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The research object is sheep pox virus, Capripoxvirus. 
The goal of the project is the construction of the recombinant sheep pox virus strains expressing protective Brucella spp. antigens and the study of their immunobiological properties
The method of homologous recombination was used for the recombination of the capripoxvirus genome. The selection of recombinant viruses was carried out under conditions of transient dominant selection.
As a result, seven integration plasmids pIN-TK-omp16, pIN-TK-omp19, pIN-TK-omp25, pIN-TK-SOD, pIN-TK-L7 / L12, pIN-TK-IalB, and pIN-TK- omp19 & SOD were constructed for the insertion of six genes encoding antigenic proteins of Brucella spp. into the sheeppox virus genome. Passports have been drawn up for all structures. Seven recombinant sheep pox viruses rSPPV (TK-)L7/L12, rSPPV(TK-)omp16, rSPPV(TK-)omp19, rSPPV(TK-)omp25, rSPPV(TK-)IalB, rSPPV(TK-)sodC, rSPPV(TK-)omp19/sodC, with inserted genes of Brucella spp., were obtained. All recombinants, excluding rSPPV (TK-) L7 / L12, remained genetically stable during long-term passaging in cell culture and efficiently expressed inserted genes in both permissive and non-permissive cells. Immunization of mice with recombinant viruses induced both humoral and cellular immune responses. The level of antibody production was dependent on the antigen used and was enhanced with the use of heterologous prime-booster immunization. Stimulation of the splenocytes of immunized mice with Brucella antigens led to the synthesis of interferon-gamma. Immunization of mice with recombinant viruses provided a significant decrease in spleen contamination after challenge with virulent strain 544 B. abortus, comparable to the vaccine strain S19 B. abortus.
Field of application – medical/veterinary virology.
The importance of work – recombinant capripoxviruses expressing antigenic proteins of Brucella are promising candidates for the development of a safe vaccine against brucellosis. 
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BRUCELLA SPP., ПРОТЕКТИВТІ БЕЛОКТАР, ВЕКТОРЛЫ ВАКЦИНАЛАР, ҚОЙ ШЕШЕГІ ВИРУСЫ, ВИРУСҚА ҚАРСЫ ИММУНИТЕТ
Зерттеу насаны қой шешегі вирусы Capripoxvirus.
Жұмыстың мақсаты Вrucella spp. протективті антигендерді экспрессиялайтын қой шешегі вирусының рекомбинантты штаммддарын құрастыру және олардың иммунобиологиялық қасиеттерін зерттеу болып табылады. 
Каприпоксвирус геномын рекомбинациялау үшін гомологиялық рекомбинация әдісі қолданылды. Рекомбинантты вирустар уақытша доминантты селекция жағдайында таңдалынып алынды. 
Зерттеулер нәтижесінде Brucella spp  антигенді  белоктарын кодтайтын алты генді қой шешегі вирусының геномына ендіру үшін жеті интеграция плазмидалары pIN-TK-omp16, pIN-TK-omp19, pIN-TK-omp25, pIN-TK-SOD, pIN-TK-L7/L12, pIN-TK-IalB, pIN-TK-omp19&SOD  конструирленіп алынды. Барлық конструкцияларға төлқұжат жасалынды. Геномдарына Brucella spp. белоктарын кодтайтын гендер ендірілген жеті қой шешегінің рекомбинантты вирустары rSPPV(TK-)omp16 rSPPV(TK-)omp19, rSPPV(TK-)omp25, rSPPV(TK-)SOD, rSPPV(TK-)L7/L12, rSPPV(TK-)IalB, rSPPV(TK-)omp19&SOD алынды. rSPPV(TK-)L7/L12 вирусынан басқа барлық рекомбинанттар жасуша өсіндісінде ұзақ уақыт бойы жасалынған пассаждар нәтижесінде генетикалық тұрғыдан тұрақты болып қала берді. Сонымен қатар олар пермессивті жәнеде пермессивті емес жасушаларда енгізілген гендерді тиімді түрде экспрессиялады. Рекомбинантты вирустармен тышқандарды егу гуморалды және жасушалы иммунды жауапты индуцирлейді. Антиденелердің  генерациясының деңгейі қолданылған антигенге байланысты болды, және гетерологиялық прйм-бустер егуді қолдану кезінде ол деңгей жоғарылады. Бруцелла антигендерімен егілген тышқандардың спленоциттерін ынталандыру интерферн-гамманың синтезіне тудырды. Рекомбинантты вирустармен тышқандарды егу оларды B.abortus 544 вирулентті штаммымен бақылаулы түрде егуден кейін олардың көк бауырларының ластануы айтарлықтай B.abortus S19 вакциналық штаммымен тепе-тең келетіндей төменделінгені  байқалынды.
Қолдану аймағы – медициналық/веетринарлық биология.
Жұмыстың маңыздылығы – бруцелланын антигенді белоктарын экспрессиялайтын рекомбинантты каприпоксвирустар, бруцеллезге қарсы қауіпсіз екпені жасаудағы перспективалы кандидаттар болып табылады. 
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DEFINITIONS, SYMBOLS AND ABBREVIATIONS

The following terms are used in this research report with the corresponding definitions, symbols and abbreviations.
Recombination 	the process of exchanging genetic material by breaking and combining different molecules 
Transfection 	the process of introducing nucleic acid into eukaryotic cells by a non-viral method
BSA 	– bovine serum albumin 
DNA 	– deoxyribonucleic acid
IFN-γ 	– interferon-gamma
CFU 	– colony forming units
ORF 	– open reading frame
PCR 	– polymerase chain reaction
TK 	– thymidine kinase
LT 	– lamb testicle
FBS 	– Fetal Bovine Serum
GFP 	– green fluorescent protein
gpt 	– xanthine-guanine-phosphoribosyl transferase gene
PBS 	– phosphate buffered saline


[bookmark: _Toc54796656]INTRODUCTION 

Brucellosis is a dangerous infectious disease of animals and humans. It is caused by Brucella, a gram-negative, non-spore-forming, facultative, intracellular bacterium of six species: В. melitensis, В. abortus, В. suis, В. neotomae, В. canis, and В. ovis, three of them being pathogenic for humans: the agents causing brucellosis of small cattle (B. melitensis), of cattle (B. abortus) and of swine (B. suis). Sick cloven-hoofed animals are a source of the infectious agent and its natural reservoir [1]. 
Brucellosis is a serious problem of health care as natural reservoirs exist. Currently live, attenuated vaccines based on strains S19 [2] and RB51 [3] are used to prevent brucellosis among animals. Virulence for humans is the major disadvantage of these vaccines [4, 5]. Although live vaccines are available for livestock, immunization programs must be maintained to limit human infection. The USA program of brucellosis eradication includes vaccination of non-infected animals and slaughter of infected animals [6, 7]. In Kazakhstan, the animals are tested annually for brucellosis and sick animals are slaughtered; vaccines are not used because of their high virulence. However, this approach is impossible for countries that are not able to provide restitution of livestock or where the affected animals cannot be removed due to cultural beliefs.
It should be also noted that the natural reservoir of Brucella spp. expands through wildlife intrusion [8, 9]. Susceptible to B. abortus are American buffaloes (Bison bison) and elks (Cervus elaphus) [10] that are natural reservoirs of the agent in the Greater Yellowstone Area, USA [11, 12]. Control of spread of infection in wildlife is rather limited and the possibility of livestock and human infection persists. The lack of reliable means of treatment and prevention of brucellosis and ease of dissemination of the pathogen in the form of an aerosol is alarming for its illegitimate use [13, 14]. 
Therefore, development of effective brucellosis vaccines for animals and humans is a task of priority. Developed vaccines should be safe both for target (livestock) animals and for wildlife as well as prevention of infection in humans. Vaccines should induce long-term protection against infection in a high proportion of animals and prevent colonization and seroconversion after exposure to virulent field strains. As the mechanism of immune response formation is not known, it is important for the vaccines in development to induce both cellular and humoral immune responses. A promising direction in the development of a vaccine that meets these requirements is the creation of a recombinant vector vaccine. Poxviruses [15, 16, 17], herpesviruses [18, 19], adenoviruses [20, 21], retroviruses [22, 23] and others are used as vaccine vectors. The development of a vector anti-brucellosis vaccine based on the influenza virus was carried out by the scientists of the RIBSP. As a result, recombinant influenza virus strains expressing SodC, Omp19, Omp16 and L7/L12 proteins [24] were obtained, and the immunogenicity and protection of the developed vector vaccine was evaluated [25, 26]. The genetic instability of the influenza virus dictates the need to search for an alternative vector.
The widespread use of poxviruses as vectors has become possible due to a number of important advantages over other viruses, including the large size of the viral genome                    (140-300 thousand base pairs) capable of holding up to 25 thousand bases of foreign DNA [27], specific poxvirus promoters and transcriptional enzymes, replication in the cytoplasm of infected cells without integration into the host genome [28], the ability to present foreign antigens on the surface of infected cells, which, in turn, induce cellular and humoral immune responses [29, 30], and exceptional thermal stability. 
Research project team has accumulated vast experience in working with poxviruses. As part of the grant funding project GF4/1071 "Capripoxvirus as a universal vector for the development of vaccines against infectious diseases", the research team obtained basic integration plasmids for the genome recombination of the vaccine sheep pox virus strain "NISKHI" at two loci [31] and recombinant virus strains expressing green fluorescent protein in cells of permissive and non-permissive hosts.
Scientific novelty of the project. The sheep pox virus will be first used for the expression of protective proteins of Brucella. Expression cassettes including several genes or epitopes will be used to obtain a unique vaccine against animals and humans brucellosis. This vaccine will provide high immunogenicity and protection (by inducing both a cellular and humoral immune response to protective antigens) as well as completely safe (by deletion of virulence genes of the sheep pox virus).
The significance of the project. Implementation of the project in the long term will allow developing effective safe anti-brucellosis vaccines, which will contribute to epizootic welfare in the country, the successful implementation of targeted livestock development programs aimed at providing quality livestock products to both domestic and foreign markets. In addition, execution will contribute to the formation of highly qualified specialists in the field of biotechnology, virology, veterinary immunology and infectious pathology of animals, the development of modern biotechnology industry.
The main goal of the project is the construction of the recombinant sheep pox virus strains expressing protective Brucella spp. antigens and the study of their immunobiological properties.
Tasks of the project:
1) Construction of the recombinant strains encoding omp19, SodC, omp16, L7/L12 genes, based on the sheep pox virus vaccine strain NISKHI, and determining their expression level;
2) Evaluation of the stability of the recombinant sheep pox virus strains; 
3) Evaluation of the humoral and cellular immunity activation of mice immunized with the recombinant sheep pox virus strains; 
4) Study of the obtained strains protection on laboratory animals.
Two interim reports with inv. No. 0218RK00509 (for 2018) and 0219RK01056 (for 2019) were prepared based on the research results.


[bookmark: _Toc496091351][bookmark: _Toc54796657]1 Choice of research directions
[bookmark: _Toc54796658]1.1 Рекомбинация генома поксвирусов
There are a number of methods for producing recombinant poxviruses. Homologous recombination remains the most widely used approach for inserting foreign DNA into the genome of poxviruses. A schematic diagram of homologous recombination of viral and plasmid DNA is described by Falkner & Moss [32]. An integrative vector [33] or viral DNA [34] is transfected into poxvirus-infected cells, resulting in homologous DNA recombination. The first stage is a single crossing over event, which leads to the integration of the full-length vector into the poxvirus genome. Due to the presence of repeats, a second crossing-over event occurs with the formation of either a wild-type virus or a recombinant virus containing foreign DNA sequences (Figure 1). 

[image: ]
Figure 1 – Scheme of events for homologous recombination (adapted from [32])

When constructing an integrative vector, the following conditions should be observed: the place of insertion should be unimportant for the replication of the virus in the cell, and the insertion itself should not disrupt the work of neighboring genes; the target gene with a promoter must be flanked by DNA sequences (at least 50, but better than 100 bp) homologous to the site of the viral genome where the target gene is planned to be placed [35].
For efficient insertion of DNA fragments up to 25000 bp. in the genome of vaccinia virus, a method of direct in vitro ligation was proposed [27, 36]. Fragments of the viral genome obtained after cleavage with restriction endonucleases at unique sites were ligated with foreign DNA fragments and transfected into cells that were infected with a conditionally lethal helper virus. Without special screening or selection, up to 25% of the plaques contained virus with genomic insertions. When screening was used to select recombinants, all plaques contained virus with genomic insertions.
Despite the advantages (the possibility of inserting large DNA fragments into the viral genome and excluding intermediate unstable recombinants), this method has not found widespread use due to the difficulties associated with manipulating large DNA and the need for helper viruses.
The thymidine kinase gene was one of the first genes used for insertion mutagenesis. Dubbs and Kit [37] described the natural emergence of the vaccinia virus mutants deficient in thymidine kinase (TK) activity, and the method for selection of TK-negative mutants using 5-bromo-2'-deoxyuridine (BUdR). Localization of the TK gene in the viral genome [33] made possible the incorporation of foreign genes into it and biochemical selection of recombinants based on their TK-negative phenotype or by other screening methods [38]. Predominantly TK gene was the site of the foreign gene insertion into the capripoxvirus genome. However, not for all poxviruses the TK gene activity is insignificant. For instance, some representatives of avipoxviruses failed to produce stable TK-negative mutants [39, 40, 41]. Due to that, the search for alternative sites to incorporate the heterologous DNA into poxvirus genome is underway.
To date, the genomes of many poxviruses have been sequenced and annotated, the functions of a number of genes have been determined, genes that determine the virulence of poxviruses have been identified [42, 43]. That has enabled searching for genes suitable for insertion of heterologous sequences, mutations of which result in attenuation of the viral vector [44]. Thus, it was found that along with mutations in the TK gene, mutations in the genes of hemagglutinin (HA) and the small subunit of ribonucleotide reductase (RR) do not affect the replication of vaccinia virus in cell culture and in mice [45]. The TK mutant was characterized by a decrease in the level of replication in mice as compared to the original NYCBH strain; the HA and RR mutants were even more attenuated in this respect. In addition, the RR deletion mutants were not transmitted from primary infected mice to native animals. Using the RR gene as a site for insertion, a recombinant strain of lumpy skin disease virus expressing the rabies virus glycoprotein was obtained [46]. The resulting recombinant virus was stable and elicited a humoral immune response in cattle, which was demonstrated by ELISA and rabies virus neutralization tests. 

Poxviruses replicate in the cytoplasm and use their own transcription systems [47]. In this regard, for the expression of foreign genes, the open reading frame should be under the control of the poxvirus promoter and terminator. Poxvirus genes and their promoters are divided into early, intermediate and late depending on the time of their expression during poxvirus infection [48, 49]. Some promoters have both early and late elements, providing continuous gene expression [50]. Among the most commonly used promoters for the expression of foreign genes, the early/late promoter p7.5K and late promoter p11 of the vaccinia virus should be noted. The p7.5 promoter is used as a standard when searching for new promoters or optimizing the existing ones [51, 52]. In addition to the natural promoters of the vaccinia virus, synthetic promoters have been developed for the expression of foreign genes: early/late [53], and late [54]. 
It has been shown that the poxvirus promoters are genetically conserved and exogenous poxvirus promoters can be used for recombination. For example, the p7.5 promoter of the vaccinia virus was used in the fowl pox virus (FPV) to express a transgene. Transcription in FPV initiated at the early and late element of the promoter and finished at the termination sequence similar to the p7.5 termination sequence in vaccinia virus, resulting in the same transgene [55, 56]. The choice and optimization of the promoter is one of the main stages in the development of vector vaccines and enhancement of their immunogenicity [57]. The promoter determines the time and level of gene expression. For instance, if the protein expression is required prior to the manifestation of the cytopathic effect of viruses in the cell monolayer, early promoters should be used. Strong late promoters provide the highest level of expression [54].
For the screening of recombinant viruses, reporter protein genes are used, which encode proteins that are neutral for cells, easily detectable in cells, or selective antibiotics. The most commonly used reporter genes are β-glucuronidase (GUS), β-galactosidase, and green fluorescent protein (GFP). The presence of the first two enzymes can be determined by in situ histochemical staining of tissues. GFP is capable of fluorescence in the visible (green) region of the spectrum when irradiated with long wavelength UV. This fluorescence is directly due to the protein and does not require substrates or cofactors for its manifestation. The guanine phosphoribosyl transferase (gpt) gene of Escherichia coli is the dominant selectable marker. It was shown, mycophenolic acid (MPA), an inhibitor of purine metabolism, block vaccinia virus replication in normal cell lines. However, recombinant viruses expressing gpt are capable of replicating in a selective medium containing MPA, xanthine, and hypoxanthine [32]. 
Due to the fact that capripoxviruses have a limited range of hosts and are not pathogenic to humans, they have a high potential for use as both replicable and non-replicable vector vaccines.

[bookmark: _Toc54796659]1.2 Selection of Brucella antigenic proteins 
The choice of antigens is complicated. At present at least 14 Brucella protective proteins have been identified (Table 1). Moreover, the protective protein vaccines may be effective for multiple Brucella species because of the >94% gene homology among Brucella species [58].

[bookmark: _Toc496091352]Table 1 - Brucella protective antigens verified experimentally
	#
	Symbol
	Locus tag
	Protein Description
	Location
	References (PMIDs)

	1
	BLS
	CAA86936
	Brucella lumazine synthase
	Cytoplasm
	11953389

	2
	L7/L12
	BRURPL712X
	Ribosomal protein L7/L12
	Cytoplasm
	8873388

	3
	P39
	ABM67295
	sugar-binding 39-kDa protein
	Periplasm
	11447155

	4
	Bfr
	BAB2_0675
	Ferritin:Bacterioferritin
	Cytoplasm
	11447155

	5
	Bp26
	BMEI0536
	Periplasmic immunogenic protein
	Periplasm
	17239499

	6
	DnaK
	BruAb1_2100
	Molecular chaperone DnaK
	Cytoplasm
	17686554

	7
	IalB
	BMEI1584
	Invasion protein B
	Cytoplasmic membrane
	17049676

	8
	Omp16
	BAB1_1707
	Outer membrane protein MotY
	Outer membrane
	18981242

	9
	Omp19
	BAB1_1930
	Lipoprotein Omp19
	Outer membrane
	18981242

	10
	Omp25
	BMEI1249
	25 kDa outer-membrane immunogenic protein precursor
	Outer membrane
	18981242

	11
	Omp31
	BAB1_1639
	OmpA-like transmembrane domain
	Outer membrane
	17014873

	12
	SodC
	BAB2_0535
	Cu/Zn superoxide dismutase
	Periplasm
	15039330

	13
	SurA
	BAB1_0706
	Peptidyl-prolyl cis-trans isomerase
	Periplasm
	17686554

	14
	Tig
	BMEI1069
	Trigger factor
	Cytoplasm
	17239499





[bookmark: _Toc54796660]2 Materials and methods
[bookmark: _Toc496091353][bookmark: _Toc22385106][bookmark: _Toc54796661]2.1 Viruses and bacteria
Sheep pox viruses was used in the work: an attenuated vaccine strain NISKhI from the collection of microorganisms of the RIBSP and the recombinant rSPPV(TK-)EGFP expressing a green fluorescent protein, obtained within the framework of the grant project 1071/GF4. The vaccine lumpy skin disease virus Neethling-RIBSP has been considered as an alternative to sheep pox virus. E. coli TOP10 cells were used to construct recombinant plasmids. To obtain recombinant Brucella proteins, we used strains E. coli T7/pET/Omp16, T7/pET/Omp19, T7/pET/L7/L12, T7/pET/SOD, ER2566/pET/Omp25; ER2566/pET/IalB. The vaccine strains S19 B. abortus, Rev1 B. melitensis and virulent strains 544 B. abortus, 16M B. melitensis were used to study the immunogenic efficiency of recombinant viruses.
[bookmark: _Toc496091354]
[bookmark: _Toc54796662]2.2 Amplification of nucleotide sequences
The amplification of nucleotide sequences of Brucella genes was carried out by PCR in a volume of 50 μL: 5 μL of 10 × buffer, 1 μL of 10 mM dNTP mixture, 1 μL of forward and reverse primers, 2.5 U Taq polymerase, 1 μg of viral DNA, water up to 50 μl. Temperature range: 95 °С – 5 min; 30 cycles 95 °С – 30 s, 50 °С – 1 min, 72 °С – 1 min; 72 °C – 10 min. 

[bookmark: _Toc54796663]2.3 Modification of nucleotide sequences
All manipulations with DNA were performed according to standard methods [59].
[bookmark: _Toc464721979][bookmark: _Toc496091356][bookmark: _Toc22385107]
[bookmark: _Toc54796664]2.4 Transfection of sheep pox virus infected LT cells with plasmid DNA
A monolayer of LT cells in a six-well plate was washed twice with a semi-synthetic near-wall medium without serum (SNM-0), then infected with a virus with a multiplicity of infection of 0.1 CPE50 per cell, and incubated for 4 h at 37 °C. After that, the virus suspension was removed from the cell monolayer. The monolayer was washed twice with SNM-0, and the recombinant integration plasmid was transfected using Lipofectamine 2000. Transfection was performed according to the manufacturer's protocol using 1-2 μg of DNA per well of a six-well plate.        SNM-0 with the addition of selective chemistry (250 μg/ml xanthine, 15 μg/ml hypoxanthine, and 25 μg/ml mycophenolic acid) was used as a medium.

[bookmark: _Toc464721980][bookmark: _Toc496091357][bookmark: _Toc22385108][bookmark: _Toc54796665]2.5 Selection of recombinant sheep pox viruses
The selection of recombinant viruses was carried out by 2-3 times sequential passaging of the transfected cell lysate in a LT cell culture in the presence of selective chemistry (250 μg/ml xanthine, 15 μg/ml hypoxanthine, and 25 μg/ml mycophenolic acid).
[bookmark: _Toc22385109][bookmark: _Toc54796666]2.6 Plaque cloning of recombinant viruses
For cloning of recombinant viruses by the plaque, a monolayer of LT cells in 6-well plates was used. The virus-containing cell lysate was treated with trypsin for 10 min at room temperature. To obtain single plaques, virus dilutions from 10-4 to 10-6 were used. Monolayer of LT cells was infected with each dilution of the virus (1 ml/well). It was incubated for 60 min at 37 °C, the virus suspension was removed, and 3 ml of a 0.5 % agarose in SNM-2 medium was carefully added into wells. After the agarose solidified, the plates were transferred to a CO2 incubator. After 5-7 days, the infected cells were stained with a 0.03 % solution of neutral red. Single plaques were transferred to fresh cell culture to accumulate the viral mass. After that, PCR analysis of the resulting clones was performed.

[bookmark: _Toc22385110][bookmark: _Toc54796667]2.7 Cloning of recombinant viruses by limiting dilution method
LT cells culture in 24-well plates was used. Dilutions of the virus were prepared from 10-5 to 10-7. 12-24 wells of a 24-well plate were infected with each dilution of the virus (0.5 ml/well). Plates were incubated for 7-10 days in a CO2 incubator at 37 °C. Then, PCR analysis of the resulting clones was performed.
[bookmark: _Toc22385111]
[bookmark: _Toc54796668]2.8 PCR-analysis of recombinant viruses
DNA from cell lysates was isolated using PrepMan ™ Ultra Sample Preparation Reagent, Applied Biosystems, according to the manufacturer's instructions. To detect inserted genes in the viral genome, specific primers were used, the sequences of which are shown in Table 2. The structure of the thymidine kinase locus was determined using primers PCR-TK-F                                 5'-aattataggacctatgttttctggc-3'and PCR-TK-R1 5'-cagcgtctttataacattcc-3'. The size of the PCR product for the parental virus strain is 400 bp, the sizes of the recombinant loci for each variant are shown in Table 2. The DNA amplification reaction was performed as in paragraph 2.2.
Table 2 – Primers used for the detection of inserted genes
	Target gene
	Primer name
	Primer sequence, 5’ – 3’
	PCR product size for target gene, bp
	PCR product size for TK locus, bp

	L7/L12
	L7/L12-FP
	AGTTCAACCTTGGCGCCAGCAGCTT
	117
	940

	
	L7/L12-RP
	CGGCGGCGCTAACAAGATCAACGTG
	
	

	SOD
	SOD -F
	CGCCATGGTTAAGTCCTTATTTATTGC
	533
	1045

	
	SOD -R
	CGCTCGAGTTCGATCACGCCGCAGGCAAAA
	
	

	omp25
	Omp25-F
	ACCATGGTTGCTGCCGACA
	400
	1058

	
	Omp25-R
	CCGAGCACATTGAGAAAGGCA
	
	

	omp16
	Omp16-F
	CGCTCGAGCCTTCCGGCCCCGTTGAGAA
	516
	1045

	
	Omp16-R
	CGCATATGCGCCGTATCCAGTCGATTGCA
	
	

	omp19
	Omp19-F
	CGCATATGGGAATTTCAAAAGCAAGTCT
	542
	1046

	
	Omp19-R
	CGCTCGAGGCGCGACAGCGTCACGGCCT'
	
	

	IalB
	IalB-F
	ACGGTCGACCTTGGTCAATGCCTG
	489
	998

	
	IalB-R
	TCTAGATCTAGCCTCCCTGCCCGG
	
	

	omp19/sodС
	PCR-X19-F
	CGGCCCTGTCCTGAAGAATAGAG
	558
	1545

	
	PCR-X19-R
	TGGCGGAAATCAAGCAGC
	
	



[bookmark: _Toc22385112][bookmark: _Toc54796669]2.9 Determination of the stability of recombinant viruses
The stability of the recombinant viruses was determined by carrying out five passages in the LT cell culture. The thymidine kinase locus structure and the presence of the target gene in the viral genome were confirmed by PCR analysis.

[bookmark: _Toc22385113][bookmark: _Toc54796670]2.10 Evaluation of the level of expression of target genes by recombinant viruses in cell culture
To assess the transient expression of the target gene, the infected cell culture was transfected with plasmid DNA. The cells were mechanically removed from the surface after 48 h and harvested by centrifugation at 200×g for 10 min. The presence of the target proteins was confirmed by the immunoblot method.
To assess the expression of target genes, monolayer cell culture in a 12-well plate were infected with the recombinant poxviruses (0.2 ml/well) with an activity of 5 lg TCD50/ml. Plate were incubated for 1 h at 37 °C in a CO2 incubator. Then, 0.8 ml of SNM-2 was added to each well and the incubation was continued. Sampling for analysis was carried out in dynamics for 3 days. The cells were mechanically removed and harvested by centrifugation at 200×g for 10 min. The cell pellet was stored at minus 70 °C until analysis. 

[bookmark: _Toc371006443][bookmark: _Toc403067450][bookmark: _Toc22385114][bookmark: _Toc54796671]2.11 SDS-PAGE-electrophoresis and immunoblot
Protein electrophoretic separation was performed in 12 % SDS-PAGE. Proteins were visualized using Coomassie G-250 staining or immunodetection. For immunodetection, proteins were transferred onto a nitrocellulose membrane. After protein transfer, the membrane was blocked for 1 h at room temperature in TBS-T [150 mM NaCl, 20 mM Tris-HCl, pH 7.5, 0.1 % Tween-20] containing 5 % fat free milk. Then they were incubated with primary (specific) antibodies diluted 1:10000 in blocking buffer for 1 h at room temperature, washed with TBS-T buffer and incubated with secondary antibodies labeled with alkaline phosphatase, at a dilution recommended by the manufacturer, under the same conditions. Then developed by adding BCIP/NBT substrate. Polyclonal mouse sera to bacterially expressed target proteins were used as specific antibodies. Purified bacterial-expressed proteins served as a positive control when setting up immunoblots.

[bookmark: _Toc54796672]2.12 RT-PCR
Cellular RNA was isolated using GenElute ™ Mammalian Total RNA Miniprep Kit, Sigma according to the manufacturer's protocol. QuantiTect SYBR® Green RT-PCR Kit was used for real-time RT-PCR according to the manufacturer's protocol. The reaction conditions were as follows: 50 °C – 30 min, 95 °C – 15 min, 30 cycles: 94 °C – 15 s, 60 °C – 30 s, 72 °C – 40 s, and 72 °C – 7 min. A purified PCR product was used as a standard, the number of copies of which was calculated using a calculator (https://nebiocalculator.neb.com/#!/dsdnaamt)
[bookmark: _Toc22385115]
[bookmark: _Toc54796673]2.13 Obtaining bacterial-expressed proteins and sera to them
[bookmark: _Toc22385116][bookmark: _Toc54796674]2.13.1 Bacterial expression of target proteins
A glycerol cell stock (5 μl) was added to 30 ml of LB-kan50 medium (LB medium containing 50 μg/ml kanamycin) and incubated overnight at 37 °C on a shaker. The overnight culture was diluted with LB-kan50 medium in a ratio of 1:50, after which the cells were grown at 37 °C to OD600 = 0.6-1 on a shaker (200 rpm). Expression induced by the addition of IPTG to 1 mM was carried out at 37 °C for 4 h. Before and after induction, samples were taken for analysis in SDS-PAGE. The cells were harvested by centrifugation at 4000 rpm for 20 min. Samples for analysis and cell pellets were stored at minus 20 °C until use. 
[bookmark: _Toc22385117]
[bookmark: _Toc54796675]2.13.2 Purification of recombinant proteins
The recombinant proteins L7/L12, omp19, and IalB were purified under native conditions, omp16, omp25, and sodC – under denaturing conditions. For lysis, the cell pellets were thawed and dissolved in buffer 1 [100 mM Tris HCl pH 8.0, 150 mM NaCl, 1 % Triton X-100, 1 % sodium deoxycholate] at the rate of 15 ml of buffer per 1 g of cells. Lysozyme was added to the resulting suspension to a final concentration of 1 mg/ml. Then they were frozen-thawed twice (minus 70 °C, 30 min/37 °C, 30 min) and incubated at 4 °C overnight. It was centrifuged at 4 °C for 15000×g for 15 min (supernatant – fraction of soluble protein, sediment – inclusion bodies). If necessary to obtain inclusions, the precipitate was sequentially washed with buffer 2 [100 mM Tris HCl, pH 8.0, 150 mM NaCl, 1 % Triton X-100], buffer 3 [100 mM Tris HCl, pH 8.0, 150 mM NaCl], buffer 4 [50 mM Tris HCl, pH 7.5]. The pellet was resuspended in buffer 5 [20 mM PBS, pH 7.4, 300 mM NaCl, 8 M urea, 5 mM imidazole, pH 7.4] and incubated at 4 °C overnight for complete dissolution. 
Purification of recombinant proteins under native or denaturing conditions was performed using Ni-NTA agarose according to the manufacturer's protocol. Refolding of the purified proteins was performed by dialysis at 4 °C on a magnetic stirrer overnight in buffer [20 mM PBS, 300 mM NaCl, 4 M urea pH 7.4] for proteins purified under denaturing conditions and in buffer [20 mM PBS, 300 mM NaCl, pH 7.4] for proteins purified in native conditions. Protein concentration was determined by the Lowry method.

[bookmark: _Toc22385118][bookmark: _Toc54796676]2.13.3 Obtaining specific sera for recombinant proteins
Experiments with animals were carried out in accordance with current national and international legislation. Application protocol No. 6 was approved by the Bioethics Commission of the RIBSP SC MES RK dated September 25, 2017.
Outbred white mice (females, 6-8 weeks old, weight 18-20 g) were used to obtain specific sera to recombinant proteins. Purified proteins were combined with adjuvant Montanide Gel 01, SEPPIC in a 9:1 (v/v) ratio according to the manufacturer's protocol. Immunization of mice was carried out subcutaneously four times at a dose of 30 μg of protein per mouse with an interval of 14 days. Blood sampling was performed from the tail vein. The activity of the sera was tested in ELISA. 
[bookmark: _Toc22385119]
[bookmark: _Toc54796677]2.14 Immunization of mice
Outbred white mice aged 5-7 weeks were divided into five groups of 9 heads (total 45). Mice were immunized twice with an interval of 14 days using several schemes (Table 3). Recombinant sheep pox viruses with an activity of 6 lgTCD50/ml were combined in an equivalent volume and injected in 0.4 ml (105 CPE50 of each virus) intraperitoneally. Recombinant proteins with a concentration of 60 μg/ml each were combined with the adjuvant Montanide Gel 01, SEPPIC in a 9: 1 (v/v) ratio and injected in 100 μl intramuscularly. For comparison, the B. abortus S19 vaccine strain was used, 105 CFU in a volume of 100 μl was injected subcutaneously.

Table 3 – Scheme of immunization of mice
	Immunization
	
	No. group

	
	1
	2
	3
	4
	5

	Prime
	RV
	P
	RV
	-
	PBS

	Buster
	RV
	RV
	P
	Ba
	PBS

	Notes
RV - a mixture of recombinant viruses;
P - a mixture of proteins
Ba - B. abortus, strain S19, 
PBS - phosphate buffered saline
"-" - the drug was not administered



30 days after the last immunization, three mice from each group were used to determine cellular immunity (section 2.16), the remaining six mice were challenged (section 2.17). Mice were bled from the tail vein to determine the humoral immune response by ELISA (section 2.15).

[bookmark: _Toc54796678]2.15 Enzyme linked immunosorbent assay (ELISA)
96-well plates (TPP, Switzerland) were coated with recombinant proteins; 100 μl of carbonate-bicarbonate buffer containing 2 μg/ml of recombinant protein was added to the wells. The plates were incubated overnight at 4 °C. Then washed three times with TBS-T and blocked with 5 % fat-free milk in TBS-T, (200 μl/well). Two-fold dilutions of the studied sera were added in 100 μL to the wells of the plate, incubated for 1 h at 37 °C. After three times washing with TBS-T buffer, conjugates of anti-mouse IgG with alkaline phosphatase (Sigma, USA) were added at a dilution of 1:5000 and incubated for 1 h at 37 °C. The plates were washed three times with TBS-T buffer and added with 100 μl of substrate for alkaline phosphatase (pNPP) (Sigma, United States), incubated for 30 min. Optical density (OD) was measured using an ImmunoChem-2100 reader at 405/630 nm. The titer was considered the highest dilution of serum, in which the optical density of the specific serum was two or more times higher than that of normal serum.
In the competitive variant, 96-well plates were coated with the recombinant omp25 protein, and 100 μl of carbonate-bicarbonate buffer containing 1 μg/ml of recombinant protein was added to the wells. The plates were incubated at 4 °C overnight. To construct a standard curve, omp25 protein was used at concentrations of 0-250 ng/ml. The working dilution of serum with an activity of 1:6400 was 1:4000. Before the analysis, the protein samples under study were combined with serum in a working dilution in equal volumes and incubated overnight at 4 °C. Standards were prepared in a similar way. Samples prepared for analysis were added in 100 μL to the wells of the plate, incubated at 37 °C for 1 h. The plates were washed four times and conjugates of anti-mouse IgG with alkaline phosphatase (Sigma, USA) were added at a dilution of 1:5000. Plates were incubated at room temperature for 1 h, washed four times, and 100 μl of pNPP substrate, Sigma, USA were added. Plates were incubated for 30 min. OD was measured at 405/630 nm using an ImmunoChem-2100 reader. The protein concentration in the test samples was determined using a standard curve.

[bookmark: _Toc54796679]2.16 Assessment of the cell-mediated immune response
[bookmark: _Toc54796680]2.16.1 Isolation of mouse splenocytes
The mouse, removed from the experiment by cervical dislocation, was placed on a dissecting table on its right side. The left side of the mouse was treated with 70 % alcohol. The fur on the left side of the mouse was cut approximately halfway between the front and rear paws. The body cavity was opened, the spleen was removed using forceps. The spleen was placed in a Petri dish. Using a syringe, 5-10 ml of DMEM was passed through the organ. In this case, the cells were washed out into the environment. The procedure was repeated until the white connective tissue of the outer membrane remained. The cell suspension was transferred into a 15 ml tube. Centrifuged at 800×g for 3 min at room temperature. The supernatant was removed and the cells were resuspended in 1 ml of ACK buffer. They were incubated at room temperature for 5 min. The cells were washed twice with culture medium. The pellet was resuspended in 3 ml of complete medium and the cell concentration was determined by counting in a hemacytometer.

[bookmark: _Toc54796681]2.16.2 ELISPOT
All procedures were performed under aseptic conditions. Anti-IFN-γ-antibodies were diluted in PBS according to the manufacturer's recommendations and added 100 μl to the wells of a 96-well nitrocellulose-coated plate. The plates were placed in a humid chamber and incubated overnight at 4 ° C. Blocked with culture medium RPMI1640 containing 10% FBS for 1 h at 37 °C. Then washed three times with PBS. A suspension of splenocytes with a concentration of 2×106 cells/ml was prepared and 100 μl of cells were added to the wells of the plate. IFN-γ synthesis was stimulated with Brucella antigens. Unstimulated cells were used as a negative control; cells were stimulated with lectin for positive control. Incubated for 48 h at 37 °C. The plates were then washed three times with PBS-T. 100 μl of detecting biotinylated antibodies diluted in PBS-T with 1 % BSA were added. The plates were incubated for 1 h at room temperature. Then washed six times with PBS-T. The wells were filled with 100 μL of a solution of streptavidin labeled with alkaline phosphatase and incubated for 1 h at room temperature. The plates were washed four times with PBS and added 100 μl of NBT/BCIP substrate. The spots were counted using a stereomicroscope. 

[bookmark: _Toc54796682][bookmark: _Toc496091364]2.17 Evaluation of the protection (efficiency) of recombinant viruses
Immunogenic efficacy was calculated according to the recommendations of the OIE [60]. Mice immunized with recombinant viruses (section 2.14) were challenged with B. abortus, strain 544 or B. melitensis strain 16M. 30 days after immunization, mice were injected intraperitoneally with 100 μl of a cell suspension containing 2×105 CFU. After 14 days, the contamination of the spleen was determined using the method of determining colony-forming units. The resulting colonies were counted on dilution plates giving less than 300 CFU. The total microbial number (X) was determined by the formula (1):

       (1)

If no colonies were found in 1/10 dilution plates, the spleen was considered contaminated with five bacteria. Then, the relative value of Y was calculated using the formula (2):

                                                                                      (2)
where X is the total microbial number (CFU / organ).

Mean and standard deviation, which are the response of each group of six mice, are then calculated. The conditions of the control experiment are satisfactory when: i) the response of unvaccinated mice (mean of Y) is at least of 4.5; ii) the response of mice vaccinated with the reference S19 vaccine is lower than 2.5; and iii) the standard deviation calculated on each lot of six mice is lower than 0.8. The test vaccine (recombinant viruses with proteins) was satisfactory if the immunogenicity value obtained in mice vaccinated with this vaccine is significantly lower than that obtained in the unvaccinated controls and does not differ significantly from that obtained in mice vaccinated with the reference vaccine 

[bookmark: _Toc54796683]3 Research results
[bookmark: _Toc496091366][bookmark: _Toc54796684]3.1 Construction of the recombinant strains encoding omp19, SodC, omp16, L7/L12 genes, based on the sheep pox virus vaccine strain NISKHI, and determining their expression level
[bookmark: _Toc54796685]3.1.1 Construction of integration plasmids for insertion of Brucella spp. into the genome of sheep pox virus
Integration plasmids for insertion of brucella genes into the sheeppox virus genome were constructed based on the pTKbase plasmid for recombination of the sheep pox virus genome at the thymidine kinase locus, which we obtained earlier within the framework of the grant 1071/GF4. The map of this plasmid is shown in Figure 2. 

[image: ]
ori- start of replication of plasmid DNA, APr - ampicillin resistance gene, P (BLA) - promoter, P7.5K - promoter, gpt - xanthine-guanine-phosphoribosyl transferase gene, TK-L - left arm of the thymidine kinase locus of sheep pox virus, TK- R - right arm of the sheep pox virus thymidine kinase locus, pS - synthetic early-late poxvirus promoter

[bookmark: _Toc496091380]Figure 2 – Map of the basic integration plasmid for recombination of the sheeppox virus genome at the thymidine kinase locus

The DNA sequences encoding the target genes omp16, omp19, omp25, sodC, IalB, and L7/L12 Brucella spp. were amplified from genomic DNA of B. abortus strain 19S and cloned into the basic integration plasmid into the NcoI and NotI (or BglII) sites. As a result, 6 constructs were obtained: pIN-TK-omp16, pIN-TK-omp19, pIN-TK-omp25, pIN-TK-SOD, pIN-TK-IalB and pIN-TK-L7/L12. In addition, a chimeric gene encoding fragments of the omp19 and SOD proteins was obtained by PCR and cloned into the basic integration plasmid (pIN-TK-omp19/SOD). The constructs were validated by sequencing and restriction analysis (Figure 3). The resulting constructs contained DNA fragments of calculated sizes. It should be noted that the treatment with PstI and SphI restriction enzymes of plasmids pIN-TK-omp16 and pIN-TK-omp25 resulted in the formation of additional fragments due to the presence of SphI restriction sites in the omp16 and omp25 gene sequence. Passports have been drawn up for all structures (APPENDIX C).
[image: ][image: ]
M - DNA ladder, 1 - basic integration plasmid pIN-TKsppv (108 bp), 2 - pIN-TK-L7/L12 (518 bp), 
3 - pIN-TK-IalB (576 bp), 4 - pIN-TK-omp16 (623 bp), 5 - pIN-TK-omp19 (624 bp), 6 - pIN-TK-SOD (623 bp), 
7 - pIN-TK-omp19/SOD (1035 bp), 8 - pIN-TK-omp25 (123 + 512 bp)

Figure 3 – Restriction analysis of integration plasmids treated with PstI and SphI

The efficiency of expression cassettes of integration plasmids was assessed by transient gene expression in the poxvirus system (Figure 4). For detection, specific sera to bacterial-expressed target proteins obtained in mice were used.
As can be seen from Figure 4, the transfection of the obtained genetic constructs into a LT cell culture infected with the sheep pox virus provides transient expression of the target genes at the translational level. It should be noted that proteins L7/L12 and IalB accumulate only in cells (Figure 4C, D, line 4), while OMP16 and SOD are detected both in cells and in the culture medium (Figure 4A, B, lines 3, 4). This may be due to the secretion of proteins from the cell or to the destruction of cells due to the toxicity of these proteins. The difference in the molecular weight of the IalB protein expressed in bacterial and poxvirus systems is associated with the presence of additional peptide sequences at the N- and C-terminus of the amino acid sequence in the bacterial expression vector (Figure 4D, lines 1 and 4).
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A – OMP16 protein; B – SOD protein; C – protein L7 / L12; D – IalB protein. M is a marker of the molecular weight of proteins. 1, 6 – bacterial-expressed protein (positive control); 2, 7 – lysate of LT cells infected with sheep pox virus (virus control); 3, 8 – the medium of LT cells infected with the sheep pox virus 48 h after transfection with the corresponding integration plasmid; 4, 9 – lysate of cells infected with sheep pox virus 48 h after transfection with the corresponding integration plasmid; 5, 10 – lysate of LT cells (negative control). 1-5 – specific serum for the recombinant protein; 6-10 is normal serum. E – protein OMP19: 1-4 – specific serum; 5-8 – normal serum; 
M – marker of the molecular weight of proteins, 1,5 – bacterial-expressed protein (positive control), 2,6 – lysate of LT cells infected with sheep pox virus (virus control), 3,7 – lysate of LT cells (negative control), 4,8 – lysate of cells infected with sheep pox virus 48 h after transfection with the corresponding integration plasmid. F – белок OMP25: 1-4 – специфическая сыворотка; 5-8 – нормальная сыворотка; М – маркер молекулярного веса белков, 
1,5 – bacterial-expressed protein (positive control), 2,6 – lysate of LT cells infected with sheep pox virus (virus control), 3,7 – lysate of LT cells (negative control), 4,8 – lysate of cells infected with sheep pox virus 48 h after transfection with the corresponding integration plasmid.

Figure 4 – Immunodetection of target proteins transiently expressed in the poxvirus system

[bookmark: _Toc54796686]3.1.2 Development of recombinant sheep pox virus strains
[bookmark: _Toc22385122][bookmark: _Toc54796687]3.1.2.1 Development of recombinant sheep pox virus rSPPV(TK-)omp19
The transfection of the cell culture infected with the sheep pox virus of the NISНKI was carried out with the integration plasmid pIN-TK-omp19. To enrich the viral population with recombinants, two selective passages were performed. Then the viruses were cloned by the limiting dilution method. As a result, 46 clones were obtained, three of them had the target gene in the genome (Figure 5A). The structure of the locus corresponded to the parental type of the virus (Figure 5B). 
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A – analysis for the presence of the target gene omp19, B – analysis of the structure of the TK locus, 
PC – positive control, (*) an asterisk indicates the selected clones

Figure 5 – Results of PCR analysis of viral clones obtained by the limiting dilution method 

After a single passage and analysis by PCR, clones 27D5 and 28C35 were used for further plaque cloning. Forty-seven plaques were selected and propagated. PCR analysis showed that only one viral clone had the target gene (42C5) (Figure 6A). Analysis of the structure of the locus showed that this clone has a recombinant genotype (Figure 6B). 
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A – analysis for the presence of the target gene omp19, B – analysis of the structure of the TK locus, 
PC – positive control, (*) an asterisk indicates the selected clones

Figure 6 – Results of PCR analysis of viral clones obtained 
by the method of plaques under agarose coating 

Thus, as a result of the studies performed, a recombinant virus rSPPV(TK-)omp19 (clone 42C5) was obtained, the genome of which included the target gene, and the structure of the locus corresponded to the recombinant type. Recombinant virus rSPPV(TK-)omp19 has been deposited in the Collection of microorganisms of the RSE RIBSP SC MES RK (APPENDIX D).
[bookmark: _Toc22385123]
[bookmark: _Toc54796688]3.1.2.2 Development of recombinant sheep pox virus rSPPV(TK-)omp19/sodC
The transfection of the cell culture infected with the sheeppox virus of the NISKHI was performed with the integration plasmid pIN-TK-omp19/sodC. To enrich the viral population with recombinants, two selective passages were performed. Then the viruses were cloned by the limiting dilution method, which resulted in 46 clones. PCR analysis showed that three clones 35B3, 35B5 and 35C5 had the target gene in the genome (Figure 7A), while one of them 35B5 had a recombinant type of locus structure (Figure 7B). 
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A – analysis for the presence of the target gene omp19/sodC in the viral genome, B – analysis of the structure of the TK locus, PC - positive control, (*) selected clones are marked with an asterisk

Figure 7 – Results of PCR analysis of viral clones obtained by the limiting dilution method 

Thus, as a result of the studies carried out, a recombinant virus rSPPV (TK-) omp19/sodC (clone 35B5) was obtained, the genome of which included the target gene, and the structure of the locus corresponded to the recombinant type. The recombinant virus rSPPV(TK-)omp19/sodC was deposited in the Collection of microorganisms of the RSE RIBSP SC MES RK (APPENDIX D).
[bookmark: _Toc22385127]
[bookmark: _Toc54796689]3.1.2.3 Development of recombinant sheep pox virus rSPPV(TK-)SOD
The transfection of the cell culture infected with the sheep pox virus of the NISKHI was performed with the integration plasmid pIN-TK-sodC. To enrich the viral population with recombinants, two selective passages were performed. As a result of two rounds of cell lysate cloning by the limiting dilution method and one by the plaque method, two virus clones 70F8 and 71D6 were obtained, which were represented by a mixture of recombinant and parent viruses (Figure 8B). The next two rounds of plaque cloning made it possible to isolate genetically homogeneous recombinants (Figure 9). Clones 81B2, 81C2, and 81D4 were selected for further research. 
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A – analysis for the presence of the target sodC gene in the viral genome, B – analysis of the structure of the TK locus, PC – positive control, rt – recombinant virus, wt – original virus

Figure 8 – Results of PCR analysis of viral clones obtained by the method of plaques under agarose coating

[image: ]
A – analysis for the presence of the target sodC gene in the viral genome, B – analysis of the structure of the MC locus, PC – positive control, the selected clones are marked with an asterisk (*)

Figure 8 – Results of PCR analysis of viral clones obtained by the method of plaques under agarose coating 

Thus, the recombinant viruses rSPPV(TK-)sodC (clones 81B2, 81C2, and 81D4) were obtained, the genome of which included the target gene, and the structure of the locus corresponded to the recombinant type. The recombinant virus rSPPV(TK-)sodC (clone 81B2) was deposited in the Collection of Microorganisms of the RSE RIBSP SC MES RK (APPENDIX D).
[bookmark: _Toc22385124]
[bookmark: _Toc54796690]3.1.2.4 Development of recombinant sheep pox virus rSPPV(TK-)omp16
Transfection of a cell culture infected with rSPPV(TK-)EGFP was performed with the integration plasmid pIN-TK-omp16. To enrich the viral population with recombinants, two selective passages were performed. As a result of cloning the cell lysate by the plaque method,    14 clones were obtained. In this case, the selection of plaques was carried out using a fluorescent microscope. Fluorescence was recorded in transmitted light (Figure 10). Non-fluorescent plaques were selected. Then PCR analysis of the structure of the locus of the obtained clones was performed (Figure 11A), as well as for the presence of the target gene and the absence of the egfp and gpt genes (Figure 11B). When the rSPPV(TK-)EGFP genome was recombined, the size of the TK locus of the original virus was 1226 bp, and the size of the new recombinant with the inserted omp16 gene was 1046 bp (Figure 11A). Based on the PCR analysis, one clone of the recombinant virus 90A1 was selected, in the genome of which the target gene omp16 was identified (Figure 11B, lane 1). The absence of the egfp (Figure 11B, lane 3) and gpt (Figure 11B, lane 5) genes confirmed the second crossing over event in the viral genome (Figure 1). Two more clones 93D7 and 93G7 were obtained after two rounds of cloning (limiting dilution and plaque). 
[image: ]
A - light microscopy of plaques, B - simultaneous luminescent and light microscopy of plaques

Figure 10 – Plaques formed in cell culture by sheep pox virus
[image: ]
A: analysis of the structure of the TK locus, 1-14 – clone numbers; B: analysis for the presence of the target gene omp16 (lanes 1,2), egfp gene (lanes 3,4) and gpt gene (lanes 5,6) in the viral genome, 1,3,5 – clone 90A1, 
2,4,6 – clone  92A1; PC – positive control; an asterisk (*) marks the selected clones 

Figure 11 – Results of PCR analysis of viral clones obtained by the method of plaques under agarose coating

Thus, we obtained recombinant viruses rSPPV(TK-)omp16 (clones 90A1, 93D7, and 93G7), the genome of which included the target gene, and the structure of the locus corresponded to the recombinant type. The recombinant virus rSPPV(TK-)omp16 (clone 90A1) was deposited in the Collection of Microorganisms of the RSE RIBSP SC MES RK (APPENDIX D).
[bookmark: _Toc22385125]
[bookmark: _Toc54796691]3.1.2.5 Development of recombinant sheep pox virus rSPPV(TK-)omp25
The transfection of the cell culture infected with rSPPV(TK-)EGFP was performed with the integration plasmid pIN-TK-omp25. To enrich the viral population with recombinants, two selective passages were carried out. As a result of cloning the cell lysate by the plaque method, 23 clones were obtained. Plaque sampling was performed using a fluorescent microscope. Non-fluorescent plaques were selected. Then, PCR analysis of the structure of the locus of the obtained clones (Figure 12A) was performed for the presence of the target gene (Figure 12B) and the absence of the egfp and gpt genes. When the rSPPV(TK-)EGFP genome was recombined, the size of the TK locus of the original virus was 1226 bp, and the size of the new recombinant with the inserted omp25 gene was 1058 bp. (Figure 12A). Based on PCR analysis, three clones of recombinant viruses 88A3, 88B1, and 88B2 were selected, in the genome of which the target gene omp25 was identified (Figure 12B). The absence of the egfp and gpt genes confirmed the second crossing over event in the viral genome. 
[image: ]
A – analysis of the structure of the TK locus, B – analysis for the presence of the target gene omp25 in the viral genome, PC – positive control, selected clones are marked with an asterisk (*)

Figure 12 – Results of PCR analysis of viral clones obtained by the method of plaques under agarose coating

Thus, recombinant viruses rSPPV(TK-)omp25 (clones 88A3, 88B1, and 88B2) were obtained, the genome of which included the target gene, and the structure of the locus corresponded to the recombinant type. The recombinant virus rSPPV(TK-)omp25 (clone 88A3) was deposited in the Collection of Microorganisms of the RSE RIBSP SC MES RK (APPENDIX D).

[bookmark: _Toc54796692]3.1.2.6 Development of recombinant sheep pox virus rSPPV(TK-)IalB
The transfection of the cell culture infected with rSPPV(TK-)EGFP was performed with the integration plasmid pIN-TK-IalB. To enrich the viral population with recombinants, two selective passages were carried out. As a result of two rounds of cloning by the limiting dilution method, clones of viruses 94A10 and 94D4 were obtained, consisting of a mixture of rSPPV(TK-)EGFP and rSPPV(TK-)IalB (Figure 13).
[image: ]
Figure 13 – Results of PCR analysis of the structure of the TK locus of viral clones obtained by the limiting dilution method

The clones selected for further work were combined and cloned by the plaque method. Plaque sampling was performed using a fluorescent microscope. Non-fluorescent plaques were selected. Ten clones were selected and analyzed by PCR (Figure 14). Based on PCR analysis, three clones of recombinant viruses 96A2, 96B2 and 96B4 were selected, in the genome of which the target IalB gene was identified (Figure 14B). The absence of the egfp (Figure 14С) and gpt (Figure 14D) genes confirmed a second crossing over event in the viral genome.
[image: ]
A – analysis of the structure of the TC locus, B – analysis for the presence of the target IalB gene in the viral genome, C – analysis for the presence of the egfp gene, D – analysis for the presence of the gpt gene, NC – negative control, PC – positive control, asterisks (*) marked selected clones

Figure 14 – Results of PCR analysis of viral clones obtained by the method of plaques under agarose coating 

Thus, we obtained recombinant viruses rSPPV(TK-)IalB (clones 96A2, 96B2, and 96B4), the genome of which included the target gene, and the structure of the locus corresponded to the recombinant type. The recombinant virus rSPPV(TK-)IalB (clone 96A2) was deposited in the Collection of Microorganisms of the RSE RIBSP SC MES RK (APPENDIX D).
[bookmark: _Toc22385126]
[bookmark: _Toc54796693]3.1.2.7 Development of recombinant sheep pox virus rSPPV(TK-)L7/L12
To obtain the recombinant virus rSPPV (TK-) L7 / L12, both the NISKHI strain and the recombinant rSPPV(TK-)EGFP were used as the initial virus. The integration plasmid pIN-TK-L7 / L12 was used for transfection. Enrichment of the viral population with recombinants was carried out by carrying out two selective passages. To isolate recombinants, more than twenty rounds of cloning in various combinations were performed (Figure 15). However, it was not possible to isolate a genetically stable recombinant. 
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\2019 отчет\Презентация50.tif]
A – analysis for the presence of the target gene L7/L12 in the viral genome, B – analysis of the structure of the TK locus, PC – positive control, the selected clones are marked with an asterisk (*)

Figure 15 – Results of PCR analysis of viral clones obtained by the method of limiting dilutions

[bookmark: _Toc54796694]3.1.3 Evaluation of the expression of target genes by recombinant sheep pox viruses
[bookmark: _Toc22385130][bookmark: _Toc54796695]3.1.3.1 Obtaining purified bacterial-expressed proteins
At the first stage, purified proteins and mouse anti-sera to them were obtained. For this purpose, we used bacterial strains producing recombinant Brucella proteins obtained by us earlier (OMP16, OMP19, SOD, L7 / L12), as well as strains producing OMP25 and IalB proteins obtained within the framework of this project. The purity of the obtained protein preparations was at least 90 %. For the protein preparations received, passports (certificates) were issued indicating the main indicators (APPENDIX E). 

[bookmark: _Toc22385131][bookmark: _Toc54796696]3.1.3.2 Obtaining specific sera
Specific sera were produced in mice by immunization with purified proteins combined with adjuvant Montanide Gel01 (150 μg/ml). Immunization was carried out four times with an interval of 2 weeks. The obtained sera were tested by ELISA. The titers of specific sera to proteins OMP16, OMP19, SOD, L7/L12, IalB and OMP25 were 1:40960, 1:320, 1:20480, 1:20480, 1:64000, 1:6400, respectively. 

[bookmark: _Toc54796697]3.1.3.3 Evaluation of the target genes expression by recombinant sheep pox viruses
The expression of target genes by recombinant viruses was assessed at the transcriptional and translational levels. For this purpose, LT (permissive), MDBK and L929 (non-permissive) cells were infected with the recombinant viruses rSPPV(TK-)omp19/sodC, rSPPV(TK-)omp16, rSPPV(TK-)omp25, rSPPV(TK-)IalB. Recombinant viruses effectively replicated in permissive cells, causing a cytopathic effect in the monolayer (Figure 16B), while no cytopathic effect of the virus was detected in the monolayer of non-permissive cells (Figure 16D).
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A, B – LT cell line; C, D – L929 cell line; A, C – non-infected cells; 
B, D – cells infected with the recombinant virus rSPPV(TK-)omp19/sodC

Figure 16 – Cytopathic changes in the monolayer of cells infected with recombinant sheep pox viruses after 72 h of incubation

Samples of infected cells were collected in dynamics for 72 h. The number of copies of mRNA of the target gene was determined by real-time RT-PCR (see section 2.12).
As seen in Figure 17, target genes are efficiently transcribed from the viral genome. It should be noted that during the reproduction of the virus in permissive cells, the number of mRNA copies increases, reaching a maximum by 72 h (observation period). In non-permissive cells, the infection of the virus is abortive. No new virus virions are formed during the infection. The mRNA copy number reaches its maximum value within 2 h after cell infection and remains at this level for 10-12 h, after which it begins to decrease (Figure 17).
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A – rSPPV(TK-)omp19/sodC, B – rSPPV(TK-)omp16, C – rSPPV(TK-)omp25, D – rSPPV(TK-)IalB

Figure 17 – The level of mRNA/TCD50 target genes in cells infected with recombinant viruses in dynamics

The cell lysates were tested by Western blotting to identify target proteins (Figures 18-21). As can be seen from Figures 18-21, all proteins are efficiently expressed by recombinant sheep pox viruses. The expression level is consistent with the mRNA copy number. It should also be noted that the omp19/sodC chimeric protein is detected in the Western blot with both omp19 serum (Figure 18A-C, lanes 4-9) and SOD protein serum (Figure 18A-C, lanes 13-18).  
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A – cell culture MDBK; B – culture of LT cells; C – cell culture L929. M is a marker of the molecular weight of proteins; 1, 10, 19 – bacterial-expressed protein omp19 (positive control); 2, 11, 20 – bacterial-expressed SOD protein (positive control); 3, 12, 21 – lysate of cells infected with the sheep pox virus NISKHI; 4, 13, 22 – lysate of cells infected with recombinant sheep pox virus after 72 h; 5, 14, 23 – lysate of cells infected with recombinant sheep pox virus after 48 h; 6, 15, 24 – lysate of cells infected with recombinant sheep pox virus after 24 h;               7, 16, 25 – lysate of cells infected with recombinant sheep pox virus after 16 h; 8, 17, 26 – lysate of cells infected with recombinant sheep pox virus after 8 h; 9, 18, 17 – lysates of uninfected cells (culture control); 1-9 – specific serum to the recombinant protein omp19; 10-18 – specific serum for recombinant SOD protein; 19-27 – normal serum

Figure 18 – Immunodetection of target proteins omp19 and SOD expressed 
by the rSPPV(TK-)omp19/sodC virus
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A – MDBK cell culture; B – LT cell culture; C – L929 cell culture. M is a marker of the molecular weight of proteins. 1, 9 – bacterial expressed protein (positive control); 2, 10 – lysate of cells infected with the sheep pox virus NISKHI; 3, 11 – lysate of uninfected cells (control of cell culture); 4, 12 – lysate of cells infected with recombinant sheep pox virus after 8 h; 5, 13 – lysate  of cells infected with recombinant sheep pox virus after 16 h; 6, 14 – lysate  of cells infected with recombinant sheep pox virus after 24 h; 7, 15 – lysate  of cells infected with recombinant sheep pox virus after 48 h; 8, 16 – lysate  of cells infected with recombinant sheep pox virus after 72 hours; 1-8 – specific  serum for recombinant omp16 protein; 9-16 – normal  serum

Figure 19 – Immunodetection of the target protein omp16 expressed by the rSPPV(TK-)omp16 


	A
[image: C:\Users\DELL\Desktop\2020\материалы\блот для отчета\omp25 mdbk ss.tif][image: C:\Users\DELL\Desktop\2020\материалы\блот для отчета\omp25 mdbk ns.tif]
	B
[image: C:\Users\DELL\Desktop\2020\материалы\блот для отчета\t omp 25 ss.tif][image: C:\Users\DELL\Desktop\2020\материалы\блот для отчета\omp25 тя ns.tif]
	C
[image: C:\Users\DELL\Desktop\2020\материалы\блот для отчета\омр25 l ss.tif][image: C:\Users\DELL\Desktop\2020\материалы\блот для отчета\imgonline-com-ua-Mirror-qOBzNC4Is23Xih81.tif]



A – MDBK cell culture; B – LT cell culture; C – L929 cell culture. M is a marker of the molecular weight of proteins. 1, 9 – bacterial expressed protein (positive control); 2, 10 – lysate of cells infected with the sheep pox virus NISKHI; 3, 11 – lysate of uninfected cells (control of cell culture); 4, 12 – lysate of cells infected with recombinant sheep pox virus after 8 h; 5, 13 – lysate  of cells infected with recombinant sheep pox virus after 16 h; 6, 14 – lysate  of cells infected with recombinant sheep pox virus after 24 h; 7, 15 – lysate  of cells infected with recombinant sheep pox virus after 48 h; 8, 16 – lysate  of cells infected with recombinant sheep pox virus after 72 hours; 1-8 – specific  serum for recombinant omp25 protein; 9-16 – normal  serum

Figure 20 – Immunodetection of the target protein omp25 expressed by the rSPPV(TK-)omp25
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A – MDBK cell culture; B – LT cell culture; C – L929 cell culture. M is a marker of the molecular weight of proteins. 1, 9 – bacterial expressed protein (positive control); 2, 10 – lysate of cells infected with the sheep pox virus NISKHI; 3, 11 – lysate of uninfected cells (control of cell culture); 4, 12 – lysate of cells infected with recombinant sheep pox virus after 8 h; 5, 13 – lysate  of cells infected with recombinant sheep pox virus after 16 h; 6, 14 – lysate  of cells infected with recombinant sheep pox virus after 24 h; 7, 15 – lysate  of cells infected with recombinant sheep pox virus after 48 h; 8, 16 – lysate  of cells infected with recombinant sheep pox virus after 72 hours; 1-8 – specific  serum for recombinant IalB protein; 9-16 – normal  serum

Figure 21 – Immunodetection of the target protein IalB expressed by the rSPPV(TK-)IalB

We also tried to determine the amount of protein that is expressed by a recombinant virus with an activity of 1 TCD50 using rSPPV(TK-)omp25. For this, a monolayer of cells in six well plates was infected with a recombinant virus with an activity of 6.37 lg TCD50/ml (0.5 ml per well). Plates were incubated for 72 h. Cells from each well were harvested mechanically, resuspended in 250 μl PBS, and lysed by freeze-thaw method. The protein content in cell lysates was determined by competitive ELISA. The results are shown in Figure 22.
As can be seen from Figure 22, the maximum accumulation of protein in cells is observed after 24 h in both permissive and non-permissive cells. A low level of protein expression in non-permissive cells is associated with an abortive type of infection. The data obtained will make it possible to make a preliminary calculation of the required amount of virus in a vaccine dose to ensure the expression of the required amount of the target antigen. 

Figure 22 – The expression level of the target protein 
by the recombinant virus rSPPV(TK-)omp25 in dynamics

[bookmark: _Toc54796698]3.2 Evaluation of the stability of the recombinant sheep pox virus strains
To determine the stability of the obtained recombinant strains, five consecutive passages were carried out for each recombinant virus. At the first and fifth passage levels, PCR analysis was performed to determine the structure of the locus and the presence of the target gene in the viral genome. The results are shown in Figures 23-28.
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A – analysis for the presence of the target gene omp19 in the viral genome, 
B – analysis of the structure of the TK locus, PC - positive control

Figure 23 – Results of PCR analysis determine the stability 
of the recombinant virus rSPPV(TK-)omp19 (clone 42C5) 
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A – analysis for the presence of the target chimeric gene omp19/sodC in the viral genome, 
B – analysis of the structure of the TK locus, PC - positive control

Figure 24 – Results of PCR analysis determine the stability 
of the recombinant virus rSPPV(TK-)omp19/sodC (35B5) 

[image: ]
M – DNA length marker; 1,4,7,10 – clone 81B2; 2,5,8,11 – clone 81C2; 3,6,9,12 – clone 81D4; 1,2,3,7,8,9 – first passage; 4,5,6,10,11,12 – fifth passage; PC – positive control (plasmid DNA)

Figure 25 – Results of PCR analysis determine the stability 
of the recombinant virus rSPPV(TK-)sodC 

[image: ]
M – DNA length marker; 1,4 – clone 88A3; 2,5 – clone 88B1; 3,6 – clone 88B2; A – first passage; 
B – fifth passage; PC – positive control (plasmid DNA)

Figure 26 – Results of PCR analysis determine the stability 
of the recombinant virus rSPPV(TK-)omp25 

[image: ]
M – DNA length marker; 1,4 – clone 90A1; 2,5 – clone 93D7; 3,6 – clone 93G7; A – first passage; 
B – fifth passage; PC – positive control (plasmid DNA)

Figure 27 – Results of PCR analysis determine the stability 
of the recombinant virus rSPPV(TK-)omp16 
[image: ]
M – DNA length marker; 1,4,7,10 – clone 96A2; 2,5,8,11 – clone 96B2; 3,6,9,12 – clone 96B4; 1,2,3,7,8,9 – first passage; 4,5,6,10,11,12 – fifth passage; PC – positive control (plasmid DNA)

Figure 28 – Results of PCR analysis determine the stability 
of the recombinant virus rSPPV(TK-)IalB 

As can be seen from Figures 23-28, all the obtained recombinant viruses remain genetically stable for five consecutive passages (observation period) in the TC cell culture.

[bookmark: _Toc54796699]3.3 Evaluation of the humoral and cellular immunity activation of mice immunized with the recombinant sheep pox virus strains
At the first stage, the level of humoral and cellular immunity was determined in mice immunized twice with the rSPPV(TK-)omp19/sodC virus (clone 35B5) or in combination with a mixture of omp19 and sodC proteins for booster immunization. Then, a mixture of four viruses expressing proteins omp19/sodC, omp16, omp25, IalB and a mixture of the same bacterially expressed proteins was used to immunize mice.
The level of the humoral immune response was assessed by the method of enzyme immunoassay. It was found that a pronounced humoral immune response is formed when using a heterologous scheme of prime-booster immunization (Table 4). In this case, the levels of antibodies to the expressed proteins are determined by both the administered dose and the antigenic properties of the protein. The highest level of antibodies was recorded for Cu-Zn superoxide dismutase.
The activation of the cellular immune response was assessed by the level of interferon-gamma synthesis in ELISPOT. It has been established that recombinant sheep pox viruses, along with a humoral immune response, effectively induce a Th1 immune response. Stimulation of splenocytes with a mixture of recombinant Brucella proteins or heat-killed B. abortus S19 cells significantly increases the number of T-cells producing IFN-γ from mice immunized with recombinant sheep pox viruses (Figure 29).


Table 4 – The level of antibodies in the blood sera of mice immunized with recombinant sheep pox viruses (inverse values of titers in ELISA) 
	Immunizaion
	Protein antibody titer

	
	Omp16
	Omp19
	Omp25
	L7/L12
	sodC
	IalB

	Опыт 1

	RV(106CPE50)/P (20 µg)
	-
	160
	-
	-
	2560
	-

	RV(106CPE50)/ RV(106CPE50)
	-
	<40
	-
	-
	80
	-

	B.melitensis Rev1 (105 CFU)
	-
	<40
	-
	-
	40
	-

	Опыт 2

	RV(105CPE50)/P (6 µg)
	<20
	<20
	<20
	<20
	80
	<20

	P(6 µg)/RV(105CPE50)
	1280
	<20
	1280
	640
	2560
	1280

	PBS
	<20
	<20
	<20
	<20
	<20
	<20

	B. abortus S19 (105 CFU)
	<20
	<20
	<20
	<20
	40
	<20

	Notes
RV – a mixture of recombinant viruses;
P – a mixture of proteins
PBS – phosphate buffered saline
"-" – research was not carried out



[image: ]
X-axis – prime booster immunization: PBS – phosphate buffered saline, V/P – virus mixture (prime)/protein mixture (booster), P/V – protein mixture (prime)/virus mixture (booster), B.a. – B. abortus strain S19; 
mitogens: RPMI – nutrient medium RPMI1640 (non-stimulated control), P mix – mixture of recombinant proteins, B.a. – a single brucellosis antigen inactivated by boiling, Lectin – phytohemagglutinin (positive control). 
Statistical analysis was performed using two-way ANOVA followed by Tukey's multiple comparisons test. 
Data as shown as mean ±SD. ****P< 0,0001, **P< 0,01.

Figure 29 – Level of INFγ synthesis in ELISPOT

[bookmark: _Toc54796700]3.4 Study of the obtained strains protection on laboratory animals
The protectiveness (immunogenic efficiency) of recombinant sheep pox viruses rSPPV(TK-)omp19/sodC, SPPV(TK-)OMP16, SPPV(TK-)OMP25, SPPV(TK-)IalB was assessed by the degree of contamination of the spleen. The immunogenicity index was calculated as described in section 2.17. It was found that heterologous prime-booster immunization of mice with a mixture of recombinant sheep pox viruses in combination with recombinant proteins provided a high degree of protection of mice from infection with the virulent B. abortus 544 strain, comparable to the commercial live vaccine from the B. abortus S19 strain (Table 5, Figure 30).

Table 5 – Determination  of the immunogenic efficacy (protection) of recombinant sheep viruses
	Prime/buster immunization
	Animal ID
	Total microbial count (X)
	Immunogenicity index (Y)
	µ*
	σ**

	-/B. abortus (105 CFU)
	1
	675
	2,38
	2,49
	0,10

	
	2
	1000
	2,52
	
	

	
	3
	1500
	2,67
	
	

	
	4
	750
	2,42
	
	

	
	5
	825
	2,45
	
	

	
	6
	925
	2,49
	
	

	PBS/PBS
(control)
	7
	262500
	4,69
	4,55
	0,32

	
	8
	167500
	4,51
	
	

	
	9
	280000
	4,71
	
	

	
	10
	302500
	4,74
	
	

	
	11
	292500
	4,73
	
	

	
	12
	37750
	3,92
	
	

	RV(105CPE50)/P (6 µg)
	13
	5250
	3,15
	3,38
	0,30

	
	14
	7250
	3,27
	
	

	
	15
	7750
	3,30
	
	

	
	16
	8750
	3,35
	
	

	
	17
	6275
	3,22
	
	

	
	18
	43750
	3,97
	
	

	P(6 µg)/RV(105CPE50)
	19
	6250
	3,22
	3,20
	0,05

	
	20
	5250
	3,15
	
	

	
	21
	5375
	3,16
	
	

	
	22
	6975
	3,26
	
	

	Notes
RV - a mixture of recombinant viruses;
P - a mixture of proteins
PBS - phosphate buffered saline
* - arithmetic mean Y
** - standard deviation
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prime booster immunization: PBS – phosphate buffered saline, V/P – virus mixture (prime)/protein mixture (booster), P/V – protein mixture (prime)/virus mixture (booster), B.a. – B. abortus strain S19.
 **** P <0.0001 compared with negative control groups. 
Statistical analysis was performed using one way ANOVA followed by Tukey's multiple comparisons test.

Figure 30 – Determination of immunogenic effectiveness recombinant sheep pox viruses
[bookmark: _Toc403067507]
Thus, recombinant sheep pox viruses expressing immunogenic proteins of Brucella, activate the cellular and humoral immune response in animals and provide protection of animals from infection with the virulent strain of B. abortus 544, comparable to the S19 vaccine.


[bookmark: _Toc54796701]4 Compilation and evaluation of research results
One of the important advances in recombinant DNA technology is the ability to integrate foreign genes into viral genomes. This allows viruses to be used as vectors for the delivery of antigens. The vaccinia virus was one of the first viruses, on the example of which the possibility of such a replacement was shown without losing the viability of the recombinant virus. Currently, influenza viruses, adenoviruses, etc. are also used as vectors. Potential vectors are many DNA-containing viruses that replicate in the nucleus or cytoplasm. Viruses replicating in the nucleus can integrate into cellular DNA, which can lead to viral persistence and cellular transformation. This fact is a good argument in favor of choosing "cytoplasmic" viruses, such as poxviruses, which are the largest viruses in animals. 
Within the framework of this project, recombinant sheep pox viruses were obtained, in the genome of which the genes encoding protective proteins of brucella were integrated. We used an attenuated sheeppox virus, a NISKHI strain, which has been used for a long time to produce a live vaccine, and a recombinant sheeppox virus SPPV(TK-)EGFP expressing a green fluorescent protein. Neethling-RIBSP, an attenuated vaccine lumpy skin disease virus, was also considered as an alternative. The choice of protective proteins of brucella is based on the literature data, as well as on the results of studies obtained by the scientists of the RIBSP. 
At the first stage of the project, the integration plasmids pIN-TK-omp16, pIN-TK-omp19, pIN-TK-omp25, pIN-TK-SOD, pIN-TK-L7/L12, pIN-TK-IalB were constructed. These plasmids provided integration into the viral genome of one of the target genes. Increasing the number of foreign genes carried by a single recombinant virus can improve vaccination efficiency, making recombinant vaccines more like traditional vaccines, which usually contain a set of antigens. Therefore, multiple expression of foreign genes in a single vector can provide higher protection. In this regard, the pIN-TK-omp19/SOD construct was obtained, which includes a chimeric gene encoding fragments of omp19 and SOD proteins linked by a G4S2 linker. The correctness of expressing cassettes of integrative vectors was confirmed by both sequencing and transient expression of the target proteins in a virus-infected cell culture 48 h after transfection.
We obtained recombinant viruses rSPPV(TK-)omp19 (clone 42C5), rSPPV(TK-)omp19/sodC (clone 35B5), rSPPV(TK-)omp16 (clones 90A1, 93D7, and 93G7), rSPPV(TK-)omp25 ( clones 88A3, 88B1 and 88B2), rSPPV(TK-)SOD (clones 81B2, 81C2, and 81D4), rSPPV(TK-)IalB (clones 96A2, 96B2 and 96B4) with inserted Brucella genes by the method of homologous recombination of the sheeppox virus genome. Recombinant viruses retained genetic stability for five consecutive passages (observation period) in the LT cell culture. Recombinant viruses were deposited in the Collection of Microorganisms of the RIBSP MES RK (APPENDIX D). An application for an invention has been submitted (APPENDIX B). 
When performing the tasks, we optimized the method for producing recombinant viruses. It was found that the use of SPPV(TK-)EGFP as the initial (parental) virus significantly reduces the number of cloning rounds in the selection of recombinants. Plaques formed by the parent virus fluoresce with green light, while the resulting recombinants form non-fluorescent plaques. So, if to obtain recombinants based on the sheeppox virus of the NISKHI it was required from 5 to 10 or more rounds of cloning, when using SPPV(TK-)EGFP, it was possible to isolate genetically homogeneous recombinants in 2-3 rounds of cloning.
The resulting recombinant sheep pox viruses efficiently expressed inserted genes both at the transcriptional and translational levels in vitro. The specificity of the expressed antigens was confirmed by Western blotting. In permissive cells, the level of expression of target proteins was significantly higher. It should be noted that the presence of expression in non-permissive cells makes it possible to use recombinant sheep pox viruses as non-replicative vectors for the development of veterinary vaccines. Using the rSPPV(TK-)omp25 virus as an example, the level of expression of the target protein was quantified. It was found that 1 CPE50 of the recombinant virus ensured the expression of about 120 fg of the target antigen 24 h after infection of the permissive cells. Thus, it can be assumed that in order to ensure the delivery of 10 μg of the target antigen, the administration of 108 CPE50 of the recombinant virus will be required.
The immunogenicity of the obtained recombinants was evaluated in mice. It should be noted that mice are not susceptible to sheeppox virus. And in this case, we evaluated the recombinant viruses as non-replicable vaccine vectors. To enhance their immunogenicity, a revaccination strategy was used. In most clinical trials, the delivery of antigens with a poxvirus vector is used in combination with other delivery modes (another vector, DNA vaccine, or recombinant proteins). It was found that the use of poxvirus as a booster component leads to an increase in the value of antigen-specific T-cell responses; whereas when used as a priming component in combination with a protein plus an adjuvant, it enhances B-cell responses and triggers effective antibody responses to a foreign antigen [61]. The recombinant capripoxviruses obtained during the implementation of the project induced a pronounced humoral immune response using a heterologous scheme of prime-booster immunization. In this case, the levels of antibodies to the expressed proteins are determined by both the administered dose and the antigenic properties of the protein. The highest level of antibodies was noted for Cu-Zn superoxide dismutase. Along with the humoral immune response, the recombinant viruses efficiently induced the Th1 immune response.
Challenging mice immunized with recombinant viruses in combination with the recombinant adjuvanted proteins with the virulent B. abortus strain 544 provide protection against challenge comparable to the S19 vaccine.
The planned studies were carried out in full. Work in this direction should be continued. Research should be aimed at improving the capripoxvirus vector itself aimed at increasing immunogenicity and increasing the number of insertion sites for foreign genes. When developing a vector vaccine against brucellosis, all target proteins should be integrated into one virus. Expression of multiple foreign genes by a single virus will increase vaccination efficiency and provide better protection against infection.


[bookmark: _Toc54796702]CONCLUSION

Based on the results of the studies carried out, the following conclusions can be drawn:
1. Seven genetic constructs were obtained for integration of Brucella spp. genes into the sheep pox virus genome: pIN-TK-omp16, pIN-TK-omp19, pIN-TK-omp25, pIN-TK-SOD, pIN-TK-L7/L12, pIN-TK-IalB and pIN-TK-omp19&SOD. The correctness of the expression cassettes in the integration plasmids was confirmed by the transient expression in the poxvirus system.
2. Genetically stable recombinant sheeppox viruses rSPPV(TK-)omp19 (clone 42C5), rSPPV(TK-)omp19/sodC (clone 35B5), rSPPV(TK-)omp16 (clones 90A1, 93D7 and 93G7), rSPPV(TK-)omp25 (clones 88A3, 88B1, and 88B2), rSPPV(TK-)SOD (clones 81B2, 81C2, and 81D4), rSPPV(TK-)IalB (clones 96A2, 96B2, and 96B4) were obtained. Viruses have been deposited in the Collection of Microorganisms of the Research Institute for Biological Safety Problems of the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan.
3. It was found that all recombinant viruses express the integrated target gene in vitro (in cell culture) and in vivo (in mice). Expression of target genes in both permissive and non-permissive cells makes it possible to use the resulting viruses for the development of not only replicative but also non-replicative vector vaccines.
4. Immunization of mice with recombinant viruses activated both humoral and cellular Th1 immune responses. The levels of antibodies to the expressed proteins are determined by both the dose administered and the antigenic properties of the protein. The highest level of antibodies was noted for Cu-Zn superoxide dismutase.
5 Immunization of mice with recombinant sheep pox viruses expressing brucella antigens provided a statistically significant decrease in the level of spleen contamination after challenge, comparable to the B. abortus S19 vaccine strain.
The planned research was carried out in full at a high scientific and technical level. Published 3 articles in journals recommended by the Committee for Control in the Sphere of Education and Science MES RK, 2 articles in peer-reviewed journals of the Scopus database, 1 thesis in the materials of an international conference, 1 patent for an invention was received and 1 application for an invention was filed. Recombinant viruses obtained as a result of the project can serve as a basis for the development of safe and effective means of preventing brucellosis. An optimized method for producing recombinant sheep pox viruses based on the NISKHI strain can be used to develop multivalent vector vaccines for veterinary medicine. 
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APPENDIX А
Work Schedule

Project title: AP05133746 “Construction of recombinant capripoxviruses expressing protective antigens of Brucella spp. and studying their immunobiological properties”
	Job code, stage
	The name of the work under the contract and the main stages of its implementation
	Period of execution
	Expected results

	
	
	start
	end
	

	3.
	Construction of the recombinant strains encoding omp19, SodC, omp16, L7 / L12, bp26, IalB and omp25 genes, based on the sheep pox virus vaccine strain "NISKhI", and determining their expression level.
	January 2018 

	1 November 2018
	Work will be begin on the creation of recombinant strains encoding genes of proteins omp19, SodC, omp16, L7 / L12 based on the vaccine strain of the sheep pox virus "NISKhI" and their expression level will be determined.

	3.1
	Construction of integration plasmids
	January 2018 

	June 2018
	Integration plasmids will be designed

	3.2
	Development of recombinant sheep pox virus strains 
	July 2018 

	1 November 2018
	The production of recombinant strains of sheep pox virus will be started.
Publication of 1 article in journals recommended by the СCSES MES RK

	3.
	Construction of the recombinant strains encoding omp19, SodC, omp16, L7 / L12, bp26, IalB and omp25 genes, based on the sheep pox virus vaccine strain "NISKhI", and determining their expression level.
	January 2019
	1 November 2019
	Work will be continue on the creation of recombinant strains encoding genes of proteins omp19, SodC, omp16, L7 / L12 based on the vaccine strain of the sheep pox virus "NISKhI" and their expression level will be determined.

	3.2
	Development of recombinant sheep pox virus strains 
	January 2019 

	1 November 2019
	The production of recombinant strains of sheep pox virus will be started.
Publication of 1 article in journals recommended by the СCSES MES RK

	3.3
	Estimation of expression level of target genes in cell culture
	October 2019
	1 November 2019
	Studies to assess the level of expression of target genes will begin

	4
	Evaluation of the stability of the recombinant sheep pox virus strains
	October 2019
	1 November 2019
	Studies to assess the stability of recombinant strains of sheeppox virus will begin

	3.
	Construction of the recombinant strains encoding omp19, SodC, omp16, L7 / L12, bp26, IalB and omp25 genes, based on the sheep pox virus vaccine strain "NISKhI", and determining their expression level.
	January 2020
	1 November 2020
	Work will be completed on the creation of recombinant strains encoding genes of proteins omp19, SodC, omp16, L7 / L12 based on the vaccine strain of the sheep pox virus "NISKhI" and their expression level will be determined.

	3.3
	Estimation of expression level of target genes in cell culture
	January 2020
	March 2020
	Studies to assess the level of expression of target genes will be completed

	4
	Evaluation of the stability of the recombinant sheep pox virus strains
	January 2020
	March 2020
	Studies to assess the stability of recombinant strains of sheep pox virus will be completed

	5
	Evaluation of the humoral and cellular immunity activation of mice immunized with the recombinant sheep pox virus strains
	January 2020
	June 2020
	The level of activation of the humoral and cellular links of immunity of mice immunized with recombinant strains of sheeppox virus will be assessed

	6
	Study of the obtained strains protection on laboratory animals
	April 2020
	1 November 2020
	The protectiveness of the obtained strains on laboratory animals will be studied. Publication of 2 articles in peer-reviewed journals included in Web of Science or Scopus. Application have been filed for recombinant strains of sheep pox virus expressing Brucella proteins.
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List of published works

2018
1 Recombinant plasmid DNA pINT-TKsppv and pINT-RRsppv with the ability to integrate into the genome of the sheep pox virus: p No. 33028 RK, IPC C12N 15/09 (2006.01), C12N 15/11 (2006.01), C12N 15/70 (2006.01), A61K 39/285 / Chervyakova O.V.; Strochkov V.M.; Sultankulova K.T .; Sandybayev N.T .; Sansyzbay A.R .; Applicant for RSE RIBSP SC MES RK, application No. 2017/0255.1 dated 10.04.2017; publ. 08/20/2018 // Industrial property. Official Bulletin. - 2018. - No. 31 (In Russian)
2 Sadikaliyeva S., Chervyakova O., Strochkov V., Sultankulova K., Sandybaeyv N. Sheep Pox Virus NISKhI to Develop a Vector for Veterinary Vaccines. In: XXII International Poxvirus, Asfarvirus and Iridovirus Conference. Academia Sinica, Taipei, Taiwan, May 26-31, 2018. – P8-068.

2019
3 Issabek A.U., Tailakova E.T., Shynybekova G.O., Strochkov V.M., Chervyakova O.V. Expression and purification of IalB protein Brucella spp. // Bulletin of the Karaganda State University. Series “Biology. The medicine. Geography". – 2019. – No. 3 (95). – P. 59-65. ISSN 2518-7101 (In Russian)

2020
4 S.O.Sadikaliyeva, E.T. Taylakova, A.U. Issabek, K.T. Sultankulova, Chervyakova O.V. Construction, expression and purification of the outer membrane protein omp25 Brucella spp. in the bacterial system // Izdenister, nətizheler - Research and results. – 2020. – No. 2 (86). – P. 162-169. ISSN 2304-3334 (In Russian)
5 Tailakova E.T., Sadikaliyeva S.О., Shynybekova G.O., Abubakirova A.K., Sultankulova K.T., Chervyakova O.V. Construction, expression and purification of Brucella spp. recombinant proteins L7/L12 and sodC in E. coli // News of the National Academy of Sciences of The Republic of Kazakhstan. Series of biological and medical. – 2020. - №2(338). – P. 20-30. ISSN 2224-5308. https://doi.org/10.32014/2020.2519-1629.9
6 Sadikaliyeva S.O., Tailakova E.T., Issabek A.U., Shynybekova G.O., Sultankulova K.T., Chervyakova O.V. Development and application of an indirect competitive ELISA method for assessing the expression level of the protein OMP25 Brucella spp. recombinant sheeppox virus // Biosafety and Biotechnology. – 2020. – No. 2. – P.48-52. ISSN 2707-7241. (In Russian)
7 Chervyakova, O., Tailakova, E., Sadikaliyeva, S., Orynbayev, M., & Sultankulova, K. Capripoxvirus vectors for vaccine development. // Gene Reports. – 2020.  https://doi.org/10.1016/j.genrep.2020.100890 (Scopus percentile – 7 %, 2019)  
	8 Orynbayev M.B., Nissanova R.K., Argimbayeva T.U., Zakarya K.D., Myrzakhmetova B.S., Melisbek A.M., Barmak S.M., Issabek A.U., Nakhanov A.K., Shevtsov A., Kozhabergenov N.S., Sultankulova K.T. Genomic Sequence of the New Attenuated Vaccine Strain Neethling-RIBSP of the Lumpy Skin Disease Virus // Microbiology Resource Announcements. – 2020. – Vol. 9 (26): e00318-20; DOI: 10.1128/MRA.00318-20 (Scopus percentile – 45 %, 2019)
	9 Recombinant sheep pox viruses SPPV(TK-)OMP16, SPPV(TK-)OMP19, SPPV(TK-)OMP25, SPPV(TK-)SOD, SPPV(TK-)IalB, Poxviridae family, genus Capripoxvirus, expressing immunogenic proteins of brucella for the development of a vector anti-brucellosis vaccine: application for an invention / OV Chervyakova, ET Tailakova, SO Sadikalieyva, G. Shynybekova, KT Sultankulova; Applicant RSE RIBSP SC MES RK, application No. 2020 / 0730.1 dated 21.10.2020 (In Russian)
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Plasmid passports
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Recombinant Protein Passports

_________________________________________________________ЛМБГИ-НИИПББ
ПАСПОРТ 
Наименование продукта
Рекомбинантный белок L7/L12 Brucella spp.
Описание продукта 
Рекомбинантный белок L7/L12 Brucella spp. бактериально-экспрессированый в клетках E.coli T7, и очищенный методом металл-аффинной хроматографии.

Спецификация продукта
Тест                                              Характеристики
___________________________________________________________________________________________________________
Внешний вид (мутность)              прозрачный с легкой опалесценцией
Внешний вид (цвет)                      бесцветный
Внешний вид (форма)                  жидкая
Содержание белка                        208 мкг/мл
Объем                                            6,7 мл
Состав буфера                              20 мМ натрий-фосфатный буфер,300 мМ хлорид 
                                                        натрия, рН 7,4

Чистота                                          >90% в ПААГ-электрофорезе, размер белка 15,7 кDa 
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\2019 отчет\Презентация5.tif]
Стерильность                            стерилизация через фильтр с диаметром пор 0,22 мкм
Хранение                                    от -20 ° до -70 ° С. Избегать повторяющихся циклов 
                                                     замораживания-оттаивания.


_________________________________________________________ЛМБГИ-НИИПББ
ПАСПОРТ 
Наименование продукта
Рекомбинантный белок SOD Brucella spp.
Описание продукта 
Рекомбинантный белок SOD Brucella spp. бактериально-экспрессированый в клетках E.coli T7, и очищенный методом металл-аффинной хроматографии.

Спецификация продукта
Тест                                              Характеристики
__________________________________________________________________________________________________________
Внешний вид (мутность)            прозрачный с легкой опалесценцией
Внешний вид (цвет)                   бесцветный
Внешний вид (форма)               жидкая
Содержание белка                    362,2 мкг/мл
Объем                                         27 мл
Состав буфера                           20 мМ натрий-фосфатный буфер,300 мМ хлорид 
                                                     натрия, 4 М мочевина, рН 7,4
Чистота                                       >90% в ПААГ-электрофорезе, размер белка 20 кDa
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\2019 отчет\Презентация3.tif]
Стерильность                            стерилизация через фильтр с диаметром пор 0,22 мкм
Хранение                                    от -20 ° до -70 ° С. Избегать повторяющихся циклов
                                                     замораживания-оттаивания




_____________________________________________________ЛМБГИ-НИИПББ
ПАСПОРТ 
Наименование продукта
Рекомбинантный белок Omp16 Brucella spp.
Описание продукта 
Рекомбинантный белок Omp16 Brucella spp. бактериально-экспрессированый в клетках E.coli T7, и очищенный методом металл-аффинной хроматографии.

Спецификация продукта
Тест                                              Характеристики
__________________________________________________________________________________________________________
Внешний вид (мутность)            прозрачный с легкой опалесценцией
Внешний вид (цвет)                   бесцветный
Внешний вид (форма)               жидкая
Содержание белка                    311,2 мкг/мл
Объем                                         11 мл
Состав буфера                           20 мМ натрий-фосфатный буфер,300 мМ хлорид 
                                                     натрия, 4 М мочевина, рН 7,4
Чистота                                       >95% в ПААГ-электрофорезе, размер белка 19 кDa
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\2019 отчет\Презентация4.tif]
Стерильность                            стерилизация через фильтр с диаметром пор 0,22 мкм
Хранение                                    от -20 ° до -70 ° С. Избегать повторяющихся циклов
                                                     замораживания-оттаивания


_________________________________________________________ЛМБГИ-НИИПББ
ПАСПОРТ 
Наименование продукта
Рекомбинантный белок Omp19 Brucella spp.
Описание продукта 
Рекомбинантный белок Omp19 Brucella spp. бактериально-экспрессированый в клетках E.coli T7, и очищенный методом металл-аффинной хроматографии.

Спецификация продукта
Тест                                              Характеристики
__________________________________________________________________________________________________________
Внешний вид (мутность)            прозрачный с легкой опалесценцией
Внешний вид (цвет)                   бесцветный
Внешний вид (форма)               жидкая
Содержание белка                    335,2 мкг/мл
Объем                                         23 мл
Состав буфера                           20 мМ натрий-фосфатный буфер,300 мМ хлорид 
                                                     натрия, рН 7,4
Чистота                                       >90% в ПААГ-электрофорезе, размер белка 20 кDa
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\2019 отчет\Презентация6.tif]
Стерильность                            стерилизация через фильтр с диаметром пор 0,22 мкм
Хранение                                    от -20 ° до -70 ° С. Избегать повторяющихся циклов
                                                     замораживания-оттаивания


_________________________________________________________ЛМБГИ-НИИПББ
ПАСПОРТ 
Наименование продукта
Рекомбинантный белок Omp25 Brucella spp.
Описание продукта 
Рекомбинантный белок Omp25 Brucella spp. бактериально-экспрессированый в клетках E.coli ER2566, и очищенный методом металл-аффинной хроматографии.

Спецификация продукта
Тест                                              Характеристики
__________________________________________________________________________________________________________
Внешний вид (мутность)            прозрачный с легкой опалесценцией
Внешний вид (цвет)                   бесцветный
Внешний вид (форма)               жидкая
Содержание белка                    212,6 мкг/мл
Объем                                         23 мл
Состав буфера                           20 мМ натрий-фосфатный буфер,300 мМ хлорид 
                                                     натрия, 4 М мочевина, рН 7,4
Чистота                                       >90% в ПААГ-электрофорезе, размер белка 21 кDa
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\2019 отчет\Презентация2.tif]
Стерильность                            стерилизация через фильтр с диаметром пор 0,22 мкм
Хранение                                    от -20 ° до -70 ° С. Избегать повторяющихся циклов
                                                     замораживания-оттаивания


_________________________________________________________ЛМБГИ-НИИПББ
ПАСПОРТ 
Наименование продукта
Рекомбинантный белок IalB Brucella spp.
Описание продукта 
Рекомбинантный белок IalB Brucella spp. бактериально-экспрессированый в клетках E.coli ER2566, и очищенный методом металл-аффинной хроматографии.

Спецификация продукта
Тест                                              Характеристики
__________________________________________________________________________________________________________
Внешний вид (мутность)            прозрачный с легкой опалесценцией
Внешний вид (цвет)                   бесцветный
Внешний вид (форма)               жидкая
Содержание белка                     300 мкг/мл
Объем                                         50 мл
Состав буфера                           20 мМ натрий-фосфатный буфер,300 мМ хлорид 
                                                     натрия, 4 М мочевина, рН 7,4
Чистота                                       >90% в ПААГ-электрофорезе, размер белка 23 кDa
[image: C:\Documents and Settings\Ольга\Рабочий стол\КП_2019_РШ_финальн\Презентация1.tif]
Стерильность                            стерилизация через фильтр с диаметром пор 0,22 мкм
Хранение                                    от -20 ° до -70 ° С. Избегать повторяющихся циклов
                                                     замораживания-оттаивания
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1 tnmoducion

Vaccimation is an sfiective means of preventing the spread of in-
fecians digesses and can significently reduce the damsge remlting
fram their momeraus autbreske. Madsm vaccinalogy rives ta creste
‘mars advancsd, sfective, and safe vascines. New knowledge sbant the
features of mmune respanse formation upon the intraduction of an
infectious agent and the develapment of genstic engineering techrol-
gl éhiftthe emphasis toward the ues of key prateins of the pathagen
to develop safe druge. [n thi case, the aptimsl way ta present target
amiigens to cells of the fmmune system is o use viral vectors.

Herpesiruses (s <. 21, 2003; Takashims ot =, 200%), adsno-
viruses (Shiver st sl 2009; Muruve, 2004), retrairuses (Schuaniss
<51, 2003 llesias 451, 2005), and other types of viruses have besn
‘wsed a5 vectars along with poviruses [Carroll < 2, 1995, Eoyle 2t o,
2004 perrin = o, 2007)

Posviruses are wridely ueed s vectars prabably beceuse they passess
 mumber of fmpartant sdvantages aver other viruses, incuding the
large size of their viral genome (140-300 KE), which ic capable of
halding wp to 25 Kb of forelgn DNA. [Herchlindy and Moss, 1992);
apecifc paxvinas pramaters and transcription enzymes; abilty to re-
plicate in the cytaplasm of infected cells without iisgratian nto the
Post gename (Mckett =t 3, 1082); capability of presenting foreign

amiigens an the surface of infected cells which, in their tom, induces
cellar and homral immune respanses [Coupsr <t =1, 1066, Andrer
<51, 1989 and exceptionsl thermal stabifty.

The firet. recambinan. poxsirus was the vaccinia virus (srain
Capenhagen), which was enginesred to express rabiss virus surface
alycoprotsin (elancon <t 1, 1956) for use in the feld for oral vace-
tian of fases against.rabies n Central Burape (2rach er < 21 1991)
Due to the suscepuibility of people with weskened immunity to the
vaceinia vius [Rupprecht et 1, 2001),altemative safe viros vectars are
being saught worldwide. n sn sfart ta stablich ssfe virus vectars,
diffrent atrstegies have besn uesd, inchuding the development. of
highly attemuated vacaiia virs [ 6mes <t 31, 2011) and the use of
limited-hostrange virses [Cadoe < 5, 1097, Fries < o, 1096;
Starnard et al., 1908; Vinquea-Blomauit < al., 2002). The mast st
ient and ssfe passiruz vectars are characterized by an nsbility to
‘complte their replcation cycle but it an fmmune response thraugh
gene expression atan early stage of infection

“The Gapripaxvius gemus belongs to the Foxviidas family, and -
chudes three species: shesp pas virus, gast pas virss, and fompy din
disease virus, all of which cause infections i rominanis [Virve
Taxaomy, 2013).

Vaccines based an e ttenusted atrsins of capripasiruees (C3PVe)
have been used for many years in veterinary practice, and have
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image114.jpg
emanstrated their safey, relabiliy, and abilty 1o induce longterm
protection. 1 should be noted that in 3 number of cases, auenusied
Tumpy skin disese virus vaccines have cavsed post-vsccination cam-
plicatians in 91295 of immunized snimale (2en-Cers <t o, 2015;
Kaicoulas < a1, 2015) Nevertheless, atienwated CaPYs have been
successfully veed as replicating vectars fo the development of bivalent
Vacnes for raminants (Romera =L =, 1995 Aspden e 2, 200 Bethe
etal, 2003; Wallace and Viljoen, 2005; So 2 o, 2010; Wallace 2t 3,
2020). The limited hast. range and nan-pathagenicity taward humsns
determines the high patentia af CaPs for use % nan-veplicating vac-
cine vactars [Tefer and Babiok, 2019; Aspdn a1, 2003; Shen 2t o,
2011). Nan-replcating vectors combine the safety of an inactivated
vaceine with the immunogenicity of a ive vaccine and sfectively ac-
tivate humarsl and celfular fmmnity.

Herein, e pravide. an averview of the develapment of capri-
‘oris-based vaccine vectors and discuss some of the recent sdvances
‘made with these virges snd future ressarch directians.

2 Gemeration of recombinant poxviruses
2.0, Methads o incorporating frelgn DA ints @ psvirus gename

Homalagans recombination remsing the mast widely ussd apprasch
1o insrting fareign DNA inta the pasvims gename. A schematic dis-
gram detailing the homalogous recombination of vial and plasmid
DA e shown in Fis 1. ntegrative vectar or viral DNA i transfecied
into parirusinfecied cell [ver <t 51, 1992). The falloing condi-
tioms should be abserved in constrcting an integraive vector. the in-
serian should nat disrupt viru replication in the cell s 3 result of the
nsertian site mar interfre with the fnctian af neighbaring genss; the
target gene along with s promater chould be flanked by DHA se-
quences fat feact 50, butdeally over 100 bp) where the target gene i to
b placed, and these are homalagous ta the nsertin site faund in the
virl genome to faciltate recombination (5 ick <t 1, 2010)

THe

Insartion vector

in vive
whvinus,

e s 21 (2020 160650

For efcient nserton of DNA fragmenis up to 25 kb in size nts the
vascinis virus gename, the in vitra methad of direct figation has besn
ussd (Merchlingky and Moss, 1992; Merchlindky <t 3l 1997). Viral
genome fragments generated by cloavage with restriction en-
damucleases at unique sies were ligaied with forign DNA. and trans-
fectsd inta cels that were infected with 3 conditionsl lethal helper
virss. Without special screening or selection, up ta 259% of plaques
contained the wirus with genomic insertions. When screening to select
recombinants was used, al plaques contained the virus with genomic
inserians. Despite its advantages (the abilty to insert. large DNA
fragments inta the viral genome and the exclusion of iniermediate
‘omstable recambinants), ths method s mot widely used becavse of the
aifficolis associated with manipulating large DA fragmenis and the
need for helper viruses

A methad far rapid and sficient sditing of the vaccinia virus
ename using the CRISPR/Cax9 system was propased by Yuan et =1
(2015). 1t has besn demonatrated that the guide RNAbassd Caed
System greatly increases the effciency of generating mutant vaccinia
virsses withaut evident. offtarget ffecs on the vaccinia virus gename.
This ystem can slza be ussd ta sfficiently enginesr twa virs gene
‘multaneausly (Yu=n et 51, 2015). This approach is ikely to have 3
gificant impact an the applcation of paxyirases & vaccine vectare in
fotur.

22 Sites for inserion ef foaign ONA int the poxvirus gename

‘The thymidine inase gene was ane f the first genes veed for in-
sertonal mutageness. Dubke 2nd it (196%) described the natural
emergence of vaccinia viruz mutan deficent n thymidine kinsse (7K)
Sctivity and 3 method far the selectian of TK-negative mutants usng 5-
broma.2"deaxyuridine [BUdR). Localiation of the T gene in the viral
gename (viei <t a1, 1952) made the incorporatian of forign genes
pssble, s well a the biochemical selction of recombinants based an
their Tinegaive phenatype or by other screening methods (274 2nd
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by, 2004). The TK gene has predaminanly been the site o faregn
gene inserian inta the capripasvinss gename (L1 <t =, 2019). Haw-
aver,the T geme is cssential for some poxviruses (15l ace and Viljoen,
2007). Due to.this, aliemative sites have been tesied for the in-
camparatian af hetsralagaus DA fnta the paxvirs genome (7351: 1)

‘Genes that ae ot sssential for ira replication have been evaluated
s nserion sites. tn ddition, forelgn sequences have been inserted nto
immunomadulatary genss. Knackant. of these genss resulted in sddi-
tional suenuation of the yiral vector and/or an increse in m-
‘munagenicity (2uller = a1, 1995, Les <t 51, 199% Ren <t al, 2015;
Zhang et =1, 2015). ( was faund that the pasitian af the nsertion site in
the viral genome aso affects the expression level of the foregn gene
uring viral infection (Couper <51, 2000)

23 Exprassion cffareign geres: promoters and wrminators

Poxviruses replcate i the cytoplasm and use their owm transerip-
tian systems (viner <t 51, 1090). tn this camiest and regarding the
‘xpressan of fareign genes, the apen readin frame shauld be under the.
cantral af the paxvirue pramater and terminstar Paxyiruz genss and
their promaters can be classifed a early, intermediate, and late de-
pending an the time of their expression during pavius infectian
(gbine <t 51, 2005 Yang <t AL, 2010), Same pramaters have bath
early and lte lements,praviding contimuaus gene expression (57015,
2003). Among the most commanly vsed promoters for the expresson of
foreign genes re the sarly/late pramater p7.SK [Cochran <t oI, 1995)
and ate promater pA1 (2ertholet <1, 1995) of the vaccima vinss The.
7.5 pramater i taken sz 3 standard when searching far new ar apti-
mizing essing pramters (2o < 21, 2010; Crubu <t 51, 2012)

n addition ta the matural promatersof the vaceini virus,synihetic
Fromoters have been develaped for the sarly/late (Chakrabart <t o,
1597) and late (Davisor and Hoss, 1990) expressian of foreig genss. [t
has been shaw tha the passirus promaters are genetically conserved,
and exogenous powvinus pramaters can be sed for recombination. For
xample, the 7.5 promatsr of vacinia virz was ueed for transgens
xpression in the ol pos virus (FPY). Transcription in FPY was in-
itsd at the early and late slementz af the promater and conchided
with 3 termination sequence similar o that of 7.5 in vaccinia virus,
resuling in production of the same transgene [Frideau <t a1, 1990;
Tripathy and Yeiuck, 1990). The choice and aptmization of the

Fromoter is one of the main stages in the develapment of vector vac-
cines and enhancement of ther fmmunageniciy [41h:rbi, 2019). The
oramater determines the time and level of gene expressan. Far in-
stance, if pratein expression i required prior to manifstation of the
Gytapathic sffect af viruees in the cell manalsyer, sarly pramaters
hauld be used. Strang lats promaters pravide the highest level of exc
pression (Davison and Mo, 109

n vaccinia virus, the signsl fr trangcriptian terminatan of early
genes S TTTTTNT where N is any mucleotide) and directly fallows the
‘open reading frame (¥uen and o, 1067). n this case, terminatian
ccurs heterogeneausly sppraximately 30-50 nt davmsiream of the.
Signal. The signal sequences of terminatian for intermediate and late
genes are extremely heterageneous, and their exact locatian has not
been determined (Xians <t =, 2000). Nevertheless, there i an active
‘mechanism for the induction of transcrptian. termination for inter-
‘mediate and late genes [Condit nd fils, 2007)

For the regulation of recombinant protsin < xpression, the presence
of strt and stap codans in the mENA sequence i fmportant. [n mast
s, the ATG codan is the translatian mitiation signsl. The stap co-
dons are TAA, TAG, snd TGA, which are umiversal for simost al ar-
ganiems

2.4 Methods for e selction of recambinant viruses

The hamalagaus recambinatian rate is sppraximately 0.1%, snd
thatallows for screening of viral plaguss by DNA hybridization or ac-
cording 1o the target gene ecpression product (Piccini <t =1, 1957).
Nevertholss, having additional methods for selection and sereening
an spesd up the pracess of selecting recombinantz. A mumber of
‘methads have been developed to select 3 hamogeneous pool of re-
‘combinanis free of the parent virus. For example, when fareign genes
are insened inta the T lacus, the recombinant viruse can be selected
ccarding ta their Tinegative phenatyp in & Tk-negative cel line in
the presence of S-broma. 2"dsaxyuridine (BUAR) (Mcket: o1, 1954)
Afer phasphary tian by thymidine kinass, BUR ie sbl ta integrate
i the DNA malecule instead of thymine, and thi reslis n the for-
mation of nam-infectioue viral particles (eterbrook and Davern,
1063). perus <t o1, 1055 roposed a system for seecting recombinant
vascinia virsses abisined an the bsis of the canditianally lethal (hozt
rangs) mutamt vP233. The deletian mutant vP293 iz capsble of
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replicatio in primary fbrablasts of chicken embryas and e morkey
el lines (BSC4D and Vera), but is defective in replcation n the
uman cell line MRC-S. (nsertion of the K1L gens inta +P293 restared
s ability 1o grow in MRC cell [Perus = 1, 1999). nisgratian
plasmid DNAS cantaining bath the farsign snd KIL gene enaure ane-
step cloming and expression of any Larget gene by in viva recambinatian
with V203 in MRCS cells (ver <t =1, 1959). The selection of re-
combinant. yiruses based on the abilty to form plagues in 3 cell
manalayer was prapased by &lacco <nd bz (1995). T abtsin re-
‘combinant viruee, the suthars used & twa-campanent sytem: 3 mutant
vaccinia virus that doss ot form plaques and 2 plamid vector that
‘Smultancovsly inserts 2 foregn gene and restores 3 mutation in the
vaccinia virus genome. The mutant vaceinia viros vsed contains a de-
lesion of the 1537 gens encoding » 37 kDa protein campannt of the
uter envelaps of the virss, which snaures sfectve zpread af the virue
nto the cell manolayer and plague formatian. Phenotypic recombinant
selecrian based on viral plaque size was prapased by Rodrigues and
Eatchn (1969). They faund that insertion of the gens encading 3 viral
14 kD3 envelaps prateininta the vacciia virus genome resulied inthe
formatian of arge plaques by viruses that narmally form small plaguss.

“The selectian of recambinant. viruees can be carried aut using an-
biotics thatco-inegrate inta the viral gename smultaneousy with the
rget gene. [ has been chawn that neamycin (€rarke < o 1995),fost
ke mycophenalic acd (Fallner 2nd foss, 1993; Boyle and Coupar,
1555), blacks vaccinia virus replication in normal cell Hines. Expression
of the neomycin resistance gene ar ranthine-guanine phospharibasy!
transfrase (g allowed only recambinan. iruses to form plaguss in 3
selctive medium. These vectors allowed highilevel expression of target
forelgn genes and rapid constrction of recombinant virses, smpl-
fying the steps o cloning and islation.

Vieus! markers are slen used ta select recombinant paxvinuces
mang them is the beta-galacosidase gene, the expressian of which s
ccampsnied by blue stsining of virus plaquss in the presence of 5
broma-t-chlara--indalyl--D-galsctopyranaiide  Ogal) (eanical
<051, 1956); the beta-glocuronidase gene farms colored or foarsscent
productz depending an the mbrste ussd in the scresming asay
[Carroll snd Moss, 1995). More recent studies have vsed green fluor-
cscent protein [GFP) from dequsrea victeria felyfeh a the basis for
etaction of recombinant viruses (5alace ard Viljoen, 2005; visllace
e, 2007)

When praducing recambinant viruss for vaccine develapment, the
gename of the viral vector should ot camiain amibiatic Tesstance
enes or other selective markers. The methad of transient dominant
selectian was used to salve thi issue in the seletion of recombinant
virsses (5o lkrer and Hoss, 199). The selective marker xanthine-gua-
ning phasphoribosy! transferase was cloned auiside the viral nserian
segments, resultng in i lass sfer the remaval of selction pressure. A
schematic diagram of hamologous recambination of viral and plasmid
DA e presenied in fig. 2

“nather spprosch ta the remaval of slecive mrker genes i to vse
Stespeciic recombination of the genome. Dy <t =| (2015) sed the
re-LaxP aystem ta remave the enhanced GFP gene fram a recombinant.
virl genome. To abtain & marker-free vaceinia virs vector, Yoan <t
(2015) develuped marker gene sxcistan syatems ta madify the T snd
NIL genss uaing the Cre-Los? and FLPLFRET systems, respectively.
However, the highes eficiency [~905%) for generation of & marker-
gene pusitive Tk mutant vectar was achievsd uaing the CRISPR/Casd
System (fusn <51, 2015), Remaval of the slective markers from the
viral genome allows for intraducing multple site-direcied mutations
via numeraue sequentis recombination events using the same sppraach
for selecting recambinant virusss. Most mpartantly, thi atratsgy pre-
vents the emergence of new drug resitant micraorganisms.

3 Cuvently available vacein suains of CabVs

Undavbiedly, when crestng live mulialent vaccines 2 vectors, it

e s 21 (2020 160650

s most expadientto use viruses already being used a ive vaccines. The
enomes of the thres capripaxius species have high genstic homology
Crulman =t =, 2001, 2002). tn theary, ane suemuated capripasirus
Should smultancously protect against nfection of the sheep and goat
Po viruses 2 well 2 lompy sin dissase virus. Bowever, practice
Shows that ffective protection against lumpy skin discase infection is
chieved only when homalogous viruses are vsed [ber Gera <t 31,
2015; Hamdi <t 2, 2020). Sheeppo-derived vaccines have mot besn
effective as vaccines for ompy in discase virus, but some gaat pax
vaccines have been demanatrated to protect catl against lampy skin
disease in experimental vaccine trsls (Zhuguriccay o 51, 2070). A=
temusted capripayiruses are usd 5 live vaccies that pravids saund
rotectian under anmual vaceination (Ben-Cera <1, 2015). Autema-
tion af these vaccine siring was schieved thraugh mumeraus con-
secutive and imermittent passages in cell culture and developing
Chicken embryas, and its mechaiem has not yet been ehicidated
(55, 1969). In the Middle East, sheep and goat pax infections are
prevented by fmmunization with the Kenyan 0.230 and O-130 sirains,
Ramanian strain, and Yugoslavian RMES sirain of the sheep pos virus,
in Turkey, the Bakirkby shesp pax virus strin i used. Attemusted
‘Gorgan and Mysore goat pos virvs strin are used 1o prevent goat pax
mfectian (<iching, 2003). The vaccings for protecting cattle against
Tampy skin digesse e based an the lve-suenusted Nesthing hmpy
skin disease virus siain (Hunier and ¥l oce, 2001; Toppurainen <tal,
2017; Bl kenausy and ELTholoth, 2010). tn additian, high dosesof the
sheep pas virus vaccine arsine are ueed ta prevent, [ampy din dicesse.
(Davies, 1991; Brenner et al., 2000; Samasundaram, 2011; Abutarbuch,
2012, Catle are immunized with the Yugoslavian RMGS sheep pa
virus strain in tenfold doses throughaut the Middle East (Een Cers
<05l 2015). tn Bgyp, the Ramnian and Kenyan sheep pax virue
araing are e (Tuppurainen nd Oirs, 2014). The Bskirky chesp pax
virus stain is vsed in Torkey in 3-3-0ld doses to prevent lampy skin
disease (Tuppurainen and Oura, 2014)

n Kaaakhstan and same ather C(S corntrie, the NISKE shesp pas
virus aiain ic veed ta prevent sheep pax (Kurchenko <t 5l 1091,
Gusser <051, 1999) During an autbresk of lampy ekin disease n the
fiyrau region of the Republic of Kazakhstan, the lumpy skin disease.
viros was islated and attemuated by the clasical method of long-term
passaging in cell cultoe (Hissanava =t al, 2019 Orybayen <t al,
2020),

4. Recombinam capripoxviruses
41, Capripomsiruses s replating vaeing vecirs

Following the successfol productian and use of the recombinant
vaccinia virs (2lanco <t =1, 1956; Brochier et 51, 1991), recombinant
Capripasyiruses sxpressing fosian and hemagglutinin pratein genes of
Finderpest virue were abtafned (Fomer <t o, 1093, 1994, 1995). A
mgle immunizatian af catle with the recambinant vaccin pratacied
amimals against inderpest and lompy skin disesse (Fomero <t 31,
1695). Mareover, the vaccine aso protected goats against. peste des
Petitsruminants yirus infection (Formero <151, 1995). ALa latr time, &
seres of vaccines bsed an recambinant capripasyiruges sgainst rumi-
mant infecians wers abzined, uith the lumpy dkin dissac virus strsine
6.1 and Nesthling being maily vsed for ther development (1 < 31
2015). The recambinant vaccine based an the viru K5-1 expressing & ar
B genes of peste des petits ruminants virus protected agaimat lethal
peste des petits ruminants challenge (012la <t 1, 2002 Berhe <t 1,
2003). The blustangue virus antigens VE7, VP2, NS1, and NS3 were
ntegrated into the genome of the K51 virus, the resuling vaccines
Frovided parial protection against blustangue virus challenge i sheep.
and goats (s4ade 2vane <t oI, 1996; berrin <t a1, 2007). Panial pro-
tection agains bovine ephemeral fever viros [BEFY) infection in cattle
was providsd by 3 LSDV-BERY recombinant virse sipressing the
arucuural glycopratein gene of bavine ephemeral fever virus (¥isllace
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nd Viljoen, 2005). Bxpression of the Rif Valley fever virus pratins Gn
and G in K51 induced the farmtian of virue-neutralzing snibadies
and protectian against. Rif Valley fever virus in sheep (v#alce <t 31,
2007; So1 .51, 2019). The Neethlng lampy skin disease virus vaccine
arain, expressing rabies virue glycapratein <, induced high titers of
rabiss-viruementralizing anuibadiss in catle (hzpden <. 2, 2007)

A later stage, goat pox virus strain AVAT was developed 3 3
vectar (Chen et 51, 2010). Using this vector, recombinant viruses were
constructed expressing fusion and hemggutinin pratein gene of the
este des petts rominants virus [£akri <. 5, 2013, Zhang o5l 2015),
Polyprotein mP1-24 of the foatand-mauth disease virus (1a <t 51
2011, BGOS amtigen of Echinscoceus panulssus (L < 51, 2015), and
‘e membrane protein OMP25 of Srucela (Son <t 31, 2019).

42 Capripoxvirises as o eplicating vaccine vectors

Moat impartanily, the possibility of uaing the humpy lin dissase
virus 35 3 replication deficient vaccing vectar has been demonstrated
By using the rabie viru glycoprotsin as 3 madsl antigen, it was shawn
that recambinant. lumpy skin disease virs encoding the rabiss glyco-
protein (FLSDV-RG) was able to sxpres rabis glycoprotein in bath
permissive. (ruminan) and nanpermissive_(non-ruminant) el
Upden o0 51, 2002). Mice immuniaed with sLSDY.EG were protecied
againat an sggressive ntracranial rabiss viru chllenge (hzpden = <,
2002). Shen <t 5 (2011) canstrocied lumpy skin disease virus ex.
pressing HUY-1 subiype € Gag, reverse transcriptase (RT), Tat, and Nef
2 5 polyprotein (grtin) (1LSDV-grti). The rLSDY-grn vaceine was
fmmunogenic in mice, particulrly n prime boss regimen (Shen <t o
2011). Recombinant. capripovirus sLSDY-grun, in combination with
‘madified vaccinia virus Ankara (MV#), both xpressing genes from
HIY-1, was fmmunagenic in thesus macques, inducing high-magni-
tude, brosd, and balanced €04+ and C09+ T-cell respanses snd

transient activatian of the fmmune response (Evrgers ot a1, 2017).

4.3 improvemant of capripexvisus based voccing vectors

‘Gename sequencing of viralent snd stismusted strsing and changes
i the strocture of their genes have provided insights ino the possible
‘mechanisms for attenuation of poxsirases. These data can be used to
evelop mare sfficnt and ssfer vaccme vectors bassd an capri-
‘asviuses by targeted knockant of virlence factar genss. Ammatatian
af the poxvims genames revesled putative genes respansible far viru-
lence and pathageniciy [Toman <t =1, 2001, 2002). The functians of
some genss have been confirmed experimentally. Kelch e gene de-
Ieian of SPPY-019 has been shown to reduce the virslencs of patha-
geic shesp pox virus strain A [83/incky <051, 2007). Al lambs infected
vith the AKLP deletian matant survived whie the ariginal chesp pas
virss strain A caueed closs ta 1009% amimal martahty (2sincky <t 3l
2007). The pathogenic Warmbaths lompy skin disease virus srain was
attenvated by remaving 2 putative virskence factar gene L10-Hke)
wsing gene Imockout echmalogy (Eodhra <11, 2015). The recombinant
Tampy skin dicease virus WBBDSKO was safe, id . cause disease in
sheep and gasts, and pratected snimls sgsinet infectian with virulent
virgs srains [2achra 51, 015). AL the same time, lumpy skin disease
virgs WEDDSKO cansed severe postvaccinal resctions and febrik re-
pomees in catle [Kara <051, 2013). Severe post-vaccination reactions
in catle were alo caused by fmmurization with the recombinant
Tampy din dizesse viruz WEBOGKD abtsined by remaving ORED0G
interferon gamm receptor-ike gene) in the pathagenic Warmbaths
arsin (ora < 51, 2015). However, sfier challenge of mimals in-
oculted with knackaut canstrcts, na extemal clinica signs of hormpy
skin dissase were observed versue negative camirals (K7 < 51, 2015).

i atiemuated strai of gaat pox virus, GTPY.TK-ORF, was obtained
by deletion of the TK and ORFS13 genes, which do no afect
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replication and are swocisied with the virulence and im-
‘munomadlatory functions of the virus. The results of bath in iva and
i vitra experiments chawed that GTPY-TK-OR e saferthan the parent
virss GTPY.AYV4, demanstrates satisfatary immunogenicity, and can
oratsct gosts sgainat infectian vith the viralent virus GTPY-AYAD (Zhs
e, 2019)

Editing of the Capripswirus genome alang with atienuation can
increase the fmmunogenicity of the generated irus, which s of the
greatest interest (mmunamadulatory genes for vaccinia virus have
been identified, and  their remval remulis in an incresce in im-
‘munagenicity [Garcia-Amiaza and Bsichan, 2014; Shehelkunoy and
Shehelkunavs, 2020). Putative fmmunomadulstory genes have besn
identifed in the capripoxirus genome. The funcion of the GTPYIZ5.
gene has been evalvated experimentally. The GTPVIZS gene fan ar-
thalogue af vaccinia virus NI pratein) is @ putatve intracelular viru-
lence factar and inhibitor of NE-xB ctivation and spaptasie, A re-
combinant goat pos virus expressing peste des peits ruminants virvs
hemagglutinin was construcied vsing GTPYIZS a an fnserton site.
“This recombinant irus induced the praduction of neutraling anti-
badies n higher tters compared to that of the recambinant virus when
the T site s uaed for recambinatian (Zhins et 2, 2015,

S Conclusion

i this aricle, we described the development of capripaxyiruses a6
vestars far recambinant vaccinss. W beieve that capripasirus can
become a uiversal vectar for the development of multivalent vaccines
fa bath animals and umans. A question arises sbaut the chaice af
apripasyinss species and decisions elaing ta s safety. Almastal ive
vacines sgainst humpy shin dissise cauge post-vaccition camplica-
tians sccampanied by vial shedding. AL the same time, the sheep and
o3t pox iruses provide anly partial pratection of catle againt in-
fection with the ampy skin disease virus. n sddiion, same couniries
have a single endemic capriposirus nfection. The use of five vaccines
fram hetsralogaue viruess in such cauntres requires special suthar-
tion. Ta sddress this v, the crstian af an sttemustsd, replcation-
defctive mutant virue shauld be considered. The effsciveness o such
‘mutans has been demorsrated using the vaccima virus & an example.
“The mat pramising vial vestars far the deslapment of recombinant
vacines far humans sre NYVAC and MYA (Exi<ben, 2009). Withantthe
ability to complete the replication cyck, they induce the formation of
both humaral and cellulr fmmune Tesponses. MYA was atiemuated by
lang-term passsging; & 2 esul, i last sbaut 30 kb, mainly at the ends
af the vira gename, with muliple genes defted tht cavnteracted hast
fmmuns defense mechanisms [Anoine <t 1, 1996). NYVAC was gen-
eratsd by diected mutagenssi, resling in th knockaut of 13 apen
reading frames [Tarizglia i 31, 1992).

‘hen replication-deficent vil vestars re used, 3 sgnificant dose:
increase ar revaccimation is requied. However, the high im-
munagenicity of paxyiruses makes revaccination dificult. The im-
rovement of viral vectars is  secand important fine of research i this
area A mumber of strategies for mpraving vaccinia virs vectors were
outlined in 3 previous review [CarciaAmiaza and Estcban, 2012).
These spprosches can be ueed in the develapment of capripaxvirus
vectars. tn aur opinion, the mas promisng drection will be the search
for immunomadulatory genss, the deletion of which leads o increased
immunagenicity. n additian, succsss can be achieved by intraducing
genes encading cytakines (IL12, (18, and others) into the viral
genome.

‘The develapment of an efiecive capripoxvirus vectar s wel as
thei use in the design of palyvalent recombinant vaccines for animals
and humans will help maintain epidemiolagicl safety and lay the
foundation for a new sirategy for cambating infectious diseases in hu-
‘mans and arimals. e hope that with further research, the ful poten-
il o the e of capripaxises a vectors will be resifzed
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Genomic Sequence of the New Attenuated Vaccine Strain
Neethling-RIBSP of the Lumpy Skin Disease Virus
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ABSTRACT W report here the draft genome sequence of the new attenuated
strain Neethling-RISSP of the lumpy skin discase virus obtained by sequential and
alternating passages in cell cuture and developing chicken embryos. Genome se-
cuencing allowed the identification of differentiation markers of the new strain.

umpy skin dissase is an infectious disease of viral etiology caused by a DNA-

containing virs of the Capripoxuius genus within the Poxiidae family (11 The only
way to successfully control disease is quick and efficent diagnasis followed by vacei-
nation. In Kazakhstan, the disease was first registered in 2016 in the Atyrau region (21
Sequential and alternating passages in various cell cultures and develaping chick
embryas of the virus isolated during the sbove-mentioned autbreak resulted in the
attenuated Neethling-RIBSP strain. Iniial, 49 passages were performed in lamb testi-
dle cellculture, followed by 5 passages in choricallantoic membranes of embryonated
chicken eggs and 33 passages in the MDBK cell ine. Studis have shawn that the new
strain has lost it vinulence, s harmless to cattle, and has pronounced immunogenic
propertis (31,

The arrent genome characterization wil allow us to better understand the atten-
Lation mechanism for abtaining vaccine srains and reveal mutations for their difer-
entiation from the ather strains. Here, we report a near-complete genome sequence of
the Neething:RIESP strain.

DNA was extracted from 3 virus purified on a stepwise sucrose density gradient of

4510 48 10 60% 4] using the DiNeasy blood and tissue kit 2501 Qagent following the Lo o

mnufacurespetocol Tha ey was prepard by s the Nextera XT DN Ibrary e s ot
reparaion k. Sedsning was parformed tsngthe MISed et HEvS (600 rcks) & vt oo naer 0

o the lumina Mikeq platiorm. Th aualyof equence vos asassd using FastQ. | JAierAC St oo
V1115 (5, Ganoma asembly vas parormed tsing SPAdes 313 6 Dol param.  Seses s s vy
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compared to the reference genome. Comparative analysis of the sequence of the Recetved 10u 2020

Neathling-RIBSP vaccine stran and the Kubash/KAZ/16 strain (2015; GenBank 2ccession  pusionad s 20

number MN642592) detected 5 point substiutions and 4 insertions in the genome, as
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TABLE 1 Nucieotice modifications and their effects on the encoding sequence in Neethling RIBSP versus the feld srain Kubash/KAZI 18
GenBank accession number HN642592)

Geneor &0 Nucleoride modcstion Change n coding sequence
D Otion floss o 16 1 Premature stap codn 3 paskion 3%

17 LD 007 ta LD 008 nsertion 12 e, T}

oo Mutation substiutian € to 5 Glycine scystaine 3 pasiian 435

wais Daletion llss of 15 1) 633 delstion without aming acd changes at the breskpaint st posiian 141

1RLD 0I5 ta 1D 020
18 LD 019 ta LD 020

nsertion 1, T/
Delation llass of 11 my

sz Mutation substiution T 1o <1 Isalaucine ~thisonine st pasiian 330
Loas Mutation substutin € o T/ Alaning ~threonine at pastian 20
121 Mutation substitution § ta A1 Vslineicaleucine t pasition 36

1o 138 Mutation substution 5 G| No'amina scid substitutian

IRLD 130 ta LD 131
IRLD 0135 1010 136

nsertion 1 e, &)
nsertion 1 .2

I it o (0 garm vt

el as 3 lrge deletions a the gene locin LDOOY, LDO16, and the nancoding region)
(Table 11 The deleton i gene LDOO7 encoding an anyin repeat prtein, representeel
theloss of a fragment o 16 nuleotides (t resuting in 2 premature stop codon and.
hence. truncated protein. An 1-nt deleton in gene LDOT6, encoding an Iy domein
X2k protein, resulted in @ Gamin-acid (aa} deletion in comparison with the.
Kubash/KAZ/16 stain. The third celetion shawed the loss of 1 nuclsorides lacated in
2 hancading sequence enriched with thymine and adenine. The identifed deketions
found anly in the Neethling RSP stain con be used to differentate it flom other
vaccines (GenBonk accesion numbers KX764645 1, KX764643 1, and KX764644 1) and
virulent sains by sequencing and reaktime PR

Data availabilty. The genome sequience of the Kesthing-RBSP strain of the lumpy
skin isease vis has been deposited in Genank under accession number MT130502.
and the raw data have been submitted to the SRA under BioProjsct number
PRINAG1S775.
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HBCHOPT IJIa3sMHIbI

pIN-TK-L7/L12

Ten L7/L12 Gs1 avmmbrumposan ¢ rerommoil JHK Brucella spp u xioruposas 8 pIN-TK-SPPV 1o
caiitav  Ncol-Bglll. KOHCTPYKUHS ~TNpOBepeHa  CoKBCHMpOBaHHeM, BRUBICHO  100%  COOTBeTCTBHE
TIOCTIeI0BATeTLHOCTH BCTPOEHHOTO TeHa.

Berpoenmsit ren: 7/L12

Pasnep resa: 459 bp

Tlokyc 1 Betpansarus:  Trvmmmmkarasa (TK), SPPV066

Basossiii BeKTOp: PIN-TK-SPPV (ampR)

Ilravns: E. coli TOP 10

CaffTel KTOHHPOBARHS: Neol-Bglll

Tlpmesanse: IIPOBEPATS CKESHHPOBAHHEM IOCIIE KAKOTO CYCKIOHHPOBAHHA H

1mara TpaHcOpMalHH

TK-L 423-1145
TK-R 1676-2615

pIN-TK-L7/L12

Bolll (1170)

4855bp L7/L12  1159-1617
~ HiseTaq 1588-1605
L7L2
L pS 1624-1663
ps Apr 3798-4655
) A Neol (1615) ORI 3036
ORI Pst1(1669)
T TKR
PeCTPHKIHOHHAA KapTa ITa3MHIB
Al
e
=
= 1-1kb mapkep
= 2-mnasmuzgHas [IHK obpaboransas pecrpuxrasamu Ncol-Bglll

TToce0BaTeNEHOCTE BCTPOEHHOIO IF'eHa
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HBCHOPT IIa3MHIbI
pIN-TK-TalB(N)

Ten JalB Geu1 avmmadrumposas ¢ renovmoii JHK Brucella spp u xiornposar B pIN-TK-SPPV 1o cafitay

Neol-Notl. KoHCTpYKIHA NpOBepeHa CeKECHHPOBGHHEM, BEUBICHO 100% COOTBETCTBHE MOCTEIOBATSTBHOCTH
BCTPOGHHOTO reHa.

Berpoenmsi ren: IalB

Pasnep resa: 498 bp

Tokyc 11 Betpansarus:  Tavmammkarasa (TK), SPPV066

Basossiii BeKTOp: PIN-TK-SPPV (ampR)

Ilravos: E. coli TOP 10

Caiter k1ommposarms:  Neol-Notl

Tlpmvesanse: IIPOBEPATS CEKBSHHPOBAHHEM IOCIE KAKIOTO CYOKIOHHPOBAHHA H

mara Tpascopatn

BcoRIG)

APr BamH1 (418)
TK-L
TK-L 423-1145
plN—TK—Iba\B(N) S TK-R 1734-2673
asdp TalB 1177-1675
e pS 1682-1721
s Apr 3856-4713

/ Neol (1673 ORI 3094
ORI Pt (i727)
% o1 Gza
Hindill (2675) TKR

PecTpHKITHOHHAA KapTa ILTa3MHIBI
M1 2

M-1kb mapkep
1- 6azoBas wiasMuAa
1-nasmuanas THK o6paGorannas pectpikTazamu PstI-Sphl

TToce10BaTeIbHOCTE BCTPOEHHOTIO I'eHa

o
1101 TGATARAKTT ATGAATTTCG ACATTATAGG TATAGATGAA GGGCAGCATG CAGAAAAATT AATTAATTAG ATCTGCGGCC GCACTAGTGA TTACGGTCGA
ACTATTTTAA TACTTAAAGC TGTAATATCC ATATCTACTT CCCGTCGTAC GTCTTTTTAA TTAATTAATC TAGACGCCGG CGTGATCACT ANTGCCAGET
T 0L 6 4. C LN A VERGTEAFQG NLEGNRLARGACERSA RGO
1201 CCTTGGTCAA TGCCTGAATG CGGTCGAGCG CGGCACCGAA GCCTTTCAGG GAAKTCTTGA AGGCAACCGG TTGGCTCGGG CTGAGCGCCG TCGTGGTGAC
GGAACCAGTT ACGGACTTAC GCCAGCTCGC GCCGTGGCTT CGGAMGTCC CTTTAGAACT TCCGTTGGCC AACCGAGECC GACTCGCGGE AGCACCACTG
% 1 0 A G AG Fan s 5L L @ 1 € ANV A GEAALRG A GG E GEVY
1301 ATTGATGCTG GTGCCGGATT TCAGCGEAGE AGCCTGCTTG GCATCGAAGE TCACTGGCGC GAGGCAGCCC TGCGGCAGGC GGGTGGAGAA GGTGAGGTTT
TAACTACGAC CACGGCCTAA AGTCGCGTCG TCGGACGAAC CGTAGETTCG AGTGACCGCG CTCCGTCGGG ACGCCGTCCG CCCACCTCTT CCACTCCAMM
¥ VP % G VI N LRERG AL K1 & T EAMN TGN T Y NFRARAG DR
1401 GGCCCAGCGG TGTCATCAAT CTTGAGCGAG GCGCCCTTGG CAAGATCAAG ACCGAACGGC ATCAGCAACA CACCGTCAAC TTTGCCGCCG GCGACGTTGE
CCGGGTCGCC ACAGTAGTTA GAACTCGCTC CGCGGGAACC GTTCTAGTTC TGGCTTGCCG TAGTCGTTGT GTGGCAGTTG ARACGGCGGC CGETGCAACG
TAG L G 5 AN * LA G LG A ALLL T H WA AGCC I L L ALATGRRAG
1501 GCAGCTCGGC AGTCAGAACG CGCTGGCCGG TCTGGGCGCT GCTTTGCTCC TGACGCATCA CGCAGGCTGT TGTATCCTTC TGCGACTGGE AAGACACGGT
CGTCGAGECG TCAGTCTTGE GCGACCGGCC AGACCCGCGA CGAAACGAGG ACTGCGTAGT GCGTCCGACA ACATAGGAAG ACGCTGACCG TTCTGTGECA
et
2 P YL 1 GF L GG A CsA G a6 G - | - kA "W
1601 CCAGTCCTGA TAGGTTTCCT GCAAGGTGCT TGCTCCGGGG GGCAGGGAGG CTAGATCTAG ARATCCCGCG GCCATGGTGG CTATTTATAT TCCAMMAAAA
GGTCAGGACT ATCCAAAGGA CGTTCCACGA ACGAGGCGGE CCGTCCCTCC GATCTAGATC TTTAGGGCGC CGGTACCACC GATAAATATA AGGTTTTTTT





image127.jpg
ITacnopT miIa3MuaAbI
pIN-TK-OMP16

Ten ompl6 Geut avmaGHUEPOEaK ¢ reHommoi JHK Brucella spp u kiommposan B pIN-TK-SPPV 1o
caifta  Ncol-Notl. ~KOHCIPKIHA ~TpOBSpeHa  COKBOHHPOBamHSM, BBBICHO  100%
TIOCTIeI0BATeTLHOCTH BCTPOEHHOTO TeHa.

Berpoenmsii ren:

Pasyiep rena:

ompl6
564 bp

Tlokyc 1 Betpansarus:  Tavmmmmkarasa (TK), SPPV066

Basossiii BeKTOp:
Ilravns:

PIN-TK-SPPV (ampR)
E. coli TOP 10

CalfTEl KTOHHPOBAHHA: Neol-Notl
Tlpnvesante: TIPOBEPATE CeKBEHHPOEAHHEM IOCTE Ka/KIOT0 CyOKIOHHPOBAHHS H
1mara TpaHcOpMalHH
eoR1Gs7)

APr,

P

Smatlss

BamHI(418)
KL

TK-L 4231145
TK-R  1781-2720
OMP16  1159-1722
it pS 17291768
Apr 3903-4760
) ORI 3141

Fstrg7a)

NowrGus77)

PIN-TK-OMP16
4960 bp

sHinaut Gayaa)

PecTpukiuonHas KapTa IIa3MHIBL
M1 2

M-1kb mapkep
1- GasoBas mIa3MHAA

TToce0BaTeNEHOCTE BCTPOEHHOIO IF'eHa

COOTEETCTEHE

1-nnasmuzHzas JIHK ob6paborannas pecrpukrasamu Pstl-Sphl
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ITacnopT miIa3MuaAbI
pIN-TK-OMP19

Ten ompl9 Geut avmaGHUEpoBan ¢ reromoft THK Brucella spp w xionnposan B pIN-TK-SPPV 1o
caiitav  Ncol-Bglll. KOHCTPYKUHS ~TNpOBepeHa  CoKBOHMpOBamHeM, BRUBIcHO  100%  coOTBeTCTBHE
TIOCTIeI0BATeTLHOCTH BCTPOEHHOTO TeHa.

Betpoenmsii ren: ompl9

Pasnep resa: 561bp

Tokyc a1 etpansarus:  Tavmmmmkamasa (TK), SPPV066

Basossiii BeKTOp: PIN-TK-SPPV (ampR)

Ilravne: E. coli TOP 10

CafiTEl KIOHHPOBARHA: Neol-Bglll

Tlpmvesanse: IIPOBEPATS CKBCHHPOBAHHEM IOCTE KAKOTO CYOKIOHHPOBAHHA H

mara TpascopMatn

ZeoRIGeT)
APT “BamHI(418)
T®L

s TK-L 4231145
PINSTIGOMRL? TK-R  1782-2721
el OMP19  1163-1723
—omps pS 1730-1769
bs Apr 3904-4761
A oot zan) ORI 3142

ORI P1G779)

sindm (72 KR

Pecx‘p}na.uwm—xaﬁ KapTa IUTasMHIbI
M1 2
i

M-1kb mapkep
1- 6asoBas mIa3MHAA
1-nnasmuzsas JIHK ob6paborannas pecrpukrasamu Pstl-Sphl

TToce10BaTeIbHOCTE BCTPOEHHOIO I'eHa

1101 TOATAMAKTT ATGAKTTTCG ACATTATAGS TATAGATOAR GOGCAGCATS CAGAKAAKTT ANTTAKTTAG ATCTGCGEGK CAGEOTEACG GCETGCCEoE
ACTATTTTAA TACTTARAGE TGTAATATCC ATATCTACTT CCCOTCGTAC GTCTTTTTAA TTAKTTANTC TAGACGCGET GTCGOAGTGC COGACGGCG
1201 CGOTIGTETG GCEATCOAG CGGCCETTC CTGAMGANTA GAGCGAGGEA ACCOTACCGE CGTTCGEATC GTAAAGIACG AGTTGCTTGE CATTOACGSE

GGTCCTCCGT TCTAKTCGOT CAAGTOGCCC COTCOCOTCG CCCGOACGEG CTATCGOGAC CGOTATAAAC CAGACGCCGE AGCGCTAGAA COTCOAGACT.
1901 CCACCAAGCG AGGCGTTCCK GACGCEAGEE ACGOEGCGE GCOTCAGIT COGTGCGAT GEAGGEGGEA GOCTTOCGAC CTOTGTACEG GATTGE00GE
AGTATAGGEA CCTCCCGCGT AMCCCCTTAR CACACCCTCT TAGTTCTAKC GGAMAGACOT GGCACGGACG GECTTGTCOT AACTOGCCAC GTECGecoce
1601 COGAGGCGAA ACKTTATEGA GATTACCAAG CEGOGAGCTE TOGEAGCEG0 CCAGGACAAT GCCAGECGEE GCGAGOCTO GEAGACTOCT TTTOARATRC





image129.jpg
ITacnopT miIa3MuaAbI
PIN-TK-CuZnSOD

Ten SodC 6su1 avmaHuEpoBan ¢ rerovsoit THK Brucella spp w kionnposan & pIN-TK-SPPV 110 cafitay
Neol-Notl. KoHCTpYKIHA NpOBepeHa CeKECHHPOBGHHEM, BEUBICHO 100% COOTBETCTBHE MOCTEIOBATSTBHOCTH
BCTPOGHHOTO reHa.

Betpoenmsii ren: SodC

Pasnep resa: 564 bp

Tokyc a1 etpansarus:  Tavmmmmkamasa (TK), SPPV066

Basossiii BeKTOp: PIN-TK-SPPV (ampR)

Ilravne: E. coli TOP 10

CafiTEl KIOHHPOBARHA: Neol-Notl

Tlpmvesanse: IIPOBEPATS CKBCHHPOBAHHEM IOCTE KAKOTO CYOKIOHHPOBAHHA H

mara TpascopMatn

ZeoRIGe)
ap Bamu1 ()

THL
o

i TK-L 423-1145
TKR 1781-2720
SodC 1159-1722
~cuznson pS 1729-1768
s Apr 3903-4760
X ——— ORI 3141

[ P

N\

sindunt G72) TKR

PIN-TK-CuZnSOD
4360 bp

PecTpuKITHOHHAA KapTa ILTa3MHIBI
M1 2

M-1kb mapkep
1- 6asoBas mIa3MHAA

1-nnasmuzHas JIHK ob6paborannas pecrpukrasamu Pstl-Sphl

Tlocnen0BaTeIbHOCT BCTDOCHHOTO IeHa L SN SO T] 2

ACTATTTTAA TACTTAAAGC TOTAATATCC ATATCTACTT CCCGTCGTAC GTCTTTTTAA TTANTTANTC TAGACGCOGG COTGATCACT AAGCGAGETC
1201 TICGATCACG CCGCAGGEAA ANCGGGCACE ACCGCCACCA AGCGGETCAG GCTTATCOGA ATAKTTATCS CCTCCGACAT GGACCATCAK AGAACGETGC
AAGCTAGTOE GGCOTCCOTT TTGCCCOTGG TGGCGOTGOT TCOCCGAGTE COAKTAGECT TATTAATAGG GGAGGCTOTA CCTGGTAGTT TCTTGCGACG
1301 TIGATITECG CCANTTTCTT GAGATGTGGA GCGACAAGGG TITCACTCAC CTTGCCOTER GEATTGGEGC TCAGGCGTGE CAAKTCGCEE. ATKTGTCENT
AACTAAAGGE GGTTAAAGAA CTCTACACCT CGCTOTTGCC AMAGTGAGTG GAACGGCAGT COTAACCGCG AGTCCGEACC GTTTAGCGGG TATACAGGTA

1401 CACCTTCAGS CCCTAXKTSG TOATGOGTAT TACTCGGATC ATANTGCCCG CCGGEAGEAA GAGECGETAC GATCTTGCCS TCTTTTTCTC CCGOAGCGCA
CGAMCCTAAA AGCACTTGTA CTTTCGOTAC TATCGGGCCG CAGTCGAAAA GGTATAAGTG GAACTTCACG TCGGGCGGGE CCCGARGECT TTACTGGTGC
1601 GTGCCAACTT CTTTACCCGG TCCGGTCGGC AGCGECTCAT ACATTTTTAC COTCGTGCTT TCTGCGAKAG CCGGAAAAGC CATAAGCACC ATTGTCGATG
CACGGTTGAX GAAATGOGCC AGGCCAGCCS TCGCGGAGTA TOTAAAANTG GCAGCACGAX AGACGCTTTC GOCCTTTICG GTATTCOTGS TAACAGCTAC

1701 CAATAAATAA GGACTTAACC ATGGTGGCTA TTTATATTCC ARAAAAAAAA AATAAAATTT CAATTTTTCT GCAGCTCGAG TCTTTAAAGA TATTGTATCT
GTTATTTATT CCTOATTGG TACCACCGAT AAKTATAAGG TTTTTTTTTT TTATTTTAAA GTTAAAAAGA CGTCGAGCTC AGAAKTTTCT ATAACATAGA





image130.jpg
ITacnopT miIa3MuaAbI
pIN-TK-Cu-Zn-SOD&OMP19

Tersr SodC u ompl9 Ssumm avmAGHIHpoBaNE! ¢ resomHol THK Brucella spp, u © TILIP coemmmenst ¢
HOMOIIBHO THEKePa KOTHPYIOMICTO 6 aMHROKHCIOT G4S2 1 k1omHposass: B pIN-TK-SPPV 1o caitax Neol-Bglll.
KOHCTPYKIHA TIPOBSPeHa CKBHHPOBARACN, BEUBICHO 100% COOTBETCTBHE MOCTCAOBATETBHOCTH BCTPORHHOTO
rema.

Berpoenmsit ren: SodC&omp19
Pasnep resa: 962 bp
Tokyc a1 etpansarus:  Tavmmmmkemasa (TK), SPPV066

Basossii BeKTOp: PIN-TK-SPPV (ampR)

Ilravns: E. coli TOP 10

CaifTEl KIOHHPOBARHS: Neol-Bglll
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IlacmopT mi1a3MuaABI
pIN-TK-OMP25

Ten OMP25 6si1 avmamHIEpoBas ¢ reroMmoi JHK Brucella spp u xiomaposan 8 pIN-TK-SPPV 1o
cafitam  Ncol-Bglll. KOHCTpyKIHS NpOBepeHa  CCKBGHHPOBAHHeM, BEBICHO 100%  cOOTBETCTBHE
TI0CTIeI0BATETLHOCTH BCTPOSHHOTO TeHa.

BeTpoenmsii ren: OMP25

Pasvep resa: 576 bp

Tlokyc xs setpamanms:  Trvmamknmaza (TK), SPPVO66

BasoBsiit BeKTOp: PIN-TK-SPPV (ampR)

Ilrans: E. coli TOP 10

CaiTs! KIOHHpOBAHHS: Neol-Bglll

Tprvesanse: [IPOBEPATS CEKBEHHPOBAHHEM IOCIE KAKIOTO CyGKIOHHPOBAHIS H
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1501  CATGCAGARA AATTARTTAR TTAGATCTAA CTTGTAGCCG ATGCCGACGC CCATACGATC CATTTGCGTA ACGATGGCGG CRRTCGGART FCCGTTGOCE

GTACGTCTTT TTAKTTAATT ARTCTAGATT GAACATCGGC TACGGCTGCG GGTATGCTAG GTARACGCAT TGCTACCGCC GTTAGCCTTA AGGCAACGGC
2 T e e e A L s Ty Gn ke Gr VA G M Ap A Me Gn Tw Ve b Ab A b Pk Gy An G g

2001 COTCCATATT TARGCTGCGC GCCGOGARTC GTTGCGCCCA GARTATGCAT CGCCATCTTG AAGTCGTTGA ACATGGAGAT GACGGCGCCG CCGAGCACAT

GCAGGTATAX ATTCGACGCG CGGCGCTTAG CARCGCGGGT CTTATACGTA GCGGTAGAAC TTCAGCAACT TGTACCTCTA CTGCCGCGGE GGCTCGTGTA
2 ApGy Ty Uy Lw Gn A Gh Ap be T mb b Lo e Fis M Ab L Fhe A Am P M e B Ve Ab Gy O L viAm

2101 TGAGRARGGC AATGAAGARA AACGGCGACT TGGTACGCGG AATATCCAGC GTCCGTICAA CGGCATTTCC CACCTCCTCC ATCAGCGGAR GCCAAGGTIC

ACTCITTCCG TTACTICTIT TIGCCGCTGA ACCATGOGCC TTATRGGTCG CAGGCRAGTT GCCGTARAGG GTGGAGGAG TAGTCGCCTT CGOTTCGAAG
2 nies oAb i Phe Phe Phe Pro S s T Ap Pro b Al Tu Ay G i A Am Gy W Gu b e lw Pl e Tp m Gu

o

2201 GTGEACGCCC TTCAGACGCA CATCCACATG CTTTGCGGCT AGCCGCTGSC GCAGGCGTTC GATCAGCCAT GOGCCTGOCS TATCRAGGTT GGARRTGCCS

CACGTGCG5G AAGTCTGCGT GTAGGTGTAC GAACGCCGA TCGGCGACCS CGTCCGCAAG CTAGTCGGTA CGCGGACGGC ATAGTTCCAA CCTTTACGGS
2 v v Gh Uy ievdp Ve Ve We e M Ab e Ap Gn A L Ap O b Lo Tp M Gh b T Amiw Am s b Gyw

2301 GAAATATCOR TGATTGTGGC CTTGTCGCCA COGGCCTGCT CARTCOCGCG CATCTTGTCA TCGACCAGAT GRACGCTTTG CGARRTCCAG TGGCCGCTGA

CTTTATAGCT ACTAACACCG GAACAGCGGT GGCCGGACGA GTTAGGGCGC GTAGRACAGT AGCTGOTCTA CTTGCGARAC GCTTTAGGTC ACCGGCGACT
P S A ke b T A iy Aw Gy Oy MhGn Oy b Gy Mg M s A A W lw M5 Ve Se Gn S b Tp Wi G Swiw

2601 GATGGATGAC GCGCATGCCG TCCTGTTCGC CCACATCART CTTTGGCGCA GCATICGTCG TAGCTCTTGE TTTGTCGGCA GCAACCATSS TGGCTATITA

CTACCTACTG CGCGTACGGC AGGACAAGCG GGTGTAGTTA GRAACCGCGT CGTAAGCAGC ATCGAGAACG ARACAGCCGT CGTTGGTACC ACCGRTARAT
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KA3AKCTAH PECIIVRIHKACHI
BLIIM KOHE FBLIBIM MHHHCTRIIT
FBLIBIM KOMHTETI
«BHOJNOT HSUTBIK KAYIICIYIK
MPOBITEMAJIAPBIHBIH FbLTbIMH-
3EPTTEY HHCTHTYThi»
PeCTyBAHKATLIK MEMTEKETTIK KaCINOpbIHbI

MHHHCTEPCTBO OBPA3OBAHHSI H HAVKH
PECTIYRIHKH KA3AXCTAH
KOMHTET HAYKH
«HAYMHO-HCCIEOBATEJBCKHI
HHCTHTYT IPORTEM
BHOIOTHYECKO# BE3ONACHOCTH»
PRCITYGAMIACRDE FOCYTAPCTBEHHOE PEITPHSITINE

TROA0Y, Haoss oG, Ko s TR009, HasGuctonas oGacrs, Kop ot pefion
sapacHicnnll X Tx , Tea - ¥72636/7-2228, e Fapaelickul, rea: £7263677-22-28
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74 70 20./9 x

xe_PI-0Yd b0

CITPABKA

0 [IeNOHUpOBaHuK pexoMGuHaHTHOTO wramma FSPPV(TK-)omp19/s0dC supyca
OCITBI OBeII, YKCTPECCHPYIONIHH XHMEpPHBIH TeH, BKIIOMIAIONIHIT YacTHUHbIe
0C/Ie/I0BaTeIbHOCTH reHoB ompl9 u sodC Brucella spp.

Astopsi: O.B. Uepsskosa, J.T. Taiinakosa, I'.O. IIIeiHpiGexoBa,
B.M. Crpoukos, K.T. Cynrankynosa.

PexombunantHblil wramm rSPPV(TK-)ompl9/sodC Bupyca ocmsl oBel,
9KCIPECCUPYIOUIMH  XUMEpHbIil TeH Brucella spp. OTHOCHTCS K ceMeHCTBY
Poxviridae, pona Capripoxvirus. PeKOMOWHAHTHBIH 1NTAMM TIONYYeH METOIOM
TOMOJIOTMYHON peKOMOMHAIIMM BUPYCHOrO IeHoMa B KynbType kierok TS u
MpeHa3HayeH JUTA MPOM3BOICTRA MPOGHIAKTHYECKUX NPENapaTos.

Jlara pemonuposammst 16.10.2019 r., peKkOMOMHAHTHOMY WITaMMY BHpYca
ocnbl oBent #SPPV(TK-)ompl9/sodC npucBoeH perucTpaudonHbiii Homep M-15-
19/D  KomleKuun MHUKpOOPraHU3MOB Pecmy6iHKaHCKOTO — rocy1apCTBEHHOTO
npennpusitus  Ha  [IXB  «Hayuro-nicenenoBaTelbeknii  MHHCTUTYT — mpoGiem
Guonornyeckoii GesonacHocTi» Komutera naykn Muuucrepcrsa o0pasoBaHus 1
naykn PecryGanku Kaszaxcran (080409, JKamGouickas obnacts, Kopaaiickuii
paiio, 1.T.1. I'Bapgeiicknii. Ten.: +7(72636) 7-22-28.

TenepanbHblii 1UpeKTOp ’\// K. 3akapbs

H.o. 3aBeayromero naboparopueit
KOJUIEKLIMM MHKPOOPIaHH3MOB

gy popaa

K. Kyryunncos

010641
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KA3AKCTAH PECIIYBIHKACHI
BLJIM JKOHE FBUIBIM MHHHCTRIITT
FHLIBIM KOMHTETI
«BHOJIOT HSLTBIK KAYITICI3IIK
TIPOBJIEMAJIAPhIHBIH FhLIBIMH-
3EPTTEY HHCTHTY Thi»
PecHyGIMKATHIK MEMTERETTIK KICiNOPbINEL

MHHHCTEPCTBO OBPA3OBAHHSI H HAVKH
PECTTVRIHKH KA3AXCTAH
KOMHTET HAYKH
«HAYYHO-HCCITE/IOBATEILCKHI

HHCTHTYT IIPORII
BHOJIOTHYECKO# BE3OIL
PecITyTHKAHCKDE TOCYIAPCTBEHIOE NpEITPHSITHE

OR0409, HKanonen oficas, Kopaatt ay

080409, KanGrircras otascrs, Kopaahicxi palion.
nrr napaeiicentt, rea : 87726367
e-mail: nbsp@hnosafety kz
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CITPABKA

0 JIENOHUPOBaHMK pekoMOUHaHTHOTO mtamma +SPPV(TK-)ompl9 Bupyca ocribl
0BEll, DKCIPECCUPYIOLIHiT aHTHreH bl Oen0K ompl9 Brucella spp.

Asropsi: O.B. Yepssikosa, J.T. Taitnakosa, I".O. IlIpiubibexona,
B.M. Crpouxos, K.T. Cyntankynosa.

PexomOnnanthelit  mramm  #SPPV(TK-)ompl9 Bupyca ocrbl  OBell,
9KCIPECCHPYIOILMiT  aHTHIeHHbIH  Genok ompl9 Brucella spp. oThocuTes K
cemeiictBy Poxviridae, pona Capripoxvirus. PekOMONHAHTHBIH LWITaMM MOJTy4YeH
MeTOZIOM TOMOJIOTHIHOI PeKOMOMHALMK BUPYCHOIO IEHOMA B KYJBTYPE KIETOK
TS v npejHasHaueH JUlsi IIPOU3BO/ICTBA BAKLIMHHBIX TPEMapaTos.

Jlara nenonmpoBanns 16.10.2019 r., pekOMOMHAHTHOMY LITaMMYy BHpyca
ocmsl oBew #SPPV(TK-)ompl9 NpUCBOEH perucTpaLuoHHbiii Homep M-16-19/D
Konnexunn MHKPOOPTaHU3MOB Pecrmy6mkanckoro rocyIapcTBEHHOTO
npeanpusitist Ha  TTXB  «HayuHo-ucclienoBaTenbCkiii  MHCTUTYT — rpobiiem
Guosoruyeckoii GesonacHoctu» Komutera naykn MHUHHCTEpCTBA 0Opa3soBaHHs U
Hayku Pecry6mmku Kaszaxcran (080409, JKamGbuickas o6nacts, Kopnaiickuii
paiio, 1.r.1. ['Bapaeiickuii. Ten.: +7(72636) 7-22-28.

I'enepanbHblit 1MpekTOp K. 3akapbs
W.o. 3aBenyiomero maboparopueii )
KOJINEKLMH MUKPOOPraHH3MOB o ot T K. XKyrynncos

010642
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MPORTEMAJIAPBUHBIH FhiTBIMH-
JEPTTEY HHCTHTY Thi»
PecnyGANKATBIK MEWAEKETTR KICIOPbIHbI

MHHHCTEPCTBO OBPA3OBAHHSI H HAYKH
PECTIYRIHKH KABAXCTAH
KOMHTET HAYKH
«HAYUHO-HCCIEAOBATEJBCKHI
HHCTHTYT IPORITEM
BHOJIOTHYECKO# BE3ONACHOCTH»
PeCITyRAMKAHCKDE 0CYLAPCTBEHHOE NPEITPHSITHE
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CITPABKA

0 JeNOHMPOBAHHH peKOMOHHaHTHOrO mTamva rSPPV(TK-)OMP16 Bupyca ocibi
oBell, SKCIpeccHpylonii anTHrenHsIi Genoxk OMP16 Brucella spp.

Astops: O.B. Uepssixosa, D.T. Taitnakosa, C.O. Canukanmesa, K. 3akapps,
K.T. Cynrauxynosa. o

PexomOunantHsiii  mramyv  rSPPV(TK-)OMPI6  Bupyca OCTHbl  OBEL,
SKCTIpeCCHPYIOILMIl  aHTHTEHHBI  GenoK OMP16 Brucella spp., OTHOCHTCS
K cemeiictBy Poxviridae, pona Capripoxvirus. PekoMOMHAHTHBIH [ITAMM MOJIydeH
METOOM TOMOJIOTHYHOH PeKOMOMHAIUMH BHPYCHOTO TEHOMA B KYIbTYpe KICTOK
T$1 1 npe (HA3HAYEH JUIA IPOU3BOJICTBA NPO(MIAKTHYECKHX [1PENApaTOB.

Jlara memonupoBanus 13.07.2020 r., peKOMOMHAHTHOMY LITAMMY BHP
ocnbl osert #SPPV(TK-)OMP16 npucsoen perucTpaLioniblii Homep M-15-20/D
Komnexuun MHKpOOPraHu3MoB  PecrmyGI/IMKaHCKOro — rocyAapeTBeHHOro
npeanpusts  Ha  TIXB «HayuHo-HCCe0BaATeNbCKAIT  MHCTHTYT npobiem
Guonoruueckoii GesonackocTiy Komurera nayki Muicrepersa o0pasosiis 1t
nayku PecriyGmuxn Kasaxcran (080409, JKamGbuickas obnactb, Kopaaiickinit
paifom, r.r.T. I'sapaeiickui. Ter.: +7(72636) 7-22-28.
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«BHOJIOT HSLIBIK KAYIICIXIIK
TIPOBIEMATAPIHBIH FBLTBIMH-
3EPTTEY HHCTHTY Thi»
PecnyBAHKATEIK MEMIEKETTIK KICINOPhIHEI

MHHHCTEPCTBO OBPASORAHHS H HAYKH
PECITYRIHKH KASAXCTAH
KOMHTET HAYKH
«HAYUHO-HCCTETOBATENBCKHIT
HHCTHTYT IPORTEM
BHOIOTHYECKO# BE3OTIACHOCTIh
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CITPABKA

0 JienoHMpOBaKKH pekoMOHHaHTHOro mtavva +SPPV(TK-)lalB Bupyca ociibt
oBel, SKCTIpecCHpyIolit anThrennsiit Genok /alB Brucella spp.

Astopst: O.B. Uepssikosa, D.T. Taiinakosa, C.O. Canukannesa, K. 3akapbs,
K.T. Cynrankynosa.

PexomOuuanTHeii  wTamm  rSPPV(TK-)lalB  Bupyca — ocmbl  OBELL
SKerpeccHpytomit - anturenssii  Geox lalB Brucella spp., oTHOCHTICA K
cemeiicTBy Poxviridae, pona Capripoxvirus. PexoMOMHAHTHBIH HITAMM [OIy4eH
METOIIOM TOMOJNOTHYHON PeKOMOMHAIMH BUPYCHOTO TEHOMA B KYIbTYpPEe KICTOK
TSI v npeHA3HAYEH 1S IPOU3BOCTBA MPOGHIAKTHHECKHX MPENapaTos

Jlata fenonuposanust 13.07.2020 r., peKOMOHHANTHOMY IITAMMY BHPYCU
ocnsl osen 7SPPV(TK-)IalB npucBoeH pernctpaiuonHbiii Homep M-14-20/D
Komrekuus  MHKpooprasusmos  PeciyOnnkatckoro rocy 1apcTBEHHOr0
npemnpustis Ha  [IXB  «HayuHo-neciesioBaTenbekuil  HHCTHTYT npobiem
Gronoruueckoii GesomacrocTHy Komutera Hayki MuHHCTEpCTBa 00pasoBaus i
naykn Pecnybmakn Kasaxcran (080409, KamGouickas oGnacte, Kopsaticknit
paiion, r.r.T. [Bapaeiickuii. Ten.: +7(72636) 7-22-28.

g K. 3axapbs
W.0. 3aBenyrowiero naGoparopuei

KOJUIEKIIMH MHKPOOPraHU3MOB f/,n st K. JL Kyrynneos
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MHHHCTEPCTBO OBPA3OBAHHSI H HAVKH
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KOMHTET HAYKH
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CTIPABKA

0 JIeNIOHAPOBAHNU PeKOMOMHAHTHOTO tramma rSPP V(T 'K-)OMP2S5 Bupyca ocIbl
OBell, IKCIpecCHpyoliii anTHreHHpIi Gesiok OMP25 Brucella spp.

Astopsi:  O.B. Yepssikosa, D.T. Taiinakoa, C.0. Caumkanuesa,
I".O. IlIsmpibexosa, K. 3akapss, K.T. Cy:nraikysiosa.
PexomGuuanTHBI  wtamm  rSPPV(TK-)OMP25  Bupyca OCHbL  OBCIL

SKCTpeccHpyIOmmil aHTurennbiii Genok OMP25 Brucella spp. otmocutes Kk
cemeiictBy Poxviridae, pona Capripoxvirus. PeKOMOUHAHTHBI MTaMM MOIy4EH
METOZOM TOMOOTHYHON PeKOMOUHAIME BUPYCHOIO [EHOMA B KYJIBTYpE KIETOK
TSI 1 npeHA3HAYEH IS IPOU3BOCTBA NPOPUIAKTHYECKUX [IPETIApaTOB.

Jlara penonmposanust 29.05.2020 r., peKOMOMHAHTHOMY IITaMMmy BHpyca
ocrsr oselt ¥SPPV(TK-)OMP25 mipucBoen peructpaunonnbiii Homep M-10-20/D
Konnexuuu MMKpOOpraHusMoB  PecryGinkanckoro roCyapCTBEHHOrO
npemmpustas  Ha [IXB  «HayuHo-Hccne0BaTebCKMIT  HHCTHTYT npoGiiem
Guonoruueckoii GesonacHocTiy Komurera Hayku Mumucrepersa odpasosanits i
naykn PecriyGmukn Kasaxcran (080409, KamGuuickas obaactb. Koprnaiicknii
paiion, m.r.1. 'Bapeiickuii. Ten.: +7(72636) 7-22-28.
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BLITIM KOHE FbLIBIM MHHHCTRIITT PECTIVRIHKH KA3AX
FBLTBIM KOMHTETI KOMHTET HA)‘:S““
«BHOJIOT HSUIBIK KAYINCIZUK HAYYHO-HCCIETOBATETBCKHIL
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CIIPABKA

0 JleronnpoBaHKH pekoMOnnantHOTo mramma rSPPV(T] 'K-)sodC Bupyca ocrbl
OBel, SKCTIPECCHPYIONIHH aHTHTCHHBIH G0k sodCBrucellaspp.

Astops: O.B. Uepssixosa, J.T. Taitakosa, C.O. Caanxamesa, [.O.
Ilppibexona, K. 3akapes, K.T. Cyntankynosa.

PexomGunanTHblii  wramm  +SPPV(TK-)sodC  Bapyca — ocnibl  OBCIL
skenpeccHpylolmii  aTHrenHpit  Genok  sodC Brucella spp. oTHocutes K
cemeiictsy Poxviridae, poma Capripoxvirus. PekoMOMHAHTHEIH 1ITaMM MOJTY4YCH
METOZOM FOMOIOTHHHOIH PEeKOMOMHAIMH BUPYCHOTO reHOMa B KYJIBTYpe KICTOK
TSI i npeHa3HadeH UIs IPOU3BO/ICTBA BAKLHHHPIX IPETIAPATOB.

Jlata nenonmposatus 31.03.2020 r., PeKOMOMHAHTHOMY IITAMMY BHPyca
ocmbl opell #SPPV(TK-)sodC npucBOeH DETHCTPALMOHHBIH HOMEP M-7-20/D
Konnexmu MUKPOOPraHU3MOB  PecryGIMKaiCKoro  rocysapeTseHHOrO
upennpusitas  Ha  TTIXB «Hay4Ho-HCCIeI0BATeNbCKUI  MHCTHTYT npobaem
Guonoriteckoii Gesonacoctiy KovuteTa Haykn MuHHCTepCTBa 00pasoBanits i
naykn Pecrybnnkn Kasaxcran (080409, Wambpuickas obmacts, Kopaaiickuit
paiion, n.r.t. I'sapnefickuit. Ten.: +7(72636) 7 22-28.
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TEXHUMECKAS CIEUMOUKALIAS 1
KAJERJAPHBI ILTAH PAROT

0 toromopy e 119 07 05.03.2018 roza

1. PecnyGnucancioe rocyaapeTseanoe npeanpusTue 1 npas

somicrae
ccaenopaTenLoRUE WHCTITYY upoGien GHoTorwiecKoN Geionacnoer” Kowrrera

o vecuns

nayin Muscrepersa oSpaso

wnayi PecnyGmusa Kaaxeran

1.1 Tlo pnopirery: 4. Hayia o s  3xoposse.

12 Tlo nownpropiey: 4.1 QYIANEHTATIGC W TPHKIIAIC HECAESORA B OOTACTH
Gronori:  BuowMeCIe, IOHOTONICKIE N MOFCKYASDHO-TEHETINEEKIE  WEXBIINS
RCToeT. WiKpoTrUOR, FPWon W oRopctll. Teopeicane . tpaieTEe

13 Mo towe mpocc: JGAPOSIIG  dKoncrpywposamme  perowwmaiin
KATPUIOKCOHPYCOS, SECTpECCHpYIOUINX NPOTEKTHBHSE aHTATEHN Bricella pp., # OySEHHE WX
moyHOBHOOTeCKX COOACTE

1.6 O61uan cywva TpocKTa 36 000 00D (TPHULETS TCTs MIIAHOROR) TEHTE, B TOW e ©
PeIHBROH Mo oMM, A1 SR PABOT COFRRCHD MyHTY 3

-1 2018 ron -  cywe 12 000 000 (TlscHaniars wAmHONOS) TeHTe;
~1 2019 ron - 5 cyse 12 000 000 (lacranuars winono) eare;
-1 2020 rox -  cyece 12 000 000 Tleranuars wnonion) eure

2. XapaKTepHcTIKA Hay-IO-TexiYecKol POy 10 KBATHBHKTHOMHLN

21 Hanpucive paGors KoTROmBRRS SRauGHIBITIS s EapARRCIEY=on
Wiy wx cooficra
122 OGS IpHMENEHIAR MeZHLICKAA/bTEPHHADHAN BHPYCOTOTIR, BIELIHOROTHS
23 Konewsa pesyrorars
~'38 2018 rox: Tl WiTerpaH 448 pekONGHHALI FeioNa Bipyca ocnit oses, |
rarua  eypuasax, pexowennyewtx KKCOH MOH PK;
- 58 2019 10X PEXONGHNINTHSI LITQHS BUPYCA OGTI OBEN KOMPYIOMIE EACRHE
reus, | crarus n xypanax, pexosenmyewsr KKCOH MOH PK;
- 3 2020 roz: XapaxTepUCTIKE peKOMGHINTIL LITIMMOB 10 YPOBIIO SKCTDECCIL
Heneoux 66708, CTASWIIORTH, INNUORCHIOCTH M NOTEKTUBHOCTH, 2 CTITHH B KypHwIE:
«WVeserinary Imminology and Immunopathologyy, «Research in Veterinary Sciencen, (The Vetrinary
Jousmal (Scops), coxaa KA a wiOBpeTCHHE,
24 Tatewocnocobuocrs: wcorss
25 Haysso-rexsurccio ypovens (1omusia): BUpYE 0G4 0bel OYAeT Bposie HCrOTSS0Bal
478 WCTpecCHH MPOTEKTHARASK GETK09 GPYIERA, 4TO TIOTBONT N0 TS YHMKATEYIO BEETOPHYIO
BRIy FPOTH SRR RGO 1 HeR00CK.
26 Wononssosaine ayso-rexsiaseckol IpOTYKUNN OEYUESTBIRETCR:  Jakasuikon
Henonmesew.
2.7 Bu wcnonsaoasns pesyraraa vayot 1 (1) Hayo-TexuseCkoll AeSTenLHOCTH
er n pekoNGHITHAG WTRNMS SHpYEA oo OB€l
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3| Cosaaiae wa ocuone Fisape (10 1 ow6pe| Byct hawaTO corsaniC 7l
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ompI, SodC, ompl6, LILIZ | omp1, SodC, omp1e, LTLIZ
W onpeacnesme 1 ypowis | onpeaeen e ypowers.
axerpeccu. | axcnpeccn.
31| Koncrpyuposaiie mraswin | Sisaps | Fiows 2018 Byayt koncrpymporaiit
warerpaus. 2018 | amonass rverpa,
32| onyseune porowGamarrass: | Fions |10 1 0%Gpa] BYAET Havato noiyvenie
ramon wHpyca ocuioven, | 2018 | 2018 | perowbunasmex rawon

ipyca ociu oset.
Ty 1 crarn
wypuanax, perowcrzyesi
KKCOH MOH PK.

3| Cossaie i oeions Sirsape (70 1 nosOpa| BYIeT MpOROKeHo Corme R
Baxunmioro e nepyca | 2019 | 2019 | ocsone saummoro uraa.
ocins oseu ¢HHCXiy pyca oci obeu ¢HHCKH
pecoGaTILX TS peroNGMTILX uraNos
ompyIOX reu Genon ompyiouye ei oo
omp19, SodC, ompl6, LLIZ ormp1, SodC, omp16, LTLI2 1
oupeiencie 0 ypowt onpeneen i yposeu.
axcpecoi. axcnpecein.

32| Monywenne pevonbimarmius: | isape 20 1 HoRGps| Byser Mposomken TGy e

| a0 mpyca ocu oses. | 2019 | 2019 | pexowSwmurT wraimon

upyca ocnut oven. My
1 craron s wyprasax,
peconcnyesnsx KKCOH MOH

PK.

33| Outcnxa yposns swcrpecenn | OXISpe 10 1 HoHG| ByAct iasird oinea ypowsn
uerenunx Feuon 8 ymaype | 2019 | 2019 | okcrpeccin uencos rnon o
werox mrype Ko

T Ouemsa crbumiiocts O 16 T noapa| Byner navara ouensa
peroubmaTHL wTanos | 2019 | 2018 | crabumsocts pesowSiniaTi
Bipyca ocm ovet. rason supyea ocns ose.

5| Coamaae s ocnor Siisap (10 1 ioRGpR Byaet aacpuucid comaae v

BesunHOrD WTaMMa Bupyca | 2020 | 2020 | ocione sakimmMoro i
ocust oseu HHCXHy Bupyce oct oven HHCKD
peroMGaTIX TS peronbiaumx oy
ompyiou reus Sexon omipyioue reus Genkoo.
ompl, SodC, ompl6, LLI2 omp1, SodC, omp16, LILI2 1
Wompesenese ux yposia onpesenes i yposei
axcrpecoi axcpecen,

33| Ouewca yposi secupeceiin | Susaps | Mapr 2020 | By sasepiaeid Giens ypounn
nenen revon v kymype | 2020 cnpecein uencasn reor

o ynirype xnerox,
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Jlonoamureastoe cornamenne Ne
Kk Jlorosopy na rpantosoe gpunancuposanue Ne119 ot 05 mapra 2018 roga

r. Hyp-Cyaran or «ﬂ» 07  2020r.

l'ocynapetsennoe yupexenue «Komuter Haykn Munmcrepersa o6pa3soBaHus H Hayki
PecniyGiukn  Kasaxcraw», mmenyemoe B jaibHeiimem 3akasumk, B mie [lpeacenatens
Kypmanramesoit JK.JI., zeiictsyiowero Ha ochoBamuu Ilonmoskenus o Komurere HAYKH,
YTBep:kIeHHOro npukazom OtsetcTsentoro cekperaps 10 urons 2018 roga Ne 169-K, i nprkasom
Munucrpa oGpasosanns i Hayk PecryGuikn Kasaxeran ot 25 mexaGps 2019 roma Ne 169-xk, ¢
omuoii  croporpl, # PITI ma TIXB  «HayuHno-ncenenoBatenseknii  MHCTHTYT —mpobiem
Ounonornyeckoii Gesomacroctn» Komuteta Hayknm MuHucTepeTBa 06pasoBauss H  HAYKH
Pecny6mukn Kasaxcran, mvenyemoe B janbueiimien «Mcnoanutens», B e reHepaTbHOrO
aupektopa 3akapes K.JI., neficTByiomiell Ha OCHOBaHHM NpHKasa W.0. mpeicematens Kommurera
nayku MOH PK ot 12 nekaGpst 2018 roxa Nel11-BFY ¢ apyrofi cTOpPOHBI, Ha OCHOBaHMH CTATHI
401, 402 Tpamnanckoro Koxekca PecnyGmikn Kasaxcras, nocranosienus IIpaButesbcrsa
PecnyGmuxu Kasaxcran ot 25 mas 2011 roga Ne 575 «OG yrsepsaennu [lpasun Gasosoro,
TPaHTOBOTO, MPOrPAMMHO-LENEBOro (DHHAHCHPOBAHHS HAYYHOH W (WIH) HAYYHO-TEXHHYeCKOil
JIeSTeNbHOCTHY, TIocTaHoB/eHns [Tpasutenscrsa Pecrydmukn Kasaxcran or 16 mas 2011 roma Ne
519 «O HAUMOHANBHBIX HAYUHBIX COBETAX» M pelleHHs HaUHOHAIBHOrO HAyYHOTO COBETA 110
npuoputety «Hayka o sxusum m 3m0posbe» (Bbmucka Ne2 us Ilporokoma sacenamms Ne2 or
12 mapra 2020 roza) 3akmrounin Hactosiee Jl0noaHHTEbHOE coriatuenue K aoropopy Ne 119 ot
«05» mapra 2018 roza (nanee — JIoroBop) i NPHLLIH K COMIALIEHHIO O HUKECIETYIOMIEM:

1. B npunoxenwue 1.2. k JTorosopy:

ab3au Tpetui, mynkra 2.3, paszsena 2 H3T0KHTE B CIICAYIOUIEH peaKLHH:

«-3a 2020 rox: XapakTepucTHKa PeKOMOHHAHTHBIX IITAMMOB 110 YPOBHIO SKCIIPECCHH
eNeBBIX GETKOB, CTabU/ILHOCTH, HMMYHOT@HHOCTH H IPOTEKTHBHOCTH, 2 CTATHH B PELICH3MPYEMBIX
3apyOeKHBIX HAayUHBIX H3AHHSX, HHCKCHDPYeMBbIX B Gasax JanHbix Web of Science nim Scopus ¢
HEHYJIEBBIM HMITAKT-(aKTOPOM, 10/1aHa 3a5BKA HA H300PETCHHE. »;

NYHKT 6 pasjiena 3 U3J10KUTh B CIeAyIolleii pelaKiHu:

6 Hayuenne nporexrnsHocTH | Anpesb no 1 Byzer usyuena npoTeKTHBHOCT
Moy4eHHBIX WTaMmoB Ha | 2020 HOAGPS | MOMYYEHHBIX TAMMOB Ha 1a60PaTOPHEIX
11a00PaTOPHBIX KUBOTHBIX 2020  |xwuBoTHBIX. [TyGnukauus 2 crateii B

PELEH3UPYEMBIX 3apyGeKHBIX HAYUHBIX
M3AHMSAX, HHACKCHPYEMbIX B 6asax AaHHbIX
Web of Science nan Scopus ¢ HeHyeBbIM
umnakt-haktopom. [Moaana 3asieka na
n300peTeHHe Ha PEKOMOHHAHTHBIE LUTAMMBI
BUpYCa OCMbI OBeLl, IKCNpeccHpyioLime
Genku Gpyuenn,

2. B npunoxenne 1.3. x Jlorosopy:

nyHKTbl 2.5 1 2.7 pasaena 2 U370KHTb B CAEAYIOUICH PelaKLMu:

«2.5 Hayuno-texnuueckuil ypoBenb (HoBH3HA): IIpOEKT COOTBETCTBYET NPHOPHTETAM
HAY4HO-TeXHHYECKOIO H COLMAIbHO-OKOHOMHYECKOro passuTus Pecrydamkn Kasaxcran B o6macth
nanotexnosoruu. B Kaszaxcrane ananoruunbie paGoThl 10 HACTOAIIEIO BPEMEHH HE IPOBOIMIHCH
H 3aBISIEMOE HCCIIE[OBAHME ABJSETCS COBEPLUEHHO HOBBLIM HAydHbIM HanpasieHueM. [Ipu
peanu3anuu mpoekTa OyJyT MONydYeHbl TPeXMepHble MOJeNH MOBEPXHOCTHERIX GelkoB BHpyca
TPHIINA, AHATH3UPOBAHLI HA HAIM'UNE H3MEHEHHH B AHTHIEHHOH CTPYKTYpe H OmyOIHMKOBAHBI B
MeJKIYHapOIHOl oHaiiH Gase, I-Tasser.

2.7 But MCTIONB30BAHMS Pe3y/IbTaTa HAyYHON M (IIH) HAayYHO-TeXHHYECKOll JesITeIbHOCTH:
pesynbrarhl GyayT onmyGIMKOBAHBI B MEJIYHAPOAHON KOMMBIOTepHO# Gase aammpix I-Tasser,
KOTOpbl€ HAXONATCS B CBOGOMHOM JOCTyMe, A aibHeMIIEro HCMoNb30BAHMA HX B JPYTHX

HAY4HBIX U (HJIH) HAY4HO-TEXHHYECKHX HCCIEL0BAHUAX.);
A A

myHKT 8 pa3fena 3 H3NOKHUTE B CIEYIOMIEH PeaKilin:
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8 TTyGnuKamus CTpyKTYphl
Genkos B Gase nanubix I-Tasser
H BBISBICHHE AHTHICHHBIX
MyTanuit

Oxtsi6ps | 1 HoAOps | Bee noayuennsie Moxenu Gyayt
2020 2020

OMyOIHKOBAHBI B
MEKIYHApOHBIX Ga3ax ManHeIX I-
Tasser, a TaKKe OyYT BbIBTCHBI
AHTHTEHHbIE MyTALHH,

3. Hacrosimee JIono/HHTENbHOE COMTIALLEHHE ABAASTCA HEOTHEMIEMOH YacThio Jlorosopa u
BCTYNAET B CHITY C MOMEHTA €10 MO/NNCAHUS CTOPOHAMH | JieficTBYeT 110 31 zexadps 2020 roja.

4. Venosus Jlorosopa He 3aTpoHyThle HACTOAIMM JIOMONHMTENLHBIM COIALICHHEM,
OCTAOTCS B HEH3MEHHOM BHJIe, H CTOPOHEI OATBEPIKAAIOT 110 HHM CBOH 0053aTe bCTBa.

5. JlonoHATEbHOE COMIAIEHHE COCTABICHO B IBYX K3EMILIPAX, 110 OAHOMY SK3eMILAPY
s Kaok0ii 13 CTOPOH, HMEIOUINX OIHHAKOBYIO IOPHIMYECKYIO CHITY.

TOpuanuecKie aapeca i PeKBH3NTBI CTOPOH

3akazumi:

Tocynapersennoe yupexaenue «Komurer
Hayki MuHHCTePCTBA 00Pa30BaHs H HAyKH
Pecny6nuku Kasaxcrany 010000, r. Hyp-
Cynran, npocnekt Monrinik En, 8

Ten. 87172 (74-16-53), (74-20-93)

MUK KZ92 0701 01KS N000 0000

PT'Y «Komurer Kasnaueiictsa
Munuctepersa dmmancon PK»

BUK KK MF KZ 2A

BUH 061 140 007 608

Koe 11

Henoannrens:

PI'Tl na [IXB «Hayuso-uccnenosarensexuii
MHCTHTYT nIpo61eM GHosoriHYecKoii
GesonacroeTiy KomnTeta nayki
Munncrepersa 06pasoBanus i HAYKH
Pecny6nkn Kasaxcran

BMH 061040004937

MUK KZ65 6010 1310 0015 5334
AO «Hapozuiii Bank Kasaxcraray

T ATmaTel
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Session 9- Viral Vector & Vaccine Development

P91 Plaque Reduction Neutralization Assay using IMVAMUNER® against Variola
virus
Matt Mauldin. Ashiey Kondas, Darja Schmidt, Niels Wulff, Christine Hughes,

P93

P9-4

P95

P9-6

P9

Vigtoria Olson, Christina Hutson

An MVA vector expressing HIV-1 Eny under control of a potent vaccinia virus
promoter as promising strategy in HIV/AIDS vaccine design

Pairicia Pérez. Maria Q. Marin. Mauro Di Pilato. Carmen E. Gomez, Carlos Oscar

S. Sorzano. Mariano Esteban, Juan Garcia-Arriaza

Towards the Development of Personalized Cancer Vaccines Based on the MVA
Vector

Nathalie Hoffmann. H. Schultz. F. Mischler. Y. Cordier, D. Villeval, C.
Remy-Ziller, C. Wang, N, Savelyeva, B. Grellier, S. Robin. J. B. Marchand, K.

Bendjama, C. H. Ottensmeicr, E. Quéméneur

Protection of mice from a lethal challenge with severe fever with
thrombocytopenia syndrome (SFTS) virus by immunization with a novel
recombinant LC16mS expressing SFTS virus genes

Tomoki Yoshikaw

Satoshi Taniguchi. Shumpei Watanabe, Kazutaka Egawa,
Shizuko Harada. Takeshi Kurosu. Shuetsu Fukushi. Masayuki Shimojime. Souichi
‘Yamada, Shigeru Morikawa, Masayuki Saijo. Hirofumi Kato, Hikaru Fujii. Miho
Shibamura, Takuya Inagaki

Deter

ing correlates of protection of a MVA-based vaccine against Ebola
virus in a mouse model
Volz. Alexandra Kupke, Frik Dietzel, Markus Eickmann, Stephan Becker,

Gerd Sutter
Sheep Pox Virus NISKAI to Develop a Vector for Veterinary Vaceines
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The ICP34.5 protein of herpes simplex virus 1 expressed by MVA
recombinants generating excess early double-stranded RNA also acts
upstream of elF2alpha and blocks PKR activation
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Sheep Pox Virus NISKAI to Develop a Vector for Veterinary Vaccines

Sandugash Sadikaliyeva, Olga Chervyakova, Vitaliy Strochkov, Kulyaisan Sultankulova, Nurlan
Sandybacyv

Rescarch Institute for Biological Safety Problems, RK MES (RIBSP) Kazakhstan

Sheep Pox Virus NISKAI (SPPVN) is a vaccinal strain that is widely used to prevent sheep pox in CIS
countries. SPPVN induces specific humoral and cellular immune response and protects sheep against
infection with virulent strains.

In our study we tested SPPVN for its ability to express foreign genes to be used in development of vector
Veterinary vaccines. Green fluorescent protein (GFP) and VP1 protein of foot-and-mouth disease virus O
(FMDV) were used as target antigens and inserted by homologous recombination at SPPVN thymidine
kinase site.

The recombinant virus expressing GFP (detected in cell culture by fluorescence) induced formation of
antibodies to GFP in mice. The expression of VP1 protein by the recombinant virus was detected in cell
culture using immunoblotting. Immunization of mice with the recombinant virus expressing VP1 protein
induced formation of virus-neutralizing antibodies. Both recombinant viruses were safe

The preliminary results show that SPPVN has a potential of being used as viral vectors in development of

Veterinary vaccines.
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JKenpeccus u ouneTka Geaka lalB Brucella spp.

B noeaezuuie roast naionaetes saversoe pacnpocTpaientic 0¢o60 ONACHEIX HH(KLIOHLX Goreamel, ko-
TOPLIE HAHOCAT GOAALILOI SKONIONHHECKIHH YIIIeps KUBOTHOBOACTRY. Bakieil i 1 MEpEMEKTHAHLIM METO O
GOpLGI € HheKLMORIEII Soesitav sISETCA MMy HOPOMTAKTIka, Hlnosayentsie B RaCTOmIeE pevn
BARUIMHbL 1A POGHIATIKI GpyIIEniesa TPECYIOT CROCTO MpHIIHINATSHOTO H3MEHEHIHS H COBCPLLCHCTBO-
Batia. QL0 15 1CPCNEKTBHLX HAPABIEHIT 1Pit PaspaGoTKe Gesonaciiix i HpEKTHBHLX CPeACTR po-
‘bunaTii — ucnoas3osae poTeKTHBNLIX anTurerLX Geko Brucella spp. Llenio AaHHEX HeCAEA0DD-
il ABAIOCS TMOMy ieiIke pexoMGHHaNTHONO Genia 1alB Brucella spp. MeToI0M GaKTEpHATE O SKcnpeceitn
B Escherichia coli. B pesymutate nposeaebix necienosanitii rew, KOTopuiil KOANPYCT uHBasHBHl Gexok
Jall, G avenauuttnposa ¢ renonnoii JULK Brucella suls w k10Huponait » GaKTepuatbsih okeapecenpy-
foui extop PET28b (+). OTpaBoTalibi ONTHMATbHbE YCAOBIA IKCTPECCHH LIENEBORO reia B KAeTKAX E. coli,
urmas ER2366 1 Y1011z 0uHCTIH PeKOMOMHAHTIONO GeTka — MeToToM MeTa-ahbumiof xpowarorpa.
(hun. Crerens ourierin Gena coctasuna e Metee 95 %. TTpit HMMYIW3AUIN pexosGHANTILN GeaKon Talls
B OPTAHIME MLLCH BLIPAGATHIBAIOTCS ANTHTEAR, KOTODLLE AETEKTHPYIOTCH b MMMYROEPMEHTHOM AHATISE.
Moy seriuli pexoGHHaTHbli Getoi GyeT Hero:1b308aH 115 PaspaBoTKIt MpoGITAKTHYECKHX Tpenapatos
NPOTUB Gy IIEIIE3a KHBOTILIX

Kouesoie croaa: pexoMGunanTisil Ge:10K, KIOMPOBAIG, KCTpeCCHs, Gpyrenies, anTitea.

Beeoenue

Bpyuennes annsercs Gaxtepuansioli Gonesibio, nanocsimeit Gombuwofi KoHOMMYCCKI yiiepd #iBoT-
HoBoAeTRY. OSbeauHernbil KoMHTET SKenepTon BAO HHGOPMIPYET O TIOBCEMECTHOM PACTPOCTpHeHIM
Gpyuennesa cenbekoxosalicTaenHbIx #uBOTHAIX [1, 2], B Kasaxcrare Gpyliennes pernctpupyeres mpaxise-
CKHY BCEX BILIOB CElbCKOXO3AIICTBERHEIX 1 AOMAUTHIX KHBOTHBIX (KPyMHBIIT POFaThIii CKOT, OBLb, KO3bl,
CBIHBH, CEBEPHBIC ONIEHH, Mapauibl, OMAAH, BEPGIObI, AKH, GyHBOIbI, 3¢y, COBAKH). DIHI00TONOMHECKI
11 IKOHOMIECKI HAGOIee SHAUNMIM ABIAETCA GpYUEILIEs KpYTHOTO POraToro ckoTa [3-6].

Bamieiiuin it NepenekTHBHEIN METOAOM GOPLOI ¢ MHEKLIOHHIMI GOTEHAMI ABIAETCS MMMy HO-
npodakTitka. TIpOTHB Gpyuentesa B pasioe Bpems GLLIO NPEUIOKEHO SHATHTEILHOE KOAYECTRO HHAKTH-
BUPOBAHHBIX 11 KHBLIX Bakitih. HanGonuiuiee Ip3naKiie 5o bem Mitpe MOAITa KIBAS BAKLUIHA NPOTHS
GpyLesiesa 3 ATTENYUPOBAHOTO ATAIOTHHOTEHHOTO LITaMMa B. abortus 19, KOTOpas LIMPOKO MpiMenAAach
B CCCP, CLUA # MHOTUX APYIHX CTpatax Mipa. CyHIECTBEHHBIM HEXOCTATKOM STHX BAKIMH SBISCTCA HATH-
i1 B KPOBH HMMYHH3HPOBAHHBIX KNBOTHBIX AHTHTEL, BBIABIACMBIX B CEPONOIHHECKIIX PEAKLIAX, IPHHATBIX
JU1s AHarHoCTHiN GpyLiesiiesa, 3aTpy AHAIOLINX ONpPeesieHHe SMH300THIECKOro CTatyca KHBOTHBIX 110 Gpy-
uenesy [7, 8].

Taxim 06pasoM. 3azaua coaanis hdexTHBION 1 Ge30NacHoli BAKIIHE! MPOTHB GpyLLEMTea 0CTaeTCH
aKTyanbHoii. B CR3i ¢ STHM NIOCTORIHO NPOBOARTCA HOCE/0BAHI TTO KOHCTPYHPOBAHHIO HOBBIX i COBEp-
UICHCTEOBANHIO NPOTEKTHBHbIX CBOHCTS HMIOWLIXCA BAKIINH, KAK U1 MOACH, Tak 1 AR AHBOTHEIX. [lep-
CHISKTHBHLIM HANIDARTEHHEM Pa3PAGOTKH S heKTHBHBIX BAKUITH MPOTHE HHDEKLHONHbIX 3a607CHANNI A8
TCA CO3NAHNE ATTEHYHPOBAHHLIX PEKOMOHHAHTIILIX BEKTOPOB, OCYIECTRISIOUIX AOCTABKY B OpraHH3M mpo-
TEKTHBHbIX GHTHTEHOB, ¢ KOTOPHIMI CBA3AHO GOPMIPOBAHIE MPOQHIAKTHHCCKOTO IWTH MeHeHOr0 dhihekra
BakuHauy [9].

Ha ceropusmsuii aenb 66110 BbiaBeHo cebiwe 10 sammTHbIX Genkon Brucella. Kak H3BECTHO, UHBA-
suhbiii Genok TalB (BMEL 1584) takoke spnsetcs npotektusubiv antureniom Brucella, KOTOPBIH J0KanH30-
Bl B WHTOMIMATIeCKOH MenGpane. laHHbiii GOk IWICHTINEH ¢ OCHOBHEIM aKTOPOM BIPYTICHTHOCTH
Bartonella_bacilliformis, koTopulii WFPaeT OCHOBHYIO oMb B HHQHUHDOBAMMI SPHTPOLITOB HesoBeka
[10, 11].

Llewio Aankbix HecesieoBanitii anaanocs nonyuerite pexonGinaiioro Geika lalB Brucelld spp. meto-
om BakTepHanLIoii skenpecenn  E. coli
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Mamepuaze: u xemoos:

Konempyuposanue sxenpeccupyiouyeeo sexmopa u cosoanue umaaa-npodyyenma E. coli. Hykaeorna-
HYIO T10CTENI0BATETLHOCTS, KOAMPYIONLYIO peKoMOHIANTHEI Genok 1alB, aMnanduuposam ¢ reRoMHol
JIHK B. suis. wramm 1330 — ¢ nenobsoanmen npativepos (FP-tetagatetagectoectgecegg, RP-acggtegacet-
tggteaatgecte) i KIOHHPOBATIH B SKenpeccupylowii sekrop pET28b(+) (Novagen) no caifrav BamHI — Sall.
KoppekTHOCTS 101y eHHOli KOHCTpYKIIH HOATREPAKAII CoKBEHNPOBaKIeM, 3aten Bektop PET28/Bru-lalB
TpaHcOPMHPOBATH B KOMIIeTeHTHbIE KieTki E. coli wramm ER2566 (NEB).

Iwenpeccun u owucmya pexovGunanmiozo Genra. Knetkn E. coli, urrav ER2566, Tpancdopmipopat-
ble BekTopom PET28/Bru-lalB, eipaumsani & cpee LB-kan30 (coacpiantie Kauaviiia SO MKr/wn) npi
37°C na weiikepe (250 06/sitH) 10 OD600 = 0,6-0.8, 3arem 10GaencHmen UITTT 10 KoHeuHOH KoHUeHTpa-
uin | MM MY LMPOBATH SKEMPECCHIO LEMIRBOTO rena. FIHAYLIPOBAHHYIO KyASTYpY HHKYGHPOBATH B Teve-
HIe 4 U IpH Tex JKe YenOBIAX. 3TeM KICTKI COBHPATI LeHTPHYrHPOBaHHEM 1 XpaHnH npu —70 °C 10
HCMOTH30BaHHA. PACTBEOPHMOCTE PEKOMOMHANTHOTO Geflka OMPEAG/ANN C HCMOTB30BANHEM PeareHTa
B-PER® Bacterial Protein Extraction Reagent (Thermo Scientific, CLLIA) corfiacio HHCTpYKIITH NpOM3E0 -
1ess. JIns 0uMCTRH pekoMGUHaNTHOTO Geslka 0calok KIETOK pecycrienmmnposai B Gydepe (100 MM Tpuc
HCI pH 8.0. 150 MM NaCL, 1 % tpiton X-100. I % JIOX) u3 pacuerta 15 M Ha 1 T CIpOro KIeTouHOro
ocanka. K nonyderHoii cycriesii J0GaRIAN THIOMIM A0 KOHENHOI KoHueHTpaw | M/, Jisie KieTok
QCYUIECTBIIATH 1y TeM ABYKPATHOTO 3aMOpakHBatiis (~70 °C) — orramsanus (+37 °C) cycnensun, dpakiio
PACTBOPHMBIX GeAKOB MOy LeHTPHYTHpOBaIMeM MiaTa Kaetok npi 10000% g B Teuerve 20 MiTH,
Ounetiy Genka MpoBOAIAN MeTOOM MeTanT-aGuHKOIN Xpomarorpadii ¢ nenossoBaniem HisPur™
Cobalt Superflow Agarose (Thermo Scientific. CLIIA) B HATHBHEIX YCAOBILX COPIACHO MPOTOKOAY NPO3EO-
Jwrens. IneKTpodopeTHYECKILT AHATH3 MOMHNIENTIIOB PoBOMLTH B 12 % JICH-TIAAT B ieHaTy pHpyIowmx
peayumpyfoutix yeaosisax no Laemmli [12]. [ln sisyansatumm Geiikos Henonnsopani okpauisarie Coo-
massie G-250. TTo HHTEHCHBHOCTH OKPALLHBAHIS GENTKOBBIX M1010C ONPEEIISAII YHCTOTY LeNeBoro 6eaka.

Ihaynusayus eieri. B HCCTIOBAHIN HCMOALIOBATH GECTIOPOTHKIX GembX. Mblneii (camki, 6-8
Hezers, Macca 18-20 r). Ouiienisbiii Genok coemmmami ¢ axbioarTom Montanide Gel 01 (SEPPIC) b coot-
nomenin 9:1 (06./06.). Koneunas KoHueHTpawis 6e/ka cocapiaa 180 Mir/wa. FIMMyHIBaIIIO IPOBOAIH
NOZKOKIT0 TPEXKPATHO B 03¢ 25 MKI" Geaka. 3aG0p KpOBH TPOBOTILAN 13 XBOCTOBOI BHbI. CHIBOPOTKH Te-
cruposan B MOA Ha nanane antimen. Tlepioa Habmosens — 36 micii.

Hystynogpepaenmoii ananes. Jus nocranonkn DA 96-nynounsie nranwersi (TP, Llseitiapns)
CeHCHBIAI3POBAH PeKOMGHHAITIEM Gecont TalB. C 510if Lebo B K10 Ty HKY MAGHUICTA BHOCHAN TIO
100 w1 kapOoHat-GitkapGoHaTHOrO Gy(hepa, COAEpARALLEro 2 MKI/M PeKOMBHHAHTHOTO Genka lalB. Tlnai-
W TH HHKYGHPOBAMIL & TeucHie Hown npu 4 °C. 3aTeM MIQHLICTE TPEXKPATHO OTMbIBH Gydepom TBST
(150 MM NaCl, 20 MM tpic-HCI, pH 7.5, 0,1 % Taith-20) 1 G1OKHPOBATH, BHOCA B K&AKAYIO AYHKY 10 100 Micn
Grokupyioitero Gydepa (150 mM NaCl, 20 MM tpic-HCL, pH 7.5, 5 % oSezkupentoe cyxoe MoAoko). Jlny-
KpaTHELE Pa3BEEHIs HCCICAYCMbIX CIBOPOTOK BHOCHAN 10 |00 MK B AYHKH MIAHIICTA, HHKYOHPOBATH B
euentie | mpy 37 °C. Tlocsie TPEXKPATHOF OTMBIBKH B IYHKH MTAHUIETa BHOCHAN KOHBIOTATEL AHTHMBILIN-
Hoix IgG ¢ menousoii pocdpatasori (Sigma, CLUIA) 8 passenenii 1:5000 1 nHkyGHpoBaH b Teuenie 1 4 npu
37°C. TlrauieTst OTMBIBATI TPEXKPATHO H BHOCINH 10 100 MKt cyGeTpara A wenouHoii docatasst
(PNPP) (Sigma, CILIA), wrkyGuposazn 30 M, Onminieckyio nioTHoeTs (OL1) H3MepAal ¢ HenoAb30BaHHeN
MiKpoMTaHIeTHOro pisaepa ImmunoChem-2100 npi ke BoaHb! 405/630 Hyt. THTPOM CHITATH HaNGOTH-
iee paselieHile CHIBOPOTKIL, B KOTOPOI ONTHHECKAs [LIOTHOCTH CCLM(HYECKOT CHLIBOPOTKH B 1BA 1 Goftee
Pa3 NPEBHINANA TAKOBYIO HOPMALHOF CLIBOPOTKI.

Pesyrsmamer uccaedosaniii

AmrndmKanino myKkeirogoil nocneaosareasiocTi rena lalB nposomm merozom TP & oGheme
50 wkn: 5w 10x Gydepa, | wicn 10 MM enieci AHTD, 10 1 MKT IPAMOTO 1 0GPATHOrO MPAHiMEPOB, 2,5 e,
Tag-noamvepasi, 1 kr JIHK. 5ot 20 50 wiot. Tenneparyprbiii pesinnt: 94 °C — 2 muit; 30 wricnon 94 °C —
30¢,50°C — I Mt 68 °C — | min; 68 °C — 7 mum,

B pesyutare HLIP noaysinain npoaykT pasmepoy npuGauauTensho 490 n.o. (pue. 1). Pacuerneii pas-
vep rena IalB cocrapmzeT 489 1.0,
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BKenpeccus u oumcTka Genka lalB Brucella spp.

12 000 by
3000 by

2000 by
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M — mapkep pasviepa pparwentos JIHK; / — TTLP-npoaykT (ren TalB)

Pucy1ok 1. InekTpodopeTinieckuit anati3 npoayKTos avmandkaumn rena lalB

Asnanguunposanstii parvent JHK KIoHuposan B miasmansiii skenpeccupyiomisii pextop
PET28(+). [omyenHas pekoMGHHAHTHAA IA3MIA BKIIOUATA HYKICOTHAIYIO TG 10BATENBHOCTS Geka
TalB nox konTposiem npomoropa T7. Ha N- i1 C-KOHLAX aMUHOKHCTOTHAS OCIEA0BATEIHHOCTS HMEET THCTH-
mimossie Tarn His6 (piic. 2).

T7 terminator
I~ ~ His6
=L ]
A Hise
kanr N 17 promoter

pET28/Bru-lalB
5806bp |

PBR322 origin_ % Cladl

PBR322 origin — caiit nauana penuKaiii; kan r — res yCTONMHBOCTH K KaHAMHUHHY;

lacl — ren penpeccopa nakTo3MONO onepona; 77 promoter — npomMoTop (ara;
77, T7 terminator — tepminatop Tpasckpunuum dara;
77, lalB — BeTpOCHHbIil eKOMOHHAHTHBIT reH;
lalB, His6 — noc1eN108aTeIbHOCT, KOMMPYIOUIAT TEKCArHCTHAMNOBEIH Tar

Pucyrox 2. Kapra naasnast pET28/Bru-lalB

TlonytieHHas B PesyIbTaTe KIOHHPOBAHIIA IA3MILA Ghinia TpaHe(opMHpoBaHa B KaeTki E. coli mrran
ER2566. Hraykiws sxenpeccint uesenoro rea MITTT npiBoiaa Kk HapaGoTke Ge7IK0BOro MPOIyKTa paswe-
oM 0ko70 21 K/[a, UTO COOTBETCTEOBATO PACHCTHOI BeMHIIe MOTEKYIAPHOTO BecA PEKOMOUHAHTHOTO
Geaka (puc. 3).
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M MapKep MOJeKyAHOTO Beca GETKOB; | — JWSAT IIETOK 10 MHAYKIIMH KCIIpeCCiily
T KAGKOR MIOCTE HHAYKLUH HKCTpECCHI, peKOMGHaNTHli GenoK lalls oboamatien 3pes10Kol

PutcytoK 3. DaeKTPOOPETINECKHH GHATIS TOAUTIENTHIOB KICTOHbIX MSaTOB E. coli

© wensio eiGopa ye 0B OHCTIH peronGnanTHoro Gernka lalB onpeae i ero PACTEOPINOCT, TP
sxenpecct B KaeTiax E. coli, Kak BALHO 13 pHCYHKa 4, ue7esoli Genox HAKAMMBAETCA b KCTRE B pacrno-
pioii ope.

M wapKep MOTEKY-PHOTO Beca GeK0B: 2 — PACTBOpUNAR (BpaKitts Jekoe:
3— HepacTBOpUMa (HpAKIIA GeAKOB (BITIOTCHIN)

Phcyrok 4. Oniperieseie pacTBOPHMOCTH Leesoro Genka

Meran-abuiiian XpoMATOrpadiA ABIFETCA BHICOROCTICUIGUIHLIM 1 HATCKIL NETOAOM oumeTKI
PeKOMBHHITHbX GETKOR BETIICTBIIE OTHOCHTCISHO BLICOKOTO CPOTCTEA 1 CMCLLIITHOCTI HEKOTOPHIX Me-
TannoB K JMHTOIMY, COAEPIKALIEMY WECTh HIH Gonee ocTatkos ricTamHa [13]. Tipn cosnanii TeHeTHUECKOI
KOMCpY KL U PKCTPSCCHTH LEAICROr TeHA B COCTAR HYKICOTILIHOI N0CTEOBATEbHOCTH Gi1H BKAIOUCHBI
YUACTKH, KOAHMPYIOULE FeKCarfCTHANNOBEIC Tark (puc. 2). D10 NO3BOIIO HCMIOJIL30BATH ATA OUNMCTKH Lieste-
6 Genka nieToA MeTann-aduHHOl xpovaTorpadyH. OHHCTKY GeTka MIPOBOMLIN B HATHBHLIN yEHOBIT,

113 pricyia  (10pOKII 8. 9) BIVIHO, HTO HCTIOAB30BAHBII METOZ OUHCTII MO3RONT o1y 4HTh npena-
paTH! peKoVGHHAKTHOrO Gerka ¢ weToToil He wetiee 95 %.
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Srcnpeccnn n ouncTka Genia lalB Brucella spp.

M — MapKep MOTEKYARPHOTO Beca Senko; / — KIETOMHLIH AHIAT: 2 — KACTOUHbII AH3aT noene pbTpan;
3 — npoCKOK tepe3 KOMOHKY: 4~6 — MPOMBIBKIE; 7—8 — JTIOHPOBAHHE GeTka

Puicywok 5. DnektpodopeTitieckiii anais Genkopbix (pakuuii B Mpottecce O4HCTKH Leesoro Genxa lalB

Taroke Havi G518 POBEAEHA OUEHKA CTIOCOBHOCTH peKoMBHHANTHOrO Genka lalB cTivyHposaTh ry-
MOP@IBHELT IMMYRHbITT OTBST. JUTA STOFO MblIIIi GBLTH HMMY HISHPOBAHEL TDETIAPATOM PEKOMGHHAHTHOTO
Genka ¢ arbioBanTOM. HaMIuie aHTITE: K 11E/I€BOMY GEKy ONPEAC/ANI B AMHAMIKE HAMHNAA ¢ 20-X CYTOK
T0CIIE TEPBOIT HMMY HHZALLHH.

1

NS, DPL 20
09 —8—NS. DPI 27
08 NS, DPI 34
07 =S5, DPL 20
—w—$5, DPI 27
06
9SS, DPI 34

05
04

03

TlokazaTean ONTHYECKON TIOTHOCTH

Turp passenennii cLIBopoTOR

NS — HopMaTbHas ChIBOpOTKa; SS — criewndirieckan chBopoTka; DPI 20 — 20 cyTKH NOCHE HMMYHIBaLHI;
DPI27 — 27 eyTxit nocse nMmyHisawnis; DPI 34 — 34 cyTi mocae nMmynisaui

PHeyHOK 6. Pe3yIbTaTs! HMMyHODEPMENTHOTO anamiza

B pesysiiTate GhUI0 yCTAHOBAEHO, HTO peKOMGHHAHTHbII Gestok TalB BH3EIBACT B OPraHM3ME AKHBOTHbIX
BHIPAGOTKY CTIEI(IYECKIIX aHTHTen. MaKCHMATBHbIii THTP AHTHTEN B CHIBOPOTKE KPOBH ANBOTHEIX B HDA
oTweueH Ha 20-¢ CYTKH C HAtATa MMy HIALIH 1 cocTapin 1:64 000,
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Buigoowt

B pesyaibTate MpoBe/IeHHEIX HCCTEA0BANN GBUIA CO3ANA EHETINCCKa KOHCTPYKLIIA AUTH SKCTpECCHit
Genka [alB b kietkax £ coli. OTPabOTanb! ONTHMATLHbIE YCIOBIA IKCTPECCIH 1 OUHCTKH HETCBOTO PEKOM-
GiHAHTHOrO Genka. CTereH OMNCTKH GENlka COCTABILIA He Meree 95 %. TIpi HMMYHH3ALIN PeKOMGHHAHT-
i Geakon [alB B opranisMe Mblleli BHPAGATHIBAIOTCA AHTHTENA, ICTEKTHPYEMBIC B UMMYHO(GEPMEHTHON
anamrse, TlonyuenHbie pexomGuanTHbiii Gestok 1alB it criewhiiecKas ChBOPOTKA K HEMY BYYT HOMOAB30-
BaNb! PN Pa3paGOTKe MPOILIAKTIUECKILX TPENApaToB POTHS GpyLICNEsa KHBOTHELX.
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Brucella spp. 1alB akybI3bInbIH SKCOPECCHSICHI KIHE Tazajay aici

COMFb HPLITAPE MAT WIADYAUILIMILIA YAIKeH 3SH KeATIpeTin aca KayinTi KyKNATS! aypyaapast cacyi
Tapaiybi Gafikarazst. JKYKATH aypyIapyen Kypecy 1t i MAHBIIb Kae EpCTIEKTHBT] TOCili — MMMYRIS!
TYPAC @ik a1y, BpYLeIes aypyiu 1R ATy YUl KA VAKBITTA KOJIQHBUITE BAKUHHATAD TyOe-
reiii earepy i k91Ie Kakcapry 1et Tanan eteni. Kayineis anc THIM Q1161 any KYPALIAPAL JAMBITYARFH
Gomamara Kaxer Garwirrapani Gipi — Brucella spp. anTHrenni akysizapan Konzany. KyMBICTHR Mak-
carha — Escherichia coli nerisinze GaxTepuas xcnpeccws aaicis naiinanaa oreipun, Brucella spp. TalB
PEKOMGHHAHTTA akyBI3HI ATy G0N TaGhLIA L, eprTey iep HaTIKeciNae wnbasyi TalB akykissin Koxrail-
Thin ren Brucella suis tenonix JTHK-ven avnmuiipienin, keilin GakTepusisik IKCHpeccuataRaTbin
PET28D (+) 5eKTOPHING KIONIALH. PeKOMOMHANTTE aKysisab MeTanT-aipiiuii Xpoatorpadis siciver
Tasapry it o . coli wacymachinbin ER2566 LITaMLia TYTAC Feitai JKenpecciiay Ab THin Al Kar-
Talfbl TAIUTQIMTT AUTBIHAB, AKYBIIN TASAPTY AApEkeci Ken aerersze 95 % kypas. Tall3 pexoMGHIIAIITTL aky-
BI3EH IMMMYNARY KESiHAC IePTXAHATBIK THUIKANAGPIHIH AFSICHIHAD HMMYHODEPMEHTT] TAAY AR AHLIKTIA-
Thi GHTIIEHEAC Malla GOTaTLNb KOPCETIAN. AMbIAFas PeXoMGHHIHTT AKYLI3 MATIZILI GpyNEnIEHitie
KAPCH! MPOILIAKTIKAILIK NPENapATTApIL! J3iICY YIUiH KOLIGHELTATEH Gonasl

Kinm co30¢p: PeXOMOHNANTTS KYSI3, KI0IAaY, KCUPCCEIA, GpYLEES, aNTIICHe ep.
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