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In this work the additional estimation of new isolates of the P. ostreatus fungus by their tolerance to electrophoresis was made. The ability of fungus to produce extracellular proteins in cultural liquid (CL) is a response reaction on carbonaceous materials of nutrient medium was determined. Relationship between quality of protein fractions on EFS of lyophilizes CL after cultivation at wort medium with the ability of fungus to accumulate biomass on liquid wort and them yield fructification on sunflower husk was established. The electrophoresis method may be used in future as the additional for characteristic of new isolates of the P. ostreatus fungus.
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Statement of the problem. Fruit bodies of edible mushrooms contain very much protein (30 – 40% dry weight), essential amino acids, carbohydrates, lipids, vitamins and other organic compounds and have high organoleptic properties [12, 14, 18]. Therefore, edible mushrooms are a valuable and organic food which lately is more widely used for industrial cultivation. For cultivation of edible mushrooms different vegetable substrates are used, in particular, wastes of agriculture that also partly contributes to the decision of problem of their utilization [15, 16, 18].

The most researched subject of commercial mushroom is a mushroom Pleurotus ostreatus (Jacq.: Fr.) Kummer, which due to its high level of viability, adaptation to various substrates and simple method of intensive cultivation took a third place in the world production of mushrooms [10, 18].

Analysis of major studies and publications which discuss the problem. Recently an active search for new cultures of the fungus P. ostreatus was conducted. These cultures should provide a high yields with the minimal expenses [4, 13]. As a source of new highly productive cultures the preference is given to the natural isolates of the fungus [4, 11, 13]. The authors [17] use morphology of rhizomorph of strains which phenotype is resistant to the substance 2-deoxy-D-glucose for the selection of new isolates of oyster to the industrial mushroom. The possibility of using monokarions belonging to this or that intersterial group to characterize their important commercial features was demonstrated by other authors [11].
However, all existing methods of determination of morphological and biological characteristics of fungus P. ostreatus are time consuming and do not give complete and objective information on expediency of application of a new culture in mushroom production. Therefore, it is topical to develop new approaches using classical methods of research for the full economic and biological evaluation of fungus that will help to reduce the term of determination of perspective isolates from search stage to introduction them into commercial mushroom production.

The purpose and objectives of research. Using the classical of electrophoresis method of research of extracellular proteins of cultural liquid for additional productivity evaluation of new isolates of fungus P. ostreatus. To achieve this goal there were the following tasks:

– evaluation of new isolates of oyster mushroom in the conditions of superficial cultivation on a liquid nutrient environment with a different source of carbon;
– intensive cultivation of new isolates of fungus P. ostreatus on solid carbon substrate –sunflower husk;

– electrophoresis research of extracellular proteins of cultural liquid of fungus P. ostreatus for determining the most perspective ones by biochemical parameters;

– comparison of data obtained under the conditions of superficial and intensive cultivation with the results of electrophoresis research.

Materials and methods of research. For work new isolates of fungus P. ostreatus К-99, Р-01, В-99, ВК-2000, Р-15, С-2000, 420, which were allocated in pure culture from fruit bodies according to methods [5] were taken. As a control, the strain HK-35, which is cultivated in industrial mushroom production was used.

At the preliminary stage to determine the ability of fungus to accumulate biomass of superficial mycelium and to receive cultural liquid (CL), saturated by extracellular protein, investigated isolates were cultivated on a liquid nutrient environment with a different carbohydrates content: Chapeck’s environment with glucose (30 g/l) and saccharine (30 g/l), potato-saccharine (saccharine, 30 g/l) and wort, which was prepared by the method of  S. Semenov [8]. The experiments were carried out on a liquid environment in conditions of superficial culture in flasks Erlenmeyer with capacity of 250 ml, which contained 50 ml of nutrient medium with their further sterilization in an autoclave with a temperature of 121°C and a pressure of 1 atm for an hour.
Isolates inoculation of flasks with prepared medium was performed by chunks of mycelium, which were grown up previously on standard wort-agar medium (4° by Baling) in vitro (20х2 cm) during 7 days. The cultivation period was 30 days in incubator at a temperature of 26 °C according to the work [2]. The ability of fungus to accumulate biomass was evaluated gravimetrically [5]. The cultural liquid (CL), saturated by extracellular proteins, was filtered and lyophilically dried on the instrument “Frost 3-2” by the technique given in the work [3].

The electrophoresis distribution of water-soluble proteins of obtained lyophilizes CL was performed in parallel plates of polyacrylamide gel (PААG) using the device of construction of K. Truveller [9] by the method of V. I. Safonova, M. P. Safonova [7].

To enter samples for gel lyophilizes CL weight 0.1 g diluted in a ratio of 1:1 with 40% sucrose (0.2 ml) with the addition of one drop of dye – brome-phenol blue. The painted extract was brought to 0.1 ml micropipette in the upper layers gel. The tris-glycine buffer (pH 8.3) was used as an electrode buffer. The electrophoresis time was 45-90 min at 4 mA strength of threshing floor on tube.

For the manifestation of electrophoregram on protein the gel was firstly fixed by 7% solution of three chlorine vinegar acid for 20 min. Then the gel was washed with distilled water (30 min) and dyed during one hour in 0.2% solution of the dye Coomassie Brilliant Blue G 250. These electrophoregrams were placed in cellophane and was dried in a drying oven with a temperature of 70 °C. Protein components on the electrophoresis spectrums (ЕPS) were characterized on the basis of their relative electrophoresis mobility (RЕM), which was calculated by the formula [7]: RЕM = R / R1, where R – the distance from start to the middle zone of protein, mm; R1– distance from start to finish of the dye, mm.

The intensive cultivation of fungus P. ostreatus was carried out by the standard technique, which is given in the work [1]. Yields were calculated over the ratio of the mass of fresh fruit bodies to the mass of wet substrate (g/kg).

The statistical processing of data was performed using analysis of variance and multiple average comparisons by Danet [6].

Results of the research. It was established that isolates mushroom’s P. ostreatus ability to accumulate biomass to is determined by carbon of nutrition environment and morphological and biological isolates features (Table 1). The largest ability to surface biomass accumulation on Chapeck’s medium with glucose had isolates B-99 and K-99, which in more than 1,3 – 1,4 times exaggerate the meaning of control strain HK-35. The largest ability to biomass accumulation on Chapeck’s medium with saccharine had isolates B-99 and K-99, which more than in 10% more comparing the strain HK-35. The most ability to biomass accumulation on potato saccharine medium had isolate B-99 and strain HK-35, 8,24 and 7,94 g/l, correspondingly. The most ability to biomass accumulation for cultivation of researched isolates on wort medium had isolates B-99 and K-99 and stain HK-35 (11,58 – 12,85 g/l).
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1. The diagram of biomass accumulation for mushroom P. ostreatus isolates according to nutrition medium

Thus, according to the results of the surface cultivation on liquid medium two perspective isolates B-99 and K-99 were determined which don’t give up to control strain HK-35 by biomass accumulation index of surface mycelium.

Data of intensive cultivation indicate that by the index that characterizes the yield of fruit bodies for isolates B-99 and K-99 were higher than of other isolates and in control strain HK-35 (Table 2). It is seen that in comparison with strain NC-35 the yield in isolates B-99 and C-99 was 1,8-1,4 times higher and was 262.7 and 216.3 g / kg, respectively. Isolates ML-2000, P-01 and P-15 were slightly different from the reference strain NC-35 (146,3-160,0 g / kg) by this indicator.
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Table 2. The diagram of index crop yield of fruit bodies of the fungus isolates of P. ostreatus in conditions of intensive cultivation of sunflower husk
Thus, according to the results of intensive cultivation of sunflower husk there was proved that two isolates B-99 and K-99 which had the greatest rate of accumulation of biomass in liquid culture medium (Table 1) were also characterized by a high yield of fruit bodies.

The qualitative and quantitative composition of extracellular proteins CL depends on the carbon of nutrient environment and biological characteristics of each studied isolate of fungus P. ostreatus was shown (Table 1 – 2) by the results of electrophoresis research.

Electrophoregram of lyophilizate CL after culturing on Chapek medium (glucose) shows that all isolates and strain NC-35 had the same reaction to carbon sources and produced only one protein component with rapid REM, which was equal to 0,70-0,68 (Table 1).

The data from Table 1 shows that all isolates produced three major extracellular protein fraction of inactive REM, which was equal to 0.09, 0.15 and 0.21 after culturing on potato-sucrose culture medium. It was shown that isolates ML-2000 and C-2000 had even additional protein zone with REM – 0.06.
1. The number of of protein zones and REM of extracellular protein of P. ostreatus mushroom after cultivation on Chapeck’s glucose and potato-saccharine mediums
	Strain, isolates
	Chapeck’s medium with glucose (30 g/l)
	Potato-saccharose medium (30 g/l)

	
	number of protein zone
	number of protein zone

	
	1
	2
	sum
	1
	2
	3
	4
	sum

	НК-35
	―
	0,70
	1
	―
	0,09
	0,15
	0,21
	3

	К-99
	―
	0,70
	1
	―
	0,09
	0,15
	0,21
	3

	Р-01
	―
	0,70
	1
	―
	0,09
	0,15
	0,21
	3

	В-99
	―
	0,70
	1
	―
	0,09
	0,15
	0,21
	3

	ВК-2000
	0,68
	―
	1
	0,06
	0,09
	0,15
	0,21
	4

	Р-15
	―
	0,70
	1
	―
	0,09
	0,15
	0,21
	3

	С-2000
	0,68
	―
	1
	0,06
	0,09
	0,15
	0,21
	4

	420
	―
	0,70
	1
	―
	0,09
	0,15
	0,21
	3


Analysis of EPS of isolates of the fungus P. ostreatus after cultivation on the wort nutrient medium showed the presence in CL of inactive, and middle-moving and fast-moving extracellular proteins (Table 2).

In the control strain NC-35 four protein areas that had mostly average REM, which was equal to 0.40, 0.49, 0.60 and 0.66 were found.

Five protein zones, four of which had a total of strain NC-35 average mobility (0.40, 0.49, 0.60 and 0.66) and one protein zone with low REM, which is equal to 0.19 were detected in isolates C-99 and P-01.

Nine protein zones, including one protein zone that has small (0.19), six – average (0.36, 0.40, 0.49, 0.51, 0.60, 066) and two (0.72, 0.81) - fast mobility in an electric field were revealed in isolate B-99 on EPS. The similarity with the control strain NC-35 was observed in all four protein components that were found in the NK-35. Isolate B-99 had two additional middle-moving protein zones with REM – 0.36 and 0.51, which are absent in other studied isolates.
2. The number of protein zones and REM of zones of extracellular protein of P. ostreatus mushroom after cultivation on wort medium
	Strain, isolates
	Number of protein zone

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Σ

	НК-35
	―
	―
	―
	―
	0,4
	―
	0,49
	―
	0,6
	0,66
	―
	―
	4

	К-99
	―
	0,19
	―
	―
	0,4
	―
	0,49
	―
	0,6
	0,66
	―
	―
	5

	Р-01
	―
	0,19
	―
	―
	0,4
	―
	0,49
	―
	0,6
	0,66
	―
	―
	5

	В-99
	―
	0,19
	0,36
	―
	0,4
	―
	0,49
	0,51
	0,6
	0,66
	0,72
	0,8
	9

	ВК-2000
	―
	―
	―
	―
	0,4
	0,47
	0,49
	―
	―
	―
	―
	0,8
	4

	Р-15
	0,15
	―
	―
	―
	0,4
	―
	―
	―
	0,6
	0,66
	―
	0,8
	5

	С-2000
	―
	0,19
	―
	0,38
	―
	―
	―
	―
	0,6
	0,66
	0,72
	―
	5

	420
	―
	―
	―
	―
	0,4
	―
	―
	―
	―
	―
	―
	0,8
	2


The proteins of isolate BK-2000 consisted of four protein zones: three - with middle (0.40, 0.47 and 0.49) and one - with rapid (0.81) mobility. This isolate had two common with the control strain HK-35 protein fractions of protein with REM – 0.40 and 0.49.
It was revealed that isolate P-15 had one protein component with low (0.15), three components – with middle (0.40, 0.60 and 0.66) and one – with rapid mobility (0.81). The similarity with the control strain HK-35 was observed in all three protein components with middle REM.

The isolate C-2000 had the EPS lyophilize CL one protein zone with low (0.19), three – with middle (0.38, 0.60, and 0.66) and one – with rapid (0.72) mobility. The similarity with the control strain HK-35 was observed in two protein zones with REM which was equal to 0.60 and 0.66.

The only two protein fractions were found in isolate 420: with middle REM which was equal to 0.40, and rapid REM which was equal to 0.81. This strain had similar protein component with REM – 0.40 for the control strain HK-35.

Thus, it can be noted that at wort medium which is more balanced on carbohydrate content the fungus P. ostreatus is able to produce in the CL a wider range protein fractions for its consumption (from 2 to 9).

Conclusions. Some common regularities of production of extracellular proteins for all isolates which were cultivated on liquid nutrient medium were established by the results of research: the ability of the fungus to produce proteins with different REM is a response to carbon containing substances of nutrient medium. The isolates that had the greatest value of the indicator of biomass accumulation on liquid nutrient medium and the crop yield of fruit bodies of sunflower husk (B-99, K-99) were characterized by the appearance of additional protein fractions (0,19 – 0,36 – 0,51 – 0,72 – 0,80) on electrophoresis spectrums of wort nutrient medium compared with the control strain HK-35.

The number of protein fractions CL of lyophilizes of wort medium can be used as an additional assessment of proving of prospects of new strains of the fungus P. ostreatus to industrial cultivation.

Thus, the results of research established that the quantity of protein fractions CL lyophilizes of wort medium correlates with the morphological and biological parameters of the fungus. Therefore, electrophoresis can be used as an additional method for preliminary evaluation of new isolates of the fungus P. ostreatus for industrial cultivation.
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