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The development of a DNA-vaccine against classical swine fever (CSF) is a perspective direction,
because it gives an opportunity to develop a marker vaccine due to use of a part of protective
antigen molecule, and to induce effectively both cellular and humoral immune response. In this
study a recombinant plasmid, containing the fragment of E2 gene of CFS virus (CSFV) in
eukaryotic expression vector, has been developed. It has been demonstrated that the fragment of
E2 protein of CSFV is expressed in CHO-K1 cells from the developed recombinant plasmid
pTR-BKneo-, and we suggest that the protein possesses the post-translational modifications. The
data obtained are in favor of the created model DNA-vaccine able to induce humoral immune
response to fragment of E2 protein of CSFV.
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Introduction. Classical swine fever (CSF) is a
dangerous infectious disease causing significant
damage to livestock farming world wide and referred
to list A diseases of Office International des
Epizooties, OIE, Paris. A considerable problem is the
survival after CSF virus of wild pigs population,
which is considered to be potential source of the
infection.

Nowadays, there are two methods of fighting
CSF, namely, i) complete elimination of the infected
and potentially infected livestock with the ban on

vaccination of animals and ii) introduction of
inactivated, recombinant, and live vaccine, lapinized
and obtained in cell culture. Although both of these
methods are widely used, both of them have some
disadvantages, among which, in regards to the first
one, significant economic losses caused by livestock
elimination can be singled out. And one of the main
disadvantages of traditional CSF preventive vaccines
is their incapability of differentiating postvaccinal and 
postinfectional immunity. This very question is of
great importance as the diseases may cause weakly
virulent strains of CSF virus (CSFV), which result in
the occurrence of atypical forms of the diseases,
immune tolerance, and asymptomatic virus carrying,
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and, therefore, may lead to spreading of the infection to
a wide range of animals. In regards to the
aforementioned, the problem of development of new
types of vaccines and diagnostic systems the
application of which will allow serological
differentiation of vaccinated animals from those

infected with field strains acquired special urgency.
The development of DNA-vaccines against

classical swine fever (CSF) is considered to be one of
the most perspective vaccinology trends. This direction
is based on principally new approach to vaccination
which involves introduction of protein encoding DNA
directly into the organism instead of protein antigen.
DNA vaccines match all basic requirements to vaccines 
against CSF introduced by controlling EU
organizations [1]. Firstly, it is due to the fact that only
gene of main protective antigen is introduced to the
organism, which makes vaccine strain reversion
impossible. Secondly, the manufacturing and storage of 
vaccines is simplified due to having no need to work
with the pathogen and maintaining cold chain, and,
thus, the cost of the preparation decreases. It is
noteworthy that, similar to the case of recombinant
vaccines, it is possible to develop marker vaccine by
means of using only a part of gene which encodes target 
antigen.

Considering the mentioned above the aim of our
work was the development of model DNA vaccine
which carries protective CSFV antigen, as well as
investigation on the possibility of induction of humoral
immune response in mice after the immunization with
the developed recombinant construction.

Materials and Methods. The following strains of
Escherichia coli Sure® 2 (e14–(McrA–)D(mcrCB-hsd
SMR-mrr) 171 endA1 supE44 thi-1 gyrA96 relA1 lac
recB recJ sbcC umuC::Tn5 (Kanr) urvC [F'  proAB lacIq

Z DM15 Tn10 (Tetr) Amy Camr]) (Stratagene, USA),
BL21 (DE3) (F– dmc ompT hsdS(r

B

– m
B

–) gal l (DE3))
(Stratagene); the plasmids of pTR-UF, kindly granted
by S. Zolotukhin (U. F. Gene Therapy Center Vector
Core Lab); pET24ap-csfc@rev, received from O. G.
Deryabina (unpublished data), pEGFP-C1 received
from ClonTech, USA; restriction endonucleases,
T4-DNA-ligase obtained from MBI Fermentas,
Lithuania, were used in this work. DNA was
hydrolyzed in accordance to the manufacturer’s

recommendations. Re-cloning of DNA fragments was
performed according to the methods described in [2]. E. 
coli cells were transformed with plasmid DNA using
calcium chloride method [3]. Plasmid DNA for
immunization was isolated from E. coli cells (Sure® 2)
by the method of alkaline lysis with subsequent
deproteinization with phenol and chromophorm as
described in [2].

Expression of fragment of E2 CSFV  in BL (DE3)
cells. Bacterial culture was cultivated on LB nutrition
medium (Amersham Biosciences, USA) [2] containing
kanamycin in final concentration of 50 ìg/ml. The
solution of isopropyl-â-D-thiogalactoside (IPTG, MBI
Fermentas) to the final concentration of 1 mM was
added to induce synthesis of desired product. The cells
were cultivated at 37 °C to optical density of 2.5, then
the IPTG was added to the medium and the cultivation
of producent strain continued at the same temperature
for 12 hours.

Electrophoresis of proteins was performed
according to Leammli et al. method [8] in 13% PAAG
in the presence of 1% SDS with subsequent staining
with coomassie R-250.

Transfection of CHO-K1 cells (Chinese hamster
ovary cells). CHO-K1 culture was obtained from
Russian cell culture collection (Saint Petersburg). The
cells belonging to this line are epithelial-like.
Karyotype: 2n = 22 with variability in the range
between 16–22 chromosomes. Modal number of
chromosomes is 20. Number of markers at differential
staining is 12 [4]. CHO-K1 line cells were cultivated on 
the nutrition medium of the following composition:
90% of F10 medium (Sigma), 10% of bovine
embryonic serum (Genome, Ukraine), 100 units/ml of
penicillin, and 100 ìg/ml of streptomycin
(Kyivmedpreparat, Ukraine). Prior to use, the serum
was inactivated by heating at 56–60 EC for 30 min. To
subculture the cells, they were taken off the glass with
0.25% trypsin solution and 0.02% of Versen solution
(Biotestlaboratory, Ukraine) in 1:1 ratio, then the cells
were plated  in the ratio of (1:4)–(1:15). The cells were
cultivated at 37 °C in the atmosphere containing 5%
CO

2
. Transfection was performed by a chemical

method using synthetic polymer - branched
polyethyleneimine with molecular weight of 25 kDa
(Aldrich, USA) [5].
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Control cells were transfected with pEGFP-C1
plasmid. In 72 hours the cells were taken off the glass
surface, pelleted by centrifugation for 20 min at 2 000
rpm. Supernatant was decanted and the cell pellet was
resuspended in 50 ìl of PBS buffer, pH 7.4, and frozen
at –20°C.

Obtaining of hyperimmune swine serum against E2
CSFV. Recombinant E2 of CSFV for immunization
was obtained as described in [6]. Healthy
non-vaccinated 4-month-old 30 kg piglet, born from
non-vaccinated sow, was immunized twice with
two-week interval by recombinant protein E2 CSFV, 3
mg per intramuscular immunization, with adjuvant of
montanide ISA-25 (Seppic), 20% volume. The blood
for serum obtaining was collected in two weeks after
the second immunization. The serum was obtained
using the standard method [7].

Determining expression of E2 CSFV in CHO-K1
cells by immunoblotting. Immunoblotting was
performed in accordance to the standard method,
described in [8]. Hyperimmune swine serum obtained
as earlier described, at working dilution 1:1000, was
utilized as the first antibodies, antibodies against swine
immunoglobulines (Sigma), conjugated with
horse-radish peroxidase, at working dilution 1:400,
were chosen to be the second antibodies.

Immunization. 2–2.5-month-old BALB/c line
female mice (bred at the Institute of Molecular Biology
and Genetics National Academy of Sciences of
Ukraine) were used for immunization. Mice were fed
with standard food regularly. All manipulations with
mice were performed using sedative and anesthetic
preparations in accordance to the Regulations on
Veterinary. Several groups of mice were
intramuscularly injected thrice into quadriceps or
biceps with 100 ìg of plasmid DNA dissolved in 150 ìl 
of saline, immunization interval was 2 weeks. In 10
days after last immunization blood was taken by
retroorbital puncture for the preparation of serum.

ELISA. The titre of IgG, specific to fragment of E2,
in serum samples was determined by ELISA.
Recombinant E2 CSFV was obtained as earlier
described in [6]. Antigen in final concentration of 0.01
mg/ml in the volume of 100 ìkl was sorbed on
polystyrene strips (Titertek, UK) for 18 hours. Later on, 
antigen surplus was flushed with PBS buffer, pH 7.4,

containing 0.05% of twin-20 (Amersham Biosciences).
The sera and anti-mice conjugate with horse radish
peroxidase (BD, Biosciences) were applied in PBS, pH
7.4, containing 0.05% of twin-20 and 1% of skim milk
in the volume of 100 ìkl. Sera with antigen were
incubated for 60 min at 37°C. Flushed thrice, anti-mice
conjugate with horse radish peroxidase (BD
Biosciences) in the volume of 100 ìkl in the ratio of
1:1000 was applied. The incubation was performed at
37°C for 90 min, then the solution was washed five
times and the solution of TMB (Sigma) with hydrogen
peroxide in final concentration of 0.015% was applied;
the incubation proceeded for 20 min at 37°C. The
reaction was terminated by 1 N solution of sulphuric
acid and OD

450
 was measured.

The results were assessed using the Student’s test.
Results and Discussion. E2 (gp55) CSFV

glycoprotein, which is considered to be the most
immunogenic protein of CSFV, was chosen as antigen
for development of DNA-vaccine. As it has been shown 
earlier the immune response to E2 is sufficiently
enough to protect the animals from CSFV challenge
[10]. This glycoprotein has been used in the series of
works dedicated to the development of DNA vaccine
against CSF, however, the authors of predominant
majority of them used full-size E2, which made it more
complicated to create the diagnostic system capable of
differentiating the vaccinated animal from the infected
one, as it was mentioned before, E2 is considered to be
the most immunogenic protein of CSFV [11–13]. And
though, in some works [14, 15], E2 fragments were
used for development of DNA vaccine and their
immunogenicity was revealed, the authors verified only 
the fragments depleted of signal sequence and
transmembrane domain, whereas all antigenic
determinants were preserved to be the same as of wild
type protein.

According to the structure proposed in [10] E2
CSFV contains four basic antigenic determinants (A, B, 
C, and D) located on two subunits. Thus, using one part
of the molecule, which contains basic protective
determinants, it is possible to develop the DNA vaccine 
and (using the other part of the molecule) the diagnostic 
system, capable of differentiating postvaccinal and
postinfectional immunity at the same time. In our work
we used the part of E2 which is encoded by SacI-EcoRI
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fragment of gene. This part encodes one antigenic
subunit with epitopes A and D. Epitope A is divided
into three subdomains A1, A2, and A3. Literature data
show that antibodies against A1 subdomain are
considered to be virus neutralizing ones, while A2
subdomain is highly conservative in more than 90 % of
CSFV strains. Therefore, the use of this protein for
development of DNA vaccine will enable to meet one
of the main requirements set for vaccines, i.e. ability to
provide the protection of vaccinated specimen from
maximally possible number of pathogenic strains.
Fragment encoding  SacI-EcoRI  part of the gene of
structural envelope protein E2 of virulent Shi-Min
strain was originally cloned by Kirilenko et al. [16].
Shi-Min strain has been used as positive control agent
in diagnostics and assessment of immunological
features of anti-CSF vaccines in the course of several
decades.

The mentioned above E2 fragment, produced in E.
coli cells, was shown to be capable of causing the
immune response in piglets as well as protecting them
from lethal infection during the further challenge with
highly virulent CSFV Washington strain [6].

pET24ap-csfv@rev plasmid containing SacI-EcoRI
fragment of CSFV Shi-Min E2 gene under the

regulation of T7 promoter was selected as a source of
E2 CSFV. However, prior to subcloning, we checked
the functionality of target gene by the expression in E.
coli cells. For this purpose, E. coli cells of BL (DE3)
were transformed by plasmid DNA and clones obtained 
were checked for E2 fragment expression as it was
earlier described in Materials and Methods. The
suspension of cells obtained after 12-hour induction
was analyzed using gel-electrophoresis in
polyacrylamide gel in denaturing conditions. Fig.1
presents electrophoregrams which allow making the
conclusion that E2 fragment (molecular weight 34 kDa) 
is expressed in E. coli cells.

For re-cloning, the fragment obtained using
hydrolysis of pET24ap-csfc@rev by sites of
recognition with restriction endonucleases  XbaI and
XhoI and vector - by XbaI and SalI sites with
subsequent ligation and transformation of competent E. 
coli cells strain Sure® 2  was used. Hence, recombinant
construction pTR-BKneo– was obtained (Fig.2). This
construction contains  the fragment of gene of E2
glycoprotein of CSFV, which is placed under the
regulation of strong non-tissue specific
enhancer/promoter of the immediate early genes of
human cytomegalovirus [17, 18], located between
inverted terminal repeats of human adeno-associated
virus, at the presence of which, (as shown in [19, 20]),
significant increase of humoral and cellular immune
response to DNA vaccination is observed.

To check the expression of E2 CSFV in culture of
eukaryotic cells, the cells of CHO-K1 line have been
selected. Transfection of cells was performed using
branched polyethyleneimine (molecular weight of 25
kDa) as described in Materials and Methods.

Control cells were transfected with pEGFP-C1. On
the third day after transfection the cells were taken off
the glass surface using the trypsin solution and
Versen’s solution, and then the cells were concentrated
by centrifugation. E2 expression level was determined
using the method of immunoblotting. Swine
hyperimmune serum obtained after vaccination using
recombinant anti-CSF vaccine was used as the first
antibodies. Lysate of CHO-K1 line cells transfected
with pEGFP-C1 plasmid was selected to be the
negative control while recombinant fragment of E2
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Fig.1 Electrophoregram of sample
cells of E. coli BL (DE3) containing
pET24ap-csfc@rev, cultivated at
37°C after induction for 12 hours (2).
The sample in the amount equal to 20
ìl of cell suspension (1 – marker Page 
RulerTM Protein ladder, MBI

Fermentas) was applied on gel.



obtained in E. coli cells was selected to be the positive
one.

As a result of the investigation conducted the cells
transfected with pTR-BKneo– were shown to express
the fragment of E2 (Fig.3). However, the analysis
performed revealed that molecular weight of the
detected protein equals 50 kDa, while molecular weight 
of the protein obtained in E. coli cells equals 34 kDa
only. The difference in molecular weight may be
explained by the fact that the protein is glycolized in
CHO-K1 line cells, and, in accordance to literature
data, the part which is encoded by SacI-EcoRI fragment 
of E2 contains all five glycosylation sites [10] present
in E2 molecule. It is noteworthy that, though,
calculated molecular weight of full-size E2 is 42 kDa,
mature glycoproteid has the molecular weight value of
55 kDa [21]. Thus, the value of 14 kDa is received due
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Fig.2 Scheme of recombinant plasmid pTR-BKneo– construction. TR – inverted terminal repeats AAV-2; Pcmv – enhancer/promoter of the immediate early 
genes of human cytomegalovirus; fr of E2 – SacI-EcoRI fragment of E2 of CSFV; pA1 and pA2 – signals of polyadenylation; bla – â-lactamase gene; gfp10

– gene of green fluorescent protein; neoR – gene of

         1            2            3         

Fig.3 Determination of transient expression of E2 fragment of CSFV in
cells of CHO-K1 line using the method of immunoblotting: 1 – lysate of
control cells transfected with pEGFP-C1; 2 – lysate of cells transfected

with pTR-BKneo–; 3 – recombinant E2 CSFV produced in E. coli cells.



to glycosylation. Therefore, molecular weight of the
fragment used in our work is 48 kDa. The difference in
2 kDa may be the reason of both separative capacity of
gel and the difference in glycosylation between swine
cells and the cells of CHO-K1 line (Chinese hamster
ovary cells).

Therefore, the research performed demonstrated
that E2 fragment of CSFV is expressed in CHO-K1 line
cells of recombinant construction of pTR-BKneo–.
Basing on the data obtained, the supposition can be
made that post-translation modification, i.e.
glycosylation takes place.

In order to verify the possibility of induction of
humoral immune response during vaccination using the 
developed DNA vaccine the mice were immunized
according to the scheme described in Materials and
Methods. As our previous work [22] indicated that the
effectiveness of induction of humoral immune response 
to the DNA vaccine depends on the site of injection,
plasmid DNA was injected into biceps or quadriceps.
Control group mice were introduced with initial vector
pTR-UFneo–, and the experimental group was
introduced with recombinant construction
pTR-BKneo–. The presence of E2 specific antibodies
was determined using ELISA in 10 days after last (the
3rd) immunization. Results of the analysis performed are 

presented in Fig.4. As it is evident, immunization with
pTR-BKneo– resulted in induction of humoral immune
response to E2 regardless of the site of injection
(p<0.01), while induction effectiveness is statistically
proven not to be different (p<0.05). Contrary to this
data, our previous work [22] where the model  antigen
was chosen to be b-galactosidase of E. coli
demonstrated that effectiveness of induction of
humoral immune response depends on the site of
injection of plasmid DNA preparation. Hence, the
injection into biceps induced the production of
b-galactosidase specific antibodies, and none in the
case of quadriceps injection. We supposed that the
difference discovered may be explained by the
difference of antigens, as well as by different
effectiveness of transfection of myocytes by different
plasmids. In the latter case, a valuable role can be given
to the size of introduced vector construction. It is also
important to notice that modeled DNA vaccine which
carries gene of b-galactosidase of E. coli is almost 2 500 
b.p. larger than pTR-BKneo–.

The literature data present indicate that the size of
the molecule is significant at the penetration of DNA
molecule through the cytoplasmic membrane of
myocytes [23]. One does not need to cast away the
possibility of hydrostatic pressure, as in the case of
biceps injection, the pressure value is higher than in the
case of quadriceps injection. The increase in pressure
may lead to the formation of small temporal pores in
cell membranes [24], through which plasmid DNA will
pass, which in its turn increases the effectiveness of
transfection of cells and this effectiveness will increase
due to decrease in molecule size.

Conclusions. The work presented shows the
development of recombinant construction which
carries SacI-EcoRI fragment of E2 CSFV as a part of
eukaryotic expression cassette, it was also shown that
after the introduction of the developed recombinant
plasmid pTR-BKneo– into CHO-K1 line cells the
fragment of E2 of CSFV is expressed. We made the
supposition that the post translational modification of
the latter takes place. The developed DNA vaccine is
capable of inducing the production of antibodies
specific to fragment of E2 glycoprotein of CSFV in
mice, and the level of induction of humoral immune
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Fig.4 The results of ELISA 
of mice blood sera after the 
third immunization: 1 –
control mice injected with
pTR-UFneo–; 2, 3 – mice
immunized with
pTR-BKneo– injected into
biceps and quadriceps,
respectively. The data
presented using the sera at
working dilution 1:800.



response does not vary significantly depending on the
site of intramuscular injection.

ß. À. Ïî õî ëåí êî, Ò. À. Ðó áàí, Å. Ì. Ñó õî ðà äà, Î. Í. Äå ðÿ áèí, Ò. Ã. Òè òîê, 
Â. À. Êîð äþì

Ñîç äà íèå ÄÍÊ-âàê öè íû ïðî òèâ êëàñ ñè ÷åñ êîé ÷óìû ñâè íåé

Ðå çþ ìå

Ðàç ðà áîò êà ÄÍÊ-âàê öè íû ïðî òèâ êëàñ ñè ÷åñ êîé ÷óìû ñâè íåé (Ê×Ñ)
ïðåä ñòàâ ëÿ åò ñî áîé ïåð ñïåê òèâ íîå íà ïðàâ ëå íèå, ïî ñêîëü êó èìåí íî â
ýòîì ñëó ÷àå âîç ìîæ íî ñî çäàòü ìàð êè ðî âàí íóþ âàê öè íó áëà ãî äà ðÿ èñ -
ïîëü çî âà íèþ òîëü êî ÷àñ òè ìî ëå êó ëû ïðî òåê òèâ íî ãî àí òè ãå íà è îá åñ -
ïå ÷èòü ýô ôåê òèâ íóþ èí äóê öèþ êàê ãó ìî ðàëü íî ãî, òàê è êëå òî÷ íî ãî
èì ìóí íî ãî îò âå òà. Â õîäå ïðî âå äåí íî ãî èñ ñëå äî âà íèÿ ñî çäà íà ðå êîì -
áè íàí òíàÿ êî íñòðóê öèÿ, íå ñó ùàÿ ôðàã ìåíò ãåíà Å2 ÂÊ×Ñ â ñî ñòà âå
ýó êà ðè îò íîé ýêñ ïðåñ ñè îí íîé êàñ ñå òû, è ïî êà çà íî, ÷òî ñ ïî ëó ÷åí íîé
ðå êîì áè íàí òíîé ïëàç ìè äû pTR-BKneo â êëåò êàõ ëè íèè ÍÎ-Ê1 ýêñ -
ïðåñ ñè ðó åò ñÿ ôðàã ìåíò Å2 ÂÊ×Ñ. Ñäå ëà íî ïðåä ïî ëî æå íèå î òîì,
÷òî ïðî õî äèò ïî ñòòðàí ñëÿ öè îí íàÿ ìî äè ôè êà öèÿ ýòî ãî ôðàã ìåí òà.
Ñîç äàí íàÿ ìî äåëü íàÿ ÄÍÊ-âàê öè íà ñïî ñîá íà èí äó öè ðî âàòü ïðî äóê -
öèþ ñïå öè ôè ÷åñ êèõ ê ôðàã ìåí òó Å2 ÂÊ×Ñ àí òè òåë ó ìû øåé.

Êëþ ÷å âûå ñëî âà: âè ðóñ êëàñ ñè ÷åñ êîé ÷óìû ñâè íåé (ÂÊ×Ñ),
ÄÍÊ-âàê öè íà, Å2 ãëè êîï ðî òå èä ÂÊ×Ñ, èì ìó íè çà öèÿ, ãó ìî ðàëü íûé èì -
ìóí íûé îò âåò.
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