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In vitro evaluation of a polytope DNA construct as a novel DNA vaccine 
strategy against human cytomegalovirus-associated diseases
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Summary. – Human cytomegalovirus (HCMV) establishes severe disease in fetus, newborn and immuno-
compromised individuals. Polytope DNA vaccine strategy allows us to choose conserved and immunodominant 
epitopes from different antigens that can stimulate cellular and humoral immune responses simultaneously. 
In this study, a synthetic chimeric gene fragment was subcloned in to DNA vaccine vector pcDNA3.1+. The 
recombinant vector was transferred in to suitable eukaryotic cell line HEK 293T and the expression level of 
polytope construct from HEK 293T-infected cells was determined by western blot. These results show that there 
was no mutantion in target segment and recombinant vector showed significant levels of expression. Base on 
these results, using a proper procedure for design can cause expression and stability of polytope peptide.

Keywords: human cytomegalovirus; polytope DNA vaccine; immunodominant epitopes; sequencing; 
polytope construct; overexpression

*Co-corresponding authors. E-mail: Roudbari@umz.ac.ir, phone: 
+98-113530-2424; rafiei1710@gmail.com, rafiei@mazums.ac.ir; 
phone: +98-11-33543614, +98-11-33257230.
Abbreviations: aa = amino acid; AD = antigenic domain; 
HCMV = human cytomegalovirus 

Introduction

Human cytomegalovirus with a 235 kb double-stranded 
DNA genome is the largest member in the Herpesviridae 
family (Zhang, 2009; Zhao et al., 2009). HCMV can be 
transmitted through saliva, breast feeding, placental transfer, 
blood transfusion, sexual contact, hematopoietic stem cell 
transplantation and solid organ transplantation (Dasari et 
al., 2013). It can cause severe clinical manifestations such as 
neurological disorders, developmental delay, chorioretinitis, 
skin lesions, visceral organomegaly and permanent disabilities. 
Unfortunately, among fetus and infants that have an undevel-
oped immune system, even death has been observed (Dollard 
et al., 2007; Schleiss, 2008). In some cases, increase of the risk 

of graft failure, morbidity and even mortality among solid 
organ and hematopoetic stem cell transplant recipients have 
also occurred (Bernstein et al., 2009; Wang et al., 2013). On the 
other side recent research has emphasized that HCMV may 
have a potential role in increasing of various inflammatory and 
autoimmune diseases, hepatitis, atherosclerosis, pneumonia, 
gastrointestinal and vascular diseases (Griffiths et al., 2015; 
Varani and Landini, 2011; Zheng et al., 2012). So, HCMV 
infection is an important public-health problem.

There are some special antiviral drugs for the disease 
treatment, prevention and reduction of the risk of HCMV 
infection in transplant individuals, but their cure rates are 
low and not suitable. For example, based on clear evidence in 
congenital infection, even with ganciclovir treatment, serious 
progressive hearing loss is reported (Reap et al., 2007a,b). 
Also some other problems, for example: drug resistance 
mutated strains, severe side effects, expenditure of antiviral 
treatment, drug toxicity and the development of viremia in 
patients might occur (Wloch et al., 2008).

Thus an efficient HCMV vaccine is required to reduce the 
need for antiviral therapy and decrease the risk of HCMV 
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infection and associated diseases (Bernstein et al., 2009). Al-
though, numerous strategies have been designed to progress 
vaccines against HCMV, but unfortunately no efficient vac-
cine has been developed yet (La Rosa and Diamond, 2012). 
Since adaptive immunity is fundamental for the prevention 
of HCMV infection, an optimal vaccine must stimulate 
both cellular and humoral immune responses, however cell-
mediated immunity response is more important (Cicin-Sain 
et al., 2012; Terrazzini and Kern, 2014). 

Among various vaccination strategies, epitope-based 
vaccines (EVs) with ability to induce both humoral and 
cell-mediated immunity have various potential benefits 
over traditional vaccines, such as easy construction, safety, 
determined formula, chemical plainness and the capability of 
focusing on the most significant antigenic fragments (Oyar-
zun et al., 2013). Vector choice for expressing the desired 
genes is dependent on characteristics such as high-efficiency 
promoter/enhancer for high-level expression of protein 
and accurate termination signal. Also the selected vectors 
for DNA vaccine play prominent role in the type of desired 
immune response. For example, pVAC1-mcs and pVAC2-
mcs vectors are organized to elicit neutralizing antibodies 
(Liu, 2010; Montgomery and Prather, 2006), so they are not 
appropriate for this purpose and it is better to use a vector 
that also efficiently induces cellular immune response.

The present study was performed to assess chimeric gene 
construct, designed in our previous work (Sabbaghian et al., 
2015). To evaluate in vitro properties of construct expression, 
we have subcloned insert from donor vector pBMH in to 
DNA vaccine vector pcDNA3.1+. Then, recombinant DNA 
vaccine vector was transfected in to appropriate eukaryotic 
cell line, and finally the protein expression was detected by 
western blot analysis.

Materials and Methods

Construction of the cloning plasmid. The designed chimeric 
gene (accession number KM076926) that was described previously 
(Sabbaghian et al., 2015) was synthesized by Biomatik Corpora-
tion (USA) and cloned into the pBMH cloning vector (Invitrogen® 
Corp., USA) using SmaI flanking cloning site according to standard 
protocols. The accuracy of cloning was verified by sequencing. The 
gene was supplied as lyophilized DNA powder and diluted in sterile 
water according to reconstitution instructions.

Plasmids, bacterial strains, media and culture conditions. The 
eukaryotic expression shuttle vector pcDNA3.1(+) (Invitrogen) 
and the pBMH-insert were used for subcloning of chimeric gene. 
Escherichia coli strain, TOP10 competent cells (Invitrogen) were 
used as host for plasmids propagation.

Both plasmids were transformed to CaCl2 treated E. coli compe-
tent cells by heat shock method and recuperated in super optimal 
broth with catabolite repression (SOC) medium free of antibiotics at 

37°C for 1 h. Then transformed bacteria were grown in Luria Bertani 
(LB) agar medium containing 100 μg/ml ampicillin (Sigma-Aldrich, 
Germany) at 37°C overnight (Seidman et al., 2002). A number of 
surviving colonies was selected and the plasmids were extracted 
and purified from cells cultivated 16 h with shaking at 250 rpm at 
37°C by using Qiagen mini-prep plasmid purification kit (Qiagen, 
Germany) according to the manufacturer's protocols. The quantity 
(concentration) and quality (purity) of the isolated plasmids were 
validated by Nanodrop spectrophotometer (Biochrom WPA,UK) and 
electrophoresis on 1% agarose gel, respectively (Brown, 2010).

Subcloning into pcDNA3.1(+) and synthesis of recombinant vector. 
The eukaryotic expression vector (pcDNA3.1+) and recombinant 
plasmid (pBMH carrying insert) were double-digested with both 
EcoRI and XhoI restriction enzymes (New England BioLabs, USA) 
at 37 °C for 1 h. After thermal inactivation of the enzymes, the 
products of digestion were electrophoresed on 1% low melting 
point agarose gel (Roche, Germany). The bands of desired gene and 
linear pcDNA3.1(+) were extracted and purified from the gel using 
agarose gel DNA extraction kit (Qiagen) according to instructions 
(Green and Sambrook, 2012).

The 723 bp desired gene was subcloned into the appropriate 
sites of the pcDNA3.1(+) expression vector under the control of 
the CMV immediate early promoter and ligated under the follow-
ing reaction conditions: 100 ng of purified digested pcDNA3.1(+) 
and 39 ng of purified DNA fragments (molar ratio 1:3), 2 μl of 10x 
ligation buffer and 0.5 μl of T4 DNA ligase enzymes (New England 
BioLabs, USA) in 20 μl total volume. This reaction was incubated 
at 15°C for 16 h. 2 μl of ligation product were transformed into 
E. coli TOP10 competent cells and recovered in SOC medium free 
of antibiotic at 37°C for 1 h. Next, the cells were cultivated on LB 
agar medium containing 100 μg/ml of ampicillin and incubated at 
37°C for 16 h (Wu et al., 2011).

Subcloning accuracy. The plasmids from several ampR 
colonies were evaluated by colony PCR (AlShahni et al., 2009). 
A pair of primers based on the full coding region of chimeric 
gene sequence was designed by the OLIGO version 7.5 primer 
designer and analysis software (Walker, 2007). The forward 
primer: 5'-ATGGCATTCATGGGCGACG-3' and reverse primer:  
5'-TTACAGCTCGTCCTTGTGATGGTG-3' (CinnaGen Co, Iran) 
were used. The polymerase chain reaction (PCR) was performed 
in a total volume of 20 μl reaction mixture containing of 10x Taq 
reaction buffer, 10 pmol/l of each forward and reverse primers, 1.5 
mmol/l MgCl2, 10 mmol/l dNTP mix, 5U of Taq DNA polymerase 
(Thermo Scientific, Germany) and 4 μl of each bacterial colony 
suspension as DNA templates, using following thermal conditions: 
an initial denaturation at 94°C for 2 min; followed by 45 cycles of 
94°C for 30 s, 60°C for 45 s, 72°C for 1 min, and final extension 
was carried out at 72°C for 7 min. The reactions were cycled in 
a thermal cycler (Bio-Rad, USA) and the PCR products were 
analyzed using electrophoresis on 1% agarose gel and visualized 
by SYBR green dye.

After selecting a number of recombinant colonies which were 
confirmed by colony PCR, the plasmids were extracted from the 
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cells cultured overnight and verified by restriction digestion (with 
both EcoRI and XhoI enzymes), followed by nucleotide sequenc-
ing using CMV-F forward and pQE-F reverse universal primers 
(MacroGen, South Korea) to verify that chimeric gene is cloned 
in the correct orientation (Wu et al., 2011).

Transfection and expression of recombinant plasmid in mamma-
lian cells. Human embryonic kidney 293T (HEK 293T) cell line was 
purchased from national Cell line bank (Pasteur Institute, Tehran, 
Iran). The cells were preserved in the appropriate conditions recom-
mended by American type culture collection (ATCC). Cells were 
cultured in RPMI 1640 (PAA, Pasching/Austria) supplemented 
with 10% inactivated fetal calf serum (PAA, Pasching/Austria), 
penicillin (100 U/ml), streptomycin (100 μg/ml) and L-glutamine 
(300 mg/l) in 5% CO2 at 37˚C in an incubator (Memmert, Germany) 
under 50% humidity.

5 × 105 HEK 293T cells were seeded in 24-well plates with 
1 ml media and incubated for 24 h until 70%–90% confluency. 
Then, the cells were transiently transfected with the recombinant 
plasmid by TurboFect transfection reagent (Invitrogen) according 
to the manufacturer's suggestion. The HEK-293T transfected with 
pcDNA3.1(+) without insert (plasmid control), un-transfected cells 
(negative control) and a 25 kDa purified protein with Poly His-Tag 
(positive control) were used for verification by western blot. Then, 
gene expression in transfected cells was evaluated by SDS-PAGE 
and immunoblotting analysis (Kim and Eberwine, 2010). 

SDS-PAGE and Western blot analysis. The transfected and un-
transfected cells were harvested 72 h post transfection, and subse-
quently lysed. Briefly, the cells were rinsed two times with ice-cold 
DEPS-treated CMF (Ca2+/Mg2+ Free-Dulbecco's phosphate buffered 
saline, pH 7.4) (PAA, Pasching/Austria), trypsinized, scraped off, 
and centrifuged at 1,800 rpm for 5 min at 4°C. Approximately 2.5 
× 106 cells were resuspended on ice in 1μl ice-cold sterilized RIPA 
cell lysis buffer (Santa Cruz Biotechnology, USA) containing 2 
mmol/l (10 μl) phenylmethylsulfonyl fluoride (PMSF), 1 mmol/l 
(10 μl) sodium orthovanadate, and 10 μl protease inhibitor cock-
tail (Santa Cruz Biotechnology, USA). After homogenization by 
several passages through a 21-gauge needle and incubation for 20 
min on ice, the lysis mixture was centrifuged at 10,000 ×g for 10 
min at 4°C, cell debris was removed and the clarified supernatant 
was transferred to a sterile microtube and then stored at -80°C 
for future use (Germano and Driscoll 2011). Each cell lysate was 
incubated in 6× sample loading buffer (375 mmol/l Tris-HCl (pH 
6.8), 12% (w/v) SDS, 50% (v/v) glycerol, 30% 2-mercaptoethanol 
and 0.012% (w/v) Bromophenol blue) for 10 min at 75°C. Boiled 
cell lysates were loaded onto a 12% SDS-PAGE electrophoresis in 
Mini-PROTEAN® Tetra handcast systems (Bio-Rad), according to 
the standard procedures (Gallagher, 2008). The separated proteins 
were directly blotted onto a PVDF membrane (Santa Cruz Biotech-
nology) in transfer buffer (25 mmol/l tris, 190 mmol/l glycine (pH 
8.3) with 20% methanol) using a wet electrotransfer cell (Bio-Rad) 
at 100 V for 1 h at 4°C (Gallagher et al., 2008). The membrane was 
blocked with 3% (w/v) skimmed dried milk diluted in Tris-buffered 
saline with Tween 20 (TBST washing buffer) (200 mmol/l Tris-HCl 

adjust to pH 7.5, 9% (w/v) NaCl, 0.05% Tween 20) for overnight 
at 4°C, followed by washing in TBST three times. The membrane 
was additionally probed with 2 μl of mouse monoclonal anti-Poly-
Histidine-HRP antibody (Sigma-Aldrich) by dilution of 1:2,000 in 
TBST with 3% skimmed dried milk for 5 h with shaking at room 
temperature. After rinsing, with TBST for three times, the blot 
was visualized using an ECL detection kit (Enhanced chemilumi-
nescence reagents, Amersham Pharmacia biotech, UK) by G BOX 
(Syngene, UK) device (Germano and Driscoll 2011).

Results

Subcloning of the chimeric synthetic gene in pcDNA3.1(+)

Purified bands with a good concentration and quality on 
agarose gel were used for ligation reaction (Fig. 1). The syn-
thetic gene was inserted into EcoRI and XhoI double-digested 
vector (Fig. 2). Followed by transformation and plating of the 
bacterial cells on LB agar containing the selective antibiotic 
and present colonies were considered positive.

The subcloning accuracy evaluation

Several transformed surviving colonies were evaluated 
by colony PCR with the chimeric gene specific primers. 
The positive randomly picked plasmids were confirmed 

Fig. 1

Gel electrophoretic pattern of digestion products and purified  
plasmids on 1% agarose gel

Purified pcDNA3.1(+) double digested with EcoRI and XhoI restriction 
enzymes (line 1), purified pcDNA3.1(+) undigested (line 2), pcDNA3.1(+) 
single fragment with XhoI restriction enzyme (line 3), purified insert 
(line 4), 1kb DNA ladder Fermentas (line 5).
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digestion with SacI restriction enzyme, demonstrated two 
fragments (109, 5319 bp). These confirmations proved that 
target sequence was successfully inserted between the EcoRI 

(a)

(b)

Fig. 2

Location of insert in pBMH and map of pcDNA3.1-MCS
Insert in pBMH (donor plasmid) consists of 685–1408 nucleotides (a). The chimeric synthetic gene was inserted between EcoRI and XhoI restriction sites 
in pcDNA 3.1(+) multi cloning site (recipient plasmid) (sequence shown 929–988) (b).

by double digestion and were analyzed on 1% agarose gel 
electrophoresis and subsequently by sequencing. Sequence 
analysis verification was done by Chromas Lite software. 
There were no mutations and amplification errors in the 
sequence of cloned chimeric synthetic gene and the sequence 
revealed 100% homology with sequence that is presented in 
GenBank (Acc. No. KM076926).

The correct fragment pattern of restriction analysis of 
the plasmid on agarose gel electrophoresis proved the clon-
ing accuracy. The recombinant pcDNA3.1(+) digested with 
SacI restriction enzyme, demonstrated two fragments (109, 
6042 bp) (Fig. 3), whereas non-recombinant pcDNA3.1(+) 

Fig. 4

SDS-PAGE of cell lysates visualized with Coomassie blue G-250 
The untransfected cell lysate (negative control) (line 1), the lysate of trans-
fected cells with non-recombinant pcDNA3.1(+) (plasmid control) (line 2), 
expression of native protein in HEK-239T cells (line 3), purified 25 kDa 
protein with Poly-His Tag (positive control) (line 4), protein molecular 
weight marker Fermentas (10–260 kDa) (line 5).

Fig. 3

Confirmation of subcloning by restriction analysis 
Purified recombinant pcDNA3.1(+) digested with SacI restriction enzyme 
has yielded fragment with 6042 bp (line 1) (109 bp fragment not shown), 
1kb DNA ladder Fermentas (line 2).

1 2 3 4 5
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Fig. 5

Western blot analysis of the expressed protein, using mouse  
monoclonal anti-Poly-Histidine-HRP antibody

The untransfected cell lysate (negative control) (line 1), the lysate of trans-
fected cells with non-recombinant pcDNA3.1(+) (plasmid control) (line 2), 
expression of native protein in HEK-239T cells (line 3), purified 25 kDa 
protein with Poly-His Tag (positive control) (line 4), protein molecular 
weight marker Fermentas (10–260 kDa) (line 5).

1 2 3 4 5

and XhoI restriction sites of the expressing eukaryote DNA 
vaccine vector.

SDS-PAGE and western blot analysis

Western blot analysis was used to indicate the in vitro 
expression of the recombinant pcDNA3.1(+) at 72 h post 
transient transfection of HEK-293T cells. Analysis of cell 
lysates by SDS-PAGE and western blot showed a 25 kDa 
band equivalent to the native protein, which confirmed 
that the HEK-239T cells were successfully transfected and 
the chimeric synthetic construct, was sufficiently expressed 
as a native protein under the control of the CMV immedi-
ate early promoter. As opposed to, no immunoreactive 
material was found in the lysate of cells transfected with 
non-recombinant pcDNA3.1(+) (plasmid control) and un-
transfected HEK-293T cells (negative control) as indicated 
in Figs. 4 and 5.

Discussion

Human cytomegalovirus establishes severe disease or 
mortality in fetus, newborn and immunosuppressed indi-
viduals. For example, substantiated evidence reveals that 

only in the USA, 40,000 babies are born with congenital 
severe infection each year (Dasari et al., 2013). Because of 
the widespread transmission and despite antiviral drugs, 
the need to provide an effective vaccine to prevent the 
spread of cytomegalovirus infection is strongly needed. 
Many studies have been done to develop vaccines against 
HCMV. But in spite of increasing global efforts to develop 
a vaccine specific against HCMV has not been registered 
yet (Schleiss, 2008).

DNA vaccination represents a potentially significant novel 
approach for the elicitation of protective immunity against 
a broad range of protein antigens and is the most com-
mon strategy for HCMV vaccine. Polytope DNA vaccines, 
conserved and immunodominant epitopes from different 
antigens, are suitable alternative strategy, which stimulates 
both cellular and humoral immune responses simultaneously 
(Sabet et al., 2014). Thus, in this study, polytope DNA vaccine 
strategy as a new generation of efficient DNA vaccines was 
selected. In continuation of in silico studies that have been 
described previously (Sabbaghian et al., 2015), we evaluated 
expression of polytope DNA vaccine in vitro.

The basis for design of highly immunogenic multimeric 
polytope construct is to choose appropriate virulence factors 
among all of the pathogen antigens, and then immunodomi-
nant epitope selection with its protective immune response 
induction (Oyarzun et al., 2013).

In this vaccine, epitopes have been chosen from envelope 
glycoprotein B (gB) and tegument phosphoprotein (pp65, 
pp150) (Sabbaghian et al., 2015). In accordance with patho-
genesis mechanism of this virus suitable targets for inhibition 
of efficient virulence factors are needed. gB protein responsi-
ble for forceful in virion attachment, cell-cell fusion process 
and cell-to-cell spread, protein pp65 responsible for drastic 
immune evasion and protein pp150 essential for maintain-
ing the stability of the cytoplasmic capsids, reorganization 
of the cytoplasmic compartment during virion assembly and 
egress of virus particles can be ideal targets for designing 
an effective vaccine against HCMV (Gicklhorn et al., 2003; 
Tomtishen, 2012).

It was found that up to 70% of serum-neutralizing an-
tibodies in all sera from HCMV-seropositive specimens 
were directed against gB (Britt et al., 1990). Recombinant 
vaccines based on gB against disease in guinea pig and 
murine models of HCMV infection were found to have 
high efficacy. This finding provides more endorse for hu-
man efficacy testing (Rapp et al., 1994). Cellular immune 
responses against HCMV tegument proteins, with most em-
phasis focused on the pp65 tegument protein, are advised 
in vaccination strategies aimed to eliciting the majority of 
CD8+ T lymphocyte responses (McLaughlin-Taylor et al., 
1994; Wills et al., 1996). Also it was observed that adoptive 
transfer of pp65-specific cytotoxic T lymphocyte (CTL) 
improves HCMV symptom disease in high-risk transplant 
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cases. This observation provides further attention for pp65-
based vaccines (Walter et al., 1995). Pass et al. revealed 
that HCMV envelope glycoprotein B is the major target of 
neutralizing Abs and the best choice for the subunit HCMV 
vaccine (Pass et al., 1999). In an another publication it has 
been reported that pp65 and pp150-specific CTLs were 
detected in a considerable percentage of 92% and 45% of 
naturally seropositive healthy donors respectively, which 
is consistent with previous reports. The gB-specific CD4+ 
lymphocytes have also been detected in 30% of seropositive 
donors (Gyulai et al., 2000).

Indiscriminate and immunodominant epitope iden-
tification plays a crucial role in immunoinformatics and 
epitope-based vaccine design. Britt reported the C- (gp58) 
and N-terminal (gp116) fragments of gB were two linear 
epitopes and antibody binding sites (Ohlin et al., 1993). In 
another research it has been reported that the gB sequence 
is severely conserved (high degree of homology 95–98%) 
among different HCMV isolates, and two potential sites 
(antigenic domain 2 (AD2) of gB located between amino 
acid aa 27 to 84 in N-terminal and AD1 between aa 549 
to 645 in C-terminal) for neutralizing antibody stimula-
tion has been shown (Beninga et al., 1995; Wagner et al., 
1992). Three antibody-binding domains on gB molecule, an 
extracellular immunodominant AD-1 located between aa 
552–635; AD-2 (aa 50–86), composed of site I (aa 50–54) 
and site II (67–86); and AD-3 located between aa 798–805 
were determined. Of the three domains, only AD-1 and 
site II of AD-2 have been confirmed to stimulate virus-
neutralizing antibodies (Gicklhorn et al., 2003). Based 
on enzymatic degradation studies of gB, Ohlin et al. had 
shown that methionines located at residues 541, 564, and 
635 may be efficacious in the folding of the epitope recog-
nized by the gB-specific antibodies and peptides between 
these positions are consequential for antibody binding 
(Ohlin et al., 1993). Additional studies have demonstrated 
that internal deletions in the gB sequence (aa 560–640) 
resulted in loss of AD-1 expression (Britt et al., 2005). In 
accordance with these previous experiments, with regards 
to epitope selection, AD2 aa 27–86 and AD1 aa 540–645 
have been preferred. So we delineated a novel synthetic 
polytope construct based on five immunodominant 
human-restricted cellular and humoral epitopes derived 
from HCMV structural antigens.

In DNA vaccine, the selected vectors play important role 
in type of immune response stimulation. The pcDNA3.1 
plasmid that is one of the most widely used mammalian 
gene expression vector was used in this study. We have 
taken all necessary measures (such as proper selection of 
epitope sequence, codon optimization and selection of the 
appropriate vector and promoter) to increase expression. 
The results show that using a proper strategy for design can 
enable expression and stability of polytope peptide.
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