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RESUME
Report 60 pages, 16 figures, 2 tables, 29 references, 10 appendices.
CHYMOZINE, STRAIN, ENZYME, MILK, CASEIN 
The object of research is camel rennet.

The aim of the project is the biochemical characterization of chymosin from C.bactrianus and C.dromedarius, followed by obtaining the strain-producer of camel rennet.
Methods of work - methods of molecular biology, genetic engineering, biochemistry and biotechnology were used.
As a result, the recombinant chymosins C.bactrianus and C.dromedarius were obtained. Their activity was determined, the dependence on pH, temperature, CaCl2 concentration, metal ions was investigated. Recombinant camel chymosin C.bactrianus was selected as the basis for the preparation. The conditions for the cultivation of the yeast strain-producer of the recombinant camel chymosin, the isolation and lyophilization of the preparation were selected. The recombinant camel chymosin was tested soft and semi-hard types of cheese and curd (cottage cheese) production. Developed and approved laboratory regulations for the production of recombinant camel chymosin.
The novelty of the work - for the first time the chymosin of the camel Camelus bactrianus was obtained and studied.
Application area - biotechnology.
Recommendations for implementation - the technology has a high perspective of implementation and commercialization at biotechnological enterprises and milk processing plants.
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LIST OF SYMBOLS AND ABBREVIATIONS
	AOX1
	-
	Aldehyde oxidase 1

	GAP
	-
	Glyceraldehyde 3-phosphate

	OD600
	-
	Optical Density on 600 nm      

	SOC
	-
	Super Optimal broth with Cataboliterepression

	TAE-buffer
	-
	Tris-Acetate buffer with Ethylenediaminetetraacetic acid

	A.a.
	-
	Amino acid 

	DNA
	-
	Deoxyribonucleic acid

	CS
	-
	Culture supernatant

	LB-broth
	-
	Luria-Bertani media

	B.p.
	-
	A pair of bases

	PCR
	-
	Polymerase chain reaction


INTRODUCTION
In cheese making, rennet is used to coagulate milk, which is part of many milk-clotting preparations. The largest quantities of rennet are formed in the initial dairy period of the life of calves, goatlings and lambs. Interesting from a scientific point of view and promising in terms of practical application are rennet enzymes of other animals, for example, representatives of the camelid family (Camelidae). Camels are large animals adapted for life in arid regions of the world - deserts, semi-deserts and steppes. There are two types of camels: Camelus bactrianus - the two-humped camel or Bactrian, whose distribution area is the territory of Central Asia and Camelus dromedarius - the one-humped camel, or Dromedary, common in semi-deserts stretching from North-West Africa to Central Asia and the Arabian Peninsula.
The aim of the project is the biochemical characterization of chymosin from C.bactrianus and C.dromedarius, followed by obtaining the strain-producer of camel rennet. 
The goal of the stage for 2020 is to obtain the milk-clotting recombinant camel chymosin. The tasks of the 2020 stage are: comparative analysis of chymosins of two-humped and one-humped camels, cultivation of the producer strain in a bioreactor-fermenter, development of the conditions for the isolation and storage of chymosin, test of recombinant chymosin for cheese and curd production, development of laboratory regulations for the preparation of the drug based on recombinant camel chymosin. Appendix A contains the calendar plans for 2018-2020.
This work in the context of the entire project will make it possible to carry out a comparative analysis and make a choice between two chymosins for use as rennet in cheese making and develop a technology for the production of camel chymosin. In 2018, work was carried out to determine the biochemical characteristics of the bactrian camel C.bactrianus. In 2019, work was carried out to determine the biochemical characteristics of the one-humped camel C.dromedarius. 
This report summarizes the results for three years of research, in more detail the results of work for 2018 and 2019 are given in the corresponding interim reports under inventory numbers No. 0218PK00256 and No. 0219PK00353, respectively.

Metrological support of research work. All measuring instruments and test equipment used in scientific research have passed the procedures of verification and certification in the relevant accredited bodies - LLP "Infradin". 
MAIN PART OF THE REPORT
1 Choosing the research direction
In Kazakhstan, the milk and cheese market is one of the most massive food markets. Milk products always constituted a significant part of the Kazakh-people diet throughout history. According to experts in this industry, the capacity of the Kazakhstan market today is over 40 thousand tons per year, while up to 70% of cheese and curd is imported from abroad. Among the three major importers: Russia, Ukraine, Belarus, but there is active growth in the domestic industry. It can be noted that, in general, there is an annual increase in own production of cheese and curd. 

Cheese production represents one of the first biotechnological uses of enzymes, with a history dating back at least 7000 years [1]. Presumably, the first production of cheese was a consequence of milk storage of in the stomachs of sheep. Subsequently, the active ingredients in this process were identified as the proteolytic enzymes pepsin and chymosin [2], formerly called rennet or renin [3]. Chymosin (EC 3.4.23.4) belongs to the family of pepsin-like aspartate peptidases [4].

Chymosin specifically binds to the peptide bond of κ-casein between Phe105 and Met106, which leads to the formation of destabilized casein micelles, milk coagulation, and milk separation into curd and whey [5].

Although plants [6,7] and microorganisms [8-10] can be used as alternative sources of enzymes that coagulate milk, plant and microbial rennet is characterized by non-specific proteolytic activity against casein, therefore, rennet of animal origin is more widely used for the production of cheese in dairy industry. This is due to the high specific activity of chymosin in milk coagulation and therefore is considered the most effective protease for the cheese industry [11].
The rennet is secreted by the glandular cells of the fourth stomach of ruminants (abomasum). The greatest quantities of rennet are formed in the initial milk period of the life of calves, kids and lambs. Therefore, to obtain rennet are used only young animals (3-10 days), which raises many ethical questions. Rennet renin is 90% chymosin.

The preparation, consisting mostly of chymosin, or only chymosin, is of the greatest value in cheese making, since its composition strongly influences the organoleptic and taste qualities of the cheese. Initially, chymosin is secreted in an inactivated form, prochymosin, and then, by autocatalytic proteolysis at low pH, it is activated into a protein chymosin with a molecular weight of 36 kDa. After activation the enzyme breaks down the casein protein at a specific point and contributes to milk curdling, which is very important in the first stage of cheese preparation.

Camel chymosin can be used to make cheese from cow [12,13] and camel milk [14]. In comparison, camel chymosin has a higher level of thermal stability than bovine chymosin and exhibits 70% higher milk clotting activity [15], which makes it very useful and promising for use in cheese production.

Researchers have already paid attention to camel chymosin [15-18], however, the chymosin of the Central Asian camel Camelus bactrianus has not been obtained and studied, but at the same time, the complete genome of the bactrian camel C. bactrianus is known [19]. The analysis of the nucleotide sequence of the genes of chymosins of the bactrian Camelus bactrianus and the one-humped camel Camelus dromedarius showed that there are differences at the amino acid level that are of interest for study.

Within the framework of the project, the tasks were formed to obtain two recombinant forms of chymosins of the bactrian Camelus bactrianus and the one-humped camel Camelus dromedarius; determining their biochemical properties; determination of milk-clotting activity; by comparing two enzymes, determining the prospects of the enzyme as a coagulation preparation; determining the possibility of a biotechnological method for producing the enzyme and conducting test for obtaining cheese and curd using a recombinant camel enzyme.

Pichia pastoris yeast was selected as the host producer strain. P.pastoris is a methylotrophic yeast suitable as a host organism for the production of heterologous proteins due to its good knowledge, the possibility of genetic manipulation, rapid growth of the microorganism on an inexpensive medium with a high cell density and the ability to complex post-translational modifications [20]. The P.pastoris yeast expression system is a good choice for obtaining a heterologous recombinant protein with the prospect of large-scale fermentation [21].
2 Methods and materials 

The strains used were: E.coli DH5α, Pichia pastoris; Luria-Bertani media (1% tryptone, 0.5% yeast extract, 0.5% NaCl), YPD (1% yeast extract, 2% peptone, 2% glucose), SOC (2% tryptone, 0.5% yeast extract, 0.05% NaCl, 2.5 mM KCl, 20 mM MgSO4, 20 mM glucose, pH7.5). The concentration of the antibiotic zeocin in the media was 25 μg/mL for Escherichia coli cells and 100 μg/mL for Pichia pastoris cells. The media were prepared in accordance with the Maniatis protocol [22]. All reagents used in this work were manufactured by Sigma-Aldrich, AppliChem, Promega, Amresco with a purity category "For molecular biology". We used electro- and chemo-competent cells of our own preparation.

Isolation of plasmid DNA was performed using the Pure Yield MiniPrep kit (Thermo Scientific). DNA concentration was measured on a NanoDrop1000 Spectrophotometer of low volume. The restriction products were purified by chloroform extraction. The quantitative determination of the protein concentration in the extracts was determined by the Bradford method using bovine serum albumin (BSA) as a standard [23].

Electrophoretic separation of nucleic acids was carried out in 1% agarose gel in TAE buffer or in TBE buffer. Separation was carried out at a voltage of 110 V, a time of 30 minutes. Staining in ethidium bromide based on 15 μg per 100 mL of gel. Detection was carried out with ultraviolet at wavelength of 312 nm. Protein electrophoretic separation was carried out according to Laemmli's method [24]. Gel staining was performed using 2% Coomassie Brilliant Blue R-250 (Sigma) in 10% acetic acid and 50% ethanol.

The incubation with Coomassie was carried out for 16 hours. The destaining was carried out for 6 hours in 25% ethanol with 7.5% acetic acid. The results obtained were analyzed using a commercial and our own molecular weight marker.

PCR screening of colonies was performed using Taq DNA polymerase and GAPfwAOX1rv primers synthesized in NCB.

Determination of the direct nucleotide sequence was carried out according to the Sanger method [25] using the BigDye Terminanor v 3.1 Cycle sequencing Kit.

Cryopreservation of cells was carried out in a medium supplemented with 50% sterile glycerol at -80 C.
Methods for the preparation of competent cells, cell transformation, compositions and protocols for PCR, sequencing are given in Appendix B.
3 Experimental research process
3.1 Cloning of the Camelus bactrianus chymosin gene. Obtaining and study of recombinant chymosin C.bactrianus
The amino acid sequence of C.bactrianus prochymosin was taken from GenBank data (no. JARL00000000.1) [19] and is given in Appendix D. In this protein, the first 16 amino acid residues (MRCLVVLLAALALSQA) are the signal peptide that ensures the secretion of the protein in the stomach, and in the name of the protein, preprochymosin, correspond to the prefix "pre". The next 42 amino acid residues (SGITRIPLHKGKTLRKALKERGLLEDFLQRQQYAVSSKYSSL) are propeptides and inactivate the chymosin enzyme - the names correspond to the prefix "pro". Next 323 a.s. encode the chymosin enzyme itself in isoform B.

The nucleotide sequence was codon-optimized for expression in yeast. The prochymosin gene was synthesized by Macrogen (Korea) and presented in the pTOP_Blunt_V2 plasmid. The prochymosin gene was amplified from the pTOP_Blunt_V2/ProchymCB vector (Figure 1) using PCR primers: ProchymCB-EcoRI and ProchymCB-NotI, and cloned into the pGAPZαA vector at EcoRI/NotI sites. As a result, a shuttle integrative vector pGAPZαA/ProchymCB was obtained, in which the bactrian camel prochymosin gene carries a signal peptide (α-factor) from the N-terminus for secretion in the yeast P.pastoris.
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М – marker; 1-3 – PCR product
Figure 1 – Results of PCR amplification of the C.bactrianus prochymosin gene (1) and the site of directed mutagenesis for the C.dromedarius prochymosin gene after the first round of PCR (2) and the second round of PCR (3)
The pGAPZαA/ProchymCB vector was linearized with PagI endonuclease in buffer O. The linearized vector was purified by phenol/chloroform extraction followed by ethanol precipitation. P.pastoris GS115 competent cells were electroporated with the linearized vector. Positive clones were selected on agar medium with the antibiotic zeocin and screened for chromosomal changes in genomic DNA by PCR using primers GAPfw and AOX1rv. Positive clones of the recombinant strain GS115/pGAPZαA/ProchymCB were inoculated in YPD medium and tested for production capacity. The culture fluid of each clone was filtered and tested for milk-clotting activity. Figure 2 shows the results of this screening..
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Figure 2 – Results of milk-clotting activity of transformant clones GS115/pGAPZαA/ProchymCB
When analyzing the milk-clotting activity of the most promising clones in terms of milk coagulation rate, it was found that clones No. 1,2,3,6,7,8 are active (Table 1), and the most promising clones No. 6 and 8. 
Table 1 - Results of biochemical screening of clones for strain GS115/pGAPZ(A/ProchymB-CB
	Measured parameter
	Clone number

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Curdling time of milk, min:sec
	18:00
	6:00
	4:00
	-
	-
	1:42
	3:37
	1:27
	-
	-


Clone No. 8, which showed the shortest time in milk-clotting, was chosen as a bactrian camel chymosin-producing strain. The stability of chromosomal rearrangements was checked by numerous passages of the strain on YPD agar without using an antibiotic, followed by checking the genomic DNA for the presence of the prochymosin gene. For further work, the bactrian camel prochymosin-producing strain C.bactrianus was developed and stored at -80°C. 

To optimize the composition of the media, 8 variants of broth were used, the composition of which is indicated in Appendix E. The strain GS115/pGAPZαA/ProchymCB was inoculated in all experimental media and the culture was grown in 50 mL of medium in a 250 ml flask at 28°C, 250 rpm, within 120 hours. 1 mL of culture was taken every 24 hours, separated from the cells by centrifugation at 13200×g, 20 min, 4°C and the supernatant was analyzed for milk-clotting activity. 
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1-YPD, 2- BMGY+CMz, 3-BMGY+Molasses, 4-YPD+10g/L molasses without glucose, 5-YPD+5g/L molasses, 6-YPD+10g/L molasses, 7- YPD+20g/L molasses, 8-BMGY (NO YP)
Figure 3 – Accumulation of bactrian camel chymosin during cultivation of strain GS115/pGAPZαA/ProchymCB on different media 
Studies of the cultivation of the GS115/pGAPZαA/ProchymCB strain on seven variants of the media showed that the most effective medium for the cultivation of the strain with constitutive expression of chymosin is “BMGY + molasses” (Figure 3, column 3). The chymosin yield on BMGY + Molasses is 35% higher than on YPD. In addition, it was found that an increase in the amount of molasses in the medium up to 20 g/L has an inhibitory effect on chymosin production. For the medium "YPD + 10 g/L molasses without glucose", a complete absence of cell growth was established, which is associated with a lack of a carbon source in the medium.

To test for glycosylation, strain GS115/pGAPZαA/ProchymCB was cultured in 200 mL of BMGY + Molasses medium for 120 hours at 28°C, 250 rpm. The cells were harvested by centrifugation (3500×g, 4°C, 15 min). The supernatant was clarified by centrifugation (40,000×g, 4°C, 1 hour) and filtration through 0.22 μm and 20 mL of the supernatant was gradually applied to a protein concentrator with a 10 kDa cutoff MWCO (ThermoFisher, USA). The degree of concentration was monitored by volume reduction and by measuring the total protein content according to the Bradford method. A sample with a concentration of 1 mg / ml was denatured at 95°C for 5 minutes and deglycosylated with Endo H endoglycosylase at 37°C for 16 hours. The reaction was stopped by heating the reaction mixture to 65°C. The results were analyzed by Western blotting. Figure 4 shows the results of Western blotting using antibodies against chymosin.
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1 - negative control; 2 - supernatant; 3 - supernatant after treatment with EndoH;

4 - calf chymosin (positive control)
Figure 4 – Western blot after deglycosylation
Yeast has a high ability to glycosylate proteins and Pichia pastoris is no exception. In comparison to Saccharomyces cerevisiae, Pichia may have an advantage in the glycosylation of secreted proteins because it may not hyper glycosylate. The length of the oligosaccharide chains added post translationally to proteins in Pichia are average 8–14 mannose residues per side chain [26]. From amino acid sequence of the bactrian prochymosin it follows that the protein has 2 potential cites for N-glycosylation: Asp142-Gln143-Thr144 and Asp333-Asp334-Ser335. And usually very little O-linked glycosylation has been observed in Pichia [26]. Figure 4 with Western blot results before (two lanes in lane 2) and after (one lane in lane 3) treatment with Endo H shows that both proteins in the supernatant are two variants of the same protein with and without glycosylation. The calculated molecular weight of the non-glycosylated Bactrian chymosin is 35.6 kDa. Figure 4 shows that N-glycosylation increases the molecular weight by about 7 kDa.

To purify the recombinant chymosin, a culture was accumulated in a volume of 200 ml GS115/pGAPZαA/ProchymCB on BMGY + Molasses medium at 28°C, 250 rpm, for 120 hours with a daily feeding of 3% glucose. The recombinant bactrian camel chymosin was purified by ion exchange chromatography. The cells were removed from the culture by centrifugation (3500×g, 4°C, 15 min). The supernatant was filtered through 0.22 μm and the pH was adjusted to 4.5 with 25 mM sodium acetate buffer and then incubated at room temperature for 24 hours on a magnetic stirrer. The volume of the solution was increased to 600 mL by the addition of 25 mM sodium acetate buffer, and the pH was lowered to 3.0 with HCl. The solution was loaded onto a DEAE-sepharose FF column equilibrated with 25 mM NaCl in 50 mM sodium citrate buffer, pH 3.0. The solution passed through the column was collected and loaded onto a SP-sepharose FF column equilibrated with 25 mM NaCl in 50 mM sodium citrate buffer, pH 3.0. The column was sequentially washed with 5 ml of 25 mM NaCl in 50 mM in sodium citrate buffer (pH 3.12) and 15 mL of 50 mM NaCl in 25 mM sodium acetate buffer (pH 5.5). Next, the column was washed with 750 mM NaCl in 25 mM sodium acetate buffer (pH 5.5) and the protein was eluted. 
Fractions were checked for milk-clotting activity, positive fractions were pooled, and the NaCl concentration was lowered to 25 mM using 25 mM sodium acetate buffer (pH 5.5) and loaded onto the column with Q-sepharose FF equilibrated with 25 mM NaCl in 25 mM sodium acetate buffer (pH 5.5). The column was washed with 25 mM NaCl in 25 mM sodium acetate buffer (pH 5.5) and chymosin was eluted with a gradient of 50-2000 mM NaCl in 25 mM sodium acetate buffer (pH 5.5). Fractions were analyzed in SDS-PAGE and tested for milk-clotting activity. The combination of anion-exchange and cation-exchange chromatography made it possible to purify chymosin from the components of the medium and to concentrate the recombinant protein. Chymosin has Ip = 5.1 and does not bind to DEAE-Sepharose, but binds to SP-Sepharose at pH = 3.12 and Q-Sepharose at pH = 5.5 (Figure 5).
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М – marker; 1-7 – fractions
Figure 5 – Purification on SP-sepharose FF (1-4) and on Q-sepharose FF (5-7)
To determine the optimal pH of the substrate, skim milk powder was suspended in 50 mM sodium acetate (pH 4.0-5.5), 50 mM potassium phosphate (pH 6.0-7.5) or 50 mM Tris-HCl (pH 8.0) buffer. Skim milk solutions were placed in 1.5 ml microtubes as substrate. Purified recombinant chymosin was diluted with 10 mM sodium acetate buffer (pH 5.5) and incubated with 1 ml of milk substrate at 37°C. Clotting time in each tube was measured with a timer.

It was found that the optimal pH value for the recombinant chymosin was pH 4.5 (Figure 6A). At pH = 4.5, the relative milk-clotting activity was 100%. The relative clotting activity decreased with increasing pH values. At pH 5.9, the relative milk-clotting activity dropped to 50% and then dropped to 25% and 10% at pH 7.8 and 8.0, respectively. These data showed that camel chymosin, like other chymosins, is most active in acidic conditions.
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Figure 6 – Optimum pH (A) and temperature (B) for the substrate

chymosin from C.bactrianus
The dependence of the milk-clotting activity of chymosin on temperature in the range from 0°C to 70°C was investigated. The optimum temperature for maximum relative milk clotting activity was determined in the range of 45-50°C (Figure 6B). The activity of chymosin completely ceases at temperatures above 70°C. Loss of activity at 70°C is most likely associated with protein denaturation, disruption of the tertiary structure and, accordingly, deactivation of the active site of the enzyme.
The activity of rennet is strongly influenced by the presence of calcium chloride in the substrate. The dependence of the recombinant camel chymosin on the calcium chloride concentration in the range from 0 to 150 mM and the effect of 10 types of metal ions with a concentration of 10 mM on the milk coagulation activity were studied. The results showed that the concentration of CaCl2, ensuring the stability of the activity of chymosin on milk coagulation, ranged from 20 mM to 50 mM with an optimum of 30 mM (Figure 7A).
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Figure 7 – Effect of the concentration of CaCl2 (A) and metal ions (B) 
on milk-clotting activity
The relative clotting activity is 24% when no CaCl2 is added and less than 30% when the CaCl2 concentration is 150 mM. 

The effect of various metal ions on milk coagulation was studied by analyzing the enzyme in the presence of 11 chlorides: CaCl2, CoCl2, NiCl2, FeCl2, BaCl2, ZnCl2, MgCl2, MnCl2, LiCl2, KCl, NaCl at a concentration of 10 mM in 25 mM sodium acetate buffer (pH 6.5) at 37°C. It was found that the milk-clotting activity of recombinant chymosin doubled with the addition of 10 mM CoCl2 and MgCl2 (Figure 7B). With the addition of 10 mM FeCl2 and BaCl2, the activity increases 3.5–3.7 times and increases more than 5 times with the addition of MnCl2. At the same time, NiCl2 strongly suppressed milk-clotting activity. The obtained data on recombinant bactrian camel chymosin are similar to the data on recombinant calf chymosin [27].

Thus, the recombinant chymosin of the bactrian camel C.bactrianus has been obtained and studied. The prochymosin gene of bactrian was cloned and expressed in P.pastoris under the control of the constitutive promoter of glyceraldehyde 3-phosphate (GAP). The recombinant prochymosin was secreted into the supernatant and autocatalytically activated into chymosin. The recombinant C.bactrianus chymosin was purified by chromatography on cation and anion exchange Sepharose. Recombinant chymosin exhibited high milk-clotting activity and was active over a wide temperature range. Optimal conditions for enzymatic characterization of recombinant bactrian camel chymosin were: 45°C, pH 4.5 and 30 mM CaCl2. The dependence of chymosin on metal ions was investigated. Enzyme activity increases in the presence of Mn2+, Fe3+, Ba2+, Co2+, Mg2+ and suppressed when adding Ni2+.

3.2 Cloning of the Camelus dromedarius. Obtaining and study of recombinant chymosin C.dromedarius
Analysis of the nucleotide sequence of the one humped camel chymosin gene from GenBank showed that the total gene length is 1098 bp. Comparison with the nucleotide sequence of the gene of the bactrian camel (C.bactrianus) with the one-humped camel (C.dromedarius) reveals that the two genes differ in the following nucleotides G685(C685, T880(A880, C881(A881, which lead to amino acid substitutions at two positions: Leu229(Val229 и Asn294(Ser294 (Figure 8). 
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Figure 8 - Comparison of the sequence of C.bactrianus and C.dromedarius chymosin 

Based on the obtained results, the optimal variant of assembling a construct for the expression of the C.dromedarius chymosin gene is the modification of the existing plasmid vector pTOPBluntV2. One of the most effective ways to edit and modify the nucleotide sequence is site directed mutagenesis.
 

To obtain the C.dromedarius chymosin gene, two mutations were introduced into the C.bactrianus chymosin gene. Changes in the pTOPBluntV2/ProchymBCB vector sequence were performed by site directed mutagenesis using two pairs of primers. For the first mutation Val229(Leu229, forward V229Lfw and reverse V229Lrv primers were used. For the second mutation Ser294(Asn294, S294Nfw and S294Nrv primers were used.    

The site directed mutagenesis procedure includes the following steps: 1) amplification of the entire plasmid using the appropriate primers; 2) treatment of the mixture with DpnI endonuclease; 3) cleaning from the reaction mixture components; 4) transformation of competent E.coli cells; 5) selection of a clone, production of a plasmid; 6) sequencing for the introduction of a point mutation. 

Visualization of the PCR result was carried out using DNA electrophoresis in 1% agarose gel in TBE buffer with ethidium bromide (15 μg/mL). Figure 1B and 1C show the results of amplification after the introduction of the first and second mutations, respectively.
Then, the PCR product was treated with DpnI endonuclease. The components of the reaction mixture were eliminated by chloroform extraction. Transformation was performed by the heat-shock method. Sequencing confirmed the G685(C685 substitution in four clones.  pTOPBluntV2 / ProchymBCB-L229 plasmid DNA, containing the first substitution, was used in the second round of site directed mutagenesis, which was carried out according to the above procedure, except that the second pair of primers was used to introduce the mutation T880(A880, C881(A881. 
As a result, the pTOPBluntV2/ProchymCD plasmid vector was obtained. Thus, the codons encoding amino acid residues were changed - valine at position 229 was changed to leucine and serine at position 294 to asparagine and, thereby, the chymosin gene of the one humped camel C.dromedarius was obtained. 

By using of the synthesized ProchymCDfw and ProchymCDrv primers, the gene was amplified from pTOPBluntV2/ProchymCD by PCR and cloned into pGAPZαA at EcoRI and NotI sites. For preventing self-ligation, the plasmid was additionally treated with FastAP phosphatase to remove phosphate groups in the linearized vector. The restriction products were purified by chloroform extraction. The resulting fragments: vector and insert were ligated using T4 ligase at room temperature for 30 minutes. 

Competent cells of E.coli strain DH5α were transformed by the ligation mixture. 127 clones grew up on the medium with zeocin. 7 clones were selected, which were subjected to PCR screening using primers GAPfw/AOX1rv (Figure 9).
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1-7 – clones; М - marker
Figure 9 – PCR screening of transformant clones

As shown in Figure 9, the positive clones are № 2-5.7. Sequencing confirmed the absence of deletion, insertion or substitution mutations. As a result, a construct was obtained for the expression of the C.dromedarius chymosin gene in the Pichia pastoris yeast culture.
Obtaining of the strain-producer of recombinant C.dromedarius chymosin was carried out according to the protocols given earlier. The transformation cassette was prepared by linearizing the pGAPZaA/ChymCD vector with restriction endonuclease PagI in the Orange buffer.
During the second stage, transformation and selection of the transformant clone with the high rate production of chymosin were carried out. The cassette was used to transform competent cells of the P.pastoris yeast. Transformation was performed by electroporation. Selection of transformant clones was accomplished on a medium with zeocin. On the third day of incubation, 68 colonies grew up, 10 of them were subjected to PCR screening by use YF1/AOX1rv primers. 

It was found that all clones are positive, but exhibit different levels of fluorescence of the amplified DNA fragment in transmitted ultraviolet light at the 312 nm wavelength, which is most likely due to the copy number of the chymosin gene in the GAP region of the chromosomal DNA of the P.pastoris yeast. Clones with the highest luminescence were inoculated in YPD broth and grown up in a shaker-incubator at 30°C, 250 rpm for 120 hours. Further, the samples were treated with hydrochloric acid to activate chymosin and tested for milk-clotting activity. During this screening the time required for complete coagulation of milk was taken into account. When analyzing the milk-clotting activity of the most promising clones, in terms of milk coagulation rate, it was found that clones № 1-3, 6-8 are active. Chymosin from clone № 8 showed a slightly shorter time for milk coagulation than clones № 2 and 4, which indicates the highest level of production of recombinant C.dromedarius chymosin in this strain. As a result, this clone was selected as a producing strain of the recombinant C.dromedarius chymosin. The strain producer culture was accumulated in 10 mL of YPD medium at 30°C, 250 rpm for 48 hours. The cells were harvested by centrifugation at 5000×g for 5 minutes. The cells were suspended in fresh YPD + glycerol medium and cryopreserved at -80°C.
The procedures generally accepted in laboratory practice for the purification of recombinant secretory proteins from yeast culture are: precipitation by ammonium sulfate, affinity chromatography, the use of dead-end filtration and ion exchange chromatography. These methods have certain advantages and disadvantages. In particular, when precipitation by ammonium sulfate, it is necessary to define the exact concentration of (NH₄)₂SO₄, at which only the target protein will be precipitated. Affinity chromatography is a fairly effective method of purification, however, targeting of the target protein was not performed, since: a) the presence of additional domains can change the properties of the enzyme (decrease/enhance fermentation activity, change the sensitivity to temperature, pH, presence/absence of metal ions); b) this enzyme will be used in food biotechnology as an analogue of the original one-humped camel rennet and an exact match in the amino acid sequence of the protein is required.
Dead-end filtration, along with ease of use, has significant limitations, primarily the use of disposable membrane filters without the possibility of their regeneration. The second drawback is the limitation on the volume of the filtered culture. When using ion exchange chromatography, culture volume is critical as it directly affects loading and elution times. Since the final goal of the project is the development of a enzyme production technology for industrial use, this aspect is crucial. At the same time, it is promising to use ion exchange chromatography at the final stage of purification, when the original extract has already been concentrated. 

We used a two-stage purification method of the recombinant chymosin of the one humped camel C.dromedarius based on the tangential ultrafiltration method (cross-flow filtration) followed by ion exchange chromatography. 

The advantages of tangential ultrafiltration are: the possibility of using an almost unlimited volume of culture - depending on the volume of the culture, a membrane with an appropriate filtering surface area is selected; no "clogging" of pores - the oncoming flow constantly washes away protein molecules trapped in the pores; the ability to concentrate 10-100 times; the possibility of membrane regeneration by cleaning it with alkaline/acid buffers. Ion exchange chromatography was used at the second stage of purification of the already concentrated protein extract.
A laboratory setup for cross-flow ultrafiltration was assembled based on Vivaflow 50 (Sartorius) membrane filtration modules with pore sizes of 10 kDa. The choice of this membrane is due to the fact that, according to theoretical calculations of tangential ultrafiltration, it is necessary to use a ratio of 1: 4 - 1: 5 for membrane size: protein size. The chymosin size of one humped camel is 40.4 kDa. A BS100-1A peristaltic pump was used to create the flow. 
The sorbents for the second stage were DEAE Sepharose FastFlow, SP-Sepharose, and Q-Sepharose. The choice of this sorbent is due to the fact that a series of preliminary experiments showed that the DEAE Sepharose FastFlow sorbent is neutral for the C.dromedarius camel chymosin, but has high activity for the components of the culture fluid. Then, chymosin at low pH binds efficiently to SP-Sepharose, and at higher pH to Q-Sepharose, and ultimately a highly purified protein can be obtained. 
The production of culture fluid with secretory C.dromedarius camel chymosin was carried out on YPD nutrient medium in a volume of 500 ml at 28°C, shaking at 250 rpm for 120 hours. 4% sterile glucose as a carbon source and 0.1 M citrate-phosphate buffer were added daily at 24 hour intervals to stabilize the pH at 4.0. Cell separation was performed by centrifugation at 4°C, 3500×g, 20 minutes. Additionally, the culture fluid was purified from cells by microfiltration at 0.22 μm. The purified culture fluid was poured into a pressure vessel and the ultrafiltration was started. Ultrafiltration was carried out at room temperature (22°C-23°C), the flow rate of the CF was 240 mL/min, for 3 hours. As a result, 32 ml of concentrate was obtained from a volume of 500 ml, which makes the degree of concentration 16X. The resulting concentrate was lowered to pH 3 with 1M HCl, adjusted to 100 ml with sterile MillQ water and then loaded onto an SP-Sepharose column equilibrated with 0.025 M sodium citrate buffer pH 3.0. The column was washed with 5 mM NaCl, 20 mM Bis-Tris pH 6.5 and the eluate was applied to a Q-Sepharose column equilibrated with 20 mM NaCl, 20 mM Bis-Tris pH 6.5. The column was washed with 20 mM NaCl, 20 mM Bis-Tris pH 6.5, then washed with 50-500 mM NaCl, 20 mM NaOAc pH 5.5 in steps of 50 mM, 100 mM, 200 mM, 500 mM sodium chloride and the recombinant camel chymosin was eluted with sodium acetate buffers 750 mM NaCl, 20 mM NaOAc pH 5.5 and 2 M NaCl, 20 mM NaOAc pH 5.5. Eluate fractions with 750 mM NaCl contained isolated and purified C.dromedarius camel chymosin. Figure 10 shows the results of purification of the recombinant C.dromedarius chymosin.  
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Figure 10 - Results of purification of recombinant C. dromedaries chymosin
Measurement of the chymosin concentration showed that the protein concentration is 280 μg /ml, which corresponds to the yield of 2.24 mg of purified protein from 1 liter of culture.

The time required for coagulation of milk was estimated and the calculation of milk-clotting activity was carried out. Table 2 shows data on certain activity of different fractions. 

Table 2 - The results of determining the activity of fractions after purification of recombinant C. dromedarius camel chymosin 
	Fraction No.
	1
	2
	3
	4
	5
	6

	Coagulation time, s
	40
	198
	94
	14
	14
	115


In the table, fraction No. 1 corresponds to the loading on the column, and fractions No. 3-6 correspond to eluates from the column at 750 mM NaCl. As can be seen from the table, the highest activity is observed in fractions 4 and 5, which corresponds to the purified recombinant C.dromedarius camel chymosin with a protein concentration of 280 μg/mL. As a result, it was defined that the enzyme activity under these conditions is 6122 U/mg.   
Studies on the dependence of activity on the substrate pH showed that the enzyme has maximum activity at pH = 4.5 and has 50% activity in the pH range 4.5-6.5 (Figure 11A).
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Figure 11 - Influence of medium pH (A) and temperature (B) on the activity of recombinant C.dromedarius chymosin 

The study of the temperature effect on the activity of the one-humped camel chymosin was carried out in the range of 22°C-65°C. As a result, it was found that the enzyme has maximum activity at 48°C (Figure 11B).

Studies on the effect of metals on the activity of one-humped camel chymosin showed that the enzyme is most active at 35-40 mM CaCl2. When studying the effect of metal ions on the enzymatic activity of recombinant chymosin, the following metal chlorides were used: FeCl3, LiCl2, MnCl2, NiCl2, BaCl2, CoCl2, ZnCl2, MgCl2, CaCl2, KCl, NaCl at 10 mM concentration. During the experiments it was defined that the coagulation activity of the recombinant one humped camel C.dromedarius chymosin depends on the type of ion (Figure 12). The activity of recombinant C.dromedarius chymosin significantly increases in the presence of FeCl3, MnCl2, MnCl2, BaCl2 and CoCl2. 
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Figure 12 - Dependence of the activity of the recombinant one humped camel C.dromedarius chymosin on metal ions 
Thus, the genetically engineered construct was obtained in which the chymosin gene of the one humped camel C.dromedarius is inserted under the control of the GAP promoter. The resulting construct was used to transform competent cells of the Pichia pastoris yeast, and clones were selected by three-level screening, one of which, the P.pastoris/ChymCD strain, was selected as a producer strain of the recombinant one humped C.dromedarius camel chymosin.  
The culture of the strain producer was accumulated and the secretion of the target protein into the culture medium was induced. 1112 μg of recombinant one humped C.dromedarius camel chymosin was purified by a combination of purification methods: tangential ultrafiltration on membranes with cut off 10 kDa and ion exchange chromatography on DEAE Sepharose FastFlow, SP-Sepharose and Q-Sepharose. The study of the biochemical properties of the recombinant one humped C.dromedarius camel chymosin showed that the enzyme has a 6122 U/mg specific activity; it was defined that in the pH range up to 6.5, the enzyme activity does not fall below 50% of the maximum, while a further increase of pH inhibits the coagulation activity of chymosin; the maximum activity is achieved at 46°C-50°C, for a full and stable activity of the enzyme, a CaCl2 concentration of 40 mM is required.

3.3 Comparative analysis for biochemical characteristics of camel chymosins
Comparison of two recombinant camel chymosins shows that their substrate optimum pH is the same and is 4.5. The activity decreased with increasing pH. It will not be possible to measure below 4.5, since milk begins to curdle even without chymosin.
It is known that the temperature of the substrate has a significant effect on the coagulation capacity of recombinant chymosin in milk [15,18,21]. The optimum temperature for maximum relative milk-clotting activity for the two camel chymosins was determined to be in the range of 45-50°C. Similar data were observed in the literature [15,18]. At the same time, the optimal temperature for recombinant calf chymosin is 37°C [27], and 44°C for lamb chymosin [29]. The reaction rate at 45°C for both camel chymosins is doubled compared to the physiological value of 37°C. The activity of both camel chymosins completely ceases at temperatures above 70°C.
Comparison of the characteristics of milk coagulation with the addition of CaCl2 shows that the optimum is 30-40 mM. In the absence of calcium chloride or when it is added above 100 mM, both enzymes reduce their activity. 

Both recombinant camel chymosins show sensitivity to a number of metals. In particular, the milk-clotting activity with the addition of CoCl2, MgCl2, FeCl2, BaCl2, MnCl2 and vice versa, the presence of NiCl2 strongly suppressed the activity of the milk-clotting enzyme activity. The findings correlate with previous studies on recombinant calf chymosin.
Comparison of specific activities shows that both enzymes have similar activities, which is 6300 U/mg and 6122 U/mg for chymosin C.bactrianus and C.dromedarius, respectively.
In general, the enzymes are similar in their biochemical characteristics, which is explained by insignificant differences in the amino acid sequence of the two proteins. At the same time, camel chymosin significantly exceeds calf, lamb, and goat chymosins in specific activity. Since the camel chymosin of the bactrian camel was studied only by us, it shows a slightly higher activity and requires a slightly lower concentration of CaCl2 for operation (calcium chloride in cheese increases the bitterness), then when choosing an enzyme for obtaining a biological product, the recombinant camel chymosin C.bactrianus was chosen.
3.4 The cultivation conditions optimization of the promising producer strain in a fermenter-bioreactor
A 10-liter fermenter (Biostat, Sartorius, Germany) was used to cultivate the yeast strain-producer of the recombinant chymosin of the one-humped camel C.bactrianus. At the first stage, an enrichment culture was obtained; for this, the single colony was inoculated into 5 mL of YPD broth and grown at 28°C, 250 rpm. After 24 hours, the culture was transferred into 30 mL of YPD broth and grown under the same conditions for the next 24 hours. Next, the culture was inoculated into 300 ml of “BMGY + Molasses” medium and grown at 28°C, 250 rpm for 24 hours. The culture was then transferred into 3 L of “BMGY + Molasses” medium in a 10 L bioreactor. The following conditions were tested: cultivation temperature 25°C and 28°C, aeration 2-4 L/min, stirring 300-400 rpm, pH 4.0. The carbon source used was 3% glucose and 5% 100 mM citrate-phosphate buffer (pH 4.0). Feeding was carried out every 24 hours. Total cultivation time - 144 hours.

Taking into account the daily feeding and taking samples for analysis, the volume of the medium on the 6th day of cultivation was 6 liters. The total number of wet cells and the total number of units were calculated, followed by recalculation per unit of culture volume. The number of cells was assessed gravimetrically by centrifugation (5000×g, for 5 minutes) and weighing the sediment, and the number of active units by the milk-clotting activity of the supernatant. 

It was found that the temperature of 25°C, which is optimal for the cultivation of the recombinant bovine chymosin-producing strain, is not suitable for fermentation of the camel chymosin-producing strain. The yield of cells and active units at the end of fermentation was 20 g/L and 151 U/mL. Temperature 26°C and 27°C also showed a low yield of wet cells and active units. A more suitable temperature for fermentation of the producer strain is 28°C; in this case, a cell density of 57 g/L and an activity of 315 U/mL were achieved (Figure 13).  
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Figure 13 – Recombinant camel chymosin production

in a bioreactor-fermenter
The use of the "BMGY + Molasses" medium and feeding in the form of 3% glucose and 5% 100 mM citrate-phosphate buffer made it possible to obtain 5 mg of the enzyme from 1 liter of culture, which is a good indicator for constitutive gene expression. It was found that the yield of the enzyme is influenced by the degree of aeration, which must be controlled by the stirring speed and air supply. PH 4.0 in the medium is necessary for the autocatalytic activation of chymosin.
3.5 Development of conditions for recombinant chymosin isolation and storage
The conditions for the isolation and storage of recombinant chymosin have been worked out. The optimal condition for the isolation of recombinant chymosin from the culture medium is cross-flow ultrafiltration on polyethersulfone membranes with a cut-off threshold of 10 kDa. The culture liquid after fermentation of the recombinant camel chymosin producer strain was used for ultrafiltration. For this, the culture was clarified by centrifugation: first at (5000×g, 10 min, 4°C) to remove the cell mass, then at (12000×g, 30 min, 4°C) to remove cell debris. Additionally, the culture liquid was microfiltered through 0.22 μm. 

For concentration, the Sartorius membrane and a BS100-1A pump with a YZ15A head were used. During filtration, the flow was separated: the flow that passed through the membrane was a permeate, which was removed from the system, and the flow that did not pass through the membrane returned to the original storage tank for re-concentration. As a result, a concentration of 20X was achieved. Then, the chymosin concentrate was diluted with 25 mM sodium acetate buffer (pH 5.5) with 150 mM NaCl to the initial volume and re-concentration was performed. After three stages of concentration, the liquid preparation was chymosin in buffer with a concentration of 1714 U/mL or 0.43 mg/mL. After isolation and concentration, the loss in activity was no more than 5% at each stage of concentration. 

For long-term storage, it is promising to obtain a powdered form of the enzyme under freeze-drying conditions. For this, liquid chymosin was mixed with saline and poured into an aluminum sterile tray, which was frozen at -20°C for 12 hours. The layer thickness was no more than 5-7 mm. Next, the pan was cooled down to -80°C for 3 hours. The frozen mass was placed in a Christ BETA 2-8 lyophilizer and freeze-dried at -85°C and negative pressure for 22 hours. The measurement of the residual moisture content of the powder form of the chymosin preparation was 4-5%. Residual moisture was estimated by weighing a sample on an OHAUS PA114C analytical balance (0.0001 g) before and after a three-hour warm-up at 90°C. 
As a result, a liquid and dry form of the preparation of recombinant camel chymosin was obtained (Figure 14).
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Figure 14 – Liquid and dry form of recombinant camel chymosin
The storage conditions of the chymosin preparation in liquid and dry form were determined. Storage conditions were assessed by visual inspection of the preparation (changes in color, the appearance of lumps, etc. were analyzed) and by measuring the residual milk-clotting activity. It was found that the optimal storage conditions for recombinant chymosin are: in dry, lyophilized form when stored in a refrigerator (2- 8°C) - up to 12 months; in liquid form when stored in a refrigerator (2-8°С) - up to 6 months; in dry form at room temperature (22-24°С) no more than 3 months. Under these conditions, the loss of milk-clotting activity relative to the initial was no more than 7-10%.
3.6 Recombinant chymosin testing in cheese and curd production
Recombinant chymosin was tested in soft cheese and semi-hard cheese and curd production. For the tests, the cheese-making equipment Dr. Guber, a cheese press, cheese molds were used. For test were used 20 liters milk of Agricultural company “Rodina”.
The technological stages of cheese preparation were as follows: milk preparation; addition of bacterial cultures, addition of recombinant camel chymosin; separation of the curd from the cheese whey; forming and pressing; salting and maturation.

The soft cheese was prepared using the recipe for feta cheese. Milk in a volume of 6 liters was heated to 37°C in a cheese dairy and a culture of mesophilic lactobacilli (Lactobacillus delbrueckii) was added, a dry preparation of recombinant camel chymosin in an amount of 10 mg was added and incubated for 30 minutes. As soon as a curd was formed, it was cut with a cheese knife into cubes (cm) 2×2 and the whey was separated from the curd by kneading for 15 minutes. The cheese mass was applied to a mold and the cheese was self-pressed for 18 hours at a room temperature (22-23°C). The formed cheese head was kept in brine (1.5% NaCl) for five days at 4°C. The salted cheese was wrapped in parchment and kept at a temperature of 8°C for 28 days. The resulting cheese (Figure 15A) had a white with a yellowish tinge color, soft, slightly brittle consistency, moisture content was 67%, milky smell, organoleptic and taste properties corresponded to feta cheese. Figure 15A shows a photograph of the resulting soft cheese.
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Figure 15 – Soft (A), semi-hard (B) cheeses and cottage cheese (C) obtained using recombinant camel chymosin
The semi-hard cheese was made using the recipe for cheddar cheese (without annatto). Milk in a volume of 6 liters was heated to 37°C in a cheese dairy and a culture of mesophilic lactobacilli was added, a dry preparation of recombinant camel chymosin in an amount of 10 mg was added and incubated for 30 minutes. As soon as a curd was formed, it was cut with a cheese knife into cubes (cm) 1×1 and the whey was separated from the curd by long stirring for more than 30 minutes. The cheese mass was kneaded until cheese grains were formed. The chedrizing was carried out at 42°C for 10 minutes on each side of the curd. The cheese mass was introduced into a cheese mold and the cheese was pressed using a press for 16 hours, with a doubling of the load every 4 hours. The formed cheese head was kept in brine (3% NaCl) for 48 hours at 8°C. The salted cheese was greased with vegetable oil, wrapped in film and kept at a temperature of 10 for 6 weeks. The resulting cheese had a creamy yellow color, dense texture, moisture content was 54%, creamy smell, organoleptic and taste properties corresponded to cheddar cheese. Figure 15B shows a photograph of the resulting semi-hard cheese.

When preparing curd (cottage cheese), 5 liters milk was heated to 37°C, 10 ml of a starter of mesophilic bacteria (Lactobacillus delbrueckii) prepared the day before was added, a dry preparation of recombinant camel chymosin was added in an amount of 8 mg and incubated for 30 minutes. The resulting curd was broken into strips 3×3 and kneaded to separate the curd whey. The curd mass was placed in a fine mesh sieve to maximize whey removal. The analysis showed that the moisture content of the curd is 74%. The color of the curd is white. The consistency of the curd is soft, slightly crumbly. The taste is slightly sour milk, without foreign tastes and odors. In comparison with curd obtained by acidic (organic or inorganic acids) and thermoacidic method (lactic or citric acids and heated), curd obtained by enzymatic method is much softer and more crumbly. Figure 15C shows a photograph of the resulting curd.

3.7 Laboratory regulations for the production of recombinant camel chymosin. Publications of research results, a patent of the Republic of Kazakhstan application
Based on the data obtained on the fermentation of the Camelus bactrianus recombinant chymosin producer strain, laboratory regulations were developed and approved, which indicated the conditions for obtaining recombinant camel chymosin using the Pichia pastoris/ProchymCB D22 strain (Appendix F). Figure 16 shows the technological scheme for the production of recombinant camel chymosin. 

At the stage of auxiliary work (ВР1-4), personnel, equipment, production facilities are trained, culture media and buffers are prepared. At the stage of the technological process (TP 1-4), the culture is developed under the conditions of submerged cultivation in a bioreactor-fermenter, the collection of cells, the selection of the culture fluid, concentration and lyophilization. In the cultivation process, control over the biotechnological parameters established during the optimization of the production process is mandatory.
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Figure 16 – Technological scheme for the production of recombinant

camel chymosin
After the cultivation step, the recombinant chymosin is isolated from the culture using cross-flow ultrafiltration. An activity test is carried out and packaged. At the stage of waste processing (PO 1), industrial waste is decontaminated and disposed of.

The regulation includes the following chapters: 1. Characteristics of the production strain; 2. Consumables; 3. Equipment; 4. Characteristics of raw materials, materials and products; 5. Hardware production diagram and equipment specification; 6. Technological process for obtaining a recombinant enzyme; 7. Recycling and disposal of waste; 8. Information materials.
The hazard class for the strain-producer of the recombinant camel chymosin P.pastoris/ProchymCB D22 was determined (Appendix G). Determination of the hazard class was carried out in the testing laboratory of “Nutritest” LLP. It has been established that the strain is classified as a 4-hazard class and is safe for humans and animals. P.pastoris yeast is FDA-approved in the USA. Thus, all planned work on the project was completed in full. 
In addition to the work carried out, for a more accurate determination of proteolytic activity, a quantitative method for determining the activity is being developed, based on the production of fusion protein, consisting of the kappa peptide of casein Bos taurus
(MARHPHPHLSFMAIPPKKNQDKTEIPTINTIASGEPTSTPTIEAVESTVATLEASPEVIESPPEINTVQVTSTAV) (recognized by chymosin) fused with MBP (Maltose Binding Protein) protein and labeled with Avitag. This protein, after biotinylation, will be a substrate for chymosin. After hydrolysis of the substrate with chymosin, the products are separated in electrophoresis and Western blotting is performed. The hydrolysis product is detected using streptavidin conjugated with a peroxidase label. The results of such Western blotting are digitized using densitometry and, depending on the conditions (incubation time, temperature, pH, presence of coenzymes), the relative activity of chymosin is determined. Thus, it will be possible to determine the quantitative constants of biochemical reactions: kcat, Km, Vmax.
Strain-producer of recombinant camel chymosin deposit in microorganism collection – No. IMD-B-323 (Appendix H).

Based on the results of the work carried out, articles and reports were published in the materials of international conferences. An application has been submitted for obtaining the Patent of the Republic of Kazakhstan "Method for producing milk-clotting enzyme based on recombinant camel chymosin» No. 2019/0950.1 from 24.12.2019.

Two articles are prepared for publication in the journals Q2: “Constitutive expression of Camelus bactrianus prochymosin B in yeast Pichia pastoris” and “New method for peptidase activity determination by biotinylated of kappa-casein”.
CONCLUSION
In accordance with the schedule for the project, the planned work has been completed in full. In the course of project implementation, the results are obtained, on the basis of which the following conclusions can be drawn:

- by cloning the codon-optimized and synthesized bactrian camel chymosin gene, transformation of competent Pichia pastroris cells, a yeast strain expressing the C.bactrianus chymosin gene was obtained;
by site directed mutagenesis of the bactrian camel chymosin gene at positions G685(C685, T880(A880, C881(A881, leading to the substitutions Leu229(Val229 and Asn294(Ser294, the chymosin gene of the one humped camel C. dromedarius was obtained. Integration of which into the yeast genome made it possible to obtain a yeast chymosin-producing strain C. dromedarius
- by site directed mutagenesis of the bactrian camel chymosin gene at positions G685(C685, T880(A880, C881(A881, leading to the substitutions: Leu229(Val229 and Asn294(Ser294 the chymosin gene of the one humped camel C.dromedarius was obtained. Integration of which into the yeast genome made it possible to obtain the yeast chymosin-producing strain C.dromedarius;
- purification of two recombinant chymosins of two-humped and one-humped camels from the yeast culture was carried out by methods of cross-flow ultrafiltration, ion exchange chromatography;

- the effect of pH in the range from 4.5 to 8.0 on the activity of recombinant chymosins C.bactrianus and C.dromedarius was studied. It was found that the optimal pH is 4.5, in the range from 4.5 to 6.8 the enzyme activity does not fall below 40% of the maximum, while a further increase in pH inhibits the milk-clotting activity of chymosin;
- the effect of temperature in the range from 22°С to 70°С on the activity of recombinant chymosins C.bactrianus and C.dromedarius was studied. It was found that the maximum activity is achieved at a temperature of 45°C-50°C. In comparison with the physiological value of 37°C at 45 C, the reaction rate increases 2 times;
- the residual activity was determined and the effect of metal ions in the composition of CaCl2, KCl, NaCl, MgCl2, FeCl3, LiCl2, MnCl2, NiCl2, BaCl2, CoCl2, ZnCl2 salts on the enzymatic activity of recombinant chymosin was studied. It was found that the required concentration of CaCl2 to maintain the stable operation of the enzyme is 30-40 mM. It was found that, along with calcium, the enzyme activity increases 2-5 times upon the addition of 10 mM concentrations of MgCl2, CoCl2, MnCl2, FeCl2, BaCl2 while other metal salts do not affect the activity of chymosin, and the presence of NiCl2 inhibits the reaction;
- by comparing two recombinant chymosins C.bactrianus and C.dromedarius, the recombinant bactrian camel chymosin C.bactrianus was choose for the preparation based on camel chymosin;
- it was found that of the tested media for the production of recombinant C.bactrianus chymosin, the most optimal is a medium containing 1% yeast extract, 2% peptone, 3% glucose, 100 mM citrate-phosphate buffer pH 4.0, 10 mM ascorbic acid, 5% sorbitol , 10 g/L of molasses. The yield of recombinant C.bactrianus chymosin on such a medium increases by 34% in comparison with the known YPD;

- the optimal conditions for the cultivation of the strain-producer of camel chymosin in the conditions of deep fermentation in the biorector were determined: medium “BMGY + Molasses”, temperature 28°C, air supply 2-4 L/min, stirring 300-400 rpm, daily feeding 3% glucose and 5% 100 mM citrate-phosphate buffer, pH 4.0. Under these conditions, after 144 hours of cultivation, a cell density of 57 g/L and an activity of 315 U/mL were obtained;
- the conditions for the isolation of the recombinant camel chymosin have been worked out. The optimal condition for the isolation of recombinant chymosin from the culture medium is tangential ultrafiltration on PES membranes with a cut-off threshold of 10 kDa in 25 mM sodium acetate buffer (pH 5.5) with 150 mM NaCl with a concentration of 20X;

- it was found that the optimal storage conditions for recombinant chymosin are: in dry, lyophilized form when stored in a refrigerator (2-8°C) - up to 12 months; in liquid form when stored in a refrigerator (2-8°С) - up to 6 months; in dry form at room temperature (22-24°С) not more than 3 months;

- tests were carried out on the use of recombinant chymosin in the production of soft and semi-hard cheese and curd (cottage cheese). Tests have shown that recombinant camel chymosin is effective for the preparation of these types of cheese and cottage cheese;

- developed and approved laboratory regulations for the production of recombinant camel chymosin using the Pichia pastoris/ProchymCB D22 strain (Appendix F);
- it was determined that the strain-producer of recombinant camel chymosin belongs to the 4th hazard class (Appendix G). 

Thus, all the tasks of the project were completed in full, the goal of the project was achieved - the biochemical properties of chymosins from C.bactrianus and C.dromedarius were determined and a producer strain of camel rennet was obtained. The deposition of the strain-producer of recombinant chymosin of the bactrian camel C.bactrianus in the collection of microorganisms of the National center for biotechnology under the number IMB-B-323 (Appendix H). 4 works were published (Appendix I). The reprints of the article and abstracts are given in Appendix J. Two articles are at the stage of submission to the editors. 1 application for the RK Patent has been filed.
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APPENDIX A 

Calendar plan for 2018-2020
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1. PTTI na ITIXB «HauuonaibHbIii nentp 6uorexnosorum KH MOH PK

1.1 Tlo npuoputery: PaumoHansHOE HCIIONB30BAHME MPUPOHBIX PECYPCOB, TeONIOTHs,
TepepaboTKa HOBBIC MATEPHAIIB H TEXHOJIOTHH, Ge30IacHble H3IeNHUs 1 KOHCTDPYKI[HH.

12 Tlo nommpuopurery: TexHONOTMH  moONyYeHHS MTaMMOB-TIPOAYLIEHTOB
GHonpenaparos.

1.3 Tlo teme mpoexra: Ne AP05133470 «Co3nanue ITamMMa-IpoJIyleHTa H pa3paboTka
TEXHONIOTMH  TOJNYMCHHE — PEKOMOMHAHTHOTO — BEPOIIOXKBEr0  CHIYYKHOTO  (bepMeHTa,
BOCTPeGOBAHHOTO HA MPENPHATHSIX MOJIOYHOH IPOMBIILICHHOCTH.

1.4 O6mas cymma mnpoexta 39260 000 (TpHINATH IEBSTH MUJUTHOHOB JIBECTH
UICCTB/ECAT THICSY) TEHTe, B TOM 4HCIE ¢ Pa3OGMBKOH 10 rojaM, JUisl BBIIOJNHEHHS paGor
COTJIaCHO IYHKTY 3:

- Ha 2018 rox - B cymme 13 000 000 (TpHHALATS MELTHOHOB) TEHTE;

- Ha 2019 rox - B cymme 13 117 000 (TpHHAANATS MHJUTHOHOB CTO CeMHA/IATH TBICAY)
TeHTe;

- Ha 2020 rox - B cymme 13 143 000 (TpuHaguaTh MUUHOHOB CTO COPOK TPH THICAYH)
TeHre.

2. Xapaxmepucmuxa Hay4no-mexnuueckoli npodyKuuu no K6aMUPUKAYUOHHBIM
HMPU3HAKAM U IKOHOMUHECKUE NOKA3amenu

2.1 Hanmpasnenue paGotsl: TeXHONOTHM MOTyYeHHS IITaAMMOB-TIPOAYLEHTOB
6Guonpenaparos.

2.2 O671acTh NPUMEHERUs: GHOTEXHONOTHS.

2.3 Koneunplit pesyibrar:

- 3a 2018 rox: BHOXMMHYeCKHe TapaMeTphl PeKOMOGHHAHTHOTO XMMO3MHA nByropboro
Bepoimona C.bactrianus.

- 32 2019 rox: PexoMGHHaTHBI XHMO3HH ofHOrop6oro Bepbmona C.dromedarius.

- 3a 2020 rox: BuoxuMudeckne napaMeTpsl peKOMGHHAHTHOTO XHMO3HHA ojtHOrOpGOro
Bepbmona C.dromedarius.

2.4 ITaTeHTOCIIOCOGHOCTB: Pe3yIIBTATEI TATEHTOCIIOCOGHDL.

2.5 Hay4no-texHudeckuii ypoBeHb (HOBH3HA): BIEPBEIC B MHpe OyaeT NoiydYeH u
OHOXMMHYECKH OXapaKTEpH30BAH HOBBIH (JePMEHT — XMMO3WH CpeHEasHaTcKoro BepOIrosa
Camelus bactrianus.

2.6 Vcnonb3oBanue HaydHO-TeXHHYECKOH TPOYKIHH OCYIIECTBIIAETCS: 3aKa34MKOM U
Hcnonaurenem.

2.7 Bux HCHONB30BaHMA pesylbTaTa HAayuHOH M (WM)  HayYHO-TEXHHYECKOH
JeSTENBHOCTH: OTYET, MyONUKALUH, 3asBKa HA IATEHT.

3. Haumenosanue paGom, cpoxu ux peanusayuu u pesyasmamsi

Mudp Hammenosanne paGor 1o CpoK BEIIONHEHAs OsxunaeMslii pesysTaT
3a1aH T H HEI
Sl A10L0BODY H{nCHORHEIG HA4aI0 | OKOHYAHHE
sTana STaIlbI €70 BHIIOIHEHHS
1 Ouncrka  pexoMOuHaHTHOTO | SIHBapH wioup2018 | Byzet ounmen

XHMO3HHA. Onpenenenne | 2018 PEKOMOUHAHTHBI XHMO3HH.
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PEKOMOMHAHTHOIO XMMO3UHA
C. bactrianus. Byner
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PEKOMOMHAHTHOTO XHMO3HHA
C. bactrianus.
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SlEBaps
2019

uionp2019

Byner cosnana reano-
HH)KEHEpHast KOHCTPYKIHS
JUIST 9KCIIPECCHH TeHa
xumosuna C.dromedarius.
Bynyr nony4en mramm-
TPOJYIEHT PeKOMOUHATHOTO
xumosuna C.dromedarius.
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Omnpenienenne akTUBHOCTH
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CBOMCTB (BusHKE pH-cpenbl,
TeMIIEpaTyphl X HOHOB
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xumosuna C.dromedarius.

Hroms 2019
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XHMO3HHA.
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HCTIBITAHUH 110 IPHMEHEHHIO
PEKOMOMHATHOTO XUMO3UHA
B IPOM3BOJICTBE ChIpa U
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CALENDAR WORK PLAN

RSE on the REM «National Center for Biotechnology» CS MES RK
On this topic: «The producing strain and developing technology for the production of recombinant camel rennet enzyme, required by dairy enterprises».
Project IRN: АР05133470 
Name of work, terms of their implementation and results
	Task code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	beginning
	ending
	

	1
	Purification of recombinant chymosin. Determination of the influence of pH and temperature on the activity of C.bactrianus recombinant chymosin.
	03.01.2018
	30.06.2018
	The recombinant chymosin will be purified. The effect of pH and temperature on the biochemical activity of recombinant chymosin will be determined. 

	2
	Determination of residual activity and the effect of metal ions on the activity of C.bactrianus recombinant chymosin. 
	01.07.2018
	31.12.2018
	The residual activity of the recombinant C. bactrianus chymosin will be determined. The effect of metal ions on the activity of C. bactrianus recombinant chymosin will be determined. 

	3
	Creation of a construct for the expression of the C.dromedarius chymosin gene. Obtaining a C.dromedarius recombinant chymosin producer strain.
	01.01.2019
	30.06.2019
	A genetically engineered construct will be created for the expression of the C.dromedarius chymosin gene. C.dromedarius recombinant chymosin producing strain will be obtained.

	4
	Purification of C.dromedarius recombinant Chymosin. Determination of the activity of the recombinant one humped camel chymosin. Study of biochemical properties (influence of pH-environment, temperature and metal ions) of recombinant C.dromedarius chymosin.
	01.07.2019
	31.12.2019
	Recombinant C.dromedarius chymosin will be purified. The activity of the recombinant  one humped camel  chymosin will be determined. Its biochemical properties (influence of pH-environment, temperature and metal ions) will be studied. 

	5
	Comparative analysis of biochemical characteristics of camel chymosins. Optimization of cultivation conditions for a promising producer strain in a fermenter bioreactor and development of conditions for the isolation and storage of recombinant chymosin.
	01.01.2020
	30.06.2020
	A comparative analysis of the biochemical characteristics of camel chymosins will be carried out. The conditions for the cultivation of the promising producer strain in the bioreactor-fermenter will be optimized, and the conditions for the isolation and storage of recombinant chymosin will be worked out.

	6
	Testing the use of recombinant chymosin in the production of cheese and cottage cheese. Development of laboratory regulations for the obtaining of a preparation based on recombinant camel chymosin. Preparation of scientific publications in a local and foreign journal with an impact factor, filing a patent application for the Republic of Kazakhstan. 
	01.07.2020
	01.11.2020
	Test trials will be carried out on the use of recombinant chymosin in the production of cheese and the cottage cheese . Laboratory regulations for the use of recombinant camel chymosin will be developed. There will be published: 2 articles in a licensed foreign scientific publication indexed by Web of Science or Scopus databases with a non-zero impact factor, 2 publications in peer-reviewed scientific journals with a non-zero impact factor, 1 patent application of the Republic of Kazakhstan will be filed.


APPENDIX B 

Protocols for experiments
Preparation of chemocompetent cells of the DH5α strain
The culture was grown on LB-agar and cultivated at a temperature of + 37°C for 16 hours until single colonies were obtained. A single colony was 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 CC buffer (10 mM Hepes, 15 mM CaCl2, 55 mM MnCl2, 250 mM KCl, pH 6.7). To the suspended culture in a volume of 7.44 mL, 0.56 ml of DMSO was added, aliquoted 50 μL in 1.5 mL tubes and frozen in liquid nitrogen. Tubes with chemocompetent cells were stored at -80°C.

Transformation of chemocompetent DH5α cells
The transformation was carried out by the heat shock method of temperature shock as follows: plasmid DNA in an amount of 100 ng was introduced into 50 μL of a cell suspension of chemocompetent cells and incubated on ice for 30 minutes. After incubation, the cells were subjected to heat shock at + 42°C for 45 seconds in a water bath GFL 1003 (GFL, Germany) and cooled again on ice for 2 minutes. Added 950 μL of SOC and incubated in shaker at 37°C and shaking 180 rpm for 1 hour without adding antibiotic. Then the culture was grow on Petri dish with LB agar with an antibiotic and incubated for 16 hours at 37°C until pronounced colonies appeared.

Preparation of electrocompetent Pichia pastoris cells
Single colonies of Pichia pastoris GS115 strains were incubated in 10 mL YPD at + 30°C for 16 hours. The grown culture was introduced into 200 mL of fresh YPD and grown until OD600 = 2.0 was reached at 30 C and vigorous shaking at 250 rpm. The cells were harvested by centrifugation at 2000×g for 5 minutes at 4°C. The supernatant was removed, the cells were suspended in 40 mL of YPD with 200 mM Hepes-NaOH (pH 8.0) and 1 mL of 1M DTT was added and stirred gently for 1 minute. The mixture was incubated for 15 minutes at 30°C with gentle stirring. Added 60 mL of cooled (4°C) deionized water, centrifuged at 2000×g, for 5 minutes, at 4°C and removed the supernatant. The cells were additionally washed with 8 mL chilled (4°C) 1 M sorbitol, centrifuged at 2000×g, for 5 minutes, at 4°C, and the supernatant was removed. The cell pellet was suspended in 0.5 mL of cooled 1 M sorbitol. Cells were aliquoted in 50 μL and stored at -80°C.
Transformation of electrocompetent cells of Pichia pastoris 

Transformation was carried out by electroporation using a MicroPulser (Bio Rad, USA) in cells (Eurogentec, France). 10 μg of linearized DNA cassette was mixed with 50 μL of electrocompetent cells. The transfer was carried out using a MicroPulser electroporator (Bio Rad, USA) in 2 mm cells (Eurogentec, France). Transfer conditions: voltage - 2 kV, resistance - 200 Ohm, capacitance - 25 μF. The transfer time was 4-5 ms. After electroporation, the cells were diluted with YPD in a ratio of 1:20 and incubated at 30°C without shaking for 3 hours without antibiotic. Then, the culture was grow YPD with zeocin for selection and kept for 72 hours at 30°C.

PCR screening of colonies
Colonies were picked with a sterile tip and was placed in a tube with PCR mixture, and the tip was dipped in 5 ml of LB broth with an antibiotic for growing the culture. Further, the culture of positive clones was used to generate DNA according to the miniprep protocol. The composition of the reaction mixture: template DNA (colony cleavage); direct primer (10 μM) - 1 μL; reverse primer (10 μM) - 1 μL; dNTP (10 mM each) - 4 μl; MgCl2, 25 mM - 3 μL; Taq DNA polymerase - 0.5 μL; Reaction Buffer Taq-pol Buffer 10x - 5 μL; deionized water - 35.5 μL. The amplification program had the following temperature conditions: 94°C (3 min) - 1 cycle; 94°C (1 min), 55°C (1 min), 72°C (1 min/1000bp) - 30 cycles; 72°C (10 min) - 1 cycle; 10°C (15 min) - 1 cycle. Separation of amplification products was performed using DNA electrophoresis in 1% agarose gel in TBE buffer with ethidium bromide (15 μg/mL).

Insert sequencing
The 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; non-nuclease water - 5 μL.

The amplification program had the following temperature conditions: 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 gene fragments was performed using an ABI 3730xl automatic sequencer (Applied Biosystems, USA). The analysis of chromatograms and their comparison with the reference sequence was carried out using the Vector NTI software package version 11. 

Milk-clotting assay
Milk-clotting assay was carried out according to a known method. This assay was performed using skimmed milk powder as substrate, reconstituted at 12% (w/v) in 0.025 M sodium acetate buffer, pH 6.0. Enzymatic reactions for the selection of clones were carried out in triplicate at 37°C in tubes with 200 μL of enzyme solution and 200 μL of substrate. Milk clots were visualized by turning the tubes upside down. One unit of milk clotting activity was defined as the amount of enzyme required to clot 1 mL of skim milk in 40 minutes at 37°C.

Western blotting
For Western blotting, polyclonal antibodies obtained by immunizing the rabbit with recombinant calf prochymosin were used. Western blotting was performed according to a standard protocol: protein samples were separated in 12% SDS-PAGE and electrotransferred onto a PVDF membrane. To check the protein transfer, the membrane was stained with Ponceau S dye. After blotting the membrane with milk buffer TBST (50 mM Tris-HCl, pH 7.6, 150 mM NaCl, 0.1% Tween 20). Prochymosin was detected using rabbit anti-prochymosin polyclonal antibodies (1:5000) as primary antibodies and horseradish peroxidase-conjugated goat antibodies (Sigma-Aldrich Chimie Sarl, Lyon, France) (1:10,000) as secondary antibodies. Bands were recorded using ECL chemiluminescent substrate (Applichem GmbH, Darmstadt, Germany) and exposed on X-ray film (AgfaPhoto GmbH, Germany).
APPENDIX C
Amino acid and nucleotide sequences of C.bactrianus camel chymosin gene
MRCLVVLLAALALSQASGITRIPLHKGKTLRKALKERGLLEDFLQRQQYAVSSKYSSLGKVAREPLTSYLDSQYFGKIYIGTPPQEFTVVFDTGSSDLWVPSIYCKSNVCKNHHRFDPRKSSTFRNLGKPLSIHYGTGSMEGFLGYDTVTVSNIVDPNQTVGLSTEQPGEVFTYSEFDGILGLAYPSLASEYSVPVFDNMMDRHLVARDLFSVYMDRNGQGSMLTLGAIDPSYYTGSLHWVPVTVQQYWQFTVDSVTINGVAVACVGGCQAILDTGTSVLFGPSSDILKIQMAIGATENRYGEFDVNCGSLRSMPTVVFEINGRDYPLSPSAYTSKDQGFCTSGFQGDNNSELWILGDVFIREYYSVFDRANNRVGLAKAI

tctggaattactagaatcccattgcataaaggaaaaactttgagaaaagctttgaaagaaagaggtttgttggaagactttttgcaaagacaacaatatgctgtttcttccaaatattcctccttgggtaaagttgctagagagccattgacttcctacttggattcccaatattttggtaaaatctacattggaactccaccacaagagttcactgttgttttcgatactggatcttctgacttgtgggttccatctatctattgtaaatctaatgtttgtaaaaaccatcatagattcgacccaagaaaatcttctactttcagaaacttgggtaaacctttgtctattcattacggaactggttccatggagggattcttgggttatgacactgttactgtttctaatattgttgatccaaaccaaactgttggattgtctactgaacaaccaggagaggtttttacttattctgagtttgatggtattttgggattggcttacccttctttggcttctgaatattctgttccagtttttgacaatatgatggacagacatttggttgctagagacttgttctctgtttatatggatagaaatggacaaggatctatgttgactttgggtgctattgacccttcttattatactggttctttgcattgggttccagttactgttcaacaatattggcaattcactgttgactctgttactattaatggagttgctgttgcttgtgttggtggatgtcaagctattttggacactggtacttctgttttgtttggaccatcctctgatattttgaagattcaaatggctattggtgctactgaaaatagatatggtgagtttgatgttaattgtggttctttgagatctatgcctactgttgttttcgaaattaacggtagagattatccattgtctccatctgcttacacttccaaggaccaaggtttttgtacttctggatttcaaggagataacaactctgagttgtggattttgggtgacgttttcattagagagtattactctgttttcgacagagctaacaacagagttggattggctaaagctatctaa.

APPENDIX D
Oligonucleotides and primers
ProchymCB-EcoRI – 5’CCGGAATTCTCTGGAATTACTAGAATCCCATTG-3’ 
ProchymCB-NotI 
5’-ATAGTTTAGCGGCCGCTTAGATAGCTTTAGCCAATCCAACTCTGTTGTTAGC-3’

GAPfw – 5’-GTCCCTATTTCAATCAATTGAA-3'

AOX1rv – 5’-GCAAATGGCATTCTGACATCC-3’

V229Lfw 5’–GGGTTCCAGTTACTCTTCAACAATATTGGC–3’

V229Lrv 5’– GCCAATATTGTTGAAGAGTAACTGGAACCC–3’ 

S294Nfw 5’–GATGTTAATTGTGGTAATTTGAGATCTATGC–3’ 

S294Nrv 5’– GCATAGATCTCAAATTACCACAATTAACATC–3’ 

ProchymCDfw 5’–CCGGAATTCTCTGGAATTACTAGAATCCCATTG–3’ 

ProchymCDrv 

5’–ATAGTTTAGCGGCCGCTTAGATAGCTTTAGCCAATCCAACTCTGTTGTTAGC–3’

APPENDIX E
Media compositions
	Media
	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

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

	BMGY+CMz
	1% yeast extract, 2% peptone, 3% glucose, 100 mM citrate phosphate buffer рН 4.0, 10 mM ascorbic acid, 5% sorbitol, 1% corn molasses

	BMGY+Molasses
	1% yeast extract, 2% peptone, 3% glucose, 100 mM citrate phosphate buffer рН 4.0, 10 mM ascorbic acid, 5% sorbitol, 1% molasses

	YPD+10g/L molasses without glucose
	1% yeast extract, 2% peptone, 1% molasses

	YPD+5g/L molasses
	1% yeast extract, 2% peptone, 3% glucose, 0.5% molasses 

	YPD+10g/L molasses
	1% yeast extract, 2% peptone, 3% glucose, 1% molasses

	YPD+20g/L molasses
	1% yeast extract, 2% peptone, 3% glucose, 2% molasses

	BMGY (NO YP)
	3% glucose, 100 mM citrate phosphate buffer рН 4.010 mM ascorbic acid, 5% sorbitol


APPENDIX F
Laboratory regulations for the preparation of recombinant camel chymosin
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Certificate for the hazard class determination of the recombinant camel 
chymosin producing strain
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Pecny6auka Kazaxcran, 050008, r. Anmarsl, yn. Knoukoga, 66,
Tenedon/axe: (727) 375 82 23, (727) 375 00 34

KZ.T.02.0043 ATrecrar akkpexuTauuu Ne KZ T.02.0043 ot 08 denpans 2016 r.

3AKJIIOYEHME 2400K ot «_04 » HOsa6ps 2019

Beero crpanun 2
Crpanuua 1

Jlata noctynnenus s naGoparopuio: 30.09.2019 r.
Haumenosanue u anpec sassurens: PI'TT na IIXB «Haunonanbuprii uenrp 6uorexnonornn» KH MOH PK
Haunmenosanue u 0603nauenne HMCTIBITbIBAEMOr0 06pasua(iramMma): mramm Pichia pastoris/Chymosin CB D22
Marorosurens (ctpana, (upma): Pecny6anka Kazaxcran
Konuyectso o6pasuios, nocrynusumx na HccrenoBanre: 1 mramm
O6o3uayenue HJJ Ha npoaykuuio: ECII'T, yrs. Pemr. KTC Ne 299 ot 28.05.2010r. ruXX paspen 20 m. 3
Jlata Hauana uenbiranus: 30.09.2019 r. Jara okoH4aHus NpoBeaeHHUs ucnbiTanuii: 04.11.2019 r.
Bua uenbiranmii: konrpoasuprii
YcnoBus npoeaeHus HembITanHii: Temneparypa 21-23 °C; Baaxnocts 68-74%

HaumenoBanme wmramma Pichia pastoris/Chymosin CB D22: Xemoopraﬂore'repoTpOQ)u.
DaKyBTaTHBHBIE aHA3POGEL Wnertudunuposan  cexsenmpopanmem TPAMOH IIOC/Ie/IOBATENFHOCTH TeHa
Maloii CyObeHuIBI prGocomuoi PHK.

Kyﬂb'l‘ypa.ﬂbHO-MOp(l)OJ'lOI‘H‘IecKHe ocobennocTn Kietku opansHoi (opMmEr, pasmepom 5-10 M.
Kosouuu - npu pocre na nnorsoi Cpesie 00pasyeT OKpyIible, BBIIyKIbE, C POBHBIMH  KpasiMH, TIaJiKie
MATKOH KOHCHCTEHIIHH, Gell0BATO-KPeMOBOro uBera, pasmepom 0,5-1 mMm.

Obracts npumenenus npoxynent CEKPETOPHOro peKOMOMHAHTHOTO IPOXHMO3HHA B prochym CB.

Hsyuenne noTenumansHo-naTorenmux TIPH3HAKOB WTaMMa in vitro: B onbirax nposenenusx in

YCTaHOBIICHO, YTO KyibTypa Pichia pastoris/Chymosin CB D22 me NPOSBHJIA NIPU3HAKOB JICHUTHHA3HOM H
FeMOJIHTHYECKOH aKTHBHOCTH.

Hsyuenne Bupyaenthnocrn wramma (JIso): Uccnenosanue BHPYJICHTHOCTH ImnTamma Pichia
pastoris/Chymosin CB D22 TPOBOJIMIIMCE OOLIEIPHHATEIM METOI0M /Buprep M.O., 1982/ na § rpymnmax
XKUBOTHBIX (110 12 GenbIX Mblieii B K&K/I0H, 6 caMoK 1 6 camIoB Becom 16-18 T) B KOHIEHTpamusx ot 10°
10 10" KOE/em® (Ta6un,).

Tabmina - PesyanTarer ncenenopanns OCTPOH TOKCHYHOCTH KyJIbTypbI
Pichia pastoris/Chymosin CB D22 TIpH BHYTPHOPIOWIMHHOM 1 1EepPOPaILHOM BBEJeHHH

NeNe K-Bo sxuBOTHBIX | Crioco6 BBEJICHHs Josa 3aboneno Iano Bbikuno
B OTbITe KOE/ma JKMBOTHBIX JKHBOTHBIX JKHBOTHBIX
1 12 BHYTPH-GpIOLIHHHO 10° 0 0 12
2 12 BHYTPH-GpiouHHO 10° 1 0 12
3 12 BHYTPH-OpIomMHHO 107 3 1 11
4 12 BHYTPH-GpiolnHHO 10’ 8 2 10
Kontpons 12 BHYTPH-6piomnHHo ¢us3.pacteop 0 0 12
5 12 TnepopabHO 10° 0 0 12
6 12 NepopanbHO 107 0 0 12
7 12 NePOpaILHO 10° 3 0 12
8 12 TIEPOPANILHO 10" 7 1 11
Kontpons 12 1epopabHO ¢us.pacreop 0 0 12

LD 50 kynbTypsr  Pichia pastoris/Chymosin CB D22 1pH BHYTPHOPIOIIHHHOM BBEICHUH - Gojlce
10° KOE/mn, LD 50 npu nepopainbHoM BBenenun - Gonee 10! KOE/wu.
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Mopdonornyeckne usmenenus BHYTPEHHHX OpraHoB: Pesynprarsr BCKDBITHS  )KHBOTHBIX
TIOKA3AIH: MeYeHh TeMHO-KPaCHOTO IBeTa, moiu CIICTKa yBEIHYEHB, TOBEPXHOCTH IMIANKAS. «PucyHOK»
MO3TOBOTO M KOPKOBOTO BELIECTBA YeTkwuif. Jlerkue 110 CTPOCHHUIO Ji0NIeH 1 0GBEMY OOBIYHBIE, OTMEUeHE!
CIE/BI HEBBIPXXEHHOTO BOCIATIEHHUS, HeGOMbIIHE CraiKku.

Crocobnocts k reccnmunamun BHYTPEHHHX OPraHoOB:

Meccumunanus BryTpennnx OPraHOB HMEET MECTO TONBKO B TeueHue TEPBBIX 72 4acoB mocie
BBE/ICHHS KYJIbTYpBI.

Auteprennoe neiicrsue mo CeHCHOMIM3HpYOmEemy a¢dexry: Onpenenenne CpelHeaIIepreHHOMH
AO3EI IPOBO/IMIIOCH HA MOPCKHX CBHHKAX, KOTOPBIM BBOAMJIACH HCCHETyeMast KyJIbTypa B fo3ax 10°,10°, 10,
10° KOE/ua OHO xuBOTHOE. KoHTponem ciysun busnonoruyeckuii PacTBOp. YUeT peakuuu mpoBomiICs
depes 10 anedt mo amamerpy sputemel. CpenHeanneprennas nosa HCCIIElyeMOH KyJIBTYpPEl COCTABHIIA
4.9x10* KOE na oano KHBOTHOE. TakuM 06pasom, 3ToT mTamm obmanaer c1aGoBbIpaKeHHbIM AJUIEPreHHBIM
NeiicTBHEM,

Mectno pasapasaromee neiicraue: Ipu BBentennn uccnenyemoit KYJIBTYPEI B KOHBIOKTHBY IlIa3a
KpoImuKoB B z103e 1x10° KOE/cn® Habozasack crabas TIOJIOKHTEIILHAS PEAKIHUS B BUJE HHBCKIMH CoCyz10B
CIJIEPE W DOTOBHUEI, CIM3HCTHIX BEIIETCHHH B yrmax rmas. Ha werBepreie cyrkm Habmoenuit
BBIICHA3BAHHBIC SIBJICHHS y BCEX SKUBOTHBIX [OJHOCTEIO KYNMHPOBAIHCh M MOCIeAyIOmHe 5 CYTOK
OTKJIOHEHHUH OT Yu3MOTOrHYecKoii HOpMEI He Habmonanock. Takum 06pasom, uccnenyemerit mramm Pichia
pastoris/Chymosin CB D22 o6mazaer cn1aboBBIpasKeHHBIM MECTHO-pa3ApaKaloluM JeiiCTBHEM.

3akiouenne:

Cornacro cymecrayiomeit KIIACCU(DUKALMU 1ITaMMOB (Ipenensro nomycrumere KOHLEHTpaIHx
I10K) MHKPOOPraHH3MOB-IIPOLYLIEHTOB, GakTepuanbHbIX NIpenapaToB U HMX KOMIIOHEHTOB B BO3JlyXe
paboueit 30ns1 [Hruennyeckie HopmatuBel I'H 2.2.6.709-98), KyabTypa Pichia pastoris/Chymosin CB D22
MPHHANNEXKHT K 4-My KJIACCY OMACHOCTH,

H. Xamkubaesa

% A.Omaposa

3akmouenne PacnpocTpausiercs Tobko na o6pasen, NOABEPrHyTHI HCNBITAHASM
Moanas wan wacruunas fiepeneuaTka sakmodenns Ges paspeuenus HenbITaTeNbHOI 1aGopaTopuu
3anpemena
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Certificate of deposition for the recombinant camel chymosin producing strain
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tion of various amounts of EPSs. Our results also demonstrated that
most of the strains analysed in the study had the ability to ferment
the citrate and to produce diacetyl, an important flavour compound
in many dairy products. In conclusion, the results obtained allowed
us to select numerous LAB strains for further studies related to a
wide range of industrial applications.
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Identification and characterization of lactic acid
bacteria isolated from sucuk, a traditional
Turkish dry-fermented sausage

Kubra Cinar!-*, Guzin Kaban?, Bilge Sayin
Borekci?, Medine Gulluce?, Mehmet Karadayi?,
Mukerrem Kaya?
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E-mail address: kcinar@bayburt.edu.tr (K. Cinar).

In this study, 100 lactic acid bacteria strains, isolated from sucuk
and identified phenotypically, were genotypically (16SrDNA) iden-
tified. The strains were also analysed in terms of some technological
properties. In genetical identification, Lactobacillus plantarum (65
strains) was determined as the dominant species, followed by L.
paraplantarum (18 strains), L. sakei (13 strains), Pediococcus acidi-
lactici (3 strains) and P. pentasaceus (1 strain). An important part
of the identified strains did not show both proteolytic and lipoly-
tic activity. However, strong proteolytic activity was observed in
7 strains of L plantarum and 1 strain of L sakei. All strains of L.
plantarum, except 3 strains, formed DL-lactic acid. Production of
DL-lactic acid were determined in 11 strains of L. sakei. All of Pedio-
coccus strains produced DL-lacticacid. All strains (except onestrain)
did not show any decarboxylase activity in the presence of argi-
nine, lysine or ornithine. In agar spot test, all strains showed good
or very good antagonistic activity against Listeria monocytogenes,
while only one L plantarum strain had antagonistic activity against
L monocytogenes in well diffusion assay.
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13/AR-GE/7).
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An application of yeasts Kluyveromyces
marxianus for the enhancement of composition
of galactooligosaccharides produced from the
milk permeate
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Lactose containing milk permeate is by-product of milk pro-
tein production which can be converted to galactooligosacharides
(GOS). GOS products obtained in lactose bioconversion by beta-

galactosidases contains up to 60% of GOS. Other components are
reaction by-products - glucose, galactose and residual lactose. GOS
concentration can be further increased by removal of sugars using
fermentations by yeasts. The application of K. marxianus DSM5422
for selective removal of sugars from GOS obtained from milk per-
meate was investigated. The impact of fermentation conditions as
substrate concentration, aeration rate, pH on efficiency of carbo-
hydrate removal process was studied. Best results were obtained
by 72-h co-fermentation of yeasts with B. circulans 3-galactosidase
used for GOS formation. The increase of GOS content in reaction
mixture up to 98% from total carbohydrates was observed. The
molecular weight profile of GOS was changed during fermentation.
The GOSwith DP2 decreased from 36% to 9,7% of total GOS. The pro-
portions of GOS fractions with DP4 and higher increased comparing
with initial mixture. We can conclude that co-fermentation of milk
permeate by B. circulans (3-galactosidase and yeasts K. marxianus
allows to obtain GOS with low lactose content and the increased
degree of polymerization.
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Itis known from literature sources that it is rather difficult to obtain
active chymosin in bacteria, since the chymosin protein in E. coli
cells aggregates into the inclusion bodies, requiring re-naturation
procedure to be performed. The most effective is the expression
system based on Pichia (Komagataella) pastoris, which produces a
relatively low level of its own secreted proteins, greatly facilitating
the purification of the recombinant protein. Thus, Camelus bactri-
anus chymosin is produced by secretion in P. pastoris. We carried
out this work, by replacing 296 codons in a 365 aa protein and opti-
mizing the composition of the medium. We used pGAPZaA vector,
to produce chymosin under the constitutive GAP promoter. Pilot-
scale production was attained using a 3 L fermenter during 6 days.
Starting level of biomass was 3.8 g/L wet cell weight. During next
2 days biomass level was reached to 50g/L wet cell weight. And
grown up to 80g/L wet cell weight at 96 h cultivation and then
decreased to 60 g/Lwet cell weight at 6th day. The yield of recombi-
nant bovine chymosin in our studies reached 1980 SU/ml. The yeast
system produced approximately 63 mg/L of recombinant enzyme
under pilot-scale conditions.

https://doi.org/10.1016/j.jbiotec.2018.06.200





[image: image34.jpg]ISSN 2617-1139

No.1, MARCH 2018

EURRSIAN JOURNAL OF APPLIED

BIOTECHNOLOGY

| Genetic history of sheep domestication




[image: image35.jpg]Reviews

UDC 577.15

PROTEOLYTIC ENZYMES IN CHEESE MAKING

Aktayeva S.!, Akishev Zh.'?, Khassenov B.!

'National Center for Biotechnology

13/5, Korgalzhyn road, Astana, 010000, Kazakhstan

°L.N. Gumilyov Eurasian National University

2, Kanysh Satpayev street, Astana, 010008, Kazakhstan

aktayevasa@gmail.com

ABSTRACT

There has been an increasing consumer demand for cheese along with a search for products with new organoleptic
parameters, which has resulted in extensive research on alternative milk coagulants. The ratio of proteolytic activity to
milk-clotting activity determines the requirements for proteases used in the cheese making process. To date, plant enzymes
have largely been used for this purpose, along with traditional enzymes of animal origin, chymosin and pepsin. The most
popular types of proteases used in the food industry, especially in cheese making, are plant proteases belonging to the
cysteine (papain, bromelain, ficin), aspartate (cinarase, cardosin), and serine (kukumizin, leucine) group of proteases.
The aspartate proteases of microbial origin mucorpepsin and endotyapepsin have found wide application in cheese
production due to low production costs and high organoleptic characteristics of the final product. The use of plant and
microbial milk-clotting enzymes as an alternative to animal-derived enzymes allows not only to diversify the assortment
of cheeses on the market but also to solve ethical and economic issues. In addition, vegetable and microbial preparations
meet the requirements of vegetarianism, halal, and kosher food, thus further opening the market.

Key words: milk coagulation, chymosin, vegetable rennet, microbial rennet.

INTRODUCTION

Milk and its products are among the main sources of human
nutrition since the Neolithic revolution. According to the International
Dairy Federation (IDF) in 2015, the production of all types of milk
amounted to 818 million tons, which is 2% higher than in 2014 [1].
and in 2016, according to “The Dairy News™ with reference to IDF.
this indicator reached 826 million tons. The main regions for milk
production are India/Pakistan, the USA and Europe. The milk of the
following animals is used in the production of dairy products: cows
(84%). buffalo (12.1%), goats (2%). sheep (0.2%). camels (0.2%).
horses, donkeys and others animals (0.4%).

Cheese is a product that has a special place in the diet of
modern people. Due to the variability of the components used and the
manufacturing technology. there is a huge number of types of cheese
that differ in taste. smell and consistency. To date, experts disagree
about the number of cheese types, and from 500 to 5000 names of
cheese are given while attempting to classify [2]. The production of
cheese is one of the most ancient food industries. Investigation of
the remains of pottery from the Neolithic epoch in the territory of
modern Poland made it possible to obtain evidence that already in
the 5th millennium BC people processed milk. making cheese [3].
The production of cheese made it possible to solve several tasks:
preserving the main components of milk (proteins. fats, vitamins) for
a long time; transfer of milk into a solid form. which ensured more
convenient transportation (which is relevant for nomadic peoples): the
creation of a dairy product with a lower content of lactose. which
makes it possible to solve the problem of lactase deficiency. In
addition. milk processing allowed creation of a product that satisfies
the taste preferences of a mostly any consumer.

The global cheese market shows stable growth. The main players
in this market are the USA and the countries of the European Union.
According to the USDA in 2016, the United States produced 5.514
thousand tons of cheese, and the EU 9,810 thousand tons. Despite the
cessation of supply by the European Union of cheese to the Russian
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market. and through it to the CIS states, cheese production in the EU
countries has increased. In the period 2013-2017 world cheese growth
was 5%.

Along with the US and European countries, major producers
of cheeses are Russia, Brazil, Argentina, Canada and New Zealand.
The largest growth rates in 2013-2017 are typical for New Zealand —
12.4%. In addition, analysts noted the prospects for the cheese market
in China - increasing both demand and supply — the annual increase
is about 20%. Among the reasons for the growing demand are the
increase in income and changes in food habits.

In the period 2013-2017 the production of cheese and
cottage cheese in the CIS countries went up by almost 20%: from
1.313 thousand to 1,572 thousand tons. The largest increase in the
production of cheese and cottage cheese was shown by Russia and
Belarus - regional leaders in the field of cheese making. In 2013-
2017 years Russian producers increased cheese and cottage cheese
production by 34.5%. and Belarusian producers — by 32.1%.
According to BusinesStat, in 2018-2022 the production of cheese and
cottage cheese in the CIS countries will grow at a rate of 1.1-2.3% per
year. In 2022 the cumulative output of cheese and cottage cheese in
the region will reach 1,718 thousand tons, which will exceed the value
0f 2017 by 9.3%.

Modern technology of cheese preparation includes the following
stages: preparation of milk, milk coagulation with proteolytic enzymes
and curd formation, cutting of a curd and separation of cheese grains
from whey. kneading of cheese mass. pressing and maturing [4]. The
use of various types of enzymes. bacterial and fungal starter cultures
and formulations provides a variety of species [4, 5].

The presented review provides information on proteolytic
enzymes used in cheese making.

Enzymatic hydrolysis of casein

Presumably, the first cheese was the result of the storage of
milk in bags made from the stomachs of ruminants. Later, the active
ingredients in this process were identified as proteolytic enzymes
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The conventional way of quantifying a given milk-clotting enzyme employs milk as the substrate
and determines the time elapsed before the appearance of milk clots. However, milk clotting may take
place without the participation of enzymes because of variations in physicochemical factors, such as low
pH or high temperature. Consequently, this may lead to confusing and irreproducible results, particularly
when the enzymes have low activity. At the same time, the classical method is not specific enough, in terms
of setting the precise onset of milk gelation, such that the determination of the enzymatic units involved
becomes difficult and unclear. Furthermore, although it has been reported that k-casein hydrolysis follows
typical Michaelis-Menten kinetics, it is difficult to determine with the classic milk-clotting assay.

To overcome all these difficulties a new technique was developed. It consists in obtaining a new
substrate for determining the specific protease activity of the chymosin enzyme based on its ability to
cleave the peptide bond between Phe'” and Met'* in the kappa-casein molecule and detecting the hydroly-
sis products by immunoblotting.

To obtain this substrate, the genomic DNA of the calf thymus (Sigma) was used. The fourth exon of
the kappa-casein gene was amplified using primers including Sacl restriction sites in flanking regions. The
length of the gene was 298 bp. The PCR result was determined by dividing the amplified DNA fragment in
a 1% a garose gel in TAE buffer. After PCR, the amplification product was cloned in the Parallel2 vector,
the vector was pretreated with the Sacl restriction endonuclease. Screening of the obtained clones was
carried out using primers CSN3fw/M13fw. After establishing the insertion of the insert, plasmid vectors
were propagated in DH5a strain cells and developed using the miniprep protocol.

The E. coli BL21 (DE3) cells were transformed with obtained Parallel2/k-casein vector by
electroporation and induction of gene expression was performed. A fter selection of the transformant strain
on the antibiotic, and grown to OD600 = 0.6, then, IPTG was added at a concentration of 1 mM, and the
culture temperature was changed to +18°C.

Purification of the chymosin protein from E. coli culture was carried out from a volume of 400
mililiters. The cells were harvested by centrifugation at an angular acceleration of 6000 x g, for 7 minutes
at +4°C. Cell lysis was performed by sonication on an OmniRaptor 4000 disintegrator. The water-soluble
lysate was separated from the cell debris, inclusion bodies and nucleic acids by high-speed centrifugation
(40,000 x g, +4°C, 1 hour). Next, the lysate was applied to a chromatographic column of MBPTrap 1 ml
(GE) and the MBP-CSN3ex4 protein was eluted with 10 mM maltose. It was found that the yield of the
recombinant protein was 12 mg from 1 liter of culture.

To test the activity of chymosin on the substrate obtained, 1 u1 of the enzyme was mixed with 50 mM
Tris-HCI, pH 6.5, 40 mM CaCl,, 15 ug of MBP-CSN3ex4 in 20 zl. The reaction was carried out in covered
0.5-mL Eppendorf tubes at 0°C, 4°C, 10°C, 20°C, 37°C for 5 min. The reaction was stopped by adding
8.57 ul of 4xLaemmli sample buffer and mixed thoroughly. The tubes were boiled at 95°C for 5 min and
allowed to stand atroom temperature for at least 30 min. Samples were analysed in 12% PAAG.
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The annual increase in cheese consumption around the world also causes an increase in interest in
milk-clotting enzymes, one of the main components of cheese. The use of natural rennet faces ethical and
economical issues. In addition, there are religious and ideological constraints in the consumption of
cheese, also associated with the method of obtaining coagulants. In this regard, a great interest for cheese
manufacturers are substitutes of rennet. An alternative to enzymes of animal origin are plant proteases.
Vegetable enzymes used in cheesemaking are most often referred to the group of cysteine, aspartate and
serine proteases.

For cysteine proteases of plant origin are enzymes derived from Carica papaya (papain,
chymopapain karikain, glycyl endopeptidase), Ananas comosus (bromelain, ananain, komozain), Ficus
glabrata and Ficus racemosa (ficin). Papain is the most used in food production by proteolytic enzyme
from plants. Due to its high proteolytic activity, a broad specificity and activity at various pH values and
temperatures cysteine proteases have high commercial potential.

The presence of aspartate proteases possessing the ability to coagulate milk from Silybum
marianum, Cynara scolymus, Onopordum turcicum, Centaurea calcitrapa and rice grains had been
described before. The most studied are aspartate proteases of the Spanish artichoke Cynara cardunculus:
cinarase 1,2 and 3, cardosin A and B. Cheese products prepared with the use of aspartate proteases have a
delicate creamy texture and an exquisite bitter taste, which is due to the broad substrate specificity of
aspartate proteases that break down not only k-casein, but also a- and B-casein.

Serine proteases are found in almost all taxonomic groups of plants and are present in almost all parts
of plants, but in the greatest quantity in fruits. These enzymes exhibit high proteolytic and milk-
coagulating activity. Cucumis melo contains a high concentration of serine protease kukumizin.
Kukumizin exhibits the same milk-clotting activity as papain, but produces a much less bitter peptides to
degradation than those which have been formed by other vegetable proteases.

Vegetable coagulants can be prepared under conditions in vitro using micropropagation, callus and
cell suspension cultures and cultures of the transformed roots which allows to obtain a large amount of
homogeneous protease without depending on climatic conditions. In addition, products manufactured
using plant enzymes meet the requirements for labeling kosher, halal and vegetarian food. It should be
noted that the search for new enzymes of vegetable origin, applicable in cheese making, continues, due to
the demand not only for natural products, but also for products characterized by special organoleptic
parameters..
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