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Aim. To assess the effect of insertion of inverted terminal repeats from human adeno-associ-
ated virus-2 into plasmid vector on the expression of the chimeric E2 glycoprotein gene of 
classical swine fever virus and immunogenicity of the developed candidate marker DNA-
vaccines against classical swine fever. Methods. Confocal laser scanning microscopy, fluo-
rescence-activated cell sorting and western blot analysis were used to study chimeric protein 
expression in HEK293 cells. The antibodies specific to E2 of classical swine fever virus were 
detected by ELISA. Results. We show that the insertion of inverted terminal repeats into a 
plasmid vector results in considerable enhancement of the chimeric E2 expression in HEK293 
in vitro. At the same time, it does not significantly influence in vitro transgene retention. The 
vector containing inverted terminal repeats from human adeno-associated virus-2 elicits anti-
E2 antibodies titer significantly higher as compared to the initial vector without repeats. 
Conclusions. The insertion of inverted terminal repeats from human adeno-associated virus-2 
into the candidate marker DNA-vaccine against classical swine fever results in a significant 
increase of the chimeric transgene expression and humoral immune response.
K e y w o r d s: marker DNA-vaccine, classical swine fever, ITR AAV-2, humoral immune 
response

Introduction

Classical swine fever (CSF) is a highly conta-
gious viral disease of Suidae family species 
listed by World organization of animal health. 
It is caused by classical swine fever virus 
(CSFV), belonging to the family Flaviviridae, 
genus Pestivirus [1]. Due to high morbidity, 

mortality, and trade restrictions, the disease 
causes substantial economic losses for global 
pork industry [2]. Despite the recent improve-
ment of epizootic situation regarding CSF, 
there is a constant threat of new outbreaks due 
to the circulation of the virus in wild boar 
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populations in countries endemic for the dis-
ease. The main preventive measures against 
CSF are vaccination or complete elimination 
of infected and potentially infected livestock 
and a vaccination ban. The latter is used be-
cause no licensed attenuated viral vaccines 
against CSF, despite their high protective ef-
ficiency, do not allow discriminating infected 
and vaccinated animals serologically [2]. Two 
marker vaccines against CSF based on E2 
glycoprotein have been licensed (Bayovac® 
CSF Marker (Bayer, Germany) and Porcilis® 
pesti (Intervet International BV, The 
Netherlands)). However, these vaccines could 
not completely block vertical transmission of 
CSFV, and their protection period was shorter 
than for attenuated viral vaccines [2]. Thus, 
the problem of developing effective marker 
vaccine against CSF and respective diagnostic 
system, that allows serological discrimination 
of vaccinated versus infected animals, remains 
unsolved. 

DNA vaccination is based on the administra-
tion of a plasmid DNA vector-containing gene 
encoding the protective antigen, which pro-
vides the antigen expression in host cells and 
elicits protective immunity against the patho-
gen. The advantages of DNA vaccines include 
their ability to induce both humoral and cel-
lular immune responses, relatively low cost of 
manufacturing, temperature stability, and the 
possibility of rapid modification of the initial 
constructs [3]. Previously, we described the 
candidate marker DNA-vaccine against CSF 
based on the fragment of a gene of E2 glyco-
protein of CSFV, in eukaryotic expression cas-
sette, placed between inverted terminal repeats 
(ITRs) from human adeno-associated virus-2 
(AAV-2) [4]. We also demonstrated that the 

immunization of mice with constructed recom-
binant vector elicited humoral immune re-
sponse to chimeric E2 protein. However, sev-
eral important issues directly related to the 
influence of ITR from AAV-2 on the target 
antigen expression level, transgene retention, 
and the dynamics of humoral immune response 
remained beyond the scope of the research. 
Nevertheless, the mentioned issues are criti-
cally important for characterization of the can-
didate vaccine properties and its safety profile. 

The aim of the present study is to assess the 
effect of internal terminal repeats from the 
human adeno-associated virus-2 insertion into 
plasmid vector on the chimeric E2 glycopro-
tein CSFV synthesis in vitro, duration of trans-
gene retention, and immunogenicity of the 
developed candidate marker DNA-vaccine 
against CSF in mice. 

Materials and Methods
Expression plasmids, subcloning and bacte-
rial strains. The strains of Escherichia coli 
Sure®2 (Stratagene, USA), DH10B (Life 
Technologies, USA), and BL 21 (DE3) 
(Novagen, Germany) were used. Vector pTR-
UF was a gift from S. Zolotukhin (U.F. Gene 
Therapy Center Vector Core Lab, USA). 
Vectors pTR-BKneo-, and pET24ap-csfv@rev 
were previously described [4]. Plasmid DNA 
for transfection and immunization was pre-
pared according to the protocol described 
in [5]. Vector pBS-BK was constructed by 
subcloning the BglII fragment of pTR-BKneo- 
into pBluescript SK(-) in the BamHI recogni-
tion site. To make pEGFP/E2, we created an 
intermediate construct p2EGFP-C1 by sub-
cloning NheI/SmaI fragment of pEGFP-C1 
into pEGFP-N2 treated with NheI/SmaI. pEG-
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FP/E2 was created by subcloning SmaI/NotI 
fragment of pET24ap-csfv@rev into p2EGFP-
C1 treated with the same enzymes. Vector 
pTR-EGFP/E2 was created by subcloning 
NheI/NotI fragment of pEGFP/E2 into pTR-
UF treated with the same enzymes. Plasmid 
vector pET24-EGFP for the recombinant EGFP 
expression in E.coli strain ВL21 (DE3) was 
constructed by subcloning EcoRI/NotI frag-
ment of pEGFP-N2 into pET24(+) (Novagen) 
treated with the same enzymes. 

Antibodies. Recombinant EGFP for im-
munization of rabbits was obtained by expres-
sion of the protein in the E.coli strain 
BL21(DE3) transformed by pET24-EGFP ac-
cording to the standard protocol [6]. The pro-
tein was purified by column chromatography 
using DEAE Sepharose, Phenyl Sepharose, 
and Sephadex G-25 resigns (GE Healthcare) 
according to the manufacturer’s protocols. 
Rabbits (2.5-3 kg) were injected intramuscu-
larly with 0.85 mg of purified recombinant 
protein emulsified in complete Freund’s adju-
vant (Sigma-Aldrich, USA). On the 14th day, 
animals were injected with 0.85 mg of antigen 
emulsified in incomplete Freund’s adjuvant, 
followed by booster immunization with the 
same amount of protein one week later. Seven 
days after the boost, the serum antibody titer 
was tested using ELISA. 

Cultivation of HEK293 and transfection. 
The HEK293 cell line was obtained from the 
Russian cell culture collection. The cells were 
cultured in a DMEM culture medium contain-
ing 10 % fetal calf serum, 100 U/ml of penicil-
lin, and 100 µg/ml of streptomycin at +37 °C, 
5 % CO2. The cells were transfected using 
25-kDa branched polyethylenimine (PEI) 
(Sigma-Aldrich, USA) as described in [7]. For 

the MTT assay, HEK293 were detached from 
culture plastic for transfection by exposure to 
0.25 % trypsin-0.02 % EDTA for 5 min. Cells 
were pelleted by centrifugation 1.2x103 rpm 
for 7 min, and obtained pellets were washed 
with DMEM medium three times. Then, 3x105 

cells were resuspended in 0.15 mL fresh me-
dium. The pDNA/PEI complex formation was 
performed as described in [7]. The pDNA/PEI 
complexes were diluted by new DMEM me-
dium to 0.85 mL and added to the cells suspen-
sion. The cells were collected by centrifugation 
1.2x103 rpm for 7 min after 1 hour of incuba-
tion at +37 °C, 5 % CO2. The pellets were 
resuspended in complete fresh medium and 
seeded into a 96-well cell culture plate with 
seeding density – 15x103 cells /well. 

MTT assay. The influence of transfection 
procedure and expression of the transgene on 
the viability of НЕК293 was tested in MTT-
assay. The MTT-assay was performed 24 and 
72 hours after transfection according to the 
method described in [8]. Each point was per-
formed in triplicate. 

FACS analysis. Expression of EGFP-
tagged proteins was assayed 48-72 hours after 
transfection by fluorescence-activated cell sort-
ing (FACS). The analysis was performed on 
BD FACSAria (“Becton Dickinson,” USA), 
using BD FACSDiva software.

Confocal microscopy. Confocal laser scan-
ning microscopy (CLSM) analysis was done 
using Leica TCS SPE Confocal system with 
coded DMi8 inverted microscope (Leica, 
Germany). Twenty-four hours after transfec-
tion, the cells were fixed in 4 % paraformal-
dehyde in PBS for 10 min, according to the 
method described in [9]. Counterstaining was 
performed with Hoechst 33342 and Nile Red 
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according to the protocols described in [10, 
11]. Images were acquired using excitation at 
488 nm and emission collected at 509-588 for 
EGFP, excitation at 405 nm and emission col-
lected at 415-468 for Hoechst 33342, and ex-
citation at 532 nm and emission collected at 
607–761 for Nile Red. 

In vitro protein expression (Western blot). 
At different time points, cells were harvested, 
and lysates were prepared using RIPA cell lysis 
buffer containing 1mM PMSF. Proteins were 
separated in 13 % SDS-PAGE, followed by the 
semi-dry transfer; membranes were blocked by 
incubation in 3 % solution of skimmed milk in 
PBS containing 0.1 % Tween-20. Then the 
membranes were washed in PBS, and incu-
bated with anti-EGFP polyclonal antibodies 
(working dilution 1:1000), developed as de-
scribed above, then visualized with horseradish 
peroxidase-conjugated anti-rabbit IgG (Sigma). 
Following ECL detection, each blot was stained 
using Amido Black as described in [12]. 

Immunization. The experiments were con-
ducted on female mice of BALB/c line (breed-
ing of IMBG, NAS of Ukraine), 2–2.5 months 
old. All the manipulations with animals were 
performed using sedative and anesthetic prep-
arations in compliance with the requirements 
of veterinary legislation. For immunogenicity 
studies, on days 0, 14, 28, mice were admin-
istered with 100 µg of each pDNA vector 
studied to the biceps muscle. An equal amount 
of pTR-UFneo- was administered to mice of a 
control group. The blood for isolation of serum 
was obtained by retro-orbital puncture.

ELISA. The antibodies, specific to E2 
CSFV in murine blood serum, were detected 
by ELISA according to [4]. The results are 
presented as the average value of reciprocal 

titer ± statistically average deviation (n = 7 in 
each group). 

Detection of the CSFV E2 gene fragment 
and egfp by PCR. The total DNA from 
HEK293 cells and biceps tissue was extracted 
according to the protocol [13]. Detection of the 
E2 gene fragment was performed as described 
earlier [4]. To detect egfp a pair of primers was 
designed: EGFP fr- 5’-GTCACTAGTATGGT 
GAGCAAGGGCGAGGA-3’ and EGFP rev- 
5’-GTCCTGCAGCTACTCGTCCATGCCGA 
GAGTGA-3’. The reaction mixture contained 
100 ng of total DNA. The amplification of the 
egfp was conducted on DNA-amplifier Tercik 
(DNA-technologies, RF) using the following 
scheme: DNA denatura tion — 95 ºC, 300 sec; 
annealing of primers — 63.9 ºC, 60 sec; elon-
gation — 72 ºC, 60 sec, for one cycle, followed 
by 30 cycles: DNA denaturation — 95 ºC, 
300 sec; annealing of primers — 61.8 ºC, 
30 sec; elongation — 72 ºC, 60 sec. After the 
process, the amplification products were sepa-
rated by electrophoresis in 0.8 % agarose gel.

Statistics. All statistical analyses were per-
formed using MaxStat Pro 3.6 software. To 
assess the significance of the discrepancies, we 
used the non-parametric criterion of Mann-
Whitney (U) and two-sample t-test to compare 
FACS-analysis data. 

Results and Discussion
Although DNA vaccine development technol-
ogy offers a rapid elaboration of a novel vac-
cine, only three DNA vaccines have been li-
censed since 1993 for veterinary use [14]. 
India has approved the world’s first DNA vac-
cine for human use in 2021. The DNA SARS-
CoV-2 vaccine (ZyCoV-D), produced by Zydus 
Cadila, received authorization for emergency 
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use for people aged 12 and older from the 
Central Drugs Standard Control Organization 
on 20th August, 2021 [15]. Additionally, sev-
eral candidate DNA vaccines against 
COVID-19 and other diseases are currently 
undergoing clinical trials. The main problems 
identified in clinical trials of candidate DNA 
vaccines were: low transfection efficiency of 
human cells in vivo, low immunogenicity, and 
the need to administer high doses of plasmid 
DNA. One of the possible directions to in-
crease the immunogenicity of a DNA vaccine 
is to increase the level of the target antigen 
expression. This can be done by selecting ap-
propriate strong non-tissue-specific promoters 
and enhancer elements to modify the DNA 
construct. It has been demonstrated that the 
introduction of inverted terminal repeats from 
human adeno-associated virus-2 into expres-
sion vector enhanced the expression of HIV 
Env, gp55 Gag, herpes simplex virus type 2 
glycoproteins B and D, β- galactosidase, and 
immunogenicity of correspondent candidate 
DNA-vaccines [16–19]. Additionally, it has 
been shown that the ITR from AAV-2 exhib-
ited promoter activity [20]. However, the ITR’s 

effect on the expression of chimeric E2 glyco-
protein CSFV has not been studied.

Recently, we have described the euka ryo tic 
expression vector pTR-BKneo- encoding the 
fragment of the CSFV E2 glycoprotein gene 
placed under the regulation of early-immediate 
promotor of human cytomegalovirus, located 
between ITRs of AAV-2 [4]. In the present 
work, we constructed recombinant plasmid 
pBS-BK that has the same genetic elements 
except ITRs (Fig. 1). We also created recom-
binant vectors containing chimeric genes en-
coding EGFP and E2 fusion protein (pTR-
EGFP/E2 and pEGFP/E2) to perform in vitro 
studies with the transient transfection (Fig. 1). 
The reporter system based on EGFP allows 
monitoring protein expression in living cells 
to estimate the transfection efficiency by FACS 
analysis.

CLSM analysis performed 24 hours after 
transfection revealed the expression of EGFP-
fused protein in HEK293 cells transfected with 
pTR-EGFP/E2 or pEGFP/E2 (Fig. 2 A). The 
analysis revealed also significant differences in 
the intracellular localization of the chimeric 
proteins compared to the distribution well 

pBS-BK

 ITR     enh hCMV IE PhCMV IE             E2             PolyA     ITR 
pTR-BKneo-

        enh hCMV IE PhCMV IE             E2                PolyA 

pEGFP/E2

 ITR     enh hCMV IE PhCMV IE         egfp     E2             PolyA     ITR 
pTR-EGFP/E2

        enh hCMV IE PhCMV IE           egfp            E2                PolyA 

Fig. 1. Schematic representation of 
the recombinant plasmids pTR-
BKneo-, pBS-BK, pTR-EGFP/E2, 
and pEGFP/E2: ITR — inverted ter-
minal repeats AAV-2; enh hCMV — 
human cytomegalovirus immediate-
early enhancer; PhCMV – human 
cytomegalovirus immediate-early 
promoter; E2 — SacI-EcoRI-frag-
ment of E2 CSFV gene; еgfp — 
cDNA of Enhanced Green Fluores-
cent Protein A.victoria; Poly A — 
a signal of polyadenylation.
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known for unmodified EGFP. In contrast to the 
known uniform diffuse distribution of EGFP 
within the cytoplasm of the cell and accumula-
tion of this protein in the structures of the nu-
cleus, all chimeric EGFP/E2 proteins were lo-
cated outside the nucleus of transfected cells, 
in the form of individual granular structures in 
the cytoplasm. The predominant localization of 
the granules in the perinuclear space may indi-
cate the accumulation of chimeric glycoproteins 
in the endoplasmic reticulum and the Golgi 
apparatus during posttranslational modification 
(Fig 2.A2). Noteworthy, E2 can be involved in 
the endoplasmic reticulum stress (ERS)-
mediated autophagy, induced by CSFV in the 
host cell for sustaining virus replication both in 
vivo and in vitro [21]. Besides, it has been 
shown that E2 can interact with a wide range 
of host proteins such as actin, thiredoxin, an-

nexin 2, dynactin 6, mitogen-activated protein 
kinase 2, SERTA domain containing protein 1, 
etc. [22]. The data obtained by FACS-analysis 
revealed that the number of cells with a high 
fluorescence intensity was significantly higher 
in pTR-EGFP/E2 transfected cells 41.9±13.1 % 
(of the total cell number) (Fig. 2 B) than in 
pEGFP/E2 transfected cells – 8±3.3 %. This 
indicates an increase of EGFP/E2 protein syn-
thesis in cells transfected with pTR-EGFP/E2.

Further analysis of transfected cell lysates 
by western blot confirmed the presence of 
EGFP/E2 chimeric protein. The molecular 
weight of the main protein band detected by 
western blot was about 68.5 kDa (Fig.3 A). 
However, the theoretical molecular weight of 
the EGFP/E2 protein corresponds to 57.8 kDa. 
The observed discrepancy could be explained 
by the presence of glucans in the five potential 

A

 

B

Fig. 2. A — CLSM image of HEK293 cells expressing EGFP/E2, 24 hours after transfection with pEGFP/E2 (1) or 
pTR-EGFP/E2 (2), (counterstaining with Hoechst 3342 and Nile Red, bar — 10µm). B — FACS analysis of EGFP/E2 
expression in HEK293 cells, 72 hours after transfection with pEGFP/E2 (1) or pTR-EGFP/E2 (2). The figures are 
representatives of 3 independent experiments in each variant.
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N-glycosylation sites located on the part of the 
E2 protein used for the study [23]. A similar 
shift of the molecular weight of this E2 glyco-
protein fragment has been described previously 
[4] and for a chimeric protein based on the full-
length E2 glycoprotein in [24]. Thus, the band 
detected between 68.5 kDa and 57.8 kDa in the 
lysates of cells transfected by pTR-EGFP/E2 
can be explained by partial glycosylation and 
the bands with molecular weight lower than 
57.8 kDa – by protein degradation. The amount 
of EGFP/E2 in the cells transfected with plas-
mid pTR-EGFP/E2 was 113 ± 21 ng/105 
cells/72 h, while transfecting cells with plasmid 
pEGFP/E2 was 15 ± 3 ng/105 cells/72 h.

We also performed cell viability and prolif-
eration assays to define whether the observed 
difference in magnitude of the chimeric protein 
expression was not due to cytotoxic effects of 
DNA/PEI complexes [25]. The data obtained 
in MTT- and cell counts assays did not reveal 
any significant differences in cell viability and 
proliferation rates between the cell populations 
transfected with the indicated vectors 
(Fig. 3B, C). Thus, the obtained results show 
that the difference in the expression levels of 
the chimeric protein EGFP/E2 is not due to the 
inhibition of the metabolic activity of cells or 
higher cytotoxicity of the pEGFP/E2 and PEI 
complexes.

A

 

B

C

Fig. 3. A, B — EGFP/E2 expression detected in HEK293 cells lysates by Western blot, 72 hours after transfection: A: 
1 — НЕК293; 2 — lysate of cells transfected with pTR-EGFP/E2; 3 – molecular weight marker #26619 (Thermo 
Scientific); 4 – lysate of cells transfected with pEGFP/E2; B — Viability of cells transfected with pTR-EGFP/E2 (1) 
and pEGFP/E2 (2) measured by MTT assay; (C — control HEK293 cells); C-Cell proliferation assay. Cell counts at 
three different time points (24, 72, and 144 hours) after transfection of HEK293 cells with pEGFP/E2 (1) or pTR-
EGFP/E2 (2). The figures are representatives chosen from 3 independent experiments in each variant.
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The EGFP/E2 expression stability and dura-
tion of transgene retention in vitro were checked 
under non-selective conditions to mimic in vivo 
situation more closely. The initial transfection 
efficiency was monitored by FACS-analysis. 
The examined cell populations had similar 
amounts of EGFP positive cells 72 hours after 
transfection. The western blot analysis revealed 
that the EGFP/E2 expression was not detected 
in cell lysates after the fourth passage (the cells 
split ratio during passaging was 1:2) (Fig. 4, 
A). At the same time, the transgene was de-
tected by PCR at least till the 6th passage in the 
cells transfected by pTR-EGFP/E2 or by pEG-
FP/E2, but not in all samples of the same vari-
ant (Fig. 4B). Thus, we conclude that the in-
troduction of ITR from AAV-2 into plasmid 
vector does not significantly influence trans-
gene persistence in vitro in these conditions. 

We also compared the immunogenicity of 
pTR-BKneo- and pBS-BK in mice. The ob-

tained results revealed that the level of antigen-
specific antibodies was significantly higher in 
mice injected with pTR-BKneo- (Fig. 5A). 
This group also was highly seropositive for a 
more extended period. PCR analysis of total 
DNA extracted from muscle tissues in a place 
of injection revealed prolonged retention of 
the transgene in the pTR-BKneo- group (Fig. 5, 
B1 and B2). The transgene was detected in 
40 % of samples taken 74 days after the first 
immunization. All samples from mice injected 
with pBS-BK were found to be negative to this 
date. The longer persistence of ITR containing 
vectors can be explained by their long-term 
episomal retention as concatemers in skeletal 
muscle cells as described in [26].

Conclusions
Summarizing the obtained data, we conclude that 
the insertion of ITRs from human AAV-2 into 
plasmid vectors containing chimeric E2 glyco-

A

 

B

Fig. 4. A — Western blot analysis of EGFP/E2 expression in HEK293 cells. HEK293 cells were transfected with pTR-
EGFP/E2 or pEGFP/E2. Cells were harvested at the indicated time points or passaged every three days. Cell lysates 
obtained from 5*104 cells were subjected to western immunoblot analyses using polyclonal antibodies against EGFP. 
B — The electrophoregram of PCR products, obtained using primers EGFP fr and EGFP rv: 5th passage — 1 — 
negative control (total DNA from HEK293 cells); 2–5 — samples of total DNA extracted from HEK293 transfected 
with pTR-EGFP/E2; 6 — molecular weight marker O`GeneRuler 1kb (Fermentas); 7–9 — samples of total DNA ex-
tracted from HEK293 transfected with pEGFP/E2; 10 — positive control (pTR-EGFP/E2). 6th passage — 1 — nega-
tive control (total DNA from HEK293 cells); 2–4 — samples of total DNA extracted from HEK293 transfected with 
pTR-EGFP/E2; 5, 10 — molecular weight marker O`GeneRuler 1kb (Fermentas); 6–8 — samples of total DNA ex-
tracted from HEK293 transfected with pEGFP/E2; 10 — positive control (pTR-EGFP/E2); 11 — positive control 
(pEGFP/E2). The PCR products are indicated by an arrow.
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protein gene of CSFV leads to a significant in-
crease in chimeric protein accumulation in 
НЕК293 cells 72 hours after transfection. At the 
same time, there was no increase of transgene 
persistence in vitro as compared with the vector 
without ITRs. The considerable rise in the mag-
nitude of the humoral immune response and pro-
longed transgene retention in vivo were observed 
after immunization of mice with pTR-BKneo-. 
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Інвертовані термінальні повтори адено-
ассоційованого вірусу-2 посилюють експрессію 
гену химерного Е2 глікопротеїну вірусу 
класичної чуми свиней 

Я. О. Похоленко, П. В.Бучєк, М. В. Драгулян, 
В. А. Кордюм 

Мета. Дослідження впливу введення інвертованих 
термінальних повторів адено-ассоційованого вірусу-2 
людини до складу плазмідного вектору на експресію 
химерного Е2 ВКЧС та імуногенність створених кан-
дидатних маркованих ДНК-вакцин проти класичної 
чуми свиней. Методи. Аналіз експресії химерних 
білків в клітинах лінії НЕК293 проводили за допомо-
гою конфокальної лазерної скануючої мікроскопії, 
проточної цитофлуориметрії та вестерн блот аналізу. 
Наявність антитіл, специфічних до Е2 вірусу класичної 
чуми свиней у сироватці крові імунізованих мишей 
проводили за допомогою ІФА. Результати. Було про-
демонстровано, що введення інвертованих терміналь-
них повторів адено-ассоційованого вірусу-2 до складу 
плазмідного вектору призводить до значного посилен-
ня експресії цільового антигену в клітинах лінії 
НЕК293 in vitro, не збільшуючи одночасно тривалість 
збереження трансгену. Значно більш високі титри 
антитіл, специфічних до химерного E2 вірусу класич-
ної чуми свиней, були індуковані вакцинацією екс-
пресійним вектором, що містить інвертовані термі-
нальні повтори адено-ассоційованого вірусу-2. 
Висновки. Введення до складу векторної конструкції 
кандидатної маркованої ДНК-вакцини проти класичної 
чуми свиней послідовностей інвертованих терміналь-
них повторів адено-ассоційованого вірусу-2 призво-
дить до збільшення як рівня експресії химерного тран-
сгену, так і інтенсивності гуморальної імунної відпо-
віді на вакцинацію.

К л юч ов і  с л ов а: кандидатна маркована ДНК-
вакцина, класична чума свиней, ITR AAV-2, гумораль-
на імунна відповідь

Инвертированные терминальные повторы 
адено-ассоциированного вируса-2 усиливают 
экспрессию гена химерного Е2 гликопротеина 
вируса классической чумы свиней 

Я. А. Похоленко, П. В. Бучек, М. В. Драгулян, 
В. А. Кордюм

Цель. Исследование влияния введения инвертирова-
ных терминальных повторов адено-ассоциированого 
вируса-2 человека в состав плазмидного вектора на 
экспрессию химерного Е2 вируса классической чумы 
свиней и иммуногенность созданных кандидатных 
маркерных ДНК-вакцин против классической чумы 
свиней. Методы. Анализ экспрессии химерных белков 
в клетках НЕК293 проводили с помощью конфокаль-
ной лазерной сканирующей микроскопии, проточной 
цитофлуориметрии та вестерн блот анализа. Наличие 
антител специфических к Е2 вируса классической 
чумы свиней в сыворотке крови иммунизированных 
мышей проводили с помошью ИФА. Результаты. 
Было продемонстрировано, что присутствие инверти-
рованых терминальных повторов адено-ассоциирова-
ного вируса-2 в составе плазмидного вектора приводит 
к значительному усилению экспрессии целевого анти-
гена в клетках линии НЕК293 in vitro, не увеличивая 
при этом длительность персистенции трансгена. 
Значительно более высокие титры антител, специфич-
ных к химерному E2 вируса классической чумы сви-
ней, были индуцированы вакцинацией экспрессион-
ным вектором, содержащим инвертированые терми-
нальные повторы адено-ассоциированого вируса-2. 
Выводы. Введение в состав векторной конструкции 
кандидатной маркированной ДНК-вакцины против 
классической чумы свиней последовательностей ин-
вертированых терминальных повторов адено-ассоци-
ированого вируса-2 приводит к увеличению как уров-
ня экспрессии химерных трансгенов, так и интенсив-
ности гуморального иммунного ответа на вакцинацию. 

К л юч е в ы е  с л ов а: маркерная ДНК-вакцина, клас-
сическая чума свиней, ITR AAV –2, гуморальный 
имунный ответ
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