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EXPRESSION VECTOR AGAINST SEVERE ACUTE RESPIRATORY
SYNDROME VIRUS SARS-COV-2

Field of the Invention

The invention relates to biotechnology, immunology and virology. It covers recombinant 

vectors that can be used in pharmaceutical industry to develop an immunobiological agent for 

inducing specific immunity against severe acute respiratory syndrome virus SARS-CoV-2.

Background of the Invention

In December 2019, a disease caused by a novel coronavirus (SARS-CoV-2) was found in 

Wuhan, the provincial capital of Hubei. The disease posed complex tasks to be handled by public 

health experts and medical doctors, including rapid diagnostic methods and clinical management 

of patients. The SARS-CoV-2 virus has spread fast around the globe and progressed into a 

pandemic of an unprecedented scale. By August 19, 2020 the number of cases was more than 22 

million and the number of deaths - 791 thousand.

So far, only limited data are available about epidemiology, clinical signs, prevention and 

treatment of this disease. As known, pneumonia is the most common clinical manifestation of 

the infection caused by a novel coronavirus, and the development of acute respiratory distress 

syndrome (ARDS) is reported in a considerable number of patients. The virus is assigned to 

Group II of dangerous pathogens likewise other viruses of the same family (SARS-CoV and 

MERS-CoV). Currently, no agents for specific prevention or etiotropic treatment of the novel 

coronavirus disease are available.

High mortality rates, rapid geographic spread of SARS-CoV-2, and the fact that the 

etiology of this illnes is not completely defined, have caused an urgent need to develop effective 

products for the prevention and treatment of diseases caused by this virus.

One of the promising areas in vaccinology is focused on the development of viral vector­

based agents for the prevention of diseases. In this context, human adenovirus serotype 5-based 

systems are the most widely used tools in the pharmaceutical industry.

This type of vectors has advantages such as a high safety, capability to enter different cell 

types, high packaging capacity, the possibility to derive products with high titers, etc.

There is a solution (CN1276777C) which suggests using a vaccine against severe acute 

respiratory syndrome based on recombinant human adenovirus serotype 5 containing the SARS- 

CoV virus S protein sequence.
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There is a solution according to claim for invention US20080267992A1 which describes 

the vaccine against severe acute respiratory syndrome based on recombinant human adenovirus 

serotype 5, containing a sequence of the full-length S protective antigen of the SARS-CoV virus, 

or a sequence which includes SI domain of S antigen of the SARS-CoV virus or S2 domain of S 

antigen of the SARS-CoV virus, or the both domains. In addition, this recombinant virus within 

the expression cassette contains the human cytomegalovirus promoter (CMV-promoter) and 

bovine growth hormone polyadenylation (bgh-PolyA) signal.

There is a solution according to CN111218459 which describes the development of an 

expression vector based on human adenovirus serotype 5 with the deleted El and E3 regions, 

containing S protein gene. This vector, is used for designing vaccine against COVID-19.

At the same time, a broad application of the vectors based on human adenovirus serotype 5 

is limited, as some people have pre-existing immune response. Thus, the focus turns to the 

development of multiple vectors with genetic variations, e.g. those based on adenoviruses of 

other serotypes

Implementation of the Invention

The technical aim of the claimed group of inventions is to induce a sustained immune 

response to SARS-CoV-2 glycoprotein and to ensure the presence of biologically effective 

protective antibody titer against SARS-CoV-2 glycoprotein. It will enable to create an 

immunobiological agent for inducing specific immunity against severe acute respiratory 

syndrome virus SARS-CoV-2.

The technical result is the creation of an expression vector containing a genome of 

recombinant human adenovirus serotype 26, wherein the El and E3 regions are deleted and the 

ORF6-Ad26 region is replaced by ORF6-Ad5, with a placed expression cassette selected from 

SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 (variant 1). With that, the sequence SEQ ID NO:5 

was used as a parental sequence of human adenovirus serotype 26.

Further, the technical result is the creation of an expression vector containing a genome of 

recombinant simian adenovirus serotype 25, wherein the El and E3 regions are deleted, with a 

placed expression cassette selected from SEQ ID NO:4, SEQ ID NO:2, SEQ ID NO:3 (variant 

2). With that, the sequence SEQ ID NO:6 was used as a parental sequence of simian adenovirus 

serotype 25.
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Furthermore, the technical result is the creation of an expression vector containing a

genome of recombinant human adenovirus serotype 5, wherein the El and E3 regions are

deleted, with a placed expression cassette selected from SEQ ID NO:1, SEQ ID NO:2, SEQ ID

NO:3 (variant 3). With that, the sequence SEQ ID NO:7 was used as a parental sequence of

human adenovirus serotype 5.

This technical result is also achieved by that there is developed a method of utilization of 

the developed expression vector for the creation of an immunobiological agent for inducting 

specific immunity against severe acute respiratory syndrome virus SARS-CoV-2.

Embodiment of the Invention

The method of obtaining an expression vector containing the genome of recombinant 

human adenovirus serotype 26 is that at the first stage there is constructed a plasmid comprising 

two homologous regions of the genome of human adenovirus serotype 26, which is then 

linearized, using restriction endonuclease, and mixed with the DNA isolated from the virions of 

human adenovirus serotype 26, and homologous recombination is conducted in E.coli cells. As a 

result, there is received a plasmid carrying the genome of recombinant human adenovirus 

serotype 26 with the deleted El region. Next, using the genetic engineering methods, an open 

reading frame 6 (ORF6) is replaced by ORF6 of human adenovirus serotype 5. Then, the E3 

region is deleted in order to expand packaging capacity. Ultimately, the expression cassette is 

inserted into the vector.

The method of obtaining an expression vector containing the genome of recombinant 

simian adenovirus serotype 25 is as follows: at the first stage, there is constructed a plasmid 

comprising two homologous regions of the genome of simian adenovirus serotype 25, which is 

then linearized using restriction endonuclease and mixed with the DNA isolated from the virions 

of simian adenovirus serotype 25, and homologous recombination is conducted in E.coli cells. 

As a result, there is received a plasmid carrying the genome of simian adenovirus serotype 25 

with the deleted El region. Then, the E3 region is deleted in order to expand packaging capacity. 

Ultimately, the expression cassette is inserted into the vector.

The method of obtaining an expression vector containing the genome of recombinant 

human adenovirus serotype 5 is as follows: at the first stage, there is constructed a plasmid 

comprising two homologous regions of the genome of human adenovirus serotype 5, which is 

then linearized using restriction endonuclease and mixed with the DNA isolated from the virions 

of human adenovirus serotype 5, and homologous recombination is conducted in E.coli cells. As 

a result, there is received a plasmid carrying the genome of human adenovirus serotype 5 with
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the deleted El region. Next, using the genetic engineering methods, the E3 region is deleted in

order to expand packaging capacity. Ultimately, the expression cassette is inserted into the

vector.

To maximize the effectiveness of induction of immune reactions, the authors claimed 

multiple variants of expression cassettes.

Spike (S) protein of the SARS-CoV-2 virus optimized for the expression in mammalian 

cells was used as an antigen in all cassettes. The S protein is one of the coronavirus structural 

proteins. It is exposed on the viral particle surface and is responsible for binding to ACE2 

(angiotensin-converting enzyme 2) receptor. The results of completed studies demonstrated the 

production of virus-neutralizing antibodies to the S protein, and therefore it is considered as a 

promising antigen for the development of pharmaceutical agents.

The expression cassette SEQ ID NO:1 contains the CMV promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

The expression cassette SEQ ID NO:2 contains the CAG promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

The expression cassette SEQ ID NO:3 contains the EFl promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

The expression cassette SEQ ID NO:4 contains the CMV promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

To confirm the effectiveness of this invention, there was assessed a capability of the 

developed expression vectors to induce immune response in animals against severe acute 

respiratory syndrome virus SARS-CoV-2.

The implementation of the invention is proven by the following examples.

Example 1

Production of an expression vector containing the genome of recombinant human 

adenovirus serotype 26.

At the first stage, a plasmid construction pAd26-Ends was designed which carries two 

regions homologous to the genome of human adenovirus serotype 26 (two homology arms) and 

the ampicillin-resistance gene. One of the homology arms is the beginning portion of the genome 

of human adenovirus serotype 26 (from the left inverted terminal repeat to the El region) and 

sequence of the viral genome including pIX protein. The other homology arm contains a
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nucleotide sequence localized after ORF3 E4 region through the end of the genome. Synthesis of

pAd26-Ends construction was performed by the Moscow company “Eurogen” ZAO.

The human adenovirus serotype 26 DNA isolated from the virions was mixed with pAd26- 

Ends. A plasmid pAd26-dlEl, carrying the genome of human adenovirus serotype 26 with the 

deleted El region, was obtained through the process of homologous recombination between 

pAd26-Ends and the viral DNA.

Then, in the obtained plasmid pAd26-dlEl, using routine cloning techniques, the sequence 

containing an open reading frame 6 (ORF6-Ad26) was replaced with a similar sequence from the 

genome of human adenovirus serotype 5 in order to ensure that human adenovirus serotype 26 is 

capable to replicate effectively in HEK293 cell culture. As a result, the plasmid pAd26-dlEl- 

ORF6-Ad5 was derived.

Further, using routine genetic engineering techniques, the E3 region (approx. 3321 base 

pairs between the genes pVIII and U-exon) of the adenoviral genome was deleted from the 

constructed plasmid pAd26-dlEl-ORF6-Ad5 in order to expand packaging capacity of the 

vector. Ultimately, a recombinant vector pAd26-only-null based on the genome of human 

adenovirus serotype 26 with the open'reading frame ORF6 of human adenovirus serotype 5 and 

with the deleted El and E3 regions was obtained. The sequence SEQ ID NO:5 was used as a 

parental sequence of human adenovirus serotype 26.

Also, the authors developed multiple designs of the expression cassette:

- the expression cassette SEQ ID NO: 1 contains the CMV promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

- the expression cassette SEQ ID NO:2 contains the CAG promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

- the expression cassette SEQ ID NO:3 contains the EFl promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

Based on the plasmid construction pAd26-Ends, using genetic engineering techniques, 

there were obtained constructions pArms-26-CMV-S-CoV2, pArms-26-CAG-S-CoV2, pArms- 

26-EFl-S-CoV2, containing the expression cassettes SEQ ID NO:1, SEQ ID NO:2, or SEQ ID 

NO:3, respectively, as well as the carrying homology arms of the genome of adenovirus serotype 

26. Next, the constructions pArms-26-CMV-S-CoV2, pArms-26-CAG-S-CoV2, pArms-26-EFl- 

S-CoV2 were linearized by a unique hydrolysis site between the homology arms; each of the 

plasmids was mixed with the recombinant vector pAd26-only-null. The homologous
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recombination allowed obtaining the plasmids pAd26-only-CMV-S-CoV2, pAd26-only-CAG-S-

CoV2, pAd26-only-EFl-S-CoV2 which carry the genome of recombinant human adenovirus

serotype 26 with the open reading frame ORF6 of human adenovirus serotype 5 and the deletion

of El and E3 regions, with the expression cassette SEQ ID NO:1, SEQ ID NO:2, or SEQ ID

NO:3, respectively.

During the fourth stage, the plasmids pAd26-only-CMV-S-CoV2, pAd26-only-CAG-S- 

CoV2, pAd26-only-EFl-S-CoV2 were hydrolyzed with the specific restriction endonucleases to 

remove the vector part. The derived DNA products were used for the transfection of HEK293 

cell culture.

·♦-
Thus, there was obtained an expression vector containing the genome of recombinant 

human adenovirus serotype 26, wherein the El and E3 regions are deleted and the RF6-Ad26 

region is replaced by ORF6-Ad5, with an integrated expression cassette selected from SEQ ID 

NO:1, SEQ ID NO:2, SEQ ID NO:3.

Example 2

Production of an expression vector, containing the genome of recombinant simian 

adenovirus serotype 25.

At the first stage, a plasmid construction pSim25-Ends was designed which carries two 

regions homologous to the genome of simian adenovirus serotype 25 (two homology arms). One 

of the homology arms is the beginning portion of the genome of simian adenovirus serotype 25 

(from the left inverted terminal repeat to the El region) and sequence from the end of the El- 

region to the pIVa2 protein. The other homology arm contains a sequence of the end portion of 

the adenoviral genome, including the right inverted terminal repeat. Synthesis of the pSim25- 

Ends construction was performed by the Moscow company “Eurogen” ZAO.

The simian adenovirus serotype 25 DNA isolated from the virions was mixed with 

pSim25-Ends. A plasmid pSim25-dlEl, carrying the genome of simian adenovirus serotype 25 

with the deleted El region, was obtained through the process of homologous recombination 

between pSim25-Ends and the viral DNA.

Further, using routine genetic engineering techniques, the E3 region of the adenoviral 

genome (approx. 3921base pairs from the beginning portion of gene 12,5K to gene 14.7K) was 

deleted from the constructed plasmid pSim25-dlEl in order to expand packaging capacity of the 

vector. Ultimately, there was obtained a plasmid construction pSim25-null, encoding a full- 
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length genome of simian adenovirus serotype 25 with the deleted El and E3 regions. The

sequence SEQ ID NO:6 was used as a parental sequence of simian adenovirus serotype 25.

Also, the authors developed multiple designs of the expression cassette:

- the expression cassette SEQ ID NO:4 contains the CMV promoter, SARS-CoV-2 virus S

protein gene, and polyadenylation signal.

- the expression cassette SEQ ID NO:2 contains the CAG promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

- the expression cassette SEQ ID NO:3 contains the EFl promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

Then, based on the plasmid construction pSim25-Ends, using genetic engineering 

techniques, there were obtained constructions pArms-Sim25-CMV-S-CoV2, pArms-Sim25- 

CAG-S-CoV2, pArms-Sim25-EFl-S-CoV2, containing the expression cassettes SEQ ID NO:4, 

SEQ ID NO:2, oir SEQ ID NO:3, respectively, as well as the carrying homology arms from the 

genome of simian adenovirus serotype 25. Next, the constructions pArms-Sim25-CMV-S-CoV2, 

pArms-Sim25-CAG-S-CoV2, pArms-Sim25-EFl-S-CoV2 were linearized by a unique 

hydrolysis site between the homology arms; each of the plasmids was mixed with the 

recombinant vector pSim25-null. As a result of homologous recombination there were obtained 

the recombinant plasmid vectors pSim25-CMV-S-CoV2, pSim25-CAG-S-CoV2, pSim25-EFl- 

S-CoV2, containing a full-length genome of simian adenovirus serotype 25 with the deleted El 

and E3 regions, and the expression cassette SEQ ID NO:4, SEQ ID NO:2, or SEQ ID NO:3, 

respectively.

During the third stage, the plasmids pSim25-CMV-S-CoV2, pSim25-CAG-S-CoV2, 

pSim25-EFl-S-CoV2 were hydrolyzed with the specific restriction endonuclease to remove the 

vector part. The derived DNA products were used for the transfection of HEK293 cell culture. 

The produced material was used for generating preparative amounts of the recombinant 

adenoviruses.

As a result, recombinant human adenoviruses serotype 25 were obtained which contain 

SARS-CoV-2 virus S protein gene: simAd25-CMV-S-CoV2 (containing the expression cassette 

SEQ ID NO:4); simAd25-CAG-S-CoV2 (containing the expression cassette SEQ ID NO:2); 

simAd25-EFl-S-CoV2 (containing the expression cassette SEQ ID NO:3).

7



WO 2021/076009 PCT/RU2020/000589
Thus, an expression vector was obtained which contains the genome of recombinant

simian adenovirus 25, wherein the El and E3 regions are deleted, with an integrated expression

cassette selected from SEQ ID NO:4, SEQ ID NO:2, SEQ ID NO:3.

Example 3

Production of an expression vector containing the genome of recombinant human 

adenovirus serotype 5.

At the first stage, a plasmid construction pAd5-Ends was designed which carries two 

regions homologous to the genome of human adenovirus serotype 5 (two homology arms). One 

of the homology arms is the beginning portion of the genome of human adenovirus serotype 5 

(from the left inverted terminal repeat to the El region) and sequence of the viral genome 

including pIX protein. The other homology arm contains a nucleotide sequence after the E4- 

region ORF3 through the end of the genome. Synthesis of pAd5-Ends construction was 

performed by the Moscow company “Eurogen” ZAO.

The human adenovirus serotype 5 DNA isolated from the virions was mixed with pAd5- 

Ends. A plasmid pAd5-dlEl, carrying the genome of human adenovirus serotype 5 with the 

deleted El region, was obtained through the homologous recombination between pAd5-Ends and 

the viral DNA.

Further, using routine genetic engineering techniques, the E3 region of the adenoviral 

genome (2685 base pairs from the end of gene 12,5K to the beginning of sequence of U-exon) 

was deleted from the constructed plasmid pAd5-dlEl in order to expand packaging capacity of 

the vector. Ultimately, there was obtained a recombinant plasmid vector pAd5-too-null, based on 

the genome of human adenovirus serotype 5 with the deleted El and E3 regions of the genome. 

The sequence SEQ ID NO:7 was used as a parental sequence of human adenovirus serotype 5.

Also, the authors developed multiple designs of the expression cassette:

- the expression cassette SEQ ID NO:1 contains the CMV promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

- the expression cassette SEQ ID NO:2 contains the CAG promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.

- the expression cassette SEQ ID NOG contains the EFl promoter, SARS-CoV-2 virus S 

protein gene, and polyadenylation signal.
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Then, based on the plasmid construction pAd5-Ends, using genetic engineering techniques,

there were obtained constructions pArms-Ad5-CMV-S-CoV2, pArms-Ad5-CAG-S-CoV2,

pArms-Ad5-EFl-S-CoV2, containing the expression cassettes SEQ ID NO:1, SEQ ID NO:2, or

SEQ ID NO:3, respectively, as well as the carrying homology arms from the genome of human

adenovirus serotype 5.

Next, the constructions pArms-Ad5-CMV-S-CoV2, pArms-Ad5-CAG-S-CoV2, pArms- 

Ad5-EFl-S-CoV2 were linearized by a unique hydrolysis site between the homology arms; each 

of the plasmids was mixed with the recombinant vector pAd5-too-null. As a result of 

homologous recombination there were obtained the plasmids pAd5-too-CMV-S-CoV2, pAd5- 

too-GAC-S-CoV2, pAd5-too-EFl-S-CoV2, carrying the genome of recombinant human 

adenovirus serotype 5 with the deleted the El and E3 regions, and the expression cassettes SEQ 

ID NO:1, SEQ ID NO:2, or SEQ ID NO:3, respectively.

During the fourth stage, the plasmids pAd5-too-CMV-S-CoV2, pAd5-too-GAC-S-CoV2, 

pAd5-too-EFl-S-CoV2 were hydrolyzed with the specific restriction endonuclease to remove the 

vector part. The derived DNA product was used for the transfection of HEK293 cell culture. The 

produced material was used for generating preparative amounts of the recombinant adenovirus.

As a result, recombinant human adenoviruses serotype 5 were obtained which contain 

SARS-CoV-2 virus S protein gene: Ad5-CMV-S-CoV2 (containing the expression cassette SEQ 

ID NO:1); Ad5-CAG-S-CoV2 (containing the expression cassette SEQ ID NO:2); Ad5-EF1-S- 

CoV2 (containing the expression cassette SEQ ID NO:3).

Thus, an expression vector was obtained which contains the genome of recombinant 

human adenovirus serotype 5, wherein the El and E3 regions are deleted, with an integrated 

expression cassette selected from SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3.

Example 4

Verification of the expression of SARS-CoV-2 virus S protein gene by the developed 

expression vectors in HEK293 cells.

The aim of this experiment was to verify the ability of constructed recombinant 

adenoviruses to express severe acute respiratory syndrome SARS-CoV-2 virus S protein gene in 

mammalian cells.
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HEK293 cells were cultured in DMEM medium with supplemented 10% fetal calf serum

in incubator at 37°C and 5% COj. The cells were placed in 35mm2 culture Petri dishes and

incubated for 24 hours until reaching 70% confluence. Then, the studied preparations of the

expression vectors were added, one at a time. Thus, the following groups were formed:

1) Ad26-CMV-S-CoV2;

2) Ad26-CAG-S-CoV2;

3) Ad26-EFl-S-CoV2;

4) Ad26- null;

5) simAd25-CMV-S-CoV2;

6) simAd25-CAG-S-CoV2;

7) simAd25-EFl-S-CoV2;

8) simAd25-null;

9) Ad5-CMV-S-CoV2;

10) Ad5- CAG-S-CoV2;

11) Ad5-EFl-S-CoV2;

12) Ad5- null;

13) phosphate buffered saline.

Two days after the transduction, the cells were collected and lysed in 0.5 ml of normal 

strength buffer CCLR (Promega). The lysate was diluted with carbonate-bicarbonate buffer and 

placed in ELISA plate wells. The plate was incubated over the night at +4°C.

Next, the plate wells were washed for three times with normal strength washing buffer at 

an amount of 200 μΐ per well, and then 100 μΐ of blocking buffer were added to each well; the 

plate was covered with a lid and incubated for 1 hour at 37°C in shaker at 400 rpm. Then, the 

plate wells were washed for three times with normal strength buffer at an amount of 200 μΐ per 
►

well and 100 μΐ of convalescent blood serum was added to every well. The plate was covered 

with a lid and incubated at room temperature in shaker at 400 rpm for 2 hours. Then, the plate 

wells were washed for three times with normal strength washing buffer at an amount of 200 μΐ 

per well, and 100 μΐ of secondary antibodies conjugated with biotin were added. The plate was
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covered with a lid and incubated at room temperature in shaker at 400 rpm for 2 hours. Next, 

solution of streptavidin conjugated with horseradish peroxidase was prepared. For this purpose, 

the conjugate in the amount of 60 μΐ was diluted in 5.94 ml of assay buffer. The plate wells were 

washed twice with normal strength washing buffer at an amount of 200 μΐ per well and 100 μΐ of 

streptavidin solution conjugated with horseradish peroxidase were added to each of the plate 

wells. The plate was incubated at room temperature in shaker at 400 rpm for 1 hour. Then, the 

plate wells were washed twice with normal strength washing buffer at an amount of 200 μΐ per 

well and 100 μΐ of TMB substrate were added to each of the plate wells and incubated under 

darkness at room temperature for 10 minutes. Then ,100 μΐ of stop solution was added to each of 

the plate wells. The value of optical density was measured using plate spectrophotometer 

(Multiskan FC, Thermo) at a wavelength of 450 nm. The experiment results are presented in 

Table 1.

Mean optical density at a wavelength of 450 nm

Table 1 - Results of the experiment for verifying the expression of SARS-CoV-2 virus S 

protein gene in HEK293 cells after the addition of the developed expression vectors

Mean optical density at a wavelength of 450 

nm

Ad26-CMV-S-CoV2 1.65 (±0.21)

Ad26- CAG -S-CoV2 1.61 (±0.15)

Ad26- EFl-S-CoV2 1.69 (±0.19)

Ad26- null 0.22 (±0.09)

simAd25-CMV-S-CoV2 1.70 (±0.20)

simAd25- CAG -S-CoV2 1.64 (±0.17)

simAd25- EFl-S-CoV2 1.65 (±0.14)

simAd25- null 0.19 (±0.08)

Ad5-CMV-S-CoV2 1.69 (±0.15)

Ad5- CAG -S-CoV2 1.68 (±0.17)

Ad5- EFl-S-CoV2 1.64 (±0.15)

Ad5- null 0.15 (±0.04)

phosphate buffered saline 0.17 (±0.08)

As shown by the received data, the expression of the target S protein of SARS-CoV-2 

was observed in all cells transduced with the developed expression vectors.
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Example 5

Assessment of the effectiveness of animal immunization with the developed expression

vectors

One of the main characteristics of immunization effectiveness is an antibody titer. Example 

presents data relating to changes in the antibody titer against SARS-CoV-2 glycoprotein at day 

21 after immunization

The mammalian species - BALB/c mice, females weighing 18 g were used in the 

experiment. All animals were divided into 13 groups, 5 animals per group, to whom the 

developed expression vector was injected intramuscularly at a dose 108 viral particles/ΙΟΟμΙ. 

Thus, the following groups of animals were formed:

1) Ad26-CMV-S-CoV2;

2) Ad26-CAG-S-CoV2;

3) Ad26-EFl-S-CoV2;

4) Ad26- null;

5) simAd25-CMV-S-CoV2;

6) simAd25- CAG -S-CoV2;

7) simAd25-EFl-S-CoV2;

8) simAd25-null;

9) Ad5-CMV-S-CoV2;

10) Ad5- CAG -S-CoV2;

11) Ad5-EFl-S-CoV2;

12) Ad5- null;

13) phosphate buffered saline.

Three weeks later, blood samples were taken from the tail vein of the animals, and blood 

serum was separated. An enzyme-linked immunosorbent assay (ELISA) was used to measure 

antibody titers according to the following protocol:

1) Protein (S) was adsorbed onto wells of a 96-well ELISA plate for 16 hours at +4°C.

2) Then, for preventing a non-specific binding, the plate was “blocked” with 5% milk 

dissolved in TPBS in an amount of 100 μΐ per well. It was incubated in shaker at 

37°C for one hour.

3) Serum samples from the immunized mice were diluted using a 2-fold dilution 

method. Totally, 12 dilutions of each sample were prepared.
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4) 50 μΐ of each of the diluted serum samples were added to the plate wells.

5) Then, incubation at 37°C for 1 hour was performed.

6) After incubation the wells were washed three times with phosphate buffer.

7) Further, secondary antibodies against mouse immunoglobulins conjugated with

horseradish peroxidase were added.

8) Next, incubation at 37°C for 1 hour was performed.

9) After incubation the wells were washed three times with phosphate buffer.

10) Then, tetramethylbenzidine (TMB) solution was added which serves as a substrate 

for horseradish peroxidase and is converted into a colored compound by the reaction. 

The reaction was stopped after 15 minutes by adding sulfuric acid. Next, using a 

spectrophotometer, the optical density (OD) of the solution was measured in each 

well at a wavelength of 450 nm.

Antibody titer was determined as the last dilution at which the optical density of the 

solution was significantly higher than in the negative control group. The obtained results 

(geometric mean) are presented in Table 1.

Table 1 - Antibody titer against S protein in the blood serum of mice (geometric 

mean of antibody titer)

Table 1

No Designation of animal group Antibody titer

1 Ad26-CMV-S-CoV2 14,703

2 Ad26- CAG -S-CoV2 12,800

3 Ad26- EFl-S-CoV2 16,890

4 Ad26- null 0

5 simAd25-CMV-S-CoV2 12,800

6 simAd25- CAG -S-CoV2 10,159

7 simAd25- EFl-S-CoV2 12,800

8 simAd25- null 0

9 Ad5-CMV-S-CoV2 11,143

10 Ad5-CAG -S-CoV2 16,127

11 Ad5- EFl-S-CoV2 12,800

12 Ad5- null 0
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13 phosphate buffered saline 0

As shown in the presented data, all the developed expression vectors induce sustained 

immune response to SARS-CoV-2 glycoprotein, as well as the presence of biologically effective 

protective antibody titer to SARS-CoV-2 glycoprotein. Thus, they can be used for creating an 

immunobiological agent for the induction of specific immunity against severe acute respiratory 

syndrome virus SARS-CoV-2

Thereby, the assigned technical aim, in particular, the induction of sustained immune 

response to SARS-CoV-2 glycoprotein as well as the presence of biologically effective 

protective antibody titer to SARS-CoV-2 glycoprotein is accomplished as proven by the 

provided examples.

Industrial Applicability

All the provided examples confirm the effectiveness of the expression vectors, their 

applicability for creating an immunobiological agent for the induction of specific immunity 

against severe acute respiratory syndrome virus SARS-CoV-2 and the industrial applicability.
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Claims

1. Expression vector containing the genome of recombinant human adenovirus serotype 26,

wherein the El and E3 regions are deleted, and the ORF6-Ad26 region is replaced by ORF6-

Ad5, with an integrated expression cassette selected from SEQ ID NO:1, SEQ ID NO:2, SEQ ID

NO:3.

2. Expression vector presented herein in claim 1 being distinct in that the SEQ ID NO :5 was 

used as a parental sequence of human adenovirus serotype 26.

3. Expression vector containing the genome of recombinant simian adenovirus serotype 25, 

wherein the El and E3 regions are deleted, with an integrated expression cassette selected from 

SEQ ID NO:4, SEQ ID NO:2, SEQ ID NO:3.

4. Expression vector presented herein in claim 3 being distinct in that the SEQ ID NO:6 was 

used as a parental sequence of simian adenovirus serotype 25.

5. Expression vector containing the genome of recombinant human adenovirus serotype 5, 
wherein the El and E3 regions are deleted, with an integrated expression cassette selected from 

SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3.

6. Expression vector presented herein in claim 5 being distinct in that the SEQ ID NO:7 was 

used as a parental sequence of human adenovirus serotype 5.

7. Utilization of the expression vector presented herein in claims 1-6 for creating an 

immunobiological agent for the induction of specific immunity against severe acute respiratory 

syndrome virus SARS-CoV-2.
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