
	2.1
	76.85
	2.20
	20.95


Study of the quantitative and qualitative composition of carbohydrates in the water-soluble fraction of the cytosol of L. edodes mycelium pcs. 2541 showed that the bulk of this fraction was also polyols. The differences between the sugar alcohols are not qualitative changes; the main polyol, as well as for the alcohol-soluble fraction, turned out to be mannitol.

As in the alcohol-soluble fraction, in the water-soluble fraction of the cytosol L. edodes pcs. 2541 found glucose, trehalose and mannose (table 13). Comparative analysis of water- and alcohol-soluble fractions did not reveal significant differences in the quantitative and qualitative composition of carbohydrates. The presence of carbohydrate protectors (mannitol, arabitol, trehalose) in both fractions indicates the advisability of using both alcoholic and aqueous extracts of this fungus to obtain energotonics and health-improving products. In addition to alcohol and water-soluble carbohydrates, the cytosol of the cell contains water-soluble polysaccharides. Gas chromatographic analysis of polysaccharide hydrolysates made it possible to establish the presence of glucose, galactose and mannose in them, with glucose accounting for the bulk of carbohydrates (Table 14).

Table 14 - Carbohydrate composition of the fraction of water-soluble polysaccharides of the cytosol of the deep mycelium L. edodes pcs. 2541
	Content of polysaccharides, 

% dry biomass
	Carbohydrates,% in polysaccharides

	
	glucose
	mannose
	galactose

	4,3
	73.33
	10.25
	16.42



Along with the cytosol carbohydrates and endopolysaccharides, the mycelium contains the structural components of the cell wall - the chitin-glucan complex. Fractionation made it possible to obtain one acid-soluble, two alkali-soluble fractions and chitin (table 15).


Analysis of the carbohydrate composition of the acid-soluble fraction showed the presence of glucose, galactose and mannose in it. The carbohydrate composition of the first alkali-soluble fraction differed slightly from the acid fraction both qualitatively and quantitatively (Table 15). Thus, the structural polysaccharides of the cell wall L.edodesPC. 2541 (the first alkaline fraction and acid-soluble fraction) are heteroglycans, according to their carbohydrate composition they can be classified as galactomannoglucans.

Table 15- Carbohydrate composition of acid and alkaline fractions of chitin-glucan complex of deep mycelium L. edodes pcs. 2541
	Acid fraction

	% dry biomass
	mannose,%
	glucose,%
	galactose,%

	9.8
	4.69
	89.49
	5.82

	Alkaline fraction I

	% dry biomass
	mannose,%
	glucose,%
	galactose,%

	9.8
	4.69
	89.49
	5.82

	Alkaline fraction II

	% dry biomass
	glucose,%

	12.2
	100


In contrast to the heteropolysaccharides of the first alkaline fraction, the second alkaline fraction of the investigated strain is represented by a homopolysaccharide, in particular, glucose (table 15). It is interesting to note the fact that quantitatively the second alkaline fraction significantly exceeded the first. Chitin in deep mycelium L. edodes pcs. 2541 was 1.4% of the dry weight.

In the study, a characteristic predominance of structural polysaccharides in the mycelium of L. edodes pcs. 2541 - there were 3 times more of them than cytosol carbohydrates (table 16).
Table 16 - Fractional composition of carbohydrates from deep mycelium L. edodes strain 2541
	Cytosolic carbohydrates,

% dry biomass
	Content of structural polysaccharides in fractions,% dry biomass
	Total water content,% dry biomass

	aqueous extract
	polisharida
	Total
	acidic
	alkaline I
	alkaline II
	chitin
	Total
	

	10.89
	4.27
	15.16
	9.8
	8.5
	12.2
	2.2
	32,7
	47.86


The biological activity of polysaccharides largely depends on their physical and chemical properties. The study of polysaccharides is associated with many tasks, which are mainly reduced to fractionation, purification, determination of the qualitative and quantitative composition of monomeric units, the size of the cycles of monosaccharides included in the polymer molecule, their connection points, the presence of side chains and types of glycosidic bonds, configuration of glycosidic bonds, molecular masses. All this makes it possible to clarify the primary structure of the polysaccharide [34]. When evaluating the composition and structure of various polysaccharides extracted from the biomass of the fungus, it should be remembered that glycans are, as a rule, in a bound state, both among themselves and with other cell biopolymers. In the process of isolation and purification, bonds can be broken. It has been shown that endopolysaccharides L. edodes pcs. 2541 also did not dissolve in inorganic and organic acids, organic solvents (alcohol, acetone, chloroform, etc.); when heated, they completely dissolved in distilled water, as well as in alkalis and dimethyl sulfoxide.

The kinematic viscosity of 0.1% aqueous solutions of endopolysaccharides of the studied strain was close to the viscosity of water (0.89 mm2 / s) and amounted to 1.12 mm2 / s.

The polysaccharides isolated and fractionated by solubility have already been partially freed from impurities. Further, more thorough purification of polysaccharides from low molecular weight compounds and separation into fractions is carried out by means of dialysis, ion exchange chromatography and gel filtration. To separate neutral and acidic polysaccharides, the method of ion exchange chromatography is used. DEAE- and ectocellulose are used as carriers. Neutral polysaccharides are not retained on the named anion exchangers, acidic, depending on their nature, are more or less firmly retained and eluted with salt solutions, buffer solutions or alkalis.

Gel chromatography of the polysaccharide fractions eluted with water made it possible to establish that it was dominated by a polysaccharide with a molecular weight of 500 kDa (Table 17).
Table 17 - Molecular masses of various fractions of endopolysaccharides of deep mycelium L. edodes pcs. 2541, kDa
	Eluent
	Molecular weight, kDa

	Water
	Mr = 500

	1 M NaCl
	Mr = 500

Mr10kDa


The polysaccharides of the fractions eluted with 1M NaCl were found to be heterogeneous. These fractions contained polysaccharides with molecular weights of 500 kDa and polysaccharides with molecular weights of less than 10 kDa. In the fractions eluted with 1M NaCl, L. edodes showed approximately the same ratio of low- and high-molecular-weight polysaccharides (Table 9). The heterogeneity of acidic and neutral fractions of endopolysaccharides L. edodes pcs. 2541. High molecular weight polysaccharides (Mr = 1000 kDa) predominated in them, there were also low molecular weight polysaccharides (Mr10kDa) (Fig. 2). At the same time, the amount of high molecular weight polysaccharides in both fractions was approximately the same, and the content of low molecular weight polysaccharides in the acidic fraction was about 6 times higher (Figure 1).
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Figure 1 - Gel chromatography of neutral (a) and acidic (b) fractions of L.edodes endopolysaccharide pcs. 2541

Determination of the monomeric composition and structure of endopolysaccharides, the presence of protein components. When studying the fractions of endopolysaccharides eluted with water and 1 M NaCl, it was found that the fraction of endopolysaccharides L. edodes pcs. 2541 found mannose, galactose and glucose, as well as in the fraction eluted with salt. A characteristic feature of L. edodes endopolysaccharides pcs. 2541 is the presence of a significant amount of galactose and the predominance of glucose (Table 18).

Table 18 - Carbohydrate composition of L. edodes endopolysaccharide fractions pcs. 2541,% of total carbohydrates
	Water-soluble, eluting 

water
	Water-soluble, eluting 

1 M NaCl

	Mannose
	Galactose
	Glucose
	Ratio
	Manno-for
	Galaktoza
	Glucose
	Ratio

	2.66
	36.14
	61.2
	1:14:23
	9.36
	12.38
	78.26
	1: 2: 8


Thus, endopolysaccharides of mycelium L. edodes pcs. 2541 are heteroglycans. As part of the endopolysaccharides of the mycelium L. edodes pcs. 2541 found a protein of -5.1%, which made it possible to classify them as peptidoglycans.

Analysis of the amino acid composition of hydrolysates of L. edodes endopolysaccharides pcs. 2541 showed the presence of 17 amino acids in them. Their sum in endopolysaccharides was 15-51 mg / g.

Many immunostimulating and antitumor polysaccharides obtained from fruiting bodies and mycelium of fungi, such as KS-2 from L. edodes, contain protein (up to 10-50% by dry weight). According to some authors, polysaccharide-peptide complexes have a stronger biological effect than the corresponding glycans [16].

As follows from the data in Table 19, during periodate oxidation followed by borohydride reduction of the studied polysaccharides, sodium periodate was consumed and formic acid was formed, and the hydrolysis products of the reduced polysaccharides were glycerol, erythritol, and an unhydrolyzed polysaccharide residue.

It is known that during the mild hydrolysis of reduced polysaccharides, only the side chains are cleaved. The presence of erythritol in the hydrolysis products indicates the presence of (14) -bonds, and the formation of glycerol and formic acid occurs during oxidation - (16) -connections.

Table 19 - Periodic oxidation of the aqueous fraction of L. edodes endopolysaccharides pcs. 2541

	Periodate consumption, mol / mol of anhydrohexose 
	Formate formation, mol / mol of anhydrohexoses
	Hydrolysis products 
	Side chain link type

	0.2
	sl
	Glycerin, erythritol 
	1-4

1-6


Thus, all fractions of polysaccharides of the studied L. edodes strain are branched structures. Lateral chains of glycans L. edodes pcs. 2541 are formed by C1-C4 and C1-C6 linked hexose molecules. Moreover, intracellular polysaccharides contain mainly C1-C4 bonds in the side chains of glycan molecules, in contrast to extracellular ones, where the ratio of C1-C4 and C1-C6 bonds is approximately equal.

Based on the results of IR spectroscopy and Smith degradation, it can be concluded that the studied polysaccharides are branched glycans containing  and glycosidic bonds. The main chain of polysaccharides is represented by glycan with (13) - bonds, and in the side chains there are (14) and (16) - connections.
 As a result of the studies of the carbohydrate composition of the biomass of L. edodes pcs. 2541, the composition and content of carbohydrates in various fractions of endopolysaccharides, cell wall polysaccharides and cytosol of the deep mycelium, as well as the structure and molecular weight of different fractions of endopolysaccharides, were established.

Characterization of the chemical composition of the mycelium would be incomplete without determining the content of vitamins in the biomass. Studies have shown that in the deep mycelium of L. edodes 2541 some vitamins of group B, niacin, provitamin D were found (Table 20). Analysis of the data obtained indicates an insignificant, in comparison with other plant sources, the content of basic vitamins in the mushroom mycelium.

Table 20 - The content of vitamins in the deep mycelium of L. edodes 2541

	Vitamin
	Content,
 (μg / g dry biomass)

	Thiamine (B1)
	2.5-4.0

	Riboflavin (B2)
	9.0-12.0

	Pyridoxine (B6)
	0.8-1.0

	Niacin, nicotinic acid (PP)
	140.0-150.0

	Ergosterol (provitamin D)
	0.6-1.0


The biomass of L. edodes fungi also contains significant amounts of phenolic compounds, taking into account this factor, as well as the potential biological activity of these compounds, the study of their qualitative composition is mandatory. When determining the quantitative content of phenols in the mycelium of L. edodes 2541, it was found that their amount reaches 1800 mg%.

The study of ethereal fractions of alcoholic extracts of deep mycelium by thin layer chromatography and subsequent processing of chromatograms with specific reagents made it possible to detect simple phenolic compounds in them. An additional criterion for their determination was fluorescence in UV light. The results obtained showed that almost all compounds that gave a violet or blue glow in UV light, when processing chromatograms with DSC and ferric chloride, were colored orange, yellow and brown, which is typical for phenolic acids (Table 21).
Compounds predominant in the chromatograms (with Rf 0.35 and 0.46) were isolated in pure form by preparative thin layer chromatography on silica gel and, after reprecipitation with diethyl ether, were used to record UV spectra. The substances synthesized by L. edodes 2541 with Rf 0.35 and 0.46 have absorption minima at 218 and 212 nm and maxima at 250 and 254 nm.

Table 21 - Qualitative reactions of phenolic compounds (Rf 0.80), biomass of L. edodes 2541, with various reagents 
	Reagent
	Visible light
	UV light

	AlCl3 (5% aqueous solution
	yellow
	yellow

	DSK
	orange
	yellow

	FeCl3 (1% aqueous solution
	light brown
	yellow

	Ammonium iron alum
	blue
	blue

	FeCl3 + K3Fe (CN) 6
	blue
	blue

	Wilson's reagent
	not upd.
	dark blue

	Pb (CH3COO) 2 (saturated aqueous solution)
	not upd.
	blue

	Phosphoric molybdic acid
	not upd.
	violet


As a result of the studies of the carbohydrate composition of the biomass of L. edodes pcs. 2541, the composition and content of carbohydrates in various fractions of endopolysaccharides, cell wall polysaccharides and cytosol of the deep mycelium, as well as the structure and molecular weight of different fractions of endopolysaccharides, were established. 
 The study of the composition of vitamins in the biomass of L. edodes 2541 indicates the presence of vitamins of group B - B1, B2, B6, as well as niacin and ergosterol in it.
 The study of the content and composition of the biomass polyphenols of L. edodes 2541 made it possible to establish that their amount reaches 1800 mg%. They include phenolic acids, including p-hydroxybenzoic acid, and flavones.

Fungi belong to a separate kingdom of living beings, in the cellular structure and metabolism of which there are features of both plants and animals. Cytokinins have been found in many fungal species [26]. The participation of these hormones in the interaction between the host plant and phytopathogenic organisms in fungal infections has been studied in sufficient detail. Much less is known about the endogenous cytokinins of fungi, especially macromycetes. Differences in the content of certain forms of cytokinins in more than 20 species of wild-growing fungi have been described. However, since the stages of development of the fruiting bodies, at which the material for analysis was taken, were not clearly established, it was not possible to draw unambiguous conclusions about the functional role of the hormone [27].

In our experiments, the biomass and culture fluid were analyzed on the 7th day of cultivation; the culture medium before inoculation served as a control. The results are shown in Table 22.

In the mycelial biomass of L. edodes strain 2541, a fairly wide range of cytokinins was revealed (Table 22). At all studied growth stages, trans-zeatin, zeatin riboside, isopentenyladenosine, and isopentenyladenine were present with the predominance of the former. It should be noted that such a qualitative composition of the cytokinin pool is usually found in most plant species, while the dominant form is also trans-zeatin [28]. As is known, trans-zeatin is most active in bioassays and has the highest affinity for at least two types of cytokinin receptors [29]. It is due to these features that it is considered as the most functionally significant hormone of the cytokinin series involved in the regulation of plant development. However, its role in the regulation of fungal development remains unclear.

Table 22 - The content of cytokinins in the biomass of the mycelium L. edodes strain 2541, culture liquid and nutrient medium GPD

	Cytokinins
	Culture medium, nmol / l
	Biomass,

Nmol / g d.m.
	Culture fluid, mmol / l

	Trance-zeatin, t-Z
	3.26 ± 0.15
	12.09 ± 0.59
	50.13 ± 2.23

	Zeatin riboside, ZR
	0
	3.76 ± 0.18
	15.19 ± 0.67

	Isopentenyladenoside, iPa
	1.47 ± 0.07
	0.69 ± 0.03
	2.80 ± 0.14

	Isopentenyladenine, iP
	0
	2.12 ± 0.10
	8.56 ± 0.28

	Zeatin-O-glucoside, ZOG
	2.51 ± 0.11
	0
	0

	
	7.24
	18.66
	76.68


In the mycelial biomass of L. edodes, the trans-zeatin strain 2541 prevailed over other forms of cytokinins, which indirectly indicates the possibility of the hormone participating in the regulation of fungal mycelium growth. The high productivity of fungi in relation to trans-zeatin turned out to be interesting. The data on the productivity of cytokinins (Table 22) by the mycelium of the studied strain L. edodes on a nutrient medium selected for increased synthesis of polysaccharides indicate a high biological activity of the biomass of L. edodes 2541. The information obtained can be used to develop biotechnologies for obtaining biologically active products of fungal origin with a wide profile. therapeutic and prophylactic and medicinal properties.
3.5 5 Study of the biological activity of biomass of the selected producer
Filamentous fungi are generally used as food or medicinal plants. However, in recent years, researchers have begun to show interest in the ability of fungi to easily tolerate contaminants of various natures, including radionuclides and heavy metals. It turned out that mushrooms are able to accumulate these elements in their fruiting bodies. Currently, work is underway to use mushroom preparations for cleaning contaminated areas. In addition, nheavy metal ion binding process may be important for the internal cleaning of human organisms - enterosorption. 

The sorption properties of the biomass of the studied L. edodes strain to ions of various metals were checked: Pb2 +  Cd2 +  Fe3 +  Mn2 +  Co2 +  Cu2 +  Zn2 + Ni2 +. The results are shown in Table 23.

Table 23 - Sorption of metal ions by the biomass of L. edodes strain 2541 under the conditions of submerged culture
	Metal ions
	Sorption capacity, mg / g

	Pb2 +
	9.80.2

	Cd2 +
	8.90.2

	Fe3 +
	4.80.1

	Cu2 +
	2.40.1

	Co 2+
	1.50.1

	Mn2 +
	1.30.1

	Zn2 +
	1,20.1

	Ni2 +
	1.10.1


It was found that the L. edodes 2541 strain, which has a high affinity for all studied cations, is characterized by high selectivity with respect to lead and cadmium and a lower level of sorption of trace elements - manganese, cobalt, zinc, nickel, copper and iron.

The sorption properties of mycelium and cell walls grown in different ways in surface and depth cultures were checked (Table 24). 

Our results suggest that the cultivation method, surface or deep, has different effects on the sorption capacity of the studied metals by the mycelium and cell walls of L. edodes strain 2541 - the deep method promoted more intensive sorption of lead and cadmium, and the surface one - copper.

Table 24 - Sorption capacity of the mycelium and cell walls of L.edodes pcs. 2541 in surface and submerged culture in relation to lead, copper and cadmium ions (mg / g)

	
	Deep culture
	Surface culture

	Metal
	Mycelium
	Cell wall
	Mycelium
	Cell wall

	Lead
	9.90.2
	7.80.2
	8.40.2
	8.00.1

	Cadmium
	8.60.1
	8.00.1
	1.50.1
	7.00.1

	Copper
	2.40.1
	1.70.1
	2.90.1
	2.80.1


At the same time, it should be noted that in the case of sorption of lead, copper and cadmium, the mycelium of L.edodes pcs. 2541, both in surface and submerged cultivation, had a higher sorption capacity than cell walls isolated from it.

Since the biomass of L. edodes 2541, grown by the submerged method, is characterized by an increased sorption capacity in relation to lead and cadmium, the preference for binding of which remains in different conditions, it can be used as a substance as a therapeutic and prophylactic agent intended to remove radionuclides from the body. and heavy metals.

The main structure of fungi that provides sorption is the cell wall, the structural basis of which is the biopolymer chitin, which is the only polysaccharide in the molecule of which there is nitrogen included in the acetamide group. Due to this, chitin and a number of its derivatives have powerful sorption capabilities, which depend on the degree of ordering of the polymer molecules. The sorption of metals by chitin occurs mainly due to the chelation reaction; mushroom chelates have a high affinity for heavy metals and are indifferent to the main biogenic metals.

CONCLUSION
 As a result of the work on the project, the following main results were obtained:
Comparative characteristics of 68 strains of cultures of the fungus Lentinus edodes (shiitake) were carried out in terms of growth rate on agar nutrient media, intensity of biomass accumulation and biosynthesis of polysaccharides. Based on the data obtained, 31 strains were selected that are promising for further research. All strains were isolated from various tree species growing in different regions of China, Korea and Japan and were stored in the collection of cap mushrooms of the Institute of Botany named after I. N.G. Cold NAS of Ukraine.

On the basis of a comprehensive assessment of the biosynthetic activity of the studied strains, including the productivity of biomass and endopolysaccharides, the most promising producer of polysaccharides was selected - strain L. edodes 2541, which accumulated 13.5 g / L of biomass on glucose-peptone-yeast medium, containing in its composition 4.5% endopolysaccharides. The strain was isolated from fruit bodies collected in China.

In order to increase the productivity of the isolated strain L. edodes 2541, the influence of various components of the nutrient medium (carbon, nitrogen) of cultivation conditions (pH, to) on the synthesis of biomass and the formation of polysaccharides was studied. The optimal sources of carbon and nitrogen nutrition for the selected crop have been identified. It has been found that cellobiose is the best carbon source for the formation of endopolysaccharides, and peptone is the best source of nitrogen. It was shown that with a C: N ratio close to 18, the highest yield of biomass and endopolysaccharides is observed. Under these conditions, 15.5 g / l of biomass containing 6.9% endopolysaccharides was synthesized.

The effect of physical and chemical environmental factors (pH, t) on the biosynthesis of endopolysaccharides was studied. It was found that for the studied culture, the pH optimum lies within 6.0 and the temperature optimum is 250C.
 A comprehensive analysis of all the above experimental data made it possible to identify the most optimal conditions for the growth and synthesis of L. edodes 2541 endopolysaccharides under submerged cultivation. Based on the results obtained, an optimized environment was developed, which includes g / l: cellobiose - 30; KH2PO4 -1; K2HPO4 - 1; MgSO4 0.25; peptone - 3.5; yeast extract - 20 ml, water - 1 liter; pH - 6, cultivation temperature - 25C. The use of this medium increases the level of endopolysaccharides in biomass by 60%.

Comparative characteristics of 31 strains of cultures of the fungus Lentinus edodes (shiitake) on the accumulation of total protein (crude protein) and lipids were carried out. On the basis of the data obtained, the L.еdodes 2541 strain was selected, which has the ability to increase the synthesis of proteins up to 23% and lipids up to 7%. Earlier in our experiments, this strain showed high productivity in the synthesis of total biomass and endopolysaccharides.
The amino acid composition of proteins was studied, it was found that the protein contains 17 amino acids, 9 of them are essential, which is 47% of the total amino acids.Among the essential amino acids, it is necessary to note the high content of leucine, lysine, valine and tyrosine. These data indicate the high nutritional value of mushroom protein.

The content of lipids and fatty acids in the deep mycelium of L. edodes strain 2541 was studied. It was shown that the content of lipids in the biomass is 7%. Analysis of the fatty acid composition of the lipids of the deep mycelium of L. edodes 2541 showed that polyunsaturated diene linoleic (C18: 2) acid predominates in it - 69% of the total fatty acids. Polyunsaturated fatty acids are essential components of nutrition, because, like essential amino acids, they cannot be synthesized in the human body. 

It has been demonstrated that the amount of unsaturated fatty acids (75%) in the composition of lipids of the L. edodes 2541 strain significantly exceeds the amount of saturated fatty acids (24%). In this regard, the degree of lipid unsaturation is 1.46.
 The above data indicate the high nutritional value of the deep mycelium of L. edodes 2541. 

As a result of the studies of the carbohydrate composition of the biomass of L. edodes pcs. 2541, the composition and content of carbohydrates in various fractions of endopolysaccharides, cell wall polysaccharides and cytosol of the deep mycelium, as well as the structure and molecular weight of different fractions of endopolysaccharides, were established. 
 The study of the composition of vitamins in the biomass of L. edodes 2541 indicates the presence of vitamins of group B - B1, B2, B6, as well as niacin and ergosterol in it.
 The study of the content and composition of the biomass polyphenols of L. edodes 2541 made it possible to establish that their amount reaches 1800 mg%. They include phenolic acids, including p-hydroxybenzoic acid, and flavones.

All tasks were completed according to the schedule (Appendix B).

The data on the productivity of cytokinins (table 3) by the mycelium of the studied L. edodes strain on a nutrient medium selected for increased synthesis of polysaccharides indicate a high biological activity of L. edodes 2541 biomass. therapeutic and prophylactic and medicinal properties.

It has been established that the mycelium of L. edodes 2541, grown on a nutrient medium selected for increased synthesis of polysaccharides in deep conditions, is a promising raw material for the production of enterosorbents and functional products for the removal of chronic and acute intoxication with strontium, cadmium and lead of the human body and farm animals. 
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Appendix A
Calendar Work Plan
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2.4 latentocnocoGHoCTs: nateHToCTOCOGEH.

2.5 Hayuno-Texiuseckiit yposei (HoBH3Ha): BHCOKHH

2.6 Menonsaopaiiie HaydHo-Texkieckoll npofyKumn ocyuectsaserca: TOO «Hayuto-
TIPONIBOACTAEHHOE IPEANPHATHE CAHTHTEH)

2.7 Buai WCTIONBbIOBAHMS pelyIbTATA HAYUHOR W (WIM) HAYHHO-TEXHMHECKOH
JATEILHOCTH: MYGARKAUKH M OTHETH!
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TECHNICAL SPECIFICATIONS AND 
CALENDAR WORK PLAN

Under contract No. _____ dated __________________2018

1.LLP "SCIENTIFIC - PRODUCTION ENTERPRISE" ANTIGEN "
1.1 Priority: Life and Health Sciences

1.2 By sub-priority: 4.1 Basic and applied research in the field of biology.

1.3 On the subject of the project: No. AP05130493 "Development of technology for production of a new functional product from edible medicinal shiitake mushroom to correct nutrition and prevent chronic diseases"
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 paragraph 3:
- for 2018 - in the amount of 8,000,000 (eight million) tenge;

- for 2019 - in total 8,000,000 (eight million) tenge;

- for 2020 - in total 8,000,000 (eight million) tenge...
2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Direction of work: Search for new medicinal substances, pharmacological research and technologies for the production of original medicinal products
2.2 Applications: biotechnology, healthcare 
2.3 Final result: 

- for 2018: A screening of the L. edodes strain with a high content of polysaccharides will be carried out and the conditions for its cultivation will be worked out to intensify the biosynthesis of polysaccharides. 
- for 2019: A study of the chemical composition of the submerged biomass of the selected producer will be carried out. 
- for 2020: The biological activity of the biomass of the selected producer will be studied. 
2.4 Patentability: 1 application for invention will be filed with the Kazakhstan Patent Office.
2.5 Scientific and technical level (novelty): high 
2.6 The use of scientific and technical products is carried out: LLP "Scientific and Production Enterprise" Antigen "
2.7 Type of use of the result of scientific and (or) scientific and technical activities: publications and reports
3. Name of work, terms of their implementation and results
	Tasks, stages
	Name of work under the Agreement and the main stages of its implementation*
	Period of execution*
	Expected Result*

	
	
	Start
	ending
	

	1
	Screening of L. edodes strain with a high content of polysaccharides and development of conditions for its cultivation for intensification of polysaccharide biosynthesis

	03/01/2018
	31/12/2018
	A screening of L. edodes strain with a high polysaccharide content will be carried out and the conditions for its cultivation will be worked out to intensify the bio-synthesis of polysaccharides 

	1.1
	Screening of L. edodes strain with a high content of polysaccharides in biomass 
	03/01/2018
	06/29/2018
	Screening of L.edodes strain with high biomass content of polysaccharides

	1.2
	Selection of optimal sources of carbon, nitrogen and cultivation conditions (pH, to)for increased synthesis of polysaccharides by the selected L. edodes strain
	07/02/2018
	31/12/2018
	Optimal sources of carbon, nitrogen and cultivation conditions (pH, to) will be selected for increased synthesis of polysaccharides by the selected L. edodes strain

	2
	Study of the chemical composition of the submerged biomass of the selected producer
	03/01/2019
	31/12/2019
	A study of the chemical composition of the submerged biomass of the selected producer will be carried out

	2.1
	Determination of the content of crude protein, lipids and fatty acids in the biomass of the selected L. еdodes strain 
	03/01/2019
	06/28/2019
	The content of crude protein, lipids and fatty acids in the biomass of the selected strain L. edodes will be determined.

	2.2
	Determination of the content of carbohydrates, vitamins and polyphenols in the biomass of the selected strain L. еdodes
	07/01/2019
	31/12/2019
	The content of carbohydrates, vitamins and polyphenols in the biomass of the selected L. Еdodes strain will be determined. 1 application for invention will be submitted to the Kazakhstan Patent Office.

	3
	Study of the biological activity of the biomass of the selected producer
	03/01/2020

	31/12/2020
	The biological activity of the biomass of the selected producer will be studied

	3.1
	Determination of the content of cytokinins in the biomass of the selected L. еdodes strain
	03/01/2020


	06/30/2020
	The content of cytokinins in the biomass of the selected strain L. Еdodes will be determined. 

	3.2
	Study of the ability of the biomass of the selected strain to absorb heavy metals.
	07/01/2020


	31/12/2020
	The ability of the biomass of the selected strain to absorb heavy metals will be investigated.
2 scientific articles will be published in peer-reviewed foreign and domestic editions with a non-zero impact factor.


APPENDIX B
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1. Mustafin K.G., Bisko N.A., Narmuratova Zh.B., Zhakipbekova A.S. Screening of L. edodes strains with a high content of polysaccharides in the biomass // Reports of the National Academy of Sciences of the Republic of Kazakhstan. - 2018. –T. 4, No. 320. - P. 22-26. (ISSN 2224-5227) (IF = 0.109).
2. Mustafin K., Narmuratova Zh., Suleimenova Zh., Zhakipbekova A. Optimization of the submerged culture conditions for enhanced mycelia biomass production in higher mushrooms // 4th International Conferenceon Green Chemistry and Sustainable Engineering. Madrid, Spain. - 2018.

3. Mustafin K., Akhmetsadykov N., Narmuratova Zh., Zhakipbekova A., Tapenbaeva I. Selection of optimal carbon and nitrogen sources for enhanced polysaccharides production by Lentinus Edodes // European Science Review. - 2019. - Vol. 1-2. - P. 169-171.
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7. N Bisko, K. Mustafin, G. Al-Maali, Zh. Suleimenova, M. Lomberg, Zh. Narmuratova, O. Mykchaylova, N. Mytropolska, A. Zhakipbekova Effects of cultivation parameters on intracellular polysaccharide production in submerged culture of the edible medicinal mushroom Lentinula edodes // Czech Mycology. - 2020. - Vol. 72 (1). - P. 1-17. (DOI: https://doi.org/10.33585/cmy.72101) (SCOPUS, Q3, 27%).
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SCREENING OF L. EDODES STRAIN PRODUCING BIOMASS
WITH HIGH CONTENT OF POLYSACCHARIDES

Abstract, Lentinus edodes (shiitake) is a mushroom with medicinal and functional properties. Widely sold as
nutritional agents, these mushrooms are helpful to human health and contain various bioactive compounds including
terpenoids, steroids. phenols, alkaloids, lectins, ergosterols. At present, 70%-80% of all medicinal mushroom
products are derived from fruiting bodics and 20%-30%"% of all products are based on extracts from mycelia and
culture filtrates. However, the production of medicinal mushrooms’ fruiting bodies usually takes several months. and
it is difficult to control the quality of the final product. By contrast, the growth of pure mushroom cultures in
submerged conditions in a liquid culture media permits acceleration of the growth specd. resulting in high biomass
yield in several days. Commercially grown shiitake currently are cultivated on synthetic media. In this article
Lentinus edodes strain, producing a significant amount of endo-polysaccharides was selected during submerged
cultivation. The maximum endo-polysaccharides production in fungal biomass was observed both in wort and
glucose-peptone-yeast nutrient media. 1t was stated that L. edodes strain 2541 showed the best endo-polysaccharides
production and was selected for further study

Key words: Basidiomycetes, Lentinus edodes, endo-polysaccharides, submerged cultivation.

Introduction

Shiitake is the common Japancse name for Lenfinus edodes, and is also the common name now used
in the West. Indigenous to Asia, shiitake is now cultivated and is the second most commonly produced
edible mushroom in the world [1-5]. Besides being a culinary delicacy, there is a long tradition of use of
shiitake as medicine in Asia, dating back >2000 years. Shiitake contains protein (26% of dry
weight), lipids (primarily linoleic acid); carbohydrate: fiber: minerals; vitamins B-I, B-2, and C; and
ergosterols [6, 7].

Biological activity of most mushrooms has been determined by carbohydrate compounds, which
contents 60% of dry fungal biomass [8, 9]. They are represented by free and bound sugars, as well as by
polysaccharides. These substances isolated from shiitake have immunomodulatory, lipid-lowering, and
antimicrobial propertics. In 70s of the last century, a group of Japanese scientists established the
oncostatic effect of polysaccharides isolated from the fruit bodics of some basidiomycetes, which led to
active study of these compounds, as well as the scarch for their producers [10, 11]

Polysaccharides are a group of biological macromolecules widely distributed in nature. They consist
of repeated structural units - monosaccharide residucs, connected by glycosidic bonds. In comparison to
proteins and nucleic acids, polysaccharides have a higher ability to transfer biological information since
they have the greatest potential for structural variability

At present, 70%-80% of all medicinal mushroom products are derived from fruiting bodies and 20%-
30%% of all products are based on extracts from mycelia and culture filtrates [12-16]. However, the
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1. Introduction — One of the priority areas in biotechnology and experimental mycology is the search for new
competitive and import-substituting sources of functional foods and products for preventive and therapeutic
applications. Higher Basidiomycetes mushrooms are currently of interest because they are a rich source of various
bioactive natural products. Fungal-delivered polysaccharides especially from edible and medicinal species belon
to Basidiomycetes, possessespotential immuno-modulatory, antitumor, hypoglycemic, antibacterial, antHIV,
antiviral effects [1. 2]. These polysaccharides are of different chemical composition. with most belonging to the group
of beta-glucans. At present, 70%-80% of all medicinal mushroom products are derived from fruiting bodies and 20%-
30%% of all products are based on extracts from mycelia and culture filtrates [3, 41. However, the production of
medicinal mushrooms’ fruiting bodies usually takes several months, and itis difficult o control the quality of the final
product. By contrast, the growth of pure mushroom cultures in submerged conditions in a liquid culture media permits
aceeleration of the growth speed, resulting in high biomass yield in several days. For most substances, this myeelium
biomass obtained by submerged cultivation also has higher nutritional value. The culture media in which mycelium
grows is made of chemically pure and ecologically clean substances. Submerged cultivation of mushrooms has
significant industrial potential, but its success on a commercial scale depends on increasing product yields and
development of novel production systems that address the problems associated with this technique of mushroom
cultivation.

2. Results and Discussion - The experiments were performed on laboratory shakers (80 and 150 rpm) in 250
ml Erlenmeyer flasks with 50 ml of liquid medium. The media was inoculated with a homogenized biomass of G.
lucidum 1621 strain (10% by volume) and incubated at 28 + 2 ° C. Experimental samples were tested on nutrient
media with various sources of carbon (glucose, lactose, sucrose, starch) and nitrogen (peptone, ammonium sulfate,
sodium nitrate) nutrition. The dynamics of growth of selected strains on different nutrient media in conditions of deep
culture was studicd. It has been established that the most favorable environment for the production of mycelial biomass
i the glucose-peptone-yeast medium. Based on the complex studies conducted, the optimal terms for growing the
culture at each stage of preparation of the liquid seed mycelium were determined and the main parameters of biomass
synthesis were determined. It was shown that the biomass reaches a maximum at Sth day of growth, the highest rate
of biomass synthesis of G strain. lucidum 1621 is characteristic for 3 days of cultivation, biosynthesis of
polysaccharides - for 11 days. Optimal parameters of deep cultivation of strains for maximum biomass accumulation
are as follows: temperature temperature 280C, pH 4.5 - 6.0.

3. Conclusions — Thus, according to the results of the work, G. lucidum strain 1621 is a biotechnologically
promising object for obtaining biomass and exopolysaccharides during cultivation on a_glucose-peptone-yeast
medium. It s shown that when culturing on an industrial scale in the nutrient media, it is possible to use wastes from
the starch industry.

5. References
{11 Wasser S.P. Medicinal mushroom science: history, current status, future trends, and unsolved problems. fnt.
J. Med. Mushr. 12(1), (2010) p. 1-16.

[2  Ikekawa T. Beneficial effects of edible and medicinal mushrooms in health care. . J. Med. Mushr. 3, (2001)
p.291-298.

[31Wasser S.P., Weis A.L. Medicinal properties of substances occurring in Higher Basidiomyceres mushrooms:
current perspectives. /n. J. Med. Mushr. 1, (1999) p.31-62.

[4] Ikekawa T. Beneficial effects of edible and medicinal mushrooms in health care. fat. J. Med. Mushr. 3, (2001) p.
291-298.
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SELECTION OF OPTIMAL CARBON AND NITROGEN SOURCES FOR
ENHANCED POLYSACCHARIDES PRODUCTION BY LENTINUS EDODES

Abstract. In this paper the effct of carbon and nitrogen sources on the endopolysaccharides production by
Lentinus edodes 2541 strain was nvestiated. Medium composition i the most important spect to takeinto consid:
erston when growing any microorganism, It was found tht cellbiosewas the bt arbon source for fungal growth

and endopolysaccharides production by L. edodes 2541 strain. Maximal endopolysaccharides production (5.5%)

was detectedin media withcellobiose ss 3 carbon source, Among the various nitrogen sources used, peptone wss

suitable itrogen sourcefor mazimal endopolysaccharides production by L. edodes 2541. The medium had the fol-

Iowing composition/I ellobiose -30; KH,PO,1; K.HPO, 1; MgSO,-025; peptone- 3.; yeat extract-20ml.

Selection of carbon and itrogen sources llowed increas polysaccharides production by Lentinus clodes.
Keywords: Lentinus edodes, olysaccharides,Selection.
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Carbon souree Biomas, 1 Endopolysaccharides.s
Glucose Bsz02 35200
Ambinose 3003 2200
Galactose 55204 25201
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Stanmose 36204 20z00
Fractose 33202 23:01
Lacose 62503 52203
Siatose Giz0n FEFTE)
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Asnnitol 32203 25201
Sorbiol 35202 20z02
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Table 2.~ Efect of itrogen sources on endopolysaceharides producion
by L edodes 2541 straininsubmerged cultvaton
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i L cdodes 2541 strin. The dsa obtined ae presented in
(ble2).

arogen souree Biomas, g1 Endopolysaccharides ® asm-
NaNO. 35203 2901
NN, Sasax assar
] s9s01 27202
[RED 6003 5501
Peptone 135201 45201
Aspangine G2z0s 5s0n
e 2701 24201
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DETERMINATION OF THE PROTEINS, LIPIDS
AND FATTY ACIDS IN LENTINUS EDODES MYCELIA BIOMASS

Abstract. Higher Basidiomycete mushrooms are currently of interest because they are a rich source of various
bioactive natural products. Lentinus edodes s one of the most promising species of xylotrophic fungi. In this paper
crude proteins, lipids and fatty acids in the deep mycelium of L. edodes 2541 have been determined. It was shown
that the total protein content in the fungal biomass was 23.0%, and lipids - 7%. Analysis of the fatty acid
composition of the deep mycelium of L. edodes 2541 showed that it is dominated by polyunsaturated diene linoleic
(C18: 2) acid - 69% of the total fatty acids. Polyunsaturated fatty acids are indispensable components of nutrition,
because, like essential amino acids, they cannot be synthesized in the human body. Tt was demonstrated that i the
composition of the lipids of the strain L. edodes 2541 the amount of unsaturated fatty acids (75%) significantly
exceeds the amount of saturated fatty acids (24%). In this regard, the degree of lipids unsaturation was 1.46.
‘Key words: Lentinus edodes. proteins, lipids, faty acids.

Introduction

Currently, there is increased attention to the creation of food additives and therapeutic and
prophylactic drugs that can be used to regulate physiological fimctions in the human body. Promising
objects in this direction are higher basidial mushrooms, as they contain a unique complex of biologically
active substances of carbohydrate, lipid and phenolic namure, vitamins, trace elements and other vital
compounds for the human body [I, 2]. These fungi have pronounced immunomodulatory.
hepatoprotective, antidiabetic, antiviral and antimicrobial properties [3, 4. In partieular, they are a source
of new polysaccharides with antitumor and immunomodulatory properties. One of the most widely
cultivated species of edible xylotrophic fungi is Lentinus edodes (shiitake), which has been widely used in
Chinese medicine for more than two millennia.

‘The fruit bodies of this fungus are grown on an industrial scale in many countries of the world [5]. In
addition to excellent taste, shiitake mushrooms are widely used in Chinese medicine for more than two
millennia. Fruit bodies of L. edodes contain proteins (26% of dry weight), lipids, including fatty acids
(mainly linolenic acid); carbohydrates: minerals; vitamins By, B; and C: ergosterols [6, 7]. It is known that
the most scarce component in the diet of people is a complete protein. Proteins of L. edodes fruit bodies
contain 18 amino acids included in the fonmula of a balanced diet, of which the essential ones are of
particular value: lysine, threonine, valine, tryptophan, tyrosine. etc. The content of essential amino acids in
the fruit bodies of various species of edible mushrooms cultivated on plantations can be quite high,
reaching and even exceeding 40% of the total amount of amino acids.
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In addition to protein, it is now well known that some microorganisms, including basidiomycetes, are
able to synthesize lipids and highly active lipid components in sufficiently large quantities. Fungal lipids
are represented by mono-di- and triglycerides, sterols and phospholipids (8. 9]. Due to high nutritional
values, the majority of research programs had been focused on extract from the fuiting body and there
have been fewer studies on extract from the cultivated fungi. In spite of many researchers” efforts for the
production of bioactive metabolites by mushrooms, the physiological and engineering aspects of
submerged cultures (production kinetics, structural features, biological activity and biosynthesis control
‘methods of some bioactive compounds) are still far from being thoroughly studied [10, 1]

‘The aim of this study was determination of the content of crude protein, lipids and fatty acids in the
mycelia biomass of Lentinus edodes

Materials and methods

The object of research was L. edodes 2541. For detemmination of the protein and lipids optimized
nutrient medium has been used. The composition of the medium was as a follow (g/): cellobiose - 30:
KH2PO; - 1; K2HPO: - 1; MgSOs -0.25; peptone - 3.5: yeast extract - 20ml: pH-6. The experiments were
carried out on laboratory shaker (180 rpm) in 250 ml Erlenmeyer flasks with 50 ml of medium for 7 days.
‘The aeration intensity was 0.55g O/Vh. Sterile nutrient media were inoculated with homogenized biomass
of L. edodes 2541 strain (10% by volume). Cultivation temperature - 25°C. After cultivation, the fungal
mycelium of was separated from the culture fluid through a nylon cloth, repeatedly washed with water,
dried at 60°C to a constant weight, crushed and used for chemical analyses.

Total nitrogen content (N) in the mycelium was determined by Kieldahl, the content of crude protein
(total protein) was calculated as Nowai6.25. Amino acid composition of proteins was studied on the
analyzer of amino acids "AAA-881" ("Miasrotechna", Czech Republic).

Lipids were extracted by the Folch method [12], the fatty acid composition of lipids was analyzed as
methyl esters of fatty acids on a gas-liquid chromatograph "Chrom-5" (Czech Republic) with a flame
fonization detector, using a stainless steel column 3.7 m long, filled with n-AW chromaton with 15%
polyethylene glycol succinate in the isothermal mode at an evaporator temperature of 210°C and a column
temperature of 160°C. Identification of fatty acids was carried out by relative retention volumes, as well as
in comparison with the indicators of control methyl esters of fatty acids [13, 14].All the analyses were
performed in triplicate, and the results were expressed as mean SD values of the three sets of observations.
‘The mean values and standard deviation was calculated using STATISTICA 6 [15].

Results and discussion

In order to more accurately characterize the objects of research at the first stage, we conducted
experiments to study the level of accumulation of crude protein and lipids in the conditions of deep
cultivation. The efficiency of synthesis in this case was estimated by the amount of these substances per
unit of synthesized biomass. The test strains were grown on an optimized liquid medium. as indicated in
the above. The results are presented in Table 1

‘The protein content of 20 strains ranges from § to 19%. At the same time, the protein content of 11
strains reached 20-23%. The maximum protein content of 23% was observed in strains 2541, 65, 2022 and
2267.

Comparative characteristics of lipid accumulation revealed variability from 3% to 7% to absolute dry
weight. The main part of the strains contained 6-77% lipids. Comparative analysis of the studied properties
of these strains, including previously obtained data on biomass syntesis, allowed to select sirain L.
edodes 2541 as the most promising producer. It was found that in the fruit bodies of L. edodes, as in a
mumber of other basidial fungi, lipids do not exceed 5-6% by weight, and, as a rule, their content is higher
in the cap than in the leg. This is because the basidiospores in the cap are very rich in lipids. Comparison
of lipid composition of fruit bodies of L. edodes with fruit bodies of widely cultivated edible fungi A
bisporus (champignon) and P. ostreatus (oyster mushroom) showed that the main features peculiar to
lipids of fungi of the Basidiomycetes class (prevalence of C18:2, high values of the degree of unsaturation
(CH) of lipids (1.4-1,5) were found in shiltake. However, this fungus has a number of differences, for
example, a high level of palmitic (C16:0). the presence of palmitoleic (C16:1) acid.





[image: image20.jpg]ISSN 2224-5227 1.2020

‘Table 1 - Crude protein and lipids content n different strains of L edodes. %

The mumber of the sirain Crude protein Tipids
1 2 3
55 17 5
2541 5 7
57 20 s
65 3 7
503 3 )
S04 20 5
1712 19 s
2082 19 s
71 21 5
712 2 7
713 19 s
1500 17 s
1501 18 s
1628 16 s
1658 7] s
1659 ) 3
1973 is 6
1992 18 3
202 23 7
2023 21 s
2056 is s
1709 15 s
1711 s 2
2059 7 2
1710 i 3
1 2 3
2180 16 s
267 ) 7
2084 12 £l
2085 12 P}
14 10 3
507 17 s

The results of determination of fatty acid composition of fungal biomass Z. edodes 2541 are presented
in Table 2.

‘Table 2 - Fatty acid composition of deep mycelium of Z. edodes 2541

Indicators
Trivial e of the faty acid Systematic mame (TUPAC) of fatty acid Hortbemont oL My ikt
Saturated faty acids
Lawric (Ciz0) Dodecanese -
Myristic (C1a 0) Tetadecane 0735001
Pentadecyl (Ciz0) Pentadecane 1584004
Paimitic (Cre.0) Hexadecane 19232050
Margarine (C70) Hexadecane 0452001
Stearie(Cis o) Octadecane 2302005
Unsaturated ftty acids
Palmitoleic (C1s 1) Ciso-hexadecene 0852001
Heptadecene(C17 1) Cis-9-heptadecene 0452001
Oléic(Cus 1) Ciso-octadecene 3792003
Polyusaturated ftty acid
Oleic (Cis 2) Gis Cis-9,12-octadecadiene 422120
a-Linolenic(Cis ) Cis Cis Cis-9.12,1 -octadecatrienoic 090:030
CH (degree of lipid unsaturation) 1.46:001
Sun of saturated faty acids 24,29:0.61
‘Sun of unsatumted ftty acids 75.4122.00
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The data presented in Table 2 demonstrate that polyunsaturated linoleic acid (C18:2) prevails in the
composition of lipids of the studied L. edodes strain — 69% of the total fatty acids. It should be noted that
the main fatty acid of many vegetable oils (sunflower. soybean. com. cotton) is also linoleic acid. the
content of which is 50-70%

In the biomass lipids of the studied strain, 3 types of unsaturated fatty acids are present in small
quantities. 1t was found that among the saturated fatty acids in the lipids of the strain L. edodes 2541.
‘monoenic palmitic (C16:0) acid content was 19%. It was found that the mumber of unsaturated fatty acids
(75%) in the lipids of the strain L. edodes 2541 significantly exceeds the number of saturated fatty acids
(249%). In this regard. the degree of lipid unsaturation was 1.46.

In the fiuit bodies of shiitake mushroom, fatty acids make up 3-3. 4% of the lipid content. Their
composition includes following acids: linoleic (C18:2) — 72.8%, palmitic (C16:0) — 14.7%, oleic (C18:1) —
3.0%, tetradecene (C14:1) — 1.6%, stearic (C18:0) — 0.9% and myristic (C14:0) - 0.1%.

Thus, the obtained data indicate a high nutritional value of the deep mycelium of L. edodes 2541

K. Mycragun!, H.A. Bucko’, AK. Kaanesa’, ILE. Tanencaes

A TMaTH DHepreTika AdHe GailIaHBIC YHUBEPCHTETi, ATMATH,
? Botasika mHcTHTYThittbin Mitwotorma kadezpacst, Kiies, Vipaita;
*K, JKYGaNOB aTHITArH AKTOGe OMpTIK MeUIeKeTTix Yrmnepereri:
“KIIIC «Amiren FOK», Amvatst, KasaxeTan

LENTINUS EDODES CAHBIPAVKY.JIAFbl BHOMACCACBIH/IAFBI IIPOTEHH/IEP,
JIHITHITEP MEH MAH KBIIIKBLIAPBIHBIH KYPAMBIH AHBIKTAY

AmmOTAHs. FKoFAPSI GASHLIHATS TH CARHIDAYKYIAKTAp Ka3ipIi GHOTEXHOTOTHAHHIH GOTAINaFs! Gap oGbexTinepi
GOSN TaGEUTATSL. OHTKeH KYDANHITA KOMIpCYTap, THITHITI AoHe BeHOTTH TAOHFATTHIH GHOTOTHATHIK GencerT
SATTAPHINBN Gipereli Kemmetfi, BHTAMMIEp, MIKPOMIEMEHTTep oHe GACKATA A1aM ATsacHl I MAMBIE
KOCBUTHCTAp Gap. BY1 CANMPAYKYIAKTAD HMMYHITET KATHITTACTHDYIIS, TeNATONpOTEKTOPTSIK, UaGeTKe Kapest,
BHDYCKA KADCH AQH AHTIMUKDOOTHK KacHerrepre me. Lentiniis edodes KCHIOTPOYTE! CAHBPAYKYTAKTapISH
imituteri meperexTHBTi Typepinis Gipi GoTAIN TaGkATSY. By sepTey Tepertetinres | edodes caRpayKyTar BRI
32 ITAMBIBIR MIe THHifTEri MITKi MPOTEHH, THITHTEP Mett Mall KHIIKEUTIAPHITAN KYPAMH JEPTTEYTE apHATIax,
Opraima eceriert 20 WTANMAAr b MPOTEHHHIH MoTIEPi 8-k 19 %-ra Aciis, a1 11 UITaMM.A IPOTeHHIiH MoIICPi
20-23 %-Fa AETTi. 4 UITAMIA MDOTEHHHIN €H Konl Memmepi 23 %-T KypaHTHHS Gafikantst. KacymanapIs
Tipminiri GapeICHIEAFH GipKaTap yepicTeple AKYHIMIAH GACKA THIUTIED fe MARSTH (AKIAPAT Gepy.
METAGOTHTTEp CEKPEIICH QHE T.G) epeKime poT aTKapamsi. OCHTal GAMTASICTH SPTTETETIN NITaNTAPTHI
‘TepervIETi e MiHTILIEr ] THTTEpIiR MOTIIepilt aHAKTaY HE 013D I KYPAMBIAATH Mafl KNIIKbUTpHII
SCPTICY CPKIE KBUFYWIMTHK TYAMPAM. JHIUTTCDUN MHAKTATYHNH CATHCTHPMATH  KOPCeTKiai,
WNTAMAApTSIE Heriari GeTiriIK KYpAMBITa 6-7 % THIHTIEp Gap eKERIrH KopCeTi. JepTTeTren HITAMIADTH
KACHETTEpiR CATHCTHPMATS TaT1ay . edodes 2541 ITaMBIT ei IEPCTIEKTHBTI MPO/VIEHT PETiRte TARIAN ATyra
ywinziK Gepri. Comsneen, cammpaykyax Ledodes 2541 MITaMGIHI GHOMACCACHIUTATI KATIH AKYBIHI
Neepi 23,0 %, THIHTED — 7 % eKeHAIr Genrini G, CaHMPAYKYTAK MHIETHHiF TaFa I KYHITHFHH
HEFYDIMM JOTIpEK Ko3 KETKIZy YINH Mali KSIIKSUUWDHES, SCipece, TAFAMHHN ATMACTHDHUTMANTHH
KOMIOHEHTTepi GOTHI TaGHUATHH MOTHKAHSINNAFAH Maii KMIIKHUTIODHHRI KYPAMBHA TATIQY AYPrisimi
OifTReHi, 07ap ATMACTHPHTMANTHN AVIIKBIIKELAAPSE CHAKTH ATaM arsacia cimeyzene amaitm, Illimmaxe
‘CARBIDAYKYIQTBIHBIA ACMICTI JeHeIepiie Nail KIIKBULIAP ITLATE KYPAMBIHBIK 3-3,4 % KypaliThiit Gerrizi.
‘Onap st Kypansisa: g0 (Cis2) — 72.8 %, maTsMiTHe (Cioo) — 14.7 %, omemss (Cis1) — 3.0%, Terpazertest (Ciar)
— 1,6%, creapum (Cis) — 0.9% xane suprcTit (Cieo) — 0.1 % KIIKEL1ApH Kipezi. Tepenteriaren L. edodes 2541
e T THITHTEpif MAfIKHIKEUL TS KYPAMBI TATIAY OFAA MOTHKANBIIAFAH Diei 0T (C1s2) KAMIIKELTS —
Mali 1 KNUIKBULADISI MOTIHEpiHers 69% Gack eKerist KepeerTi. TIOMHKAMBKIAFaH vafl KHIIKBULIAPH TaFaMIBt
AMMACTHPEUTNANTHIE KOMITOHERTTEp] GOTHIT TaGHUIATS!. OFTKEHi, 018D ATMACTHPHITMANTHH AMHHKBIIKULADH
CHAKTH Q1M QFACHITA CHETEIETe QTMANTHL 3epITENCTiH NITAMHHR OHOMACCICHHBN THIEITEpiRIE a3
MOTIEpTe KAMMKTATaR Mall KHIIKHUTIAHUSI 3 TYpi Gap. 3eprremren [edodes 2541 mTasimmm mmITep
KYPAMBIIA TOTHKABIKIArar e o (Cis2) KBIKBLTH! — MATLTH KUIKBUTIAD IR MOTIIEpitett 69 % Gackint
exein aHMKTATTAL Ledodes 2541 IITAMBIHIH THIITTCpiseri KAHBIKKAH Mafi KBIIKBUUIGPHIHAIH APACHIIA KYPAMB!
Mall KSUKSUTTAPTS MeTepine 19%-Tsl XypalTHH MOHOEH MATSMNTHE KSIIKHUTS (Cisc) GACHM GOTTEL
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L. edodes 254 NITaMMHSH THIITEDi KYDAMMIEIA KAHBKNGFQH Mali KHIIKSUTIQHEHAEH Memmepi (75 %)
KAMBKKOH Maft KHUIKSUTIAHERE MoTmepiner (24 %) eXayip acamst OCHFaH GaiiTaHMCTH THIHITEpIi
KAMBKTAYILTHK 70peRec 1 46-1t Kypaiist,

“Tylis cotep: Lentinus edodes, NpOTeMILIeD, THIHTIEp, Mall KIKALIGpH.

K. Mycradun', H.A. Bucxo’, AK. Knmesa’, ILE. Tanentaesa’

*AmvaTsmcxani VimeperTeT JepreTinkt it CBASH, ATMATHL

*Kagepa sixonorsm HscTuryTa Goramis, Knes, Yipana:

3 AKTioGmHCKItH perHORAT A TOCY1ApCTBHHEH yHHBEpCHTeT myerm K. JKyGamosa:
“T0O HIIIT «Asaresy, Amvarss, Kasakeran

ONPE/IEEHHE COJIEP/KAHHSI IIPOTEHHOB, JTHITHJIOB H KHPHBIX KHCIOT
B BHOMACCE TPHBA LENTINUS EDODES

AmmoTamus. BHCIMe GAMMATHHSE TDHOS ABWHOTCA TCpCCKTHBHBMH OOBEKTAMH COBDEMEHHON
‘GHOTEXHOTIOTHH, TIOGKOTEKY COTEPAAT YHHKATSHBH KOMITEKC GHOTOTHYECKS AKTHBHMX BEMIECTS YTTEBOTHOM,
RO 1 heROTHHOM MPHPOTS, BHTAMIHS, MIKPOYTEMENTH! it APYTHe AUSHENHO BAKIHE 1A e T0BETECKOr0
OPFNIIMA COETMHENILA T TPHOH OGTATAIOT BHPARHHHINIS HMMYHOMOTYTHPYIOUIIN, FEMATOPOTEKTOPHHMH,
QHTHIAGETHICCKIM, AHTHBMYCHSIMH  AHTHMMKDOGHBH CBORCTBAMMH. Lenfinus edodes SBIACTCA OXHID 33
HauGOTee NMEPCTIEKTHBHBIX BIOB KCHTOTPODHSIX TpHGOB. HACTORINee HCCTETOBAHHE TIOCBAIIEHO M3YTEHITO
COTEPANKA CHIPOTO TDOTENHA, THITIOB T APHAIX KICTOT B ITYGHHHOM MHIETIE 32 IITaMoB TprGa L. edodes
B cpeame cofepaite MpoTeia y 20 NITAMMOB KO7EGATOCh O 8 20 19%, y 11 IITaMMOB KoT1ecTs0 mporera
A0cTHrA10 20-23%. MAKCHMATBHOE Ke COJlepANHE NPOTEHHa, CoCTaBgiowlee 23% HAGTIONXIOCh Y 4 ITAMMOB.
TloMiMo GeTKOB THIHIS HIPAIOT 0cOGYI0 POTH B P AIHEHHO BAAHHX NOLECCOB B KIETKaX (epetave
MHOPMAIIHH, CeKpEITHIH NETAGOTHTOB H T.L). B CBAM C YTIDM, 0cOBHi HATEpeC MPEACTABTATO OTpETeTemHE
KOTIECTSA JMMHI0B FIYGHAORO MIIETIA HCCTEAYEMHX ITaMMOB H 3YTelie X ANPHOKHCIOTHOTO COCTaBa,
(CpaBHHTE/IbHAA XAPAKTEPHCTHKA HAKOIVICHHA THIILIOB NOKA341a, UTO OCHOBHAX YACTh MITAMMOB COjepAata 6-7%
THHOB. CpABHHTE THHEL AHATIS H3YIEHRHIX CBOHICTB HCCTETYEMBIX IITAMMOB IOIBOTILT OTOOATS KK HaHGOTeE
MeperteK THBHBH MpoTyen mrTanew L. edodes 2541. Takin 06pasoss, GO YCTAHOBTERO, 0 cOTepaHe 0GmErD
Geka B TpHOHOf Gowacce mravya L. edodes 2541 cocTaniaer 23,0%, mimiton — 7%. Juk Goree Tommoft
‘XAPAKTEPHCTHKIH TANIEBOt LEHHOCTI TPHOHOTO MILETIA GhLT MPOBECH AHATH COTCPANNIA AUDHNX KICIOT, 1t
0COBCHHO, TOTHHEHACHIIICHHHX AHDHEIX KHCTOT, KOTOPHE ABTAIOTCH HEXAMEHHMBIMH KOMIIOHEHTAMI THTAHMA,
MOCKOTEKY, KK H HE3aMEHIMBte aMHHOKICTOTI, He MOTYT GHITh CHETESHOBAHS B OPFAHME e T0BEKa. 1138eCTHO,
0 B TIOZOBLIX TeTAX TPHGA MIMHTAKe AUPHHE KHCTOTH COCTABTAIOT 3-3 4% OT COTEpAGHIA M08, B mx
COCTaB BXOAT KHCTOTH: mHoTeBas (Ci2) — 72,8%, MamwirmiHoBa (Ciso) — 14,7%, onerosan (Cis1) — 3.0%,
Terpateuciiona (Ciar) — 1.6%, creapuuosas (Ciso) — 0.9% H MprcTuosas (Cieo) — 0,1%. Asmamms
MPHOKHCTOTHOTO COCTABA THIIIOB TTYGHHHOTO Mimemns L. edodes 2541 IOKAT, 9ro B He mpeoGTamer
MOTHHENACHIENTAR THen0Bax ToneBax (Cis2) KHCTIOTa — 69% OT CYMMS! AHPHHIX KtcToT, TloTmerachmerie
AUPHHE KHCTOTH ABVOTCA HESIMEHIMEDI! KOMTIONEHTAMI NHTAHWA, TOCKOTSKY, KAK 1f HESQMEHHMHE
AMHHOKHCIOTSI, OHH He MOTYT GBiTh CHHTESHDOBAKHI B OPTAHH3Me enoBeka. B THILIAX GHOMACCH H3YTIENOro
ITAMMA B HEGOTHIIIX KOTHIECTBAX IPHCYTCTBYIOT 3 BHIA HEHACHIIEHHBIX AMPHHIX KHCTOT. VCTAHOBTERO, 710 B
COCTABE THIILIOB HCCTe0BANHOTO MITaMA L. edodes 2541 MPE0GTAIET IO THHE HACHINIERHAR THEHOBAR THHOTEBIA
(Ci52) KHCTOTA — 69% OT CYMMB AUPHSIX KHCIOT. CPEIi HACHINCHHNX AUPHbX KICIOT B THTHIAX WITaMMA
L edodes 2541 npeoS1a1eT NOHOEHOBAR NATbMITHHOBAA (Cis0) KHCIOTa, COTEpRaHe KoTopolt cocTanAer 19% o1
CYMME AHPHBIX KHCTOT. B COCTaBe THIILIOB mTaxssa L. edodes 2541 KOTIIECTBO HEHACHINIEHHEIY AHPHEIX KHCTOT
(75%) SHOTETsHO MPEBMINAET KOTHIECTBO HACHUIEHHHIX KHDHSX KICTOT (24%). B CBAWI C ITInM cTemems
HEHACHIENHOCTH M0 CocTaBTAeT 1,46,
Kamotenbie c10pa: Lentinus edodes, TpOTHHS, IS, AUDHBLE KHCIOTH
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Chemical Composition of Depth Lentinus edodes Mycelia Biomass
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ABSTRACT

The amino acid composition of the proteins of the deep mycelium Lentinus edodes strain 2541 was
studied and it was found that the protein contained 17 types of various amino acids, nine of which (47%)
were essential amino acids. Among the essential amino acids, the predominant ones were leucine, lysine,
valine and tyrosine. These data indicated the high nutritional value of the mushroom protein. It was
revealed that a significant (75%) part of lipids in the cells was represented by unsaturated fatty acids,

the degree of unsaturation of which was 1.46. The
linoleic acid (C18 : 2)-69% of the total fatty acids.

main component was the polyunsaturated diene
Polyunsaturated fatty acids were indispensable

components of nutrition, because, like essential amino acids, they cannot be synthesized in the human

body.

Key words : Lentinus edodes, amino acids, lipids, fatty acids

INTRODUCTION

Higher basidiomycetes are promising objects
of modern biotechnology because they contain
a unique complex of biologically active
substances of carbohydrate, lipid and phenolic
nature, vitamins, trace elements and other
compounds vital for the human body (Xin et
al, 2016; Filipa et al., 2017). One of the most
widely cultivated species of edible xylotrophic
fungi is currently Lentinus edodes (Shiitake).
‘The fruiting bodiies of L. edodes contain proteins
(26% of dry weight), lipids, including fatty acids
(mainly linolenic acid); carbohydrates;
minerals; vitamins B1, B2 and C; ergosterols
(Sandrina et al, 2015; Rahore and Shalinee,
2017; Badalyan et al, 2019).

Currently, the study of the biological properties
of the biomass of L. edodes fungi (Shiitake)
obtained under deep cultivation is attracting
increasing interest. The results of these works
can contribute to the development of new
biotechnology for the production of biologically
active additives with a wide range of therapeutic
properties.

‘The scarcest component in human nutrition is
complete protein. The nutritional value of
proteins is determined mainly by the
composition of amino acids. Great importance

‘wherein s the content of essential amino acids.
The proteins of the fruit bodies of L. edodes
contain 18 amino acids that are part of the
balanced nutrition formula, of which the
irreplaceable are of particular value : lysine,
threonine, valine, tryptophan, tyrosine, etc. In
addition to proteins, these fungi are able to
synthesize lipids and highly active lipid
components in fairly large quantities. Lipids
in fungi are represented by mono- and
triglycerides, sterols and phospholipids (Bozena
etal, 2018; Wen et al, 2019). Information on
the  physiological and biochemical
characteristics, nutritional needs and
conditions conducive to increased synthesis of
the bioactive lipid components of most
basidiomycetes grown by the deep method were
very limited and sometimes contradictory. The
purpose of this study was determination of the
amino and fatty acid composition of the deep
mycelium L. edodes.

MATERIALS AND METHODS

Pure culture of L. edodes 2541 was collected
from the hat mushroom cultures of the Institute
of Botany named after N. G. Holodny of NAS of
Ukraine (Kiev). For the cultivation of biomass,
anutrient medium of the following composition

'Department of Mycology, D. K. Zabolotny Institute of Botany, Kiev, Ukraine.
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g/l was used : cellobiose ~30; KH,PO,~1;
K,HPO,-1; MgSO,-0.25; peptone-3.5; yeast
extract-20 ml and pH was 6.

‘The experiments were performed on laboratory
shakers (180 rpm) in 250 ml Erlenmeyer flasks
with 50 ml of medium for seven days. The
intensity of aeration was 0.55 g O,/1/h. Sterile
media were inoculated with the homogenized
biomass of L. edodes 2541 strain (10% volume).
Cultivation temperature was 25°C. After
growing, the mycelium of the fungi was
separated from the culture fluid through nylon
tissue, washed repeatedly with water, dried at
60°C to a constant weight, crushed and used
for chemical analyzes.

‘The amino acid composition of the proteins was
studied using an “AAA-881” amino acid
analyzer ("Mirotechna”, Czech Republic). Lipids
were extracted using the Folch method, the
fatty acid composition of lipids was analyzed
as methyl esters of fatty acids on a “Chrom-5"
gas-liquid chromatograph (Czech Republic)
with a flame ionization detector using a
stainless steel column 3,7 m in length, filled
with N-AW chromaton with 15%
polyethyleneglycol succinate in isothermal
mode at an evaporator temperature of 210°C
and a column temperature of 160°C. The
identification of fatty acids was carried out by
the relative volumes of retention, as well as in
comparison with the indicators of the control
methyl esters of fatty acids.

RESULTS AND DISCUSSION

it was found that the protein of the deep
Table 1. Analysis of the fatty acid content

Mustafin, Bysko, Saduyeva, Zhakipbekova, Tapenbayeva and Narmuratova

mycelium L. edodes 2541 contained all of the
essential amino acids that were included in the
formula of a balanced human diet. The high
nutritional value of the L. edodes 2541 deep
mycelium protein was evidenced by the
significant content of essential amino acids in
it, which made 47% of the sum of all amino
acids. Among the essential amino acids in the
biomass of the studied strain, the highest
content of the following amino acids was
detected : leucine, lysine, valine and tyrosine.
It should be noted that the composition of plant
proteins (cereals in particular) included a very
small amount of lysine and leucine. Among the
essential amino acids in the protein of the
studied strain of L. edodes 2541, the largest
proportion was glutamic acid.

Lipids play a special role in a number of vital
cell processes (information transfer, secretion
of metabolites, etc.). That is why it is of
particular interest to determine the amount of
lipids of the deep mycelium of the studied L.
edodes 2541 strain and to study their fatty acid
composition. In the initial experiments, it was
found that the lipid content in the biomass of
the studied strain was 7.0-0.2%. For more
accurate characteristic of the nutritional value,
an analysis of the fatty acid content was carried
out (Table 1).

Data presented in Table 1 demonstrate that
the polyunsaturated diene linoleic (C18 : 2) acid
prevailed in the lipids of the studied L. edodes
strain : 69% of the total fatty acids. It should
be noted that the main fatty acid of many
vegetable oils (sunflower, soybean, corn and
cotton) was also linoleic acid, the content of

Indicators

Total fatty acids
)

Trivial fatty acid name.

Systematic name (IUPAC) of

ey scid
Saturated fatty acids
Myisti (C, § Tetradecane 073:0.01
Pantadecyi (Cy Pentadecans 1581004
Palmiti (C,, § Hexadecans 1923050
Margarine (. Heptadecane 0451001
Stearic (€. Octadocane 2301005
Unsaturated fatty acids
Palmitolec (C,y ) Cin-hexadecens 085001
Heptadecene (¢, ) Cis-0-heptadecene 0.45+0.01
Olec (€, ) Gis-9-octadecens 379003
Polyunsaturated fatty acids
Linolei (C,, ) Cin, c-9,12-octadecadiene 69.42¢1.20
HF (degree of lipid unsaturation) 1.46:0.01
Suam of saturated ftty scide 2429:061
Sum of unsamrated farty acids 75:41:2.00
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which was 50-70%. It was found that among
saturated fatty acids in the lipids of the strain
L. edodes 2541, monoenic palmitic (C16 : 0)
acid prevailed, the content of which was 19%
of the total fatty acids. In the composition of
lipids of the strain L. edodes 2541, the amount
of unsaturated fatty acids (75%) significantly
exceeded the amount of saturated fatty acids
(24%). In this regard, the degree of unsaturation
of lipids was 1.46.

In Shiitake fruiting bodies, fatty acids
comprised 3-3.4% of the lipid content. They
included the following acids : linoleic (C18 :
2)-72.8%, palmitic (C16 : 0)-14.7%, oleic (C18
: 1)-3.0%, tetradecene (C14 : 1)-1, 6%, stearic
(C18 : 0)-0.9% and myristic (C14 : 0}-0.1%.

CONCLUSION

The deep mycelium L. edodes 2541 contained
all essential amino acids which were part of
the balanced human nutrition. Among the
essential amino acids in the biomass of the
studied strain, the highest content was found
for leucine, lysine, valine and tyrosine. Also it
was found that in the fruit bodies of L. edodes,
as in a number of other basidiomycetes, lipids
did not exceed 5-6% by weight, and, as a rule,
their content was higher in the cap than in the
stem. This was due to the fact that the
basidiospores in the hat were very rich in lipids.
Comparison of the lipid composition of the
fruiting bodies of L. edodes with the fruiting
bodies of the widely cultivated edible fungi A.
bisporus (champignon) and P. ostreatus (oyster
mushroom) showed that the main features
inherent in lipids of the fungi class
Basidiomycetes (predominance C18 : 2, high
values of the degree of unsaturation (CH) lipids
(1.4-1.5)) were also found in Shiitake. However,
this fungus also had a number of differences,
for example, a high level of palmitic acid (C16 :
0) and presence of palmitoleic acid (C16 : 1)
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polysaccharide production in submerged culture
of the edible medicinal mushroom Lentinula edodes

NINA BISKO'*, KAIRAT MUSTAFIN’, GALEB AL-MAALI', ZHANARA SULEIMENOVA”,
MARGARITA LOMBERG', ZHANAR NARMURATOVA”, OKSANA MYKCHAYLOVA',
NADIYA MYTROPOLSKA', AIGERIM ZHAKIPBEKOVA”

'M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2, Tereshchenkivska str,, UA-01004, Kyiv, Ukraine
# Almaty University of Power Engineering & Telecommunications, 126, Baitursynov str., Almaty,
KZ-050013, Kazakhstan
*RPE Co Antigen Ltd., 4, Azerbaev str., Abay village, Karasai area, Almaty region, KZ-040905,
Kazakhstan
“corresponding author:

o_nina@ukr.net

Bisko N., Mustafin K., Al-Maali G., Suleimenova Z, Lomberg M., Narmuratova Z.,
Mykchaylova 0., Mytropolska N., Zhakipbekova A. (2020): Effects of cultivation
parameters on intracellular polysaccharide production in submerged culture of
the edible medicinal mushroom Lentinula edodes. - Czech Mycol. 72(1): 1-17.

The effect of different submerged culture conditions (medium composition, pH and tempera-
ture) on mycelium biomass and production of intracellular polysaccharides (IPS) by the valuable ed-
ible and medicinal mushroom Lentinula edodes was investigated. In total, 12 carbon and 7 nitrogen
sources in the nutrient medium were tested,

Glucose and peptone were determined to be the most suitable carbon and nitrogen sources, re-
spectively, both for IPS and biomass production. Generally, modified glucose-peptone medium, C/N
ratio of 18, pH adjusted to 6.0 and cultivation temperature of 25 °C were found to enhance the yield of
biomass and IPS by mycelium of L. edodes IBK 2541 in submerged culture. Selection of medium com-
position and physical cultivation parameters resulted in an IPS production of 940 mg/ on the modi-
fied glucose-peptone medium, which is three-fold higher than that from the basal medium (306 mg/)

Key words: endopolysaccharides, biomass, shiitake, submerged fermentation, medium composi-
tion, temperature, pH.
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Price piinasi vysledky studia viivu riznych podminek (slozeni média, pH a teploty) na tvorbu
mycelia a produkei intracelulémich polysacharidi (IPS) pii péstoviini Lentinula edodes v submersni
Kultufe. Celkem bylo testovano 12 rivnych zdrojit ubliku a 7 zdroji dusfku v Zivném médiu

Jako nejvhodn@jsi zdroj uhliku byla stanovena glukdza, jako nejvhodnési zdroj dusiku pepton,
a to jak pro produkci biomasy, tak IPS, V rami testovanych zdrojit a hodnot vychazi jako nejlepsi
pro zvysent tvorby biomasy a produkce IPS testovaného kmene L. edodes IBK 2541 modifikované
glukozo-peptonoveé medium s pomérem C/N 18 pii kultivaéni teploté 25 °C a pH 6. Pfi tomto slozen
média a zvolenych parametrech kultivace bylo dosazeno produkce IPS 940 mg/l, cof je tiikrit vice
nez bylo zjisténo pfi kultivaci v zakladnim médiu (306 mg1).

INTRODUCTION

Mycelium and fruitbodies of many mushrooms (Basidiomycota) have been re-
ported to possess a large number of biologically active substances, such as poly-
saccharides, triterpenes, phytohormones, etc. (Wasser 2002, Al-Maali et al. 2016,
Vedenicheva et al. 2018). Lentinula edodes (Berk.) Pegler, commonly known as
shiitake, is now the world’s leading cultivated edible mushroom with about 22%
of the world’s supply (Royse et al. 2017). Moreover, numerous bioactive com-
pounds have been isolated from fruitbodies, mycelium and liquid culture medium
of L. edodes (Wasser 2002, Xu et al. 2014, Ruthes et al. 2016, Gaitan-Hernandez et
al. 2019). The biological activity of most medicinal macrofungi is largely deter-
mined by compounds of a carbohydrate nature, which comprise up to 60% of the
dry biomass (Wasser 2002, Chen et al. 2012, Mizuno & Nishitani 2013). Carbohy-
drates are represented by free and bound sugars, mono- to polysaccharides. Poly-
saccharides are the best known mushroom-derived substances which perform
energy-reserving, regulatory, osmoregulatory and structural functions. The in-
tense research on bioactive carbohydrates produced by mushrooms and search
for their potential sources started in the late 1960s, after a group of Japanese sci-
entists discovered the oncostatic effect of polysaccharides isolated from the
fruitbodies of L. edodes (Chihara et al. 1969).

The most famous and best studied intracellular polysaccharide is a linear
B-(1,3)-glucan, which has the common name ‘lentinan’ and was isolated from
L. edodes (Dennert & Tucker 1973). Numerous researches have reported that this
compound has strong antitumour and immunomodulation properties (Chihara et
al. 1987, Ina et al. 2013, Zhang et al. 2018). Liu et al. (2019) showed that this IPS
promotes intestinal health, partly through altering intestinal microbiota composi-
tion and increasing the short-chain fatty acid synthesis, which subsequently leads
to a reduction in inflammation. Also in this work it was demonstrated that IPS
inhibited inflammatory signalling pathways (tolldike receptor 4 and nucleotide
binding oligomerisation domain protein) and pro-inflammatory cytokines (tu-
mour necrosis factor-a, interleukin-1B and interleukin-6) expression. Moreover,
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the possibility of IPS to reduce the level of cytokines was noted by Zi et al. (2020).
Thus it was shown in this work that IPS significantly reduced interleukin-8 and
chemokine ligand-2 mRNA. In addition, these authors found that lentinan can
increase the activity of superoxide dismutase and glutathione peroxidase, being
approximately 18- and 2.7-fold higher, respectively, compared to the control. In
general, IPS isolated from mycelium and fruitbodies of L. edodes have numerous
properties such as antibacterial activity in vitro against gram-positive and gram-
negative bacteria (Ishikawa et al. 2001, Rasmy et al. 2010), antioxidant activity
(You et al. 2011, Huang et al. 2012), cardiovascular activity (Wasser & Weis 1999),
liver protective activity (Akamatsu et al. 2004), anti-inflammatory activity
(Lindequist et al. 2005), radioprotective activity (Pillai & Devi 2013), antidiabetic
activity (Dubey et al. 2019) and others.

Subsequently, more data about antitumour activity of polysaccharides from
L. edodes have been reported. Therefore, the research on their biological activity
has been extended (Maeda & Chihara 1973, Hamuro & Chihara 1985, Giavasis
2014, Wang et al. 2017). Thanks to this, it has been demonstrated that various
polysaccharides obtained from shiitake, including lentinan, exhibited an anti-
tumour effect against colon cancer cells (Wang et al. 2017), induced mitochon-
drial mediated apoptosis in human cervical carcinoma HeLa cells (Ya 2017), and
enhanced the effect of oxaliplatin under hepatocellular carcinoma therapy
(Zhang et al. 2016). Furthermore, shiitake extracts are reported to have immuno-
modulatory activity (Mizuno & Nishitani 2013). From the mycelium and liquid
culture extracts of this medicinal mushroom, several pharmaceutical prepara-
tions have been developed, containing lentinan and eritadenine, which are used
for the treatment of suppressed immune function, cancer, allergy, influenza,
common cold, heart disease, hyperlipidemia, hypertension, hepatitis and urinary
inconsistencies (Bisen et al. 2010).

Since recently, submerged cultivation has been used in the production of my-
celium and bioactive compounds from mycelium biomass and liquid culture me-
dium (Kim et al. 2002, Babitskaya et al. 2004, Elisashvili et al. 2004, Scherba &
Babitskaya 2008, Krasnopolskaya et al. 2012, Elisashvili 2012). The submerged
fermentation procedure is considered more advantageous for the production of
polysaccharides than obtaining these products from fruitbodies (Kim et al. 2002,
Bisko et al. 2018, Mykchaylova et al. 2019). This cultivation technology provides
the possibility to select operating parameters for the efficient production of
extracellular and intracellular polysaccharides. An analysis of literature data
about submerged fungus cultivation has provided information on different as-
pects of exopolysaccharide synthesis (Kim et al. 2002, Babitskaya et al. 2004,
Elisashvili et al. 2004, Scherba & Babitskaya 2008). Fewer works deal with
intracellular polysaccharides (Elisashvili 2012). Krasnopolskaya et al. (2012)
have reported on the optimisation of nutrient medium for submerged cultivation
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of the selected strain of L. edodes with a biomass yield and endopolysaccharide
content up to 21 @l and 4.8 g1 of culture liquid, respectively. Scherba &
Babitskaya (2008) have demonstrated that some strains of L. edodes and some
other fungi grown under submerged conditions synthesise up to 8 g/l exopoly-
saccharides and 8-10 g per 100 g biomass of endopolysaccharides, suggesting
their production potential.

The efficiency of the biotechnological process is determined mainly by the liq-
uid nutrient medium, as well as by the nuritional substances, and availability of
carbon and nitrogen sources. Furthermore, polysaccharide productivity depends
on the biological characteristics of the strain and on cultivation conditions
(Scherba et al. 1999, Elisashvili 2012, Krasnopolskaya et al. 2012).

The objective of our research was to evaluate the effects of the main nutrient
sources (carbon and nitrogen) and their ratio, temperature and pH on the pro-
duction of biomass and intracellular polysaccharide (IPS) content in the myce-
lium of L. edodes IBK 2541 during submerged cultivation.

MATERIAL AND METHODS

Strain and medium. The studied strain of Lentinula edodes IBK 2541 was
obtained from the IBK Mushroom Culture Collection of the M.G. Kholodny Insti-
tute of Botany NASU (Bisko et al. 2016a, 2016b). This strain was selected from the
IBK Collection after preliminary screening of 51 strains on the basis of maximum
IPS content in submerged conditions (Mustafin et al. 2018, and unpublished data).
The composition of the basal glucose-peptone nutrient medium was as follows
(&/1): glucose 10.0; peptone 2.0; KH,PO, 1.0; KHPO, 1.0; MgS0, 7H,0 0.25; com
steep liquor (Sigma-Aldrich) 20 ml; distilled water 1.0 1; pH 5.5 after sterilisation.

Inoculum preparation and cultivation conditions. The inocu-
lum was initially prepared by cultivating L. edodes IBK 2541 mycelium for 7 days
at 25 + 0.1 °C on a basal glucose-peptone medium containing 20 g/l agar-agar.
Using the obtained inoculum, the basal medium was inoculated (10% v/v) with
the mycelium homogenised for 3 x 30 seconds in a laboratory blender. Cultiva-
tion was conducted on a laboratory shaker under the following conditions: tem-
perature 25 + 0.1 °C, agitation speed 120 rpm, volume 50 ml of basic glucose-
peptone medium in 250 ml Erlenmeyer flasks for 4 days. For the fermentation
stage, the inoculum obtained as described above was used for inoculation of the
nutrient medium (10% vA) in a series of experiments on the effect of various
physical factors and conditions (temperature, pH, carbon and nitrogen sources,
their ratio) on the biomass production and IPS yield in mycelium of L. edodes IBK
2541. Cultivation was carried out on a laboratory shaker for 7 days (120 rpm) in
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250 ml Erlenmeyer flasks (for each trial 5 repetitions were made) containing
50 ml of nutrient medium.

Determination of biomass and IPS. Afterfiltration of the cultural liq-
uid, the mycelium was washed with distilled water and dried to absolutely dry bio-
mass (a.d.b.) at 105 °C. For IPS extraction, the whole mycelium obtained from one
flask was dried at 60 °C and homogenised in a laboratory blender, then supple-
mented with distilled water (1:10 by weight) and boiled in a water bath (100 = 1 °C)
for 18 hours. Cytoplasmic contents were removed by multiple centrifugations
(3,000 g for 15 minutes) of the homogenised mycelium suspended in distilled
water. The washing procedure was stopped only when optical density of the
supernatant at 280 nm did not exceed 0.1 (Goncharova et al. 1996).

The obtained extracts were concentrated two- or three-fold with a rotary
evaporator (60 °C), treated with 96% ethanol (volume ratio 1:1) at a temperature
of 4 + 0.1 °C and allowed to stand until complete precipitation. The precipitate
(IPS fractions) was separated by centrifugation and then dialysed against dis-
tilled water for 3 days. The dialysed IPS was precipitated with ethanol (volume
ratio 1:2), washed with ethanol, ether, acetone and dried at 37 °C. The IPS con-
tent was calculated in % of absolutely dry biomass.

The IPS production (mg/1) was calculated as the total amount of endopoly-
saccharides per litre of medium consumed for the cultivation of mycelium over
the entire period of cultivation.

Effects of carbon, nitrogen sources and their ratio. The eco-
nomic coefficient (EC) of using glucose as a carbon source for IPS content was
calculated with the following formula:

EC (%) = M/ (Cpy = C,) x 100

where M is IPS mass (¢/1); C,,,, and C, are glucose concentrations (g/1) in the
medium before cultivation and at time t, after cultivation, respectively. The
amount of glucose in the nutrient medium was determined by the phenol-
sulphuric acid method (Grushenko et al. 1978).

The effect of different glucose concentrations (10, 20, 30, 40, 50 g/) in the nu-
trient medium on biomass accumulation and IPS content in the mycelium was
estimated.

Various carbon sources equivalent to 10 g/l glucose were added to the basal
glucose-peptone medium. The following carbohydrates or sugar alcohols were
used as carbon sources: glucose, arabinose, xylose, galactose, mannose, fruc-
tose, lactose, maltose, sucrose, mannitol, sorbitol and cellobiose

Various nitrogen sources equivalent to the amount of nitrogen in 2 g/l peptone
were added to the basal glucose-peptone medium. Inorganic (sodium nitrate,
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ammonium nitrate, ammonium chloride, ammonium sulphate) and organic
(asparagine, urea, peptone) compounds were used as nitrogen sources.

The effect of the carbon to nitrogen (C/N) ratio in the nutrient medium on IPS
production by mycelium of the studied strain was investigated on a glucose-
peptone medium containing 30 ¢/l glucose, with peptone additions ranging from
2 gNto4.7 g/l. The CN ratio in the nutrient medium varied from 42 to 18.

Effect of medium pH. The effect of pH values on IPS production by my-
celium of L. edodes IBK 2541 was studied on a nutrient medium with selected
concentrations of carbon and nitrogen sources and C/N ratio. The medium pH
was adjusted to the required level (3.0-7.5) with 10% KOH and IM HCl. Measure-
ments of the initial medium pH values were carried out after steri i
autoclave (1 atm).

Effect of temperature. The effect of different cultivation temperatures
(20, 25, 30 + 0.1 °C) on biomass accumulation and IPS content in mycelium of
L. edodes IBK 2541 was studied on a nutrient medium with selected concentra-
tions of carbon and nitrogen sources, C/N ratio and pH.

Statistical analysis. All data were processed using statistical analysis
methods. Values of standard deviations, coefficients of variation, and confidence
intervals were calculated using standard statistical packages, Microsoft Office
Excel and StatSoft Statistica 6.0. Experimental data from quintuple measure-
ments was expressed as mean + SD. The Student’s (-test was applied for express-
ing the significance; values at P < 0.05 were considered significant. Results pro-
vided in tables and figures are presented as means + standard deviation (n = 5).

RESULTS AND DISCUSSION

Carbon sources

Medium composition is known to affect the yield of mycelium and polysac-
charides. In order to identify the best carbon sources for mycelial growth and IPS
production by Lentinula edodes IBK 2541, twelve carbohydrates were tested.
The data represented in Fig. 1 indicate that the mushroom was capable of using
all the tested carbon sources. Among the sources examined, glucose (6.8 /1) fol-
lowed by cellobiose (6.5 @/1), maltose (6.4 g1) and lactose (6.2 @/1) resulted in the
best mycelial growth, whereas the biomass yield reached 5.8 and 3.2 ¢/ in the
presence of sucrose and mannitol, respectively.

Analysing the data obtained, we noted that of all the tested compounds, IPS
content was higher in the cultures cultivated in the medium with glucose (4.5% of
the biomass), followed by cellobiose (3.5%) and lactose (3.2%), whereas sorbitol
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Fig. 1. Effect of various carbon sources in basal nutrient medium on biomass production (A) and
intracellular polysaccharide content (B) of Lentinula edodes TBK 2541 under submerged cultivation.
Different carbon sources were added to a basal medium equivalent to 10 ¢/ glucose.

*p < 0.05 in comparison with corresponding biomass production and IPS content in medium with
glucose. Values are given as mean « SD (n = 5).

and mannose rendered the lowest yield of IPS (2.0%). Thus, glucose was the pre-
ferred carbon source for IPS production by L. edodes IBK 2541. In this case, the
IPS production in the medium containing glucose was 306 31 mg/l (see Fig. 1:
biomass 6.8 ¢/l contained 4.5% IPS). Krasnopolskaya et al. (2012) reported that in
their study, glucose was also the best carbon source for IPS production. There-
fore, glucose was used as a carbon source in our further experiments.

The effect of different glucose concentrations ranging from 10 to 50 g1 was
tested. It was found that the highest IPS content occurred in the glucose-peptone
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Fig. 2. Effect of glucose concentration in ghicose-peptone medium on biomass production (A) and
intracellular polysaccharide content (B) of Lentinula edodes IBK 2541 under submerged cultivation.

* p < 0.05 in comparison with corresponding biomass production and IPS content in medium with
10 g/ glucose. Values are given as mean + SD (n = 5).

medium with a glucose concentration of 30 g/. It should be noted that an increase
in glucose concentration from 10 ¢/l to 40 g did not significantly affect the IPS
synthesis, but had an essential effect on biomass accumulation by L. edodes IBK
2541. In the medium containing 30 g/l of glucose, the amount of biomass was up
to 55% higher as compared to the biomass obtained with the initial glucose con-
centration of 10 g1. Moreover, higher biomass production under a glucose con-
centration of 30 g1 generally reflected growing IPS production, which increased
t0 494 + 45 mg/l (see Fig. 2: biomass 10.1 @/ contained 4.9% IPS). However, at
ahigher glucose concentration (40 g/1), the fermentation response was not in that
proportion. Although an increase in glucose concentration to 40 @1 had a positive
effect on biomass yield, there was no obvious correlation between biomass and
IPS content as compared to the glhicose concentration of 30 @1 (Fig. 2). At the same
time, this would raise the costs of the preparation of the nutrient medium.

The different authors assumed that different carbon sources might have differ-
ent effects. The information reported by Elisashvili et al. (2004) on the influence of
carbon and nitrogen sources in the nutrient media on the biomass of two strains of
L. edodes is in accordance with our results. In that study, seven carbon sources
were tested for their effect on mushroom growth and extracellular polysaccharide
formation. However, fungal growth and polysaccharide production greatly de-
pended on the compound used in the nutrition medium. Al the fungi showed their
highest mycelia dry weights when cultivated in a medium supplemented with
cellobiose, manitol or glucose. Thus, the biomass of L. edodes strains accounted
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for 5.0-5.8 g1 A much lower final biomass was found after fungi cultivation in the
presence of xylose or sucrose (Elisashvili et al. 2004). Krasnopolskaya et al. (2012)
reported that on the basic medium containing glicose (20 /1) and soy flous, the high-
est biomass yield for the selected strain of L. edodes was 8-12 g/l Krupodorova et
al. (2019) indicated that among the tested carbon sources, the highest mycelium
vield of L. edodes was observed for glucose, followed by cellulose. Glucose was
also reported as a best carbon source in an L. edodes cultivation with a biomass
accumulation of 2.75 g/l to 6.88 g/l (Feng et al. 2010).

Nitrogen sources

Another factor essential for efficient mushroom growth and polysaccharide
production is the nitrogen source used for fungi cultivation. The effect of differ-
ent investigated organic and inorganic nitrogen sources on biomass production
and IPS content by L. edodes IBK 2541 when grown on 30 g1 glucose was as-
sessed. The results of our study on seven nitrogen sources indicated that peptone,
asparagine and ammonium sulphate are the most favourable for maximum bio-
mass production by L. edodes IBK 2541, yielding 6.5, 6.2 and 6.0 g/, respectively
(Fig. 3).

In the study by Elisashvili et al. (2004) six nitrogen sources were tested. Of
these, com steep liquor yielded the highest mycelia growth with 8.4 g/, as well as
peptone with 7.7 g/l. Krupodorova et al. (2019) studied another strain of L. edodes,
IBK 502, showing that asparagine was the best source of nitrogen for biomass pro-
duction but ammonium sulphate and peptone were found to be the worst by them.

In the present study, the IPS production by various nitrogen sources ranged
from 2.4 to 4.5 g/l. Analysis of IPS contents in biomass demonstrated that
peptone was the best nitrogen source for IPS production by L. edodes IBK 2541
(Fig. 3). Adding asparagine as nitrogen source to a medium significantly de-
creased the IPS content in the biomass as compared to medium containing
peptone. The least IPS was recorded in urea-containing medium. Our data dem-
onstrated that the biomass growth and IPS content were not much higher on me-
dia with other nitrogen sources in the basal nutrient medium (sodium nitrate, am-
monium nitrate, ammonium chloride and urea), as shown in Fig. 3.

Since C/N ratio is crucial for mushroom growth in submerged cultivation
(Elisashvili 2012), we set different C/N ratios by changing only nitrogen (peptone)
concentrations, with carbon concentrations (glucose) fixed at 30 ¢/l in the media.

In order to increase biomass production and IPS content, the C/N ratio was
manipulated from 18 to 42. The results of biomass production, IPS content, resid-
ual content of glucose and economic coefficient (EC) at different C/N ratios are
provided in Tab. 1.
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Fig. 3. Effect of various nitrogen sources in basal nutrient medium on biomass production and
intracellular polysaccharide content of Lentinula edodes TBK 2541 under submerged cultivation. Var-
ious nitrogen sources were added to a basal medium equivalent to 2 g/l peptone.

*p < 0.05 in comparison with corresponding biomass production and IPS content in medium with
peptone. Values are given as mean  SD (n = 5).

Asseen from Tab. 1, with a gradual increase in peptone content in the medium
from 2 g/ (C/N = 42) to 4.7/l (ON = 18), an increase in biomass and IPS content
was observed. Among the C/N ratios tested, the (/N ratio of 18:1 yielded the high-
est IPS production, up to 724 + 37 mg/l. As for carbon consumption by mycelium
L. edodes IBK 2541, at O/N ratio of 18:1 it was the most complete.
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Tab. 1. Effect of C/N ratio in glicose-peptone medium on biomass production and IPS content of
Lentinula edodes IBK 2541 under submerged cultivation.

Biomass | Residual content of s Production | Economic coeflicient
glucose in the medium | (% absolutely | of IPS of IPS production

(¥ initial content) | dry biomass) (% used glucose)
105204 7 69+04 24+ 37

98204 2%+ 62203 607 + 25
83203 5 5004 415 + 26
6504 45208 205 + 17+

Effect of pH

The pH of fermentation media can greatly affect membrane function and cell
growth, which may subsequently influence physiological activity and metabolite
production. The results of our experiments demonstrate that L. edodes IBK 2541
in submerged culture is able to grow in a wide range of initial pH values of the nu-
trient medium (Tab. 2). In the medium with selected carbon (glucose) and nitro-
gen (peptone) sources and C/N ratio, a high pH was beneficial for biomass pro-
duction and IPS content. As shown in Tab. 2, the optimum pH value for biomass
vield was found to be in the range of 5.0-7.0. The maximum IPS production (829
+ 55 mgl) was achieved at pH 6.0.

The differences between the strains were expressed in their relation to the pH
of the nutrient medium. For strain L. edodes IBK 502, the maximum biomass was
accumulated at the initial pH of the nutrient medium, 3.5 (Krupodorova et al.
2019). Among L. edodes strains IBK 57, 704, 711, 712, 717, the optimum pH for
growth appeared to be between 4.5 and 5.2. The yield of dry biomass was up to
6.1 @/ after 7-10 days of submerged cultivation (Lomberh et al. 2002). During
mycelial growth, pH dropped to 3.5, which limited further growth. Solomko &
Mitropolskaja (1994) studied the conditions of submerged cultivation of other
strains of L. edodes, IBK 55, 57 and 65, and proposed to use liquid nutritional me-
dia with an optimum pH of 4.5-5.0. Also, these authors showed that IBK 57 accu-
mulated a maximum of 4.5 g of biomass per litre on the 14" day of cultivation
on a medium with glucose and asparagine. After replacing the nitrogen source
(ammonium sulphate instead of asparagine), all the studied strains grew better.
On the 9" day of cultivation, the biomass concentration was 8-9 g/1. They also
reported that the factor limiting the rate of biomass production is the pH of the
medium, which in the process of cultivation decreased to 3.0-3.05 and inhibited
further L. edodes growth.
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In experiments by other authors, the optimum pH of liquid medium for maxi-
mum biomass production of L. edodes under submerged cultivation was indi-
cated to be 5.5-6.0 (Lomberg & Solomko 2012), 6.0 (Elisashvili et al. 2004) or 6.2
(Krasnopolskaya et al. 2012).

Tab. 2. Effect of medium pH on biomass and IPS production of Lentinula edodes TBK 2541 under
submerged cultivation.

Tnitial pH | FinalpH |  Biomass Production of IPS 1Ps
@) (mg/) (% absolutely dry biomass)
32 15202 1407 31202
33 T1s 03 161216 2
34 100205 690+ 34 69204
35 105+ 04 829 + 55 79+02¢
3.6 9905 643+ 28
3.7 488 + 18
374 =+ 16*

#p < 0.05in comparison with corresponding parameters at medium pH 5. Values are given as mean = SD
(n=5).

Effect of temperature

Another important factor for efficient mushroom growth and polysaccharide
production is the incubation temperature. It is reported that the differences be-
tween the L. edodes strains are expressed in their relation to the temperature of
mycelium cultivation (Lomberh et al. 2002, Lomberg & Solomko 2012, Krupo-
dorova et al. 2019).

The influence of temperature on the growth of L. edodes 2541 in the nutrient
medium with selected composition (see above) and pH 6.0 is shown in Fig. 4. The
obtained results indicate that the highest mycelial growth and IPS yield by
L. edodes IBK 2541 was recorded at a temperature of 25 0.1 °C. The IPS produc-
tion at this temperature was 940 + 0.61 mg/I (see Fig. 4: biomass 11.6 ¢/l contain-
ing 8.1% IPS). Analysing the data obtained, we recorded that temperatures of
20 °C and 30 °C were less effective for its biomass and IPS production. But the
scale with 5-degree intervals, which used in our experiment, is probably too wide,
as Krupodorova et al. (2019) reported that in their research indicated 26-28 °C
was found to be the optimal temperature for other strains of L. edodes.

Thus, as an output of our research, nutrient medium composition and condi-
tions for submerged cultivation to enhance biomass production and IPS content
by mycelium of L. edodes IBK 2541 were selected. The composition of the modi-
fied glucose-peptone medium contains the following components (g/): glucose
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Fig. 4. Effect of temperature on biomass production (A) and intracellular polysaccharide content
(B) of Lentinula edodes IBK 2541 under submerged cultivation.

*p <0.05 in comparison with corresponding biomass production and IPS content at 20 °C. Values are
given as mean = SD (n =

30.0; KH,PO, 1.0; K,HPO, 1.0; MgSO, 0.25; peptone 4.7; com steep liquor 20 mL.
The pH value of the nutrient medium is 6.0, cultivation temperature is 25 + 0.1 °C.

CONCLUSION

An analysis of the literature and our data presented here indicates a signifi-
cant effect of the biological properties of the valuable edible medicinal mush-
room Lentinula edodes strains and conditions (medium composition, pH, tem-
perature) on the processes of growth and IPS yield in biomass accumulation
Based on the above, to obtain the desired product, IPS, it is advisable to choose
the basic parameters of the cultivation of a certain strain of L. edodes. Our results
indicate that the proposed consistent selection of carbon sources, nitrogen, and
their ratio in the nutrient medium, the pH of the nutrient medium and the temper-
ature of cultivation result in a three-fold increase in IPS production by the myce-
lium of L. edodes IBK 2541, specifically from 306 mg/l to 940 mg/.

ACKNOWLEDGEMENTS

This work was performed under a grant titled Development of Technology for
Obtaining a New Functional Product Based on the Edible Medicinal Shiitake

13




[image: image40.jpg]CZECH MYCOLOGY T2(1): 1-17, MARCH 19, 2020 (ONLINE VERSION, ISSN 1805-1421)

Mushroom for Nutrition Correction and Prevention of Chronic Diseases,
supported by the Ministry of Education and Science of the Republic of Kazakhstan.
The authors would like to acknowledge V.P. Hayova, PhD for editing the English
text.

REFERENCES

AKAMATSU S., WATANABE A., TAVESADA M., NAKAMURA R., HAYASHI S., KODAMA D, KAWASE M,, YAGI K.
(2004): Hepatoprotective effect of extracts from Lentinus edodes mycelia on dimethylnitros-
amine-induced liver injury. - Bio Pharm. Bull. 27(12): 1957-1960.

DO https:/doi.org/10.1248/bpb 27. 1957

ALMAALI G.A,, BISKO NA., OSTAPCHUK AN, (2016): The effect of zinc citrate and zine sulfate on the
growth and biomass composition of medicinal mushroom Ganoderma lucidum. ~ Mikol.
Fitopatol. 50(5): 313-317.

BABITSKAYA V.G, BISKO N.A., SCHERBA V.V., MITROPOLSKAYA N.YU., PUCHKOVA T.A. (2004): Some physio-
logical aspects of the submerged cultivation of culinary-medicinal shiitake mushroom Lentinus
edodes (Berk.) Singer (Agaricomycetideae). - Int. J. Med. Mushrooms 6(4): 369-374.

DO https:/doi.org/10.1615/Int/MedMushr.v6.i4. 70
BISEN PS., BAGHEL RK., SANODIVA BSS., THAKUR G.S., PRASAD G.B.K.S. (2010): Lentinus edodes:

amacrofungus with pharmacological activities. ~ Curr. Med. Chem. 17(22): 2419-2430,
DO https:/doi.org/10 2174/092086 710791698495

BISKO N.A., LOMBERG M.L, MYTROPOLSKA N.YU., MYKCHAYLOVA O.B. (2016a): IBK Mushroom Culture
Collection. ~ 120 p., M.G. Kholodny Institute of Botany, Alterpres, Kyiv.

BISKO N.A., MYTROPOLSKA N.Y., MYKCHAYLOVA O.B., LOMBERG M.L, AL-MAALI G.A. (2018): The rare
and biotechnologically important mushroom species in the IBK collection. ~ In: Klaczewski W.,
Stefanek H,, Gorzel M, eds., Development of natural sciences in countries of the European
Union taking into account the challenges of XXI century, pp. 21-37. Vincent Pol University,
Lublin & Baltija Publishing, Riga.

BISKO N.A., SUKHOMLYN MM., MYKCHAYLOVA O.B., LOMBERG M.L., TSVYD N.V.,, PETRICHUK YU.V,,
AL-MAALL G.A., MYTROPOLSKA N.YU. (2016b): Ex situ conservation of rare and endangered spe-
cies in mushroom culture collections of Ukraine. - Ukr. Bot. J. 75(4): 338-347.

DO https:/doi.org/10.15407/ukeboti75.04.338

CHENH., JUY, L1 J, YUM. (2012): Antioxidant activities of polysaccharides from Lentinus edodes
and their significance for disease prevention. - Int. J. Bio. Macromol 50(1): 214-218.

DO https:/doi.org/10.1016/jijbiomac.2011.10.027

CHIARA G, HAMURO J., MAEDA .Y, SHIIO T, SUGA T, TAKASUKA N., SASAKI T. (1987): Antitumor and
‘metastasis-inhibitory activities of lentinan as an immunomodulator: an overview. - Cancer De-
tect. Prev. Suppl. 1: 42343,

CHIIARA G., MAEDA Y., HAMURO J., SASAKI T, FUKUOKA F. (1969): Inhibition of mouse sarcoma 180 by
polysaccharides from Lentinus edodes (Berk.) Sing, ~ Nature 222(5194): 687-688.

DO https:/doi org/10.1038/222687a0

DENNERT G., TUCKER D. (1973): Antitumor polysaccharide Lentinan ~ a T cell adjuvant. - Journal of
the National Cancer Institute 51(5): 1727-1729. DOL: https/doi.org/10.1093jnci/1.5.1727

DUBEY SK., CHATURVED! V.K, MISHRA D, BAIPEYEE A., TIWARI A., SINGH M.P. (2019): Role of edible
mushroom as a potent therapeutics for the diabetes and obesity. - 3 Biotech 9(12), 450.

DOI: https/doi.org/10.1007/s13205-019-1982-3

ELISASHVILI V. (2012): Submerged cultivation of medicinal mushrooms: bioprocesses and products (re-

view). - Int. J. Med. Mushrooms 14(3): 211-239. DOL https:/doi.org/10. 161 5intjmedmushr.v143.10

14




[image: image41.jpg]BISKO N. ET AL: POLYSACCHARIDE PRODUCTION IN SUBMERGED CULTURE OF LENTINULA EDODES

ELISASHVILI V., WASSER S., TAN K K., CHICHUA D, KACHUSHVILL E. (2004): Extracellular polysaccha-
tide production by culinary-medicinal shiitake mushroom Lentinus edodes (Berk.) Singer and
Pleurtus (Fr.) P. Karst. species depending on carbon and nitrogen source. ~ Int. J. Med. Mush-
ro0ms 6(2): 165-172. DOL: https/doi.org/10.1615/Int) MedMushr.v6.i2.70

FENG YL, Li W.Q, WUX.Q, CHENG J. W, MA S.Y. (2010): Statistical optimization of media for myceli
growth and exo-polysaccharide production by Lentinus edodes and a kinetic model study of two
‘growth morphologies. - Biochem. Eng. J. 49: 104-112. DOI: https:/doi.org/10.10164bej.2009.12.002

GAITAN-HERNANDEZ R., LOPEZ-PESA D., ESQUEDA M., GUTIERREZ A. (2019); Review of bioactive
molecules production, biomass, and basidiomata of shiitake culinary-medicinal mushrooms,
Lentinus edodes (Agaricomycetes). - Int. J. Med. Mushrooms 21(9): 841-850.

DOI: https:/doi.org/10.161/Int]MedMushrooms 2019031849

GLAVASIS L (2014): Bioactive fungal polysaccharides as potential functional ingredients in food and
nutraceuticals. - Curr. Opin. Biotechnol. 26: 162-173,

DO https:/doi.org/10.1016/].copbio 2014.01.010

GONCHAROVA LA., SCHERBA V.V,, BABITSKAYA V.G (1996): Polisacharidy kletochnoj stenki bazidio-
‘miceta Coriolus hirsutus [Polysaccharides of the cell wall of basidiomycete Coriolus hirsutus).
— Prikl. Biokhim. Mikrobiol. 32(4): 434—437. [in Russian]

GRUSHENKO MM, ANIKEENKO TS., REZNIKOV VM. (1978): Sovmestnoe ispolzovanie fenol-semo-
Kislogo i toluidinovogo sposobov opredeleniya sakharov kak metod izucheniya uglevodnogo
sostava lignouglevodnogo kompleksa [The joint use of phenol-sulphuric acid and toluidine methods
for the determination of sugars as a method for studying the carbohydrate composition of the
ligno-carbohydrate complex]. ~ In: Lignouglevodnye kompleksy drevesiny [Lignocarbohydrate
complexes of wood], pp. 32-35. Zinatne, Riga. [in Russian]

HAMURO J., CHIHARA G. (1985): Lentinan, a T-cell oriented immunopotentiator: its experimental and
clinical applications and possible mechanism of immune modulation. - In: Fehiche R.L., Chirigos
MA., eds,, Immune modulation agents and their mechanisms, pp. 409-436. Marcel Dekker, New
York.

HUANG X., TU Z, JIANG Y., XIAO H, ZHANG Q., WANG H. (2012): Dynamic high pressure microfluidi-
zation-assisted extraction and antioxidant activities of lentinan. ~Int. J. Biol. Macromol. 51(5)
926-932. DOL: https2/doi.org/10.1016/ ijbiomac. 2012.07.018

INA K, KATAOKA T, ANDO T. (2013): The use of lentinan for treating gastric cancer, — Anticancer
Agents Med. Chem. 13(5): 681-688. DOL: https/doi.org/10.2174/187152061 1313050002

ISHIKAWA N.K., KASUYA M.C M., VANETTI M.C.D. (2001): Antibacterial activity of Lentinula edodes
‘grown in liquid medium. — Braz J. Microbiol. 32(3): 206-210.

DO https:/doi.org/10.1500/S1517-83822001 000300008

Kit S.W., HWANG H.J., PARK J.P., CHO Y.J,, SONG C.H., YON J.W. (2002): Mycelial growth and exo-
biopolymer production by submerged culture of various edible mushrooms under different me-
dia. - Lett. Appl. Microbiol. 34(1): 56-61. DO https2/doi.org/10.1046/j. 1472-765x.2002.01041 x

KRASNOPOLSKAYA LM, KATS N.YU., USOV AL, BARKOV A.V., VINOKUROV V.A. (2012): Pogruzhennoe
kultivirovanie shtamma bazidiomiceta Lentinus edodes s shirokim spektrom biologicheskoj
aktivnosti [Submerged cultivation of Lentinus edodes strain with broad spectrum of biological
activity]. - Antibiotics and Chemotherapy 57: 3-7. [in Russian]

KRUPODOROVA T:A., BARSHTENN V.YU, KIZITSKA T.0., POKAS E.V. (2019): Effect of cultivation condi-
tions on mycelial growth and antibacterial activity of Lentinula edodes and Fomitopsis betulina.
~ Czech Mycol. 71(2): 167-186. DOI: https://doi.org/10.33585/cruy. 71204

LINDEQUIST U., NIEDERMEYER T.H.J., JULICH WD, (2005): The pharmacologi
rooms. - Evid. Based Complement. Alternat. Med. 2(3): 285-299.

DOI: https/doi.org/10.1093 ecanvneh1 07

LIU Y, ZHAO J, ZHAO Y., ZONG S., TIAN Y,, CHEN 8., Li M., LIU H,, ZHANG Q., JING X., SUN B., WANG L.,
SUN'T,, YANG C. (2019). Therapeutic effects of lentinan on inflammatory bowel disease and colitis-
associated cancer. ~J. Cell. Mol. Med. 23(2), 750-760. DOL: https:/doi.org/10.111 1/jemm. 13897

al potential of mush-

15




[image: image42.jpg]CZECH MYCOLOGY T2(1): 1-17, MARCH 19, 2020 (ONLINE VERSION, ISSN 1805-1421)

LOMBERG M.L., SOLOMKO E.F. (2012): Rost kultur makromicetov na agarizovannyh pitatelnyh sredah
iplotnyh substratah [Growth of the macromycetes cultures on agar nutrient media and solid sub-
strates]. - In: Wasser S.P, ed, Biological features of medicinal macromycetes in culture, Vol. 2,
Pp. 345-371. Alterpres, Kyiv. [in Russian]

LOMBERI M.L., SOLOMKO E.F, BUCHALO A.S., KIRCHHOFF B. (2002): Studies of medicinal mushrooms
in submerged cultures. - In: Montiel E, Huerta G, Sanchez HLE, eds,, Mushroom biology and
mushroom products. Proceedings of the 4" Intemational Conference on Mushroom Biology and
Mushroom Products, pp. 367-378, Mexico.

MAEDA Y.Y,, CHIHARA G. (1973): The effects of neonatal thymectomy on the antitumour activity of
lentinan, carboxymethylpachymaran and zymosan, and their effects on various immune re-
sponses. — Int. J. Cancer 11(1): 153-161. DOL: hitps/doi.org/10.1002/ijc 2910110118

MIZUNO M., NISHITANI Y. (2013): Inmunomodulating compounds in Basidiomycetes. ~ J. Clin. Bio-
chem. Nutr. 52(3): 202-207. DOL: https2/doi.org/10.3164/4cbn.13-3

MUSTAFIN K., BISKO N.A., NARMURATOVA ZILB., ZHAKIPBEKOVA ASS. (2018): Screening of L. edodes
strains producing biomass with content of polysaccharides. - Reports of the National Academy
of Sciences of the Republic of Kazakhstan 4(320): 22-26.

MYKCHAYLOVA O.B., LOMBERG M.L., BISKo N.A. (2019): Verification and screening of biotechnologi-
cally valuable macromycetes species in vitro. - In: Jankovska A., ed., Development of modem
science: the experience of European countries and prospects for Ukraine, pp. 354-375. Baltija
Publishing, Riga. DOL: https://doi.org/10.30525/978.9934-571-787_51

PILLAIT.G., DEVI U.P. (2013): Mushroom beta glucan: potential candidate for post irradiation protec-
tion. — Mutat. Res. 751(2): 109-115. DOL: https/doi.org/10.1016. mrgentox.2012.12.005

RASMY G.E,, BOTROS WA, KABELL S,, DABA A.S. (2010): Preparation of glucan from Lentinula edodes
edible mushroom and elucidation of its medicinal value. - Australian Journal of Basic and Ap-
plied Sciences 4(11): 5717-5726.

ROYSE D.J., BAARS J., TAN Q. (2017): Current overview of mushroom production in the world. - In:
Zied D.C., Pardo-Giménez A, eds, Edible and medicinal mushrooms: Technology and applica-
tions, 1" ed., pp. 5-13. Wiley, Chichester. DOL: https:/doi.org/10.10029781 119149446.ch2

RUTHES A.C., SMIDERLE FR., TACOMINI M. (2016): Mushroom heteropolysaccharides: A review on
their sources, structure and biological effects. - Carbohydr. Polym. 136: 358-375.

DO https2/doi.org/10.1016/j carbpol 2015.08.061

SCHERBA V.V., BABITSKAYA V.G., TRUCHONOVEC V.V, FOMINA VL, BISKO N.A., MITROPOLSKAYA N.YU.
(1999): The influence of the cultivation conditions on the chemical composition of medicinal
mushrooms Pleurotus ostreatus (Jacq: Fr.) Kumm. and Lentinus edodes (Berk.) Sing. ~ Int. J.
Med. Mushrooms 1(2): 181-185. DOI: https?/doi.org/10. 1615/IntTMedMushroomsyv1.i2.80

SCHERBA V.V., BABITSKAYA V.G (2008): Polysaccharides of xylotrophic basidiomycetes. — Appl. Bio-
chem. Microbiol. 44(1): 78-83. DOI: https:/doi.org/10.1134/S0003683808010134

, MITROPOLSKAIA N.YU. (1994): Poluchenie posevnogo materiala Lentinus edodes
(Berk,) Sing. glubinnym metodom [Obtainance of seed material of Lentinus edodes (Berk.) Sing
by the deep cultivation method]. ~ Mikol. Fitopatol. 28(3): 34-39. [in Russian]

VEDENICHEVA NP, AL-MAALL G.A., BISKO N.A., SHCHERBATIUK M.M., LOMBERG M.L, MYTROPOLSKA N.Y,,
MYKCHAYLOVA O.B., KOSAKIVSKA LV. (2018): Comparative analysis of cytokinins in mycelial bio-
mass of medicinal mushrooms. - Int. J. Med. Mushrooms 20(9): 837-847.

DO https:/doi. org/10.161¥IntIMedMushrooms 2018027797

WANG J., LI W, HUANG X., LiU Y, Li @, ZHENG Z, WANG K. (2017): A polysaccharide from Lentinus
edodes inhibits human colon cancer cell proliferation and suppresses tumor growth in athymic
nude mice. - Oncotarget 8(1): 610-623. DOI: https:/doi.org/10. 18632oncotarget. 13481

WASSER S.P. (2002): Medicinal mushrooms as a source of antitumor and immunomodulating polysac-
charides. — Appl. Microbiol. Biotechnol. 60: 258-274. DO https/doi org/10.1007/500253-002-1076-7

16




[image: image43.jpg]BISKO N. ET AL: POLYSACCHARIDE PRODUCTION IN SUBMERGED CULTURE OF LENTINULA EDODES

WASSER S.P, WEIS AL. (1999): Medicinal properties of substances occurring in higher Basidio-
mycetes mushrooms: current perspectives (review). - Int. J. Med. Mushrooms 1(1): 31-62.
DO https:/doi.org/10.161¥IntTMedMushrooms v1il 30

XUXE, YAN H.D, TANG J,, CHEN J., ZHANG X-W. (2014): Polysaccharides in Lentinus edodes: Isola-
tion, structure, immunomodulating activity and future prospective. - Crit. Rev. Food Sci. Nutr.
54: 474-487. DOI: https//doi org/10. 1080/1040839 201 L58T616

YA G. (2017): A Lentinus edodes polysaccharide induces mitochondrial-mediated apoptosis in hu-
man cervical carcinoma HeLa cells. ~ Int. J. Biol. Macromol. 103: 676-652.
DO https:/doi.org/10.1016/jijbiomac.2017.05.085

YOU R, WANG K., LiU J,, LIU M., LUO L, ZHANG Y. (2011): A comparison study between different mo-
lecular weight polysaccharides derived from Lentinus edodes and their antioxidant activities in
wivo. - Pharm. Biol. 49(12): 1298-1305. DOI: https://doi. org/10.3109/13850200 2011 621960

ZHANG Y., LI Q., WANG J., CHENG F, HUANG X., CHENG Y., WANG K. (2016): Polysaccharide from
Lentinus edodes combined with oxaliplatin possesses the synergy and attenuation effect in
hepatocellular carcinoma. - Cancer Letters 377(2): 117-125
DOI: https/doi.org/10.1016/.canlet. 2016.04.037

ZHANG Y., ZHANG M., JIANG Y,, L1 X., HE Y., ZENG P,, GUO Z, CHANG Y., LUO H,, LU Y, HAO C., WANG
ZIHANG G., ZHANG L. (2018): Lentinan as an immunotherapeutic for treating lung cancer: a review
of 12 years clinical studies in China. —J. Cancer Res. Clin. Oncol. 144(11): 2177-2186
DO https:/doi.org/10.1007/500432-018-2718-1

Z1Y, JANG B., HE C., LIUL. (2020); Lentinan inhibits oxidative stress and inflammatory cytokine pro-
duction induced by benzo(a)pyrene in human keratinocytes. - J. Cosmet. Dermatol. 19(2): 502-507.
DO https:/doi.org/10.111 jocd 13005

17




[image: image44.jpg]Eco. Env. & Cons. 26 (2) : 2020; pp. (931-934)
Copyright@ EM International
ISSN 0971-765X

Determination of amino acid and fatty acid

compos

ion of depth mycelium Lentinus edodes

Mustafin K.G.!, Bysko N.A.%, Akhmetsadykov N.N.*, Suleimenova Zh.B.",

Zhakipbekova A.S." and Nermuratova Zh.B.!

‘RPE Co Antigen, Almaty, Kazakhstan

2Department of Mycology, D. K. Zabolotny Institute of Botany, Kiev, Ukraine

(Received 16 February, 2020; accepled 22 May, 2020)

ABSTRACT

“The amino acid composition of the proteins of the deep mycelium Lentinus edodes strain 2541 was studied
and it was found that the protein contains 17 types of various amino acids, 9 of which (477%) e essential
amino acids. Among the essential aminoacids, the predominant ones are leucine, ysine, valine and tyrosine.
‘These data indicate the high nutritional value of the mushroom protein. The content of lipids and fatty
acids in the cells of the deep mycelium was studied. It was revealed that a significant (75%) partof lipids in
the cell is represented by unsaturated fatty acids, the degree of unsaturation of which is 146, The main
componentis the polyunsaturated diene linoleic (C18:2) acid - 69% of the tota faty acids. Polyunsaturated
fatty acids are indispensable companents of nutrition, because, like essential amino acids, they cannot be

synthesized in the human body.

Key words : Lentinus edodes, Anino acids, Lipids, Fatty acids

Introduction

Higher basidiomycetes are promising objects of
modern biotechnology because they contain a
unique complex of biologically active substances of
carbohydrate, lipid and phenolic nature, vitamins,
trace elements and other compounds vital for the
human body (Xin e al., 2016; Filipa . Reis et al.,
2017). One of the most widely cultivated species of
edible xylotrophic fungi is currently Lentinus
edodes (shiitake). The fruiting bodies of L. edodes
contain proteins (26% of dry weight), lipids, includ-
ing fatty acids (mainly linolenic acid); carbohy-
drates; minerals; vitamins B1, B2 and C; ergosterols
(Badalyan et al,, 2019; Himanshi et al, 2017).
Currently, the study of the biological properties
of the biomass of Lentinus edodes fung (shiitake) ob-
tained under deep cultivation is attracting increas-

ing interest. The results of these works can contrib-
ute to the development of new biotechnology for the
production of biologically active additives with a
wide range of therapeutic properties.

‘The scarcest component in human nutrition is
complete protein. The nutritional value of proteins
is determined mainly by the composition of amino
acids. Great importance wherein is the content of
essential amino acids. The proteins of the fruit bod-
ies of L. edodes contain 18 amino acids that are part
of the balanced nutrition formula, of which the irre-
placeable are of particular value: lysine, threonine,
valine, tryptophan, tyrosine, etc. In addition to pro-
teins, these fungi are able to synthesize lipids and
highly active lipid components in fairly large quan-
tities. Lipids in fungi are represented by mono-and
triglycerides, sterols and phospholipids (Bozena
Muszyiiska e al, 2018; Wen Li et a, 2019). Informa-
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tion on the physiological and biochemical character-
itics, nutritional needs and conditions conducive to
increased synthesis of the bioactive lipid compo-
nents of most basidiomycetes grown by the deep
‘method are very limited and sometimes contradic-
tory. The purpose of this study was determination
of the amino acid and fatty acid composition of the
deep mycelium L. edodes

Materials and Methods

‘The object of research was the pure culture of L.
edodes 2541 from the collection of hat mushroom
cultures of the Institute of Botany named ater NG.
Holodny of NAS of Ukraine (Kiev). For the cultiva-
tion of biomass, a nutrient medium of the following
composition /L was used: cellobiose -30; KHLPO,"
1; K;HPO,-1; MgS0, 0.25; peptone - 3.5; yeast ex-
tract - 20 mL; pH is 6.

‘The experiments were performed on laboratory
shakers (180 rpm) in 250 mL Erlenmeyer flasks with
50 mL of medium for 7 days. The intensity of acra-
tionis 0.55 g O,/1/h. Sterile media were inoculated
with the homogenized biomass of L. edodes 2541
strain (10% volume). Cultivation temperature was
25°C. After growing, the mycelium of the fungi was
separated from the culture fluid through nylon tis-
sue, washed repeatedly with water, dried at 60 °C to
a constant weight, crushed and used for chemical
analyzes.

‘The amino acid composition of the proteins was
studied using an “AAA-881” amino acid analyzer
(“Mirotechna”, Czech Republic). Lipids were ex-
tracted using the Folch method (Folch et al, 1957),
the fatty acid composition of lipids was analyzed as
‘methy esters of fatty acids on a “Chrom-5" gas-liq-
uid chromatograph (Czech Republic) with a flame
ionization detector using a stainless steel column 3,7
min length, filled with N-AW chromaton with 15%
polyethyleneglycol succinate in isothermal mode at
an evaporator temperature of 210 °C and a column
temperature of 160 °C. The identification of fatty ac-
ids was carried out by the relative volumes of reten-
tion, as well as in comparison with the indicators of
the control methyl esters of fatty acids
(Vereshchagin et al, 1963; Cates M., 1975)

Results and Discussion

Determination of the amino acid composition of
the proteins of the deep mycelium L. edodes 2541

As a result of the experiments, it was found that the

Eco. Env. & Cons. 26 (3) : 2020

protein of the deep mycelium L. edodes 2541 contains
all of the essential amino acids that are included in
the formula of a balanced human diet. The high
nutritional value of the L. edodes 2541 deep myce-
lium protein is evidenced by the significant content
of essential amino acids in it, which make 47% of the
sum of all amino acids (Table 1)

Table 1. Amino acid composition of the proteins of the
deep mycelium L adodes 2541

Amino acid

Amino acid,% in protein

752018
69202
692015

Leucine
Lysine

Valine

Tyrosine

Threonine

Cystine

Methionine

Isoleucine

Phenylalanine

Amount of Essential Amino Acids
Glutamic acid

Among the essential amino acids in the biomass
of the studied strain, the highest content of the fol-
lowing amino acids was detected: leucine, lysine,
valine and tyrosine. It should be noted that the com-
position of plant proteins (cereals in particular) in-
cludes a very small amount of lysine and leucine.
Among the essential amino acids in the protein of
the studied strain of L. edodes 2541, the largest pro-
portion is glutamic acid.

Determination of the fatty acid composition of the
lipids of the deep mycelium L. edodes 2541

Lipids play a special role in a number of vital cell
processes (information transfer, secretion of me-
tabolites, etc.). That is why it s of particular interest
to determine the amount of lipids of the deep myce-
lium of the studied L. edodes 2541 strain and to
study their fatty acid composition. In the initial ex-
periments it was found that the lipid content in the
biomass of the studied strain is 7.0-0.2%. For more
accurate characteristic of the nutritional value, an
analysis of the fatty acid content was carried out
(Table2)

Data presented in Table 2 demonstrate that the
polyunsaturated diene linoleic (C18: 2) acid prevails
in the lipids of the studied L. edodes strain - 69% of
the total fatty acids. It should be noted that the main
fatty acid of many vegetable oils (sunflower, soy-
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Table 2. Analysis of the fatty acid content
Indicators Total Fatty Acids, %
“Trivial Fatty Acid Name Systematic Name (IUPAC) of Fatty Adid
Saturated Fatty Acids
Myristic (C,, ) Tetradecane 073001
Pentadecyl (C..) Pentadecane 158 004
Palmitic (C,, | Hexadecane 19232050
Margarine (C.,,) Heptadecane 0452001
Stearic (C,,.) Octadecane 230005
Unsaturated Fatty Acids
Palmitoleic(C,, ) Cis9-hexadecene 0852001
Heptadecene(C., ) Cis-9-heptadecene 0452001
Oleic(C,y ) is9-octadecene 379003
Polyunsaturated Fatty Acids
Linoleic (C,, Cis, cis9,12-octadecadiene ©42:120
HF (degree of lipid unsaturation) 1462001
Sum of Saturated Fatty Acids 24292061
Sum of Unsaturated Fatty Acids 75412200

bean, com, cotton) is lso linoleic acid, the content of
which is 50-70%

Tt was found that among saturated fatty acids in
the lipids of the strain L. edodes 2541, monoenic
palmitic (C16:0) acid prevails, the content of which
s 19% of the total fatty acids. In the composition of
lipids of the strain L. edodes 2541, the amount of
unsaturated fatty acids (75%) significantly exceeds
the amount of saturated fatty acids (24%). In this
regard, the degree of unsaturation of lipids s 1.46,

Tn Shiitake fruiting bodies, fatty acids comprise 3-
3.4% of the lipid content. They include the following
acids: linoleic (C18:2) - 72.8%, palmitic (C16:0) -
14.7%, oleic (C18: 1) - 30% tetradecene (C14: 1) - 1,
6%, stearic (C18: 0) - 0.9% and myristic (C14:0) -
0.1%.

Conclusion

The deep mycelium L. edodes 2541 contains all the
essential amino acids that are part of the balanced
"human nutritional formula. Among the essential
amino acids in the biomass of the studied strain, the
highest content was found for leucine, lysine, valine
and tyrosine. Also it was found that in the fruit bod-
ies of L. edodes, as in a number of other basidi-
omycetes, lipids do not exceed 5-6% by weight, and,
asa rule, their content is higher in the cap than in
the stem. This is due to the fact that the basid-
iospores in the hat are very rich in lipids.
Comparison of the lipid composition of the fruit-
ing bodies of L. edodes with the fruiting bodies of

the widely cultivated edible fungi A. bisporus
(champigrion) and P. ostreatus (oyster mushroom)
showed that the main features inherent in liids of
the fungi class Basidiomycetes (predominance C18:
2, high values of the degree of unsaturation (CH)
lipids (1.4-15)) are also found in shiitake. However,
this fungus also has a number of differences, for
example, a high level of palmitic acid (C16: 0) and
presence of palmitoleic acid (C16: 1)
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