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Introduction

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.

Keywords: marker DNA-vaccine, classical swine fever, ITR AAV-2, humoral immune
response

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

© 2021 Ia. O. Pokholenko et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf
of Biopolymers and Cell. This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any

medium, provided the original work is properly cited

278


mailto:yasnenka@gmail.com

Influence of AAV-2 ITRs on the expression of the chimeric E2 CSFV gene

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
CSFYV, 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 CSFYV, 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 Bglll 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 Nhel/Smal fragment of pEGFP-C1
into pEGFP-N2 treated with Nhel/Smal. pEG-
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FP/E2 was created by subcloning Smal/Notl
fragment of pET24ap-csfv@rev into p2EGFP-
C1 treated with the same enzymes. Vector
pTR-EGFP/E2 was created by subcloning
Nhel/Notl 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 BL21 (DE3) was
constructed by subcloning EcoRI/Notl frag-
ment of pPEGFP-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 FE.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 pg/ml of streptomycin at +37 °C,
5 % CO,. The cells were transfected using
25-kDa branched polyethylenimine (PEI)
(Sigma-Aldrich, USA) as described in [7]. For
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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 1.2x10° rpm
for 7 min, and obtained pellets were washed
with DMEM medium three times. Then, 3x10°
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 % CO,. 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 HEK293 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 ImM 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 pug 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
HEK?293 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 denaturation — 95 °C, 300 sec;
annealing of primers — 63.9 °C, 60 sec; elon-
gation — 72 °C, 60 sec, for one cycle, followed
by 30 cycles: DNA denaturation — 95 °C,
300 sec; annealing of primers — 61.8 °C,
30 sec; elongation — 72 °C, 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, - 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

ITR enh hCMV IE PhCMV IE E2 5 PolyA ITR
S\
enh hCMV IE PhCMV IE E2 PolyA

I  \\"ovs

ITR enh hCMV IE PhCMV IE

egfp E2

__PolyA ITR

enh hCMV IE PhCMV IE egfp E2

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

Recently, we have described the eukaryotic
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

Fig. 1. Schematic representation of
pTR-BKneo- 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-carly
promoter; E2 — Sacl-EcoRI-frag-
ment of E2 CSFV gene; egfp —
c¢DNA of Enhanced Green Fluores-
cent Protein A.victoria; Poly A —
a signal of polyadenylation.

pBS-BK

pTR-EGFP/E2

pEGFP/E2
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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 — 10um). 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.

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
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Fig. 3. A, B— EGFP/E2 expression detected in HEK293 cells lysates by Western blot, 72 hours after transfection: A:
1 — HEK293; 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.

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/10°
cells/72 h, while transfecting cells with plasmid
pEGFP/E2 was 15 + 3 ng/105 cells/72 h.
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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.
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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*10% 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: 5t 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). 6 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.

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 6t 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-
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Fig. 5. A — Antibody titer changing in mice after immunization with pTR-BKneo- or pBS-BK. B1 — Determination
of the detection limit of E2 fragment using PCR and serial dilutions of pTR-BKneo-. Each sample contained 100 ng
of total DNA extracted from murine biceps. Input pDNA dilutions are indicated above the lane. NC — negative con-
trol (total DNA-sample without adding pDNA); M — molecular weight marker O"GeneRuler 50bp DNA Ladder
(Fermentas). The size of PCR products is indicated with an arrow. B2 — Agarose gel electrophoresis of the PCR
products, obtained using primers E2sn and E2asn: 1 — total DNA extracted from murine biceps, 48 days after injec-
tion of pBS-BK; 3 — total DNA extracted from murine biceps, 48 days after injection of pTR-BKneo-; 4-6 — total
DNA extracted from murine biceps, 74 days after injection of pBS-BK; 2,7 — molecular weight marker O GeneRuler
50bp DNA Ladder (Fermentas); 8 — total DNA extracted from murine biceps of control group injected with pTR-
UFneo-; 9-13 — total DNA extracted from murine biceps, 74 days after injection of — pTR-BKneo. The size of PCR

pTR-BKneo- OpBS-BK

products is indicated with an arrow.

protein gene of CSFV leads to a significant in-
crease in chimeric protein accumulation in
HEK293 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-.

Acknowledgments

The authors thank Dr. O.V. Moshynets and
Dr. V. M. Kyryk for their valuable support of
the project.

REFERENCES

1. Ganges L, Crooke HR, Bohorquez JA, Postel A,
Sakoda Y, Becher P, et al. Classical swine fever

286

virus: the past, present and future. Virus Research.
2020;289:198151.

2. Coronado L, Perera CL, Rios L, Frias MT, Pérez
LJ. A Critical Review about Different Vaccines
against Clas-sical Swine Fever Virus and Their
Repercussions in Endemic Regions. Vaccines.
2021;9(2):154.

3. Gary EN, Weiner DB. DNA vaccines: prime time is
now. Current Opinion in Immunology. 2020 1 Au-
gust;65:21-7.

4. Pokholenko IA, Ruban TA, Sukhorada OM, Deriabin
OM, Tytok TG, Kordium VA. The development of
DNA-vaccine against classical swine fever. Bio-
polym Cell. 2007;23(2):93-9.

5. Current protocols in molecular biology, Eds M
Ausubel, R Brent, RE Kingston, DD Moore, JG Se-
idman, JA Smith, K Struhl. John Wiley & Sons, Inc,
1997;1: 1.7.9-1.7.10.

6. Molecular cloning. A laboratory manual by T. Ma-
niatis, E F Fritsch and J Sambrook. 2nd ed.Cold
Spring Harbor Laboratory, New York. 1989. 625p



Influence of AAV-2 ITRs on the expression of the chimeric E2 CSFV gene

10.

11.

12.

13.

14.

15.

16.

17.

18.

Toporova OK, Novikova SN, Lihacheva LI, Suhorada
OM, Ruban TA, Kozel JA, et al. Non-viral gene de-
livery of human apoA1 into mammalian cells in vitro
and in vivo. Biopolym Cell. 2004;20(1-2):25-32.
Denizot F, Lang R. Rapid colorimetric assay for cell
growth and survival. Modifications to the tetrazo-
lium dye procedure giving improved sensitivity and
reliability. ] Immunol Methods. 1986;89(2):271-7.
Baumstark-Khan C, Palm M, Wehner J, Okabe M,
Tkawa M, Horneck G. Green Fluorescent Protein
(GFP) as a Marker for Cell Viability After UV Ir-
radiation. J Fluoresc. 1999; 9(1):37-43.

Chazotte B. Labeling Nuclear DNA with Hoechst
33342. Cold Spring Harbor Protocols. 2011;2011(1):
pdb.prot5557.

Greenspan P, Mayer EP, Fowler SD. Nile Red: a
selective fluorescent stain for intracellular lipid
droplets. The J Cell Biol. 1985; 100(3):965-73.
Aldridge GM, Podrebarac DM, Greenough WT,
Weiler 1J. The use of total protein stains as loading
controls: an alternative to high-abundance single
protein controls in semi-quantitative immunoblot-
ting. J Neurosci Methods. 2008;172(2):250—4.
Lowrie DB, Whalen R, editors. DNA vaccines:
methods and protocols. Humana Press; 2000. (Meth-
ods in Molecular Medicine). https://www.springer.
com/gp/book/9780896035805

Williams JA. Vector design for improved DNA vac-
cine efficacy, safety and production. Vaccines (Ba-
sel). 2013;1(3):225-49.

Mallapaty S. India’s DNA COVID Vaccine Is a
World First — More Are Coming. Nature. 2021;
597(7875):161-62.

Xin K-Q, Ooki T, Jounai N, Mizukami H, Hamaji-
ma K, Kojima Y, et al. A DNA vaccine containing
inverted terminal repeats from adeno-associated
virus increases immunity to HIV. J Gene Med.
2003;5(5):438-45.

Manning WC, Paliard X, Zhou S, Pat Bland M,
Lee AY, Hong K, et al. Genetic immunization with
adeno-associated virus vectors expressing herpes
simplex virus type 2 glycoproteins B and D. J Virol.
1997;71(10):7960-2.

Marques ETA, Chikhlikar P, de Arruda LB, Leao IC,
Lu Y, Wong J, et al. HIV-1 p55Gag encoded in the

19.

20.

21.

22.

23.

24.

25.

26.

lyso-some-associated membrane protein-1 as a DNA
plasmid vaccine chimera is highly expressed, traffics
to the major histocompatibility class II compart-
ment, and elicits enhanced immune responses. J Biol
Chem. 2003;278(39):37926-36.

Chikhlikar P, Barros de Arruda L, Agrawal S, By-
rne B, Guggino W, August JT, et al. Inverted termi-
nal repeat sequences of adeno-associated virus en-
hance the antibody and CD8(+) responses to a HIV-1
p55Gag/LAMP DNA vaccine chimera. Virology.
2004;323(2):220-32.

Wilmott P, Lisowski L, Alexander IE, Logan GJ.
A User’s Guide to the Inverted Terminal Repeats of
Adeno-Associated Virus. Human Gene Therapy
Methods. 2019;30(6):206—13.

Zhu E, Wu H, Chen W, Qin Y, Liu J, Fan S, Ma S,
Wu K, Mao Q, Luo C, Qin Y, Yi L, Ding H, Zhao M,
Chen J. Classical swine fever virus employs the
PERK- and IRE1-dependent autophagy for viral
replication in cultured cells. Virulence. 2021;12(1):
130-49.

Vuono EA, Ramirez-Medina E, Azzinaro P, Berg-
gren KA, Rai A, Pruitt S, Silva E, Velazquez-Sali-
nas L, Borca MV, Gladue DP. SERTA domain con-
taining protein 1 (SERTAD]) interacts with classi-
cal swine fever virus structural glycoprotein E2,
which is involved in virus virulence in swine. Vi-
ruses. 2020; 12(4):421.

van Rijn PA, Miedema GK, Wensvoort G, van Gen-
nip HG, Moormann R.J. Antigenic structure of en-
velope glycoprotein E1 of hog cholera virus. J Virol.
1994; 68(6):3934-42.

Lorenzo E, Méndez L, Rodriguez E, Gonzalez N,
Cabrera G, Pérez C, Pimentel R, Sordo Y, Molto MP,
Sardina T, Rodriguez-Mallon A, Estrada MP. Plas-
ticity of the HEK-293 Cells, related to the culture
media, as platform to produce a subunit vaccine
against classical swine fever virus. AMB Express
2019; 9(1):139.

Zhang H, Chen Z, Du M, Li Y, Chen Y. Enhanced
gene transfection efficiency by low-dose 25 kDa
polyethylenimine by the assistance of 1.8 kDa poly-
ethylenimine. Drug Deliv. 2018;25(1):1740-5.
Schnepp BC, Clark KR, Klemanski DL, Pacak CA,
Johnson PR. Genetic fate of recombinant adeno-

287



Ia. O. Pokholenko, P. V. Buchek, M. V. Drahulian et al.

associated virus vector genomes in muscle. J Virol.
2003r;77(6):3495-504.

InBepTOBaHi TepMiHAIBLHI MOBTOPH a/IeHO-
acconifioBaHoro Bipycy-2 NOCHJINKTH eKclpecciio
reny xumepnoro E2 riikonporeiny Bipycy
KJIACHYHOI YYyMH CBUHeH

S1. O. Ioxonenko, I1. B.byuek, M. B. [IparynsH,
B. A. Kopaiom

Mera. JlociiuKeHHsT BIUIMBY BBEJICHHS 1HBEPTOBAHUX
TEepMiHAJILHHUX MTOBTOPIB a/IEHO-ACCOLIIHOBAaHOTO BipycCy-2
JIFOIIMHU JI0 CKJIa Ty TUIA3MiTHOTO BEKTOPY Ha €KCIPECIIo
xumepHoro E2 BKUC Ta iMyHOT€HHICTh CTBOPEHUX KaH-
nunatHux MapkoBaHux JIHK-BakiuH mpoTu KjiacM4HOL
yymu cBuHel. MeTonm. AHaii3 eKcrpecii XUMepHUX
OinkiB B kiitrHax JtiHIT HEK293 nmpoBomumm 3a momomo-
TOI0 KOH(POKAJIBHOT JTa3epHOi CKaHyI090i MiKPOCKOMIi,
MPOTOYHOT IUTO(ITyOPHMETPIl Ta BECTEpH OJIOT aHaJIi3y.
Haspricts anturin, cnermdivanx no E2 Bipycy kimacuaHol
YyMH CBHHEW y CHPOBATIli KPOBi IMyHI30BaHMX MHUIIEH
npoBosiviH 3a foromoroto IDA. Pesyabraru. byno mpo-
JIEMOHCTPOBAHO, 1[0 BBEJICHHS! IHBEPTOBAaHMX TEPMiHAJIb-
HUX TTOBTOPIB a/IEHO-aCCOIIHOBAHOTO BipyCy-2 110 CKIIaLy
TUIa3MiZHOTO BEKTOPY MPHU3BOANTH JI0 3HAYHOTO MOCHJICH-
Hs CKCIIpecii IITFOBOTO aHTUTEHY B KIIITHHAX JIiHIl
HEK?293 in vitro, He 301IbIIyI04YH OJHOYACHO TPUBATICTh
30€epeKEHHsST TPAHCTCHY. 3HAYHO OUIBII BUCOKI TUTPHU
aHTHTLI, crieruivHuX 10 XuMepHoro E2 Bipycy kiacwmy-
HOi YyMH CBHHEH, Oyny iHAyKOBaHI BaKIIMHAIIEIO EKC-
MpeCiiHUM BEKTOPOM, II0 MICTUTH IHBEPTOBaHi TepMi-
HallbHI TIOBTOPH aJICHO-acCOIlIHOBAHOTO Bipycy-2.
BucHoBku. BBeneHHs 10 cKi1aty BEKTOPHOI KOHCTPYKITT
KaHauaaTHo1 MapkoBaHoi JIHK-BakiinHy mpoTH KITacH4HOT
YyMH CBUHEH MOCTIJOBHOCTEH iHBEpPTOBAHMX TEpMiHAIIb-
HUX TOBTOPIB a/IeHO-aCcCOMIHOBAHOTO BipyCy-2 IPHU3BO-
JTITH JI0 30UTHIICHHS SIK PIBHS EKCIIPeCii XUMEPHOTO TPaH-
CTeHY, TaK 1 IHTEHCHBHOCTI TYMOpPAaJIbHOI iIMyHHOI BifIIO-
Bijll Ha BaKI[MHAILIIO.

KnwuoBi cuoBa: xkanaunaraa mapkosana JIHK-
BaKIHA, KiTacuuHa ayma cBuHel, [ITR AAV-2, rymopaits-
Ha IMyHHA BiJIIOBIiIb
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HHBepTHpPOBaHHBIE TEPMUHAJIbHBIE TIOBTOPHI
aJ]eHO0-aCCONMUPOBAHHOTO BHpYyca-2 YyCHIMBAIOT
JKcNpeccHuio reHa xumepHoro E2 rukonporenna
BHpYca KJIACCHYECKOH YyMBbI CBHHEI

S1. A. Tloxonenxo, I1. B. bydek, M. B. parymnsn,
B. A. Kopaiom

Ieasb. MccnenoBanue BIMsAHYS BBEACHUS MHBEPTUPOBA-
HBIX TePMHUHAJIBHBIX TTOBTOPOB aJ€HO-aCCOIIMUPOBAHOTO
BHpYycCa-2 4elIOBeKa B COCTaB IUIa3MHUIHOIO BEKTOpa Ha
SKCIPECCHIO XUMepHOTO E2 BHpyca KilacCHIeCKOH TyMbl
CBHUHEH M MMMYHOT€HHOCTh CO3/aHHBIX KaHJIHJAaTHBIX
MapkepHbIX JIHK-BakiiuH NpoTUB KIacCHYeCKON 4yMbl
cBuHEH. MeToabl. AHAIIN3 SKCIIPECCHH XUMEPHBIX OETKOB
B kietkax HEK293 mpoBoauiy ¢ moMompo KoH(pOKaIb-
HOM Ja3epHOI CKaHUPYIOMIEH MUKPOCKOIIUY, TPOTOYHOMI
UTO(ITyOpUMETPHH Ta BecTepH 00T aHanm3a. Hamame
antuten crnenuduueckux Kk E2 BUpyca Ki1accHYecKou
YyMBbI CBUHEN B CBIBOPOTKE KPOBU MMMYHU3HUPOBAHHBIX
MBILIEN nTpoBoaniu ¢ noMmoubio DA. Pe3yabrarsl.
Br110 mpoeMOHCTpUPOBAHO, YTO MPUCYTCTBUE UHBEPTH-
POBaHBIX TEPMHUHAIBHBIX IOBTOPOB a/I€HO-aCCOLIMUPOBA-
HOTO BHpYCa-2 B COCTABE TIa3MHUAHOTO BEKTOPA MPUBOINT
K 3HAYUTEJIFBHOMY yCHJICHHIO 3KCIPECCHUH 1IEJIEBOTO aHTH-
reda B kietkax juaun HEK293 in vitro, He yBenuuuBas
MIPU 3TOM JUIMTEIBHOCTh NEPCUCTEHIIMH TPAHCTCHA.
3HaunTeNBbHO OOJIee BRICOKHE TUTPBI aHTUTEN, creluduy-
HBIX K XuMepHoMy E2 BHpyca Ki1acCHYeCKOM YyMBbl CBU-
Hel, ObUIM WHAYIIMPOBAHBI BaKIMHAIMEH SKCIIPECCHOH-
HBIM BEKTOPOM, COZAEP’KaIlliM HMHBEPTHPOBAHbIC TEPMU-
HaJIbHbIE MOBTOPHI 4J€HO-ACCOLMMPOBAHOIO BUpYyca-2.
BoiBoabl. BeeneHre B coctaB BEKTOPHOM KOHCTPYKLIMU
KaHIuAaTHOM MapkupoBaHHO# JIHK-BakiimHbBI NpoTHUB
KJIACCUYECKOM 4yMBI CBUHEH MOCIEN0BAaTENbHOCTEN HH-
BEPTHPOBAHBIX TEPMHUHAIIBHBIX IOBTOPOB a/I€HO-ACCOLIH-
HPOBAHOTO BUpYCa-2 MPUBOIUT K YBEJIMUCHHIO KaK YPOB-
HSl DKCIIPECCUU XUMEPHBIX TPAHCTCHOB, TaK U NHTEHCUB-
HOCTH I'yMOPAJIbHOTO MIMMYHHOTO OTBETa Ha BAKI[MHALIHIO.

KnwueBsie cuoBa: mapkepaas JIHK-Bakina, kiac-
crueckas yyma ceuHell, [ITR AAV -2, ryMopastbHBIN
MMYHHBIN OTBET
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