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ABSTRACT
Report 41 pages, 11 figures, 3 tables, 58 sources, 7 app.
STARCH, ENZYME, HYDROLYSIS, AMYLASE, GLUCOSE, BACTERIA

The object of the research is bacterial α-amylase.

The aim of this work is to study the biochemical properties of α-amylase from the Kazakh strain Bacillus licheniformis T5, obtained in yeast.
As a result of the work carried out, strains Bacillus sp.A5.3, Bacillus sp.A5.5, Bacillus sp.A7.1, Bacillus sp.A11.2, Bacillus sp.T5 were isolated and identified from the soil, which were studied for α- amylase activity. From the genomic DNA of strains Bacillus sp.A5.3 and Bacillus sp.T5, the amyA5.3 and amyT5 α-amylase genes were isolated, cloned and sequenced. The nucleotide sequence of genes amyA5.3 and amyT5 from strains Bacillus sp.A5.3 and Bacillus sp.T5 were deposited in the GenBank database under numbers MW276066 and submission ID 2512515, respectively. Strains Bacillus sp.A5.3 and Bacillus sp.T5 are assigned to Bacillus velesensis and Bacillus lichenifromis, respectively. The amyT5 α-amylase gene from the Bacillus lichenifromis T5 strain has been successfully cloned and expressed in the yeast Pichia pastoris X-33.
It was shown that yeast strain P. pastoris X-33_pPICZα / AmyT5  secretes glycosylated α-amylase with a molecular weight of 68 kDa. The pH and temperature optimum for α-amylase rAmyT5 were determined, which are 6.5 and 80 ° C, respectively. It was found that the glycosylated α-amylase rAmyT5 is active at high temperatures. The rAmyT5 enzyme is thermostable - α-amylase retains 74% activity after preincubation at 80 ° C for 30 minutes. Amylase rAmyT5 exhibits high pH stability in a wide range. Fermentation of the yeast producer strain P. pastoris X-33_pPICZα / AmyT5 in a biorector showed the suitability of the strain for industrial use. The total yield of the recombinant enzyme was 2146 units per gram of wet biomass.
The novelty of the work - for the first time, a recombinant glycosylated α-amylase from Bacillus licheniformis T5, obtained in yeast and of interest for industrial use, was obtained and studied.
The field of application is biotechnology.
Recommendations for implementation - the technology has a high perspective of implementation and commercialization at enterprises of biotechnological profile and processing of starch-containing raw materials.
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LIST OF DESIGNATIONS AND ABBREVIATIONS
	AOX1
	-
	Aldehyde oxidase 1 promoter region 

	OD600
	-
	Optical Density at a wavelength of 600 nm      

	SOC
	-
	Super Optimal broth with Cataboliterepression 

	ЛБ
	-
	Lyzogeny Broth- Lennox

	YEPD
	-
	Yeast Extract Pepton Dextrose medium 

	YEPG
	-
	Yeast Extract Pepton Glycerol medium 

	YEPM
	-
	Yeast Extract Pepton Methanol medium 

	EDTA
	
	Ethylenediaminetetraacetic acid 

	ТАЕ-буфер
	-
	Tris-acetate- Ethylenediaminetetraacetic acid buffer 

	ТВЕ
	-
	Tris-borate- Ethylenediaminetetraacetic acid buffer

	SDS-PAGE
	-
	Sodium dodecyl sulphate–polyacrylamide gel electrophoresis

	DTT
	-
	Dithiothreitol 

	A.s.
	-
	Amino acid residues

	DNA
	-
	Deoxyribonucleic acid

	CF
	-
	Culture fluid 

	LB broth
	-
	Luria-Bertani medium

	B.p.
	-
	Base of pairs

	PCR
	-
	Polymerase chain reaction


INTRODUCTION

To obtain sugary products from starch-containing raw materials, enzyme preparations are used. About 10 types of such enzymes are currently used in food production, including amyloglucosidase, gluco-isomerase, amylase, pectinase, rennins, etc. Currently, about 2000 enzymes are known. The amylolytic enzymes used in practice include α-amylase, β-amylase, amyloglucosidase, amylo-1,6-glucosidase. Each of these enzymes is characterized by a specific action on individual starch fragments.
Amylases are one of the most important enzymes which are of great importance in modern biotechnology [1]. A-amylases (EC 3.2.1.1) act on starch (polysaccharide) and, upon hydrolysis, produce glucose (monosaccharide) and maltose (disaccharide) [2]. Amylases are one of the most important industrial enzymes, accounting for 25% of the industrial enzyme market [3]. Although amylases can be obtained from several sources, including plants, animals, and microorganisms, enzymes of microbial origin are the most demanded in industry [4]. The use of α-amylases in biotechnology includes the processing of starch-containing raw materials, biofuel production, use in the food, paper, and textile industries, use as additives to detergents, bioremediation, clinical and medical applications [5].

One of the most important characteristics of α-amylases used in starch conversion is thermal stability, which consists in the ability to maintain enzymatic activity for a long time [6]. Thermal stability can be, as its own characteristic of α-amylase [7-10], but it can also be improved by post-translational modifications, for example, glycosylation [11]. Another important characteristic is the dependence of α-amylases on coenzymes. Most α-amylases are metalloenzymes that require calcium ions for their activity, structural integrity, and stability [3, 12]. At the same time, some α-amylases do not depend on Ca2 + ions [13, 14], which is important for their application in industry.
Known commercial strains of microorganisms for the production of α-amylase are Bacillus subtilis, B. licheniformis, B. amyloliquefaciens, and Aspergillus oryzae [5]. However, the ever-growing need for various amylolytic enzymes stimulates the study of new α-amylases with improved properties, the search for new natural producer strains and the development  of genetically engineered producer strains using recombinant DNA technology [15-18].
The aim of the project is to obtain and study the biochemical properties of α-amylase from Kazakh strains of the genus Bacillus.

Appendix A provides a calendar plan for the project.

The scientific novelty of the project lies in the fact that bacterial α-amylase from Kazakh strains of microorganisms will be obtained and studied. The practical significance of the project lies in obtaining a thermostable enzyme for use in the technologies of hydrolysis of starch-containing raw materials. The socio-economic effect of the project results is the release of a biological product for the processing industry.
MAIN PART

1 Choosing  of research direction

Starch, the main reserve polysaccharide of plants, including cereals, is a mixture of D-glucose homopolymers, both linear (amylose) and branched (amylopectin). Amylose molecule consists of 102-105 D-glucose residues connected by α-1,4 bonds, whereas amylopectin consists of short (17-23 D-glucose residues connected by α-1,4-bonds) linear chains connected by 1,6- and 1,3-bonds, forming a highly branched structure with 104-107 D-glucose residues.  The degree of branching and the ratio of amylose to amylopectin varies with plant species and age. The best known and most used in industry are: maize starch, potato starch, wheat starch and rice starch. 
Modern starch processing technology is based on acid and/or enzymatic hydrolysis of starch to produce maltose or monomeric carbohydrates (D-glucose, D-fructose). From the point of view of the purity of the final product from impurities, enzyme-based technologies are preferable, as hydrolysates obtained by acid method alone are less valuable due to the presence of protein degradation products and mineral impurities formed during acid neutralisation.

The preliminary step in starch processing is its release from the grains by hot water or steam treatment under pressure (90°C-105°C). The first step is starch liquefaction, which is dextrinisation - hydrolysis of the substrate with -amylase; the end products of this step are maltodextrins. Alpha-amylase catalyses the breaking of the α-1,4-glucoside bonds in the starch to form low-molecular-weight oligosaccharides and small amounts of maltose and glucose. To make glucose syrup, glucoamylase is introduced into the starch hydrolysed by α-amylase, hydrolyzing the oligosaccharides to glucose.
The following requirements are imposed on α-amylases used in industry: optimum action and thermal stability above 80-90°C, enzyme functionality in a wide pH range, tolerance to many inhibitors (ionic, non-ionic detergents, organic solvents). A large number of α-amylases of bacterial origin are known to meet these requirements to a greater or lesser extent [5]. Known α-amylases include bacterial amylases from Bacillus subtilis [19-24], Bacillus amyloliquefaciens [13,25-27], Bacillus velezensis [28], B.licheniformis [29-38], Geobacillus stearothermophilus [7]. Alpha-amylases are also produced under heterologous conditions using various expression systems: Bacillus subtilis, Bacillus amyloliquefaciens, Pichia pastoris, Bacillus licheniformis [16,39-43]. Alpha-amylase from B. licheniformis is one of the known thermostable hydrolases.
The temperature optimum of α-amylase from B.licheniformis, according to different sources, is 80°C, but may exceed 90°C [34], whereas for B.subtilis it is 55°C [20], for B.amyloliquefaciens it is 60°C [25], for Bacillus alcalophilus it is 50°C [41], for G.stearothemophilus 55°C [7], and for B.velezensis 55°C [28]. There is work on the mutagenesis of B.licheniformis to modify the properties of the enzyme [44]. It was found that glycosylation in yeast practically does not change the thermostable properties of B. licheniformis α-amylase [6]. The α-amylase-producing strain is of great importance, for example, α-amylase from Bacillus sp. B4-423 is active in a wide pH range (optimum is 5.0, but the enzyme retains 90% activity in the 4-10 range) and is resistant to several detergents: SDS, urea, EDTA, organic solvents, is not a calcium-dependent enzyme and is active at 100°C [34]. Thus, it seems promising to study α-amylase from previously undescribed strains of the genus Bacillus, in particular, isolated from Kazakhstan biocenoses.
Genetic engineering techniques are used to obtain, study and specifically modify enzymes. The target gene is cloned, inserted under the control of a strong promoter, the gene is expressed, and the protein product is purified, whose properties are then studied. In a number of cases, obtaining a protein by recombinant method is more profitable than isolating it from a natural source. The secretory yeast system of Pichia pastoris seems promising as an expression system. It is known from the literature that glycosylation in Pichia pastoris does not reduce the temperature stability of the enzyme.  Compared to Saccharomyces cerevisiae, Pichia has an advantage in glycosylation of secreted proteins, particularly in the absence of hyperglycosylation. The length of the oligosaccharide chains added posttranslationally to proteins in Pichia averages 8-14 mannose residues per side chain [45].

Submerged fermentation [46-48] and solid-phase fermentation [49,50] are used for the commercial production of enzymes in bioreactors. Solid-phase fermentation is preferable for the cultivation of filamentous fungi (e.g. Aspergillus, Penicillium), but for yeast the use of submerged fermentation in bioreactors is most suitable. The thermostability of α-amylase allows the use of temperature as a criterion for separating the target protein from thermolabile proteins, and there is no need to maintain temperature conditions during purification. Another advantage of the thermostability is the possibility to dry the enzyme in a stream of heated air without resorting to lyophilic drying. This criterion is very important as it will have a direct impact on the cost of the finished biopreparation.
Amylases that have undergone posttranslational modification are of particular interest. It has been noted that glycosylation in some cases increases the thermostability and improves the resistance of the enzymes to negative environmental factors [45,51]. In this regard, studies on the production of α-amylases in yeast, which have a developed glycosylation system, have a high level of heterologous protein secretion, and can be cultured under conditions of submerged fermentation in bioreactors of high capacity, are promising. The methylotrophic yeast Pichia pastoris has proven to be a very successful system for various recombinant proteins. The single-celled Pichia pastoris microorganism is quite easy to manipulate, the strain grows rapidly on inexpensive media and achieves high cell densities.
Thus, a large number of publications aimed at the study of amylolytic microorganisms and α-amylases themselves emphasizes the relevance of the chosen direction of research. In this connection, Bacillus bacteria, isolated from soil in Kazakhstan and possessing amylolytic activity, were chosen as an object. 

2 Materials and methods

The strains used were E.coli DH5α, Pichia pastoris X33. Nutrient media LB, SOC YEPD, YEPG, YEPM are given in Appendix B. The concentration of the antibiotic zeocin in the media was 25 µg/ml for E.coli cells and 100 µg/ml for Pichia pastoris cells. The media were prepared according to the Maniatis protocol [52]. Yeast extract and peptone were manufactured by Titan (India). Triptone was manufactured by Sigma-Aldrich (Germany). All reagents used in this work were manufactured by Sigma-Aldrich, AppliChem, Promega, Amresco with purity category "For Molecular Biology". Electro- and chemocompetent cells of our own preparation were used.
Plasmid DNA extraction was performed using the Pure Yield MiniPrep kit (Thermo Scientific), respectively. DNA concentration was measured on a small volume NanoDrop1000 Spectrophotometer. Purification of restriction products was performed by chloroform extraction. Protein concentration in protein extracts was quantified according to Bradford [53] using bovine serum albumin as a standard.
Electrophoretic separation of nucleic acids was performed in 1% agarose gel in TAE or TBE buffer. The separation was carried out at 110V, time 30 minutes. Staining in ethidium bromide at the rate of 15 µg per 100 ml gel. Detection was performed under UV light at a wavelength of 312 nm. Electrophoretic separation of proteins was performed according to Lammley's method [54]. Gels were stained using 2% Coomassie Brilliant Blue R-250 (Sigma) in 10% acetic acid and 50% ethanol. Incubation with Coomassie was performed for 16 hours. The bleaching was performed for 6 hours in 25% ethanol and 7.5% acetic acid.  The results obtained were documented and analysed using a commercially available and proprietary molecular weight marker. Colony-type PCR screening was performed using Taq DNA polymerase and primers AOX1fw (5'-GACTGGTTCCAATTGACAAGC-3') and AOX1rv (5'-GCAAATGGCATTCTGACATCC-3'), synthesized at NCB. Nucleotide sequencing was performed according to the Sanger method [55] using the BigDye Terminanor v 3.1 Cycle sequencing kit.
Amylase activity was determined by the iodine-starch method [56] and using the 3,5-dinitrosalicylic acid (DNSA)-DNA method [57,58]. 1% soluble starch was dissolved in 100 mM phosphate buffer pH=6.5 and used as substrate. 1 ml of substrate was incubated with 40 µl of enzyme at 37 °C for 10 min. The reaction was determined by adding 1.5 ml of DNSA reagent and the mixture was boiled in a water bath for 10 min. The absorbance was measured at 540 nm on a Shimadzu UV-1900i spectrophotometer (Japan). A calibration curve was constructed using maltose as a standard. One unit of α-amylase activity is defined as the amount of enzyme that releases 1 µmol of reducing sugar - maltose in 1 min under standard conditions.
Measurements were performed in three replicates and the mean of the three replicates was indicated as the definite result. Methods for preparation of competent cells, cell transformation, compositions and protocols for PCR and sequencing are given in Appendix B.
3 Experimental research process
3.1 Isolation of bacterial strains of the Bacillus genus with amylolytic activity
Five bacterial isolates were isolated from the soil of Kazakhstan, which, based on the results of morphological studies and 16S rRNA sequencing, were assigned to the Bacillus genus. Screening for α-amylase activity showed that strains A2.1, A5.3, A5.5, A11.2, and T5 exhibit amylolytic activity with varying degrees. These isolates form specific areas on starchy media when stained with iodine (Figure 1).
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Figure 1 - Colonies of Bacillus spp. on dishes with starch,

dyed with iodine
Bacillus sp.A5.3 and Bacillus sp.T5 strains were selected for further study within the framework of the current project. In the study of α-amylases of Bacillus sp. A5.3 and Bacillus sp. T5 strains, an enzymatic extract of these strains was obtained and studied. The strains were cultured in minimal saline medium with starch as a carbon source at 37°C for 48 hours. The biomass of the strains was removed by centrifugation (18000 × g, 4°C, 10 min) and filtered through 0.22 μm to completely remove bacterial cells. The enzymatic extract was treated with trypsin peptidase to obtain a peptide solution. Next, the peptides were separated by nanoHPLC, the peptides were ionized by electrospray, and mass spectrometric spectra of primary and secondary ions were obtained using MS-Q / TOF MaxisImpact (Bruker). Bioinformatic analysis of spectra on the Mascot platform in comparison with the NCBInr database revealed peptides belonging to the α-amylase of Bacillus sp. and Bacillus licheniformis for strains Bacillus sp. A5.3 and Bacillus sp. T5, respectively. Based on the results of mass spectroscopy and proteomic analysis for α-amylase of the Bacillus sp. T5 strain, the refinement to the species Bacillus licheniformis was carried out (Figure 2).
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Figure 2 - Results of identification of α-amylase from Bacillus sp.T5
3.2 Determination of the nucleotide sequence of the α-amylase genes from Bacillus sp. A5.3 and Bacillus licheniformis T5
Based on the sequences of α-amylases for the Bacillus group, which includes B. subtilis, B. licheniformis, B. paralicheniformis, B. amyloliquefaciens, B. velesensis from GenBank, oligonucleotides were designed, the sequence of which is shown in Table 2. 
Table 2 - Nucleotide sequence of oligonucleotides
	Bacterium
	Oligonucleotide
	Sequence 

	1
	2
	3

	B.subtilis
	AmyBSfw
	5’-ATGGCCTTTGCAAAACGATTC-3’

	
	AmyBSrv
	5’-ATGGGGAAGAGAACCGCTTAAG-3’


Continuation of Table 2
	B.amyloliquefaciense
	AmyBAfw
	5’-ATGATTCAAAAACGAAAGCGGAC-3’

	
	AmyBArv
	5’-TTTCTGAACATAAATGGAGACG-3’

	B.velesensis
	AmyBVfw
	5’-ATGTTTAAAAAACGATTCAAAACCT-3’

	
	AmyBVrv
	5’-TTAATGCGGAAGATAACCATTCAA-3’

	B.licheniformis
	AmyBLfw
	5’-ATGAAACAACAAAAACGGCTTTAC-3’

	
	AmyBLrv
	5’-TCTTTGAACATAAATTGAAACCGA-3’


Polymerase chain reaction was carried out by using these oligonucleotides on the genomic DNA of strains Bacillus sp.A.5.3 and Bacillus licheniformis T5. The composition of the reaction mixture: template DNA (colony); direct primer (10 μM) - 1 μl; reverse primer (10 μM) - 1 μl; dNTP (10 mM each) - 4 μl; Pfu DNA polymerase -1 μl; Reaction Buffer Pfu-pol Buffer 10x - 5 μl; deionized water - 38 μl. The amplification program had the following temperature conditions: + 98°C (3 min) - 1 cycle; + 98°C (1 min), + 55°C (1 min), + 72°C (2 min /kb.p.) - 30 cycles; + 72°C (10 min) - 1 cycle; + 10°C (15 min) - 1 cycle. Separation of amplification products was carried out using DNA electrophoresis in 1% agarose gel in TBE buffer with ethidium bromide (15 μg /ml). Figure 2 shows the results of this amplification.  
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Figure 2 - Results of amplification of amylolytic genes from genomic DNA of strains Bacillus sp.A.5.3 and Bacillus licheniformis T5

As can be seen from the figure, the α-amylase genes from the strains Bacillus sp.A.5.3 and Bacillus licheniformis T5 were successfully amplified. The amplified genes were cloned into pJET1.2/blunt vectors and sequenced. Analysis of the nucleotide sequence of the transcribed products of the amyA5.4 and amyT5 genes showed that these DNA loci encode the α-amylases of Bacillus velesensis and Bacillus licheniformis, respectively, and have a length of 1980 bp. and 1539 bp, respectively. 
Analysis of the amino acid sequence of AmyA5.3 using the online Signal IP 5.0 software showed that the first 33 amino acid residues (MFKKRFKTSLLPLFAGFLLLFHLVLSGPAGANA) are the signal peptide for this protein. For AmyT5, the signal peptide is encoded by the first 29 amino acid residues (MKQQKRLYARLLTLLFALIFLLPHSAAAA). Appendixs D and E show the nucleotide and amino acid sequence of α-amylases from Bacillus sp.A.5.3 and Bacillus licheniformis T5. The nucleotide sequences of the amyA5.3 and amyT5 genes from Bacillus sp.A.5.3 and Bacillus licheniformis T5 were deposited in the GenBank database under the numbers MW276066 and submission ID 2512515, respectively. 

It is known that bacteria of the Bacillus genus are producers of many enzymes, including carbohydrases (amylases, xylanases) and proteases. Our studies have shown that the Bacillus sp.A.5.3 strain, when cultivated on a minimal medium, secretes a complex of enzymes, of which the dominant are proteases with a high hydrolysis effect to β-keratin, casein, albumin and collagen. Analysis of literature data showed that α-amylases from strains of Bacillus subtilis, Bacillus amyloliquefaciens, Bacillus velezensis, which on the basis of comparison of amino acid sequences with α-amylase from Bacillus sp.A.5.3 are closely related and have a temperature optimum of 55-60°C [20, 25.28]. Figure 3 shows the phylogenetic analysis of the (-amylase gene of Bacillus spp. based on the (-amylase sequence from Bacillus sp.A.5.3 and GenBank data: LQCL01000001 (B. velezensis strain RC218), CP018133.1 (B. velezensis ATR2), CP021890 (B. velezensis SRCM101413), LLZC01000001 (NR velezensis B-41580), JQ710747 (B. amyloliquefaciens HE1), and CP034484 (B. subtilis 168). 
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Figure 3 - Phylogenetic analysis of the (-amylase gene of Bacillus sp.A.5.3
Figure 4 shows the phylogenetic analysis of the (-amylase gene based on the-amylase sequence from Bacillus sp.T5 based on sequences from GenBank: DQ407266 (Bacillus licheniformis B0204), FJ556804.1 (Bacillus licheniformis DSM 8785), JQ710747.1 (B. amyloliquefaciens HE1), and CP034484 (B. subtilis 168). Phylogenetic analysis confirmed the kinship of the (-amylase gene from Bacillus sp.T5. a gene from Bacillus licheniformis DSM 8785. 
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Figure 4 - Phylogenetic analysis of the α -amylase gene of Bacillus sp.T5 

It is known that α-amylases from Bacillus licheniformis, according to the literature, have an optimum above 70°C [34]. Therefore, for further research of bacterial α-amylase within the framework of the project, AmyT5 α-amylase from the Bacillus licheniformis T5 strain was selected.
3.3  Cloning the bacterial α-amylase gene from Bacillus licheniformis T5 into a yeast plasmid vector
The α-amylase gene was amplified from the pTOP_Blunt_V2 / AmyT5 vector (Figure 3) using PCR primers: AmyT5fw (5’- CCGGAATTCCGGATGAAACAACAAAAACGGCTTTA-3’), and AmyT5rv (5’- TTTTCCTTTTGCGGCCGCTCTTTGAACATAAATTGAAACCG-3’) and cloned into pPICZαA vector at EcoRI/NotI sites. Escherichia coli DH5α competent cells was transformed with ligation mixture. The selection of transformant clones was carried out on LB agar with the zeocin antibiotic at 100 μg/ml. The presence of the amyT5 gene insert in transformants was confirmed by PCR screening and sequencing using the AOXfw /rv primers (Figure 5). As follows from Figure 4, clones № 1-4,7, 10,11,14 are positive. In these clones, the length of the PCR product is about 2000 bp, which corresponds to the length of amyT5 with the AOX1 region (1980 bp)
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Figure 5 - PCR screening of transformant colonies containing the amyT5 insert
Plasmid DNA from clone № 2 was isolated according to the MiniPrep protocol and sequenced by the AOX1 region for the absence of mutations in the form of insertions, deletions and substitutions. As a result, a shuttle vector pPICZαA/AmyT5 was obtained, in which the bacterial α-amylase gene carries at the N-terminus α-factor, a signal peptide from Saccharomyces cerevisiae, for secretion in the yeast P. pastoris. 
3.4 Secretory expression of the α-amylase gene in yeast
Yeast Pichia pastoris competent cells were prepared (Appendix B). For transformation of yeast cells, an appropriate cassette containing the amyT5 gene in the AOX1 region was prepared. For this, the plasmid vector pPICZαA/AmyT5 was treated with restriction endonuclease PmeI in 1XCutSmart buffer to obtain linearized DNA. The linearized vector was purified by phenol/ chloroform extraction followed by ethanol precipitation. Transformation was performed by electroporation using a MicroPulser (Bio Rad, USA) in cuvette (Eurogentec, France). After electroporation, cells were diluted with YEDS medium in a ratio of 1:20 and incubated in a thermostated shaker at + 30°C without shaking for 3 hours without adding antibiotic. Then the culture was sown on a solid nutrient medium with zeocin for selection and kept for 72 hours in a dry-air thermostat at 30°C.   
By transformation of competent X-33 cells and selection of zeocin-resistant clones, with PCR-confirmed integration of the amyT5 gene into chromosomal DNA of X-33_pPICZαA / AmyT5 strain and produced recombinant AmyT5 amylase with varying efficiencies with the addition of 1% methanol as a single carbon source, were obtained. The cultivation of the recombinant yeast producer strain X-33_pPICZαA/AmyT5 was carried out for 120 hours at + 30°C and 250 rpm on the following media: YEPG for 24 hours, YEPM for 120 hours. The amylolytic activity of the culture fluid of the X-33_pPICZαA / AmyT5 strain was 36 U /ml. 
Stability testing of the integrated amyT5 insert in the genome of this X-33_pPICZα / AmyT5 strain clone showed that after 10 passages on YEPD agar without the addition of zeocin, the strain still retains α-amylase activity.
3.5 Purification of α-amylase from yeast culture 
The P. pastoris X-33_pPICZα / AmyT5 yeast culture was grown in a 1000 ml flask. The culture was cultivated in a shaker- incubator for 120 hours at 30 ° C and vigorous shaking (250 rpm). Methanol was added to the culture daily at a concentration of 1% by volume. To remove the yeast mass, the X-33_pPICZα / AmyT5 culture was centrifuged at 10000 × g, 4 ° C for 30 minutes. The resulting supernatant was additionally filtered through 0.22 μm. Purification of α-amylase AmyT5 from the culture liquid of the P. pastoris strain X-33_pPICZα / AmyT5 was carried out by salting out the protein using ammonium sulfate and gel filtration. 
Recombinant AmyT5 α-amylase was precipitated with 60% ammonium sulfate at 4 ° C for 16 hours. Next, the precipitate was collected by centrifugation at 40,000 × g, 4 ° C for 60 minutes. The precipitate was suspended in 4 ml of a buffer of the following composition: 0.2M sodium phosphate, 0.1M citric acid (pH 6.0). They were dialyzed using a membrane with a cut-off threshold of 10 kDa against the same buffer in a volume of 1000 ml on a magnetic stirrer in a refrigerator (at 4 ° C) for 16 hours, replacing the buffer with a fresh one after 8 hours. The dialyzed sample was loaded onto an 80 ml Sephadex G-100 column with protein elution buffer: 0.2M sodium phosphate, 0.1M citric xylot (pH 6.0). The eluate was vacuum concentrated by evaporation and analyzed by SDS-PAGE. 
Figure 6 shows the results of rAmyT5 purification from X-33_pPICZα / AmyT5 supernatant. If the calculated mass of the recombinant α-amylase AmyT5 is 68 kDa, then the figure shows that the mass of the rAmyT5 protein is at least 66 kDa. The established difference of several kDa is most likely related to the glycosylation of AmyT5 in yeast. The specific activity of purified rAmyT5 under standard conditions (37 ° C, pH 6.5) was 620 U / mg. 
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1 - FS of P.pastoris X-33_pPICZα / AmyT5 strain, 2- rAmyT5 after purification on Sephadex G-100, 3 - fraction 1 after concentration, 3 - fraction 2 after concentration 
Figure 6 - Results of SDS-PAGE of α-amylase rAmyT5 after purification 
Treatment of purified rAmyT5 with deglyase EndoH confirmed that the rAmyT5 protein is glycosylated, which is reflected in the change in the molecular weight of the rAmyT5 protein before and after EndoH treatment (Figure 7). The mass changed by approximately 10 kDa.
[image: image14.jpg]kpaM 1 2

116.0

~<«—TrAmyT5
66.2 ~——rAmyT5+EndoH

45.0
35.0

25.0

18.4
14.4




1- rAmyT5, 2- rAmyT5 after EndoH treatment M- marker

Figure 7 - Results on deglycosylation of recombinant α-amylase rAmyT5
3.6 Determination of α-amylase activity depending on pH, temperature, organic solvents, metal ions 
The work on the influence of different pH and temperature values on the α-amylase activity of rAmyT5 obtained in P. pastoris was carried out. Figure 8 shows the results for the relative activity of the purified recombinant α-amylase rAmyT5 versus pH. The optimum pH is 6.5. rAmyT5 maintains high activity at a level above 90% in the pH range of 4.5-7.0. With increasing pH, activity decreases, as well as at acidic pH values. At pH 2.5 and 11.5, the α-amylase activity of rAmyT5 is 3.3% and 3.8%, respectively.
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Figure 8 - Dependence of rAmyT5 α-amylase activity on pH values 
The activity of rAmyT5 at different temperatures is shown in Figure 9. As follows from the presented data, the α-amylolytic activity of rAmyT5 increases with increasing temperature. rAmyT5 is most active at 80 ° C. At 90 ° C rAmyT5 retains 96% activity, and at 100 ° C rAmyT5 shows 30% activity. 
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Figure 9 - Dependence of the activity of α-amylase rAmyT5 on temperature

The effect of organic solvents, divalent metal ions, detergents and chemicals on the activity of α-amylase rAmyT5 has been studied. Table 3 shows the effect of metal ions K1 +, Co2 +, Ni2 +, Fe3 +, Ca2 + (chlorides of the corresponding metals were used) at a concentration of 5 mM on the α-amylase activity of rAmyT5. Metal chlorides were added to the α-amylase samples and kept at room temperature. The activity was determined under standard conditions: + 37 ° C and pH = 6.5. 
Table 2 - Influence of metal ions on the α-amylase activity of the recombinant α-amylase rAmyT5 
	Metal ions
	Concentration 
	Residual activity,% 

	K1+
	5 мМ
	94

	Cd2+
	5 мМ
	76

	Ni2+
	5 мМ
	81

	Ca2+
	5 мМ
	63

	Fe3+
	5 мМ
	28

	Контроль
	-
	100


Potassium ions K1 + practically do not affect the activity of α-amylase rAmyT5, while ions of doubly charged ions Cd2 +, Ni2 +, Ca2 + reduce the activity of the recombinant α-amylase rAmyT5 by 19-37%. Three-charged iron ions have a strong inhibitory effect; after preincubation with Fe3 +, the residual activity was 28% (Table 2).  
Work was carried out to study the stability of α-amylase rAmyT5 to organic solvents: acetone, methanol, isopropanol, ethanol at a final concentration of 30% and butanol 5%, since the limiting solubility of butanol in water is not more than 7%. The rAmyT5 enzyme was added to the above solvents and incubated at room temperature for 90 minutes. Next, the residual activity was measured under standard conditions. An enzyme was used as a control, which was incubated without adding any solvent. Table 3 shows the results on the effect of organic solvents on enzyme activity.  
Table 3 - Influence of organic solvents on the α-amylase activity of the recombinant α-amylase rAmyT5 
	Solvents
	Concentration, %
	Residual activity, % 

	Acetone 
	30
	99,5

	Methanol 
	30
	94,5

	Isopropanol 
	30
	85,2

	ethanol
	30
	98,8

	Бутанол
	5
	10,7

	Control 
	-
	100


As follows from the tabular data, acetone, methanol, and ethanol at a concentration of 30% do not affect the activity of the recombinant α-amylase rAmyT5. Isopropanol reduces the activity of rAmyT5 α-amylase by 15%, and 5% butanol reduces the activity of the recombinant rAmyT5 α-amylase by more than 90%, which indicates its strong inhibitory properties for this enzyme. 
3.7 Determination of temperature and pH stability of α-amylase and calculation of kinetic parameters 
Temperature stability was studied by preincubating rAmyT5 α-amylase at 80 ° C and 90 ° C for 120 min. Amylase rAmyT5 obtained in yeast shows high thermal stability. So rAmyT5 retains 74% activity after preincubation at 80 ° C for 30 minutes (Figure 10). After 60 minutes of pre-incubation, rAmyT5 retains 58%. After 120 minutes of preincubation at 80 ° C, the activity of rAmyT5 is 35%. Preincubation at 90 ° C for 30 minutes completely inactivates the rAmyT5 enzyme. 
Amylase rAmyT5 exhibits high pH stability over a wide range (Figure 11). When the enzyme is incubated in buffers with a pH of 2-11 for 30 minutes at a temperature of 22-23 ° C, α-amylase activity is at the level of 60-100%. When the enzyme is incubated for 60 minutes, α-amylase retains its activity above 50%. 
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Figure 10 - Results on temperature stability of α-amylase rAmyT5

after preincubation at 80 ° C and 90 ° for 120 minutes
Calculations were made of the Michaelis constant Km, the values of the maximum rate of the enzymatic reaction Vmax, the number of revolutions Kcat, which determines the maximum amount of substrate (starch) that α-amylase can hydrolyze per unit time, and the ratio Kcat / Km, which determines the catalytic efficiency of α-amylase. Soluble potato starch was used as a substrate. The Km value for rAmyT5 was 1.31 mg / ml, Vmax showed 222.8 U / mg, the Kcat value was 76.3 s-1, and the Kcat / Km value for rAmyT5 was 58.24 mg * ml-1 * s-1. The specific activity of the recombinant α-amylase rAmyT5 under optimal conditions (80 ° C, pH 6.5) is 740 U / mg; 
[image: image18.png]100

80

Relative activity, %
o
2

=
S

20

®30min ®60min w90 min = 16 hours




Figure 11 - Results on pH stability of α-amylase rAmyT5 
Thus, the results of the study of temperature and pH stability show that α-amylase rAmyT5 is a thermostable enzyme that is resistant to acidic, neutral and alkaline pH values. 
3.8 Cultivation of the α-amylase-producing yeast strain under submerged fermentation conditions  
For cultivation of the X-33_pPICZα / AmyT5 strain producer under submerged fermentation conditions, a 10-liter fermenter (Biostat, Sartorius) was used. At the first stage, an enrichment culture was obtained; for this, a separate colony was inoculated into 5 ml of YEPD broth and grown in an incubator shaker at 28 ° C and shaking at 250 rpm. After 24 h, the culture was transferred into 30 ml of YEPD broth and grown under the same conditions for the next 24 h. Further, the culture was inoculated into 300 ml of YEPG medium (1% yeast extract, 2% peptone, 1% glycerol) and grown under the same conditions on the next day. Further, the culture was inoculated into 1 L of YEPG medium and grown under the same conditions for another day. After 24 h of cultivation, the cell mass was harvested by centrifugation at 3000 × g for 5 minutes. The cells were transferred into 5 L of sterile YEPM medium supplemented with 1% methanol and cultured in a 10 L bioreactor. The following conditions were used: cultivation temperature 30 ° C, supply of sterile air 2-4 l / min, stirring 300-400 rpm, pH 6.0. Feeding with 1% methanol was carried out every 24 hours. The total cultivation time was 120 hours. The number of cells was assessed gravimetrically, by centrifugation at 10,000 × g, for 10 min, followed by weighing the sediment. The yield of wet cells was 45.1 grams per liter of culture after 120 hours of cultivation. The supernatant liquid at the end of the fermentation contained an activity of 58 U / ml. The total yield of the recombinant enzyme was 2146 units per gram of wet mass biomass. The results show that the expression of α-amylase rAmyT5 in P. pastoris under the control of a methanol-inducible promoter is very efficient. 
Thus, all the planned work on the project was completed in full. Based on the results of this work, 1 article was submitted for publication in the journal "Sustainable Environment Research" (CiteScore - 10.0, Percentage - 93, Impact Factor - 4.98, Quartile - Q2). Another article is being prepared for publication - "Cloning, expression and purification of recombinant α-amylase from Bacillus licheniformis T5". 
CONCLUSION
In accordance with the project schedule, the planned work was completed in full. In the course of the project, the results were obtained, on the basis of which the following conclusions can be drawn: 
- Bacillus sp.A5.3, Bacillus sp.A5.5, Bacillus sp.A7.1, Bacillus sp.A11.2, Bacillus sp.T5 strains were isolated and identified from the soil, which were tested for α-amylase activity;

- α-amylase 58.4 kDa was identified in the secretory proteome of the Bacillus sp.T5 strain using protein mass spectrometry and proteomics; 
- genomic DNA of strains Bacillus sp.A5.3 and Bacillus sp.T5 isolated, cloned and sequenced the genes of α-amyases amyA5.3 and amyT5, 1980 bp in length. and 1539 bp, respectively. 
- the nucleotide sequence of genes amyA5.3 and amyT5 from strains Bacillus sp.A5.3 and Bacillus sp.T5 were deposited in the GenBank database under numbers MW276066 and **, respectively;

- Based on the data on the nucleotide sequence of the amyA5.3 and amyT5 genes, phylogenetic analysis, and mass spectrometric analysis, the strains were assigned to Bacillus sp.A5.3 and Bacillus sp.T5 to Bacillus velesensis and Bacillus lichenifromis, respectively;

- the amyT5 α-amylase gene from the Bacillus lichenifromis T5 strain has been successfully cloned and expressed in the yeast Pichia pastoris X-33; 
- the combination of N-deglycosylation and Western blotting using polyclonal anti-rAmyT5 antibodies showed that the P. pastoris yeast strain X-33_pPICZα / AmyT5 secretes glycosylated α-amylase with a molecular weight of 68 kDa and an activity of 36 U / ml; 
- the pH and temperature optimum for glycosylated α-amylase rAmyT5 were determined, which is 6.5 and 80 ° C, respectively;

- it was found that the glycosylated α-amylase rAmyT5 is active at high temperatures, so at 90 ° C rAmyT5 retains 96% activity, and at 100 ° C rAmyT5 shows 30% activity. The rAmyT5 enzyme is thermostable - α-amylase retains 74% activity after preincubation at 80 ° C for 30 minutes. After 60 minutes of pre-incubation, rAmyT5 retains 58%; 
- rAmyT5 amylase exhibits high pH stability over a wide range. When the enzyme is incubated in buffers with a pH of 2-11 for 30 minutes at a temperature of 22-23 ° C, α-amylase activity is at the level of 60-100%. When the enzyme is incubated for 60 minutes, α-amylase retains its activity above 50%; 
- potassium ions K1 + practically do not affect the activity of α-amylase rAmyT5, while ions of doubly charged ions Cd2 +, Ni2 +, Ca2 + decrease the activity of recombinant α-amylase rAmyT5 by 19-37%. After preincubation with Fe3 +, the residual activity was 28%. Acetone, methanol and ethanol at a concentration of 30% do not affect the activity of the recombinant α-amylase rAmyT5. Isopropanol reduces the activity of rAmyT5 α-amylase by 15%, and butanol in 5% concentration by more than 90% reduces the activity of the recombinant rAmyT5 α-amylase; 
- the kinetic parameters for the recombinant α-amylase rAmyT5 were established: Km, Vmax, Kcat and Kcat / Km, which amounted to 1.31 mg / ml, 222.8 U / mg, 76.3 s-1 s-1 and 58.24 mg * ml-1 * s-1, respectively. The specific activity of the recombinant α-amylase rAmyT5 under optimal conditions is 740 U / mg; 
- fermentation of the yeast producer strain P. pastoris X-33_pPICZα / AmyT5 in a biorector showed the suitability of the strain for industrial use. The yield of wet cells was 45.1 grams per liter of culture after 120 hours of cultivation. The total yield of the recombinant enzyme was 2146 units per gram of wet biomass, which indicates a high efficiency of the process. 
Thus, all the tasks of the project were completed in full: the glycosylated bacterial α-amylase AmyT5 was obtained in yeast, its biochemical properties were studied, and the yeast strain-producer of α-amylase was cultivated in a bioreactor by the method of submerged fermentation. 1 article submitted for publication in the journal "Sustainable Environment Research" (CiteScore - 10.0, Percentage - 93, Impact Factor - 4.98, Quartile - Q2). 
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1.2 Tlo mnommpuoputery: Pa3BuTHe OTeyecTBeHHOM (apMaleBTHYECKOH HAyKH H
MPOMBIILIEHHOH OHOTEXHOIOTHH.

1.3 Tlo teme npoekrta: UPH AP09563186 «KnonumpoBanue, sKCHpeccus rena, O4MCTKa U
H3ydeHne GHOXMMHYECKHMX CBOWCTB (-aMHJIa3hkl U3 KaszaxcraHckoro mramma Bacillus licheniformis
T5» . L
1.4 O6mas cymma mpoekta Ha 2021 rox 7997 932,20 (Cemb MMIUIMOHOB JEBATHCOT
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2.2 O6acTh MPUMEHEHHUS: OHOTEXHOJIOTHS
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APPENDIX B
Composition of nutrient media
	Наименование
	Composition

	LB
	0.5% yeast extract, 1% peptone, 0.5% NaCl

	SOC
	2% tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5 mM KCl, 20 mM MgSO4, 20 mM glucose, pH 7.5

	YEPD
	1% yeast extract, 2% peptone, 3% glucose

	YEPG
	1% yeast extract, 2% peptone, 1% glycerine

	YEPM
	1% yeast extract, 2% peptone, 1% methanol


APPENDIX C
Protocols for experiments
Preparation of chemocompetent cells of DH5α strain

The culture was plated on solid culture medium and cultured in an air-dryer at +37 °C for 16 hours until single colonies were obtained. The single colony was then cultured in SOB medium (identical to SOC medium except for glucose) at +18°C for 20 hours in a volume of 200 ml until OD600=0.6. Cells collected by centrifugation were washed with SS buffer (10 mM Hepes, 15 mM CaCl2, 55 mM MnCl24-H2O, 250 mM KCl, pH 6.7). To 7.44 ml suspended culture, 0.56 ml dimethyl sulfoxide was added, aliquoted 50 µl each in 1.5 ml tubes and frozen on liquid nitrogen. Tubes with chemocompetent cells were stored at -80°C.

Transformation of DH5α chemocompetent cells 

Transformation was performed by temperature shock as follows: 100 ng plasmid DNA was added to 50 μl cell suspension of chemocompetent cells and incubated on ice for 30 min. After incubation, the cells were subjected to a temperature shock at +42°C for 45 s in a GFL 1003 water bath (GFL, Germany) and cooled again on ice for 2 min. 950 μl of SOC medium was added and incubated in a thermostatically controlled shaker at +37°C and shaking at 180 rpm for 1 hour without adding antibiotic. The culture was then plated on solid media containing the antibiotic and incubated for 16 hours in a dry-air thermostat at +37°C until distinct colonies appeared.

Preparation of electrocompetent Pichia pastoris cells

Single colonies of Pichia pastoris X33 strains were incubated in 10 ml of YPD medium at +30 °C for 16 hours. The grown culture was added to 200 ml of fresh YPD medium and grown until optical density OD600=2.0 at +30°C and vigorous shaking at 250 rpm. Cells were harvested by centrifugation at 2000g, for 5 min at +4°C. The supernatant was removed, the cells were suspended in 40 ml YPD with 200 mM Hepes-NaOH (pH 8.0) and 1 ml 1M DTT was added and gently stirred for 1 minute. The mixture was incubated for 15 min at +30°C with gentle stirring. 60 ml of chilled (+4°C) deionized water was added, centrifuged at 2000g, for 5 minutes, at +4°C and the supernatant was removed. In addition, the cells were washed with 8 ml chilled (+4°C) 1 M sorbitol, centrifuged at 2000g, for 5 min, at +4°C and the supernatant was removed. The cellular precipitate was suspended in 0.5 ml of cooled 1 M sorbitol. The cells were aliquoted by 50 µl and stored at -80°C.

Transformation of electrocompetent Pichia pastoris cells 

Transformation was performed by electroporation using a MicroPulser (Bio Rad, USA) in cells (Eurogentec, France). A linearized DNA cassette in an amount of 10 µg was introduced into 50 µl of cell suspension of electrocompetent cells. The transfer was performed using a MicroPulser electroporator (Bio Rad, USA) in 2 mm cells (Eurogentec, France). Transfer conditions: voltage - 2 kV, resistance - 200 Ohm, capacity - 25 μF. The transfer time was 4-5 ms. After electroporation the cells were diluted with YPDS medium in the proportion 1:20 and incubated in a thermostatic shaker at +30°C without shaking for 3 hours without adding antibiotic. The culture was then inoculated on solid medium with zeocin for selection and incubated for 72 hours in a dry-air thermostat at +30°C.

Sequencing Insertion

Composition of the reaction mixture: plasmid DNA - 1 µl; primer (3.2 µM) - 1 µl; Terminator Ready Reaction Mix - 1 µl; Reaction Buffer 5x - 2 µl; nuclease-free water - 5 µl.

The amplification programme had the following temperature settings: +96°C (1 min) - 1 cycle; +96°C (10 sec), +55°C (5 sec), +60°C (4 min) - 30 cycles; +10°C (20 min) - 1 cycle. The reaction mixture was purified from unbound components with an acetate-alcohol mixture. Separation of the gene fragments was performed using an ABI 3730xl automatic sequencer (Applied Biosystems, USA). Chromatograms were analyzed and compared with the reference sequence using the Vector NTI software package version 11.

APPENDIX D
Nucleotide and amino acid sequence of the AmyA5.3 α-amylase gene

atgtttaaaaaacgattcaaaacctctttactgccgttattcgccggatttttattgctgtttcatttggttttgtcaggcccggcgggtgcaaacgctgaaactgcaaacaaatcgaatgaggtgaccgattcatcggtcaaaaacgggaccatccttcatgcatggaattggtcattcaatacgttaacacaaaatatgaaagagattcgtgatgcgggttatgcagccattcagacgtctccgattaaccaagtaaaggaagggaaccaaggagataaaagcatgtcgaactggtactggctctatcagccgacatcgtaccaaatcggcaaccgttacttaggcactgaacaagaatttaaggacatgtgtgcagccgcggaaaagtatggcgtaaaagtcattgtcgatgcggttgtcaatcataccaccagcgattatggcgcgatttctgatgagattaagcgtattccaaactggacccatggaaacacacaaattaaaaattggtcggaccgatgggacatcactcaaaatgcattgcttgggctgtatgattggaatactcagaatactgaggtgcaagcctacctgaaaggtttcttggaaagagcattgaatgacggagcagacgggttccgctatgatgccgccaagcatatagagcttccggatgatgggaattacggcagccaattttggccgaatatcacaaatacatcggcggagttccaatacggagaaatcctgcaagacagcgcgtccagagatactgcttatgcgaattatatgaatgtgacggcttctaactatgggcattccatcagatccgctttaaagaatcgtaatctgagtgtgtcgaatatctcccattatgcatctgatgtgtctgcggacaagttagtcacatgggtggaatcacatgatacgtatgccaatgatgatgaagagtccacatggatgagtgatgacgatattcgtttaggctgggcagtgattggttcccgctcaggaagcacgcctcttttcttttccagacctgagggcggaggaaatggtgtaagatttcccggaaaaagtcaaataggagatcgcgggagcgccttatttaaagaccaggcgatcactgcggtcaatcaatttcacaatgaaatggccgggcagcctgaggaactctcaaatccgaatggcaacaatcaaatatttatgaatcagcgcggctcaaaaggcgttgtgctggcaaatgcaggatcgtcttctgtcaccatcaatacttcaacgaaattacctgacggcaggtatgataatagggccggcgccggttcatttcaagtagcgaacggcaaactgacaggtacgatcaatgccagatccgcggctgttctttgtcctgatgatattggaaatgcgcctcatgtctttcttgagaattaccaaacagaggcagtccattctttcaatgatcagctgacggtcaccctgcgtgcaaatgcgaaaacaacaaaagccgtttaccaaatcaataatgggcagcagacagcatttaaggatggagaccgattaacgatcgggaaagaagatccaatcggcacgacatacaacgtcaagttaaccggaacgaacggcgagggtgcatcgagaacccaagaatacacgtttgtcaaaaaagacccgtcccaaaccaacatcattggctatcaaaatccggatcattggggcaatgtaaatgcttatatttacaaacatgatggaggcggggccatagaattaaccggatcgtggccggggaaagccatgactaagaatgcagatggaatttacacactgacgctgcctgcgaatgcggatacggccgacgccaaagtgatttttaacaatggcagcgcccaagtgcccggacagaaccatcccggctttgattatgtgcagaatggtttatataacaactctggtttgaatggttatcttccgcattaa
MFKKRFKTSLLPLFAGFLLLFHLVLSGPAGANAETANKSNEVTDSSVKNGTILHAWNWSFNTLTQNMKEIRDAGYAAIQTSPINQVKEGNQGDKSMSNWYWLYQPTSYQIGNRYLGTEQEFKDMCAAAEKYGVKVIVDAVVNHTTSDYGAISDEIKRIPNWTHGNTQIKNWSDRWDITQNALLGLYDWNTQNTEVQAYLKGFLERALNDGADGFRYDAAKHIELPDDGNYGSQFWPNITNTSAEFQYGEILQDSASRDTAYANYMNVTASNYGHSIRSALKNRNLSVSNISHYASDVSADKLVTWVESHDTYANDDEESTWMSDDDIRLGWAVIGSRSGSTPLFFSRPEGGGNGVRFPGKSQIGDRGSALFKDQAITAVNQFHNEMAGQPEELSNPNGNNQIFMNQRGSKGVVLANAGSSSVTINTSTKLPDGRYDNRAGAGSFQVANGKLTGTINARSAAVLCPDDIGNAPHVFLENYQTEAVHSFNDQLTVTLRANAKTTKAVYQINNGQQTAFKDGDRLTIGKEDPIGTTYNVKLTGTNGEGASRTQEYTFVKKDPSQTNIIGYQNPDHWGNVNAYIYKHDGGGAIELTGSWPGKAMTKNADGIYTLTLPANADTADAKVIFNNGSAQVPGQNHPGFDYVQNGLYNNSGLNGYLPH
APPENDIX E
Nucleotide and amino acid sequence of the AmyT5 α-amylase gene

atgaaacaacaaaaacggctttacgcccgattgctgacgctgttatttgcgctcatcttcttgctgcctcattctgcagcagcggcggcaaatcttaatgggacgctgatgcagtattttgaatggtacatgcccaatgacggccaacattggaagcgcttacaaaacgactcggcatatttggctgaacacggtattactgccgtctggattcccccggcatataagggaacgagccaagcggatgtgggctacggtgcttacgacctttatgatttaggggagtttcatcaaaaagggacggttcggacaaagtacggcacaaaaggagagctgcaatctgcgatcaaaagtcttcattcccgcgacattaacgtttacggggatgtggtcatcaaccacaaaggcggcgctgatgcgaccgaagatgtaaccgcggttgaagtcgatcccgctgaccgcaaccgcgtaatttcaggagaacacctaattaaagcctggacacattttcattttccggggcgcggcagcacatacagcgattttaaatggcattggtaccattttgacggaaccgattgggacgagtcccgaaagctgaaccgcatctataagtttcaaggaaaggcttgggattgggaagtttccaatgaaaacggcaactatgattatttgatgtatgccgacatcgattatgaccatcctgatgtcgcagcagaaattaagagatggggcacttggtatgccaatgaactgcaattggacggtttccgtcttgatgctgtcaaacacattaaattttcttttttgcgggattgggttaatcatgtcagggaaaaaacggggaaggaaatgtttacggtagctgaatattggcagaatgacttgggcgcgctggaaaactatttgaacaaaacaaattttaatcattcagtgtttgacgtgccgcttcattatcagttccatgctgcatcgacacagggaggcggctatgatatgaggaaattgctgaacagtacggtcgtttccaagcatccgttgaaagcggttacatttgtcgataaccatgatacacagccggggcaatcgcttgagtcgactgtccaaacatggtttaagccgcttgcttacgcttttattctcacaagggaatctggataccctcaggttttctacggggatatgtacgggacgaaaggagactcccagcgcgaaattcctgccttgaaacacaaaattgaaccgatcttaaaagcgagaaaacagtatgcgtacggagcacagcatgattatttcgaccaccatgacattgtcggctggacaagggaaggcgacagctcggttgcaaattcaggtttggcggcattaataacagacggacccggtggggcaaagcgaatgtatgtcggccggcaaaacgccggtgagacatggcatgacattaccggaaaccgttcggagccggttgtcatcaattcggaaggctggggagagtttcacgtaaacggcgggtcggtttcaatttatgttcaaagataa
MKQQKRLYARLLTLLFALIFLLPHSAAAAANLNGTLMQYFEWYMPNDGQHWKRLQNDSAYLAEHGITAVWIPPAYKGTSQADVGYGAYDLYDLGEFHQKGTVRTKYGTKGELQSAIKSLHSRDINVYGDVVINHKGGADATEDVTAVEVDPADRNRVISGEHLIKAWTHFHFPGRGSTYSDFKWHWYHFDGTDWDESRKLNRIYKFQGKAWDWEVSNENGNYDYLMYADIDYDHPDVAAEIKRWGTWYANELQLDGFRLDAVKHIKFSFLRDWVNHVREKTGKEMFTVAEYWQNDLGALENYLNKTNFNHSVFDVPLHYQFHAASTQGGGYDMRKLLNSTVVSKHPLKAVTFVDNHDTQPGQSLESTVQTWFKPLAYAFILTRESGYPQVFYGDMYGTKGDSQREIPALKHKIEPILKARKQYAYGAQHDYFDHHDIVGWTREGDSSVANSGLAALITDGPGGAKRMYVGRQNAGETWHDITGNRSEPVVINSEGWGEFHVNGGSVSIYVQR

APPENDIX F
List of publications
1 Aktayeva S., Baltin K., Kiribayeva A., Akishev Zh., Silayev D., Ramankulov Ye., Khassenov B. Isolation of a new strain, Bacillus sp. A5.3, with keratinolytic activity // Sustainable Environment Research (CiteScore - 10.0, Процентитиль - 93, Impact Factor - 4.98, Квартиль – Q2). – Submitted for publication
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