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Abstract. Hepatitis B virus (HBV) is a DNA virus that causes hepatitis in humans. This study aims to
prepare a Hepatitis DNA vaccine. he optimized base sequence of the SB3-HBcAg gene was derived from
the nucleotide base sequence of the Hepatitis B core antigen B3 HBcAg subgenotype, and then Cloning of
the pcDNA3.1-SB3-HBcAg has been successfully performed on E. coli DH5a and confirmed by PCR,
restriction analysis and sequencing. The propagated plasmids were prepared as DNA-chitosan complex and
physiochemical characterized using Particle Size Analyzer. Complex with a 4:1 (wt/wt) ratio of DNA with
0.04% concentration and chitosan have a mean diameter of 231.7 nm and zeta potential +12.3 mV and the
value of Cytotoxicity Assay 80-90% as compared to the untreated cells that used as negative control, so it
can be concluded that nanoparticles chitosan has good potential as a carrier agent for pcDNA3.1-SB3-
HBcAg. Keywords: A codon optimization, Chitosan nanoparticles, HBcAg, Hepatitis B virus, Delivery

System

1 Introduction

Hepatitis B virus (HBV) is a DNA virus that causes
hepatitis in humans. It is estimated that as many as 2
billion people have been infected, 350 million of which
have developed chronic infections causing 600,000
deaths each year. Indonesia is one of the countries with
the highest prevalence of HBsAg, ranging from 2.5% to
10% [1], with the highest rates reported in North
Sulawesi at 33.0%, Papua at 12.8% and the lowest in
Jakarta 4.0% [2].

Therapy for chronic hepatitis B can be treated with
interferon and antiviral compounds (Tenofovir and
entecavir), but these drugs cannot degrade all forms of
viral DNA, such as cccDNA. In addition, long-term
treatment with antiviral drugs can lead to viral toxicity
and resistance [3]. Therefore, the most effective
approach to control and prevent the spread of HBV is
immunization using a competent vaccine. One type of
vaccine which is a new breakthrough in vaccine
technology is DNA vaccine. DNA vaccines are made by
inserting DNA or genes encoding immunogenic proteins
into eukaryotic expression vectors [2]. One of the
structural genes of HBV used as a source of DNA
vaccines is the HBcAg gene (HBV/B subgenotype B3).
HBcAg was chosen as a vaccine candidate because it is
more specific for cytotoxic T lymphocytes (CTL) in the
liver. CTL secretes the cytokines TNF- and interferon,
both of which will affect infected hepatocytes, so that
HBYV replication in these cells can be inhibited [2].
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DNA vaccines require delivery systems to work
optimally. DNA vaccines have the disadvantage of low
effectiveness in triggering the immune system in
organisms due to limitations in the delivery system [4].
On the other hand, the delivery system using
nanoparticle chitosan is widely used as a delivery
system in DNA in gene therapy; This occurs because of
the positive charge of nanoparticle chitosan which can
be DNA condensation reagents [5], [6]. In addition,
chitosan nanoparticles are also known to have strong
electrostatic interactions with negative DNA charges
[5], [6]. This causes chitosan nanoparticles to be good
candidates for DNA delivery systems [5], [6]. Based on
the above description, this study aims to evaluate the in
vitro potential of nanoparticle chitosan as a carrier
system for recombinant DNA (SB3-HBcAg) as a model
carrier system for the DNA vaccine.

2 Material and methods

2.1 Construction of SB3-HBcAg expression
cassettes

In this study, a synthetic DNA vaccine was designed
based on the nucleotide base sequence of hepatitis B
gene core antigen B3 subgenotype HBcAg [2]. The
consensus sequence was optimized using codon
optimization with target host Bos taurus using the
services of Gene Universal Inc. Several motif
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sequencesthat potentially produce lower expression
such as Chi site (GCTGGTGG), ter site core
(GTTGTAAC), polyA sites (AATAAA or
ATTAAA), consensus eukaryotic promoter core
(TATA), immunosuppressive telomeric motif
(TTAGGQG), DNA uptake sequences
(GCCGTCTGAA, AAGTGCGGT or
ACAAGCGGTC), consensus splice donor (AGGT),
consensus splice acceptor (CAGG), polyA binding
proteins consensus (AAAAA), polyT binding
proteins consensus (TTTTT) and DnaA binding site
(TTATCCACA) were substituted using codon
optimization process [7]. The expression cassette was
constructed by adding a start codon and a double-
codon stop. The gene was synthesized using the
Custom Gen Synthesis service by Gene Universal
Inc. and cloned to one of the available standard
vectors, pcDNA 3.1 to produce pcDNA3.1-SB3-
HBcAg gene.

2.2 Plasmid preparation and confirmation

The cloned plasmid from Gene Universal Inc. would be
transformed into the host bacteria (E. coli DH5a) for the
production of DNA vaccine on a larger scale. The
preparation of the chemically competent bacterial cells
based on the calcium chloride method. At first,
Escherichia coli DH5a was propagated in a shaker
incubator at 37°C, 150 rpm for 16 hours and subcultured
into a new medium with the same conditions until the
optimal density value reaches 0.4. A total of 1.5 ml of
bacterial culture was transferred into a 1.5 ml tube
(Biologix), incubated on ice for 30 minutes, precipitated
using centrifugation (4000 rpm, 10 min, 4°C). The
pellets were resuspended with 1.5 ml of cold sterile
CaCl2 100 mM (Sigma), incubated on ice for 30 minutes
with an occasional shaking, and precipitated using
centrifugation again (4000 rpm, 10 min, 4°C). The pellet
was resuspended with 30 pl of cold sterile 100 mM
CaCl2 and incubated again on ice for 2 hours.

An amount of 10 ng DNA plasmid pcDNA3.1-SB3-
HBcAg was added to the competent cell and incubated
on ice for 30 minutes. The cells were subjected to
heating at 42°C for 45 seconds. The cells were incubated
on ice quickly for 2 minutes. A total of 0.9 ml of Luria
Bertani Broth at 370C was added after heat shock
treatment and then the cells were incubated at 370C for
1.5 hours with shaking. A total of 50 pl cell cultures
were grown on Luria Bertani agar medium containing
100 pg/ml of Ampicillin (Sigma). In addition,
competent cells transformed with water were used as
negative controls.

Two colonies in Ampicillin selection medium were
picked and suspended into the mastermix using sterile
white tip (Axigen) (10 pl) for first confirmation using
PCR. The master mix contained 5 pl GoTaq Master Mix
2X (Promega), 3.4 ul nuclease-free water (Qiagen), 0.8
ul primer forward SB3-HBcAg (5°-
ACGTGAATATGGGCCTGAAG- 3°) 10 uM (IDT)

and 0.8 pl Primer reverse SB3-HBcAg (5°-
CTTCTAGGGCTCTGGCTCCT- 3°) 10 uM (IDT).

These primers were designed based on the consensus
sequence using primer3 software from

https://primer3plus.com/cgi-bin/dev/primer3plus.cgi to
amplify the specific fragment of the SB3-HBcAg gene
with the product size of 250 bp. The PCR was performed
under the conditions of pre-denaturation at 950C for 5
minutes, denaturation at 950C for 30 seconds, annealing
at 53.50C for 30 seconds, elongation 720C for 30
seconds, post-elongation at 720C for 10 minutes. All of
the above processes were conducted for 25 cycles. The
PCR products were electrophoresed in 1.5% agarose gel
(Lonza) contained SYBR Safe DNA Gel Stain
(Invitrogen) and visualized under the UV illuminator.

The positives clones were picked up again from
media selection and cultured on a 10 ml liquid medium
containing 100 pg/ml of Ampicillin with shaking 150
rpm at 37°C for 16 hours. Subsequently, the culture was
inoculated into a new 140 ml liquid medium containing
100 pg/ml Ampicillin and incubated with the same
conditions before. The plasmid isolation from the
bacterial cells was performed by using Plasmid DNA
Extraction Maxi Kit (Favorgen Biotech Corp).
Furthermore, the concentration of the obtained plasmid
was measured using Nanodrop (Maestro Gen). The
plasmid was visualized in 1.5% agarose gel (Lonza)
with SYBR Safe DNA Gel Stain (Invitrogen). Before
loading to the gel, the plasmid was mixed with a 5X dye
DNA Pilot Gel (Qiagen), a loading buffer. The further
confirmation was performed by restriction analysis
using Mlul and Xhol. Amount of 1 pg plasmid was
mixed with 1 pL Mlul (10 U/pl, Invitrogen), 1 pL
enzyme Xhol (20 U/uL, Invitrogen), 2 uL buffer
restriction enzyme (Invitrogen) and nuclease-free water
(Qiagen) to the final volume of 20 pL. The mixture was
incubated at 37°C overnight. The restriction enzymes
were inactivated by heating at 850C for 20 minutes. The
result was electrophoresed in 1% agarose gel. The
expected size of the plasmid backbone is 4600 bp, while
the expected size of the Jtat fragment is 1300 bp.

The last confirmation was the sequencing of the

inserted gene in the plasmid. The inserted gene was
amplified using PCR. The master mix contained 30 pl
GoTaq Master Mixes 2X (Promega), 4.8 pl Primer
CMV-F (5'-TAATACGACTCACTATAGG-3") 10 uM
(IDT), 4.8 ul Primer BGH-R (5'-
TAGAAGGCACAGTCGAGG-3") 10 uM (IDT), 17.4
pl nuclease-free water (Qiagen) and 3 pl of plasmid as a
template. The primer pair used was the Universal primer
pair for the sequencing primers on the pcDNA3.1(+)
vector. The PCR was conducted under the conditions of
predenaturation at 950C for 5 minutes, denaturation at
950C for 30 seconds, annealing at 510C for 30 seconds,
elongation 720C for 1.5 minutes, and post-elongation at
720C for 10 minutes. All processes were conducted for
25 cycles. The PCR products were sent for sequencing
service (First Base, Singapore) and then sequenced data
were analyzed using the ClustalW online program at
www.genome.jp/tools-bin/clustalw.

2.3 Preparation of chitosan-DNA
plasmidcomplex

Chitosan-pcDNA3.1-SB3-HBcAg were prepared by
the complex coaservation method (unsun) described
as follows. A total of 0.1 g of medium chain chitosan
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was dissolved in 10 mL of 1% acetic acid solution
thenthe pH of the solution was adjusted using NaOH
solution to reach a pH of 5.0. The solution was
filtered using a 0.2 m sterile filter and stored in a sterile
conickel tube and made several series of
concentrations including0.02%, 0.04% and 0.06%.

A total of 1 g of plasmid and several solutions with
different ratios of chitosan were heated separately at
500C for 10 minutes. The plasmid DNA solution and the
chitosan solution were mixed by vortexing at 3000
rpmfor 30 seconds. The ratio of the mass ratio of
chitosan and DNA used was 0.5:1, 1:1, 2:1, 3:1, 4:1
and 5:1 witha final total volume of 30 L.

2.4 Characterization: particle size, potential
zeta, and cytotoxicity assay

The measurement of particle size was calculated by SZ-
100 (HORIBA Scientific) at 24.90C and scattering angle
900, while the measurement of zeta potential was
calculated by SZ-100 (HORIBA Scientific) at 24.80C
and electrode voltage 3.3 Volt.

The effect of the transfecting agents on the cells after
transfection were investigated using the MTT assay. The
HeLa cells were seeded in a 96 well plate with the
initial density of 5x103 cells per well in 200 pL
supplemented DMEM medium. After 24 h, the cells
were treated with plasmid, chitosan, and chitosan-
DNA complex for 4 h. The medium was replaced
with fresh medium and incubated for 24 h. Then, the
medium was replaced by 100 puL of MTT stock
solution and incubated again for 3 h at 37°C in a CO2
incubator. The stopper reagent contained SDS 10%
was added into the well. The untreated HeLa cells
were used as a negative control. The absorbance of
the dye in the solution was measuredat the wavelength
of 500 nm with ELISA plate reader.

3 Results

3.1 Construction of SB3-HBcAg expression
cassettes

Codon optimization is a gene engineering method
that changes existing codons with synonymous
codons to increase the production of the protein they
encode. Codon optimization is carried out using the
services of Gene Universal Corp. The optimized base
sequence of the SB3HBcAg gene is derived from the
nucleotide base sequence of the Hepatitis B core
antigen B3 HBcAg subgenotype [2]. The results of
the optimization of the codon of the SB3-HBcAg gene
are shown in Figure 1 A. The expression cassettes were
constructed by adding BamHI and EcoRI restriction
sites for cloning sites, ATG codon as a start codon,
TAATAA codons as a double-codon stop. The gene
was synthesized using the Custom Gen Synthesis
service by Gene Universal Inc. and cloned to one of
the available standard vectors, pcDNA3.1 (+) to form
the recombinant plasmid pcDNA3.1-SB3-HBcAg
gene.
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Figure 1. Construction of SB3-HBcAg expression
cassettes and preparation of DNA plasmid. HBsAg SB3
Gene Codon Optimization Results (A). Results of
Recombinant DNA Plasmid Amplification with
SB3HBcAg gene detection primer. Synthetic gene SB3-
HBcAg (K+) was used as a positive control, while
plasmids isolated from transformant colonies (repeats 1
and 2) were tested to detect the insert gene SB3-HBcAg,
marker 100 bp (M) (B). Restriction results of pcDNA
3.1-SB3HBcAg with Mlul and Xhol, for confirmation
(C). The results of data processing using Clustal W from
the results of sequencing using Universal Primer for
Sequencing the Insert gene on Plasmid pcDNA 3.1 (+),
namely at the position of the CMV Promoter and bGH
poly(A) signal (D).

3.2 Preparation of DNA plasmid

The synthetic gene was chemically produced and
cloned into pcDNA3.1(+) vector with restriction sites
of EcoRI and BamHI to build pcDNA3.1-SB3-
HBcAggene. The transformation into E. coli DH5a
as vector cloning was performed for larger scale
production of DNA plasmid. This plasmid has a
selectable marker for ampicillin resistance. Two
chosen ampicillin-resistant bacteria in the selection
media were confirmed by colony-PCR with primer
SB3-HBcAg-For and SB3-HBcAg-Rev and showed
a specific band (250 bp) ( Figure 1B). The plasmid
extracted from those positive clones were also
checked with restriction analysis with Mlul and Xhol
(Figure 1C) to give two distinct bands that
corresponding with the vector fragment (about 4600 bp)
and target fragment (1300 bp). One of those clones
was chosen to be confirmed with Sanger sequencing
using CMV-F and BGH-R primers. The result of the
sequencing and the initially designed transgene were
aligned using online software and the results showed
that the transformation process into the cloning vector
did not induce any mutations in the nucleotide
composition of SB3-HBcAg gene (Figure 1D).

3.3 Chitosan-DNA Complex Preparation

The chitosan-pcDNA3.1-SB3-HBcAg nanoparticle
complex in this study was prepared by the complex
coaservation method by varying the concentration of
chitosan against DNA into several variations of
concentration including 0.02%, 0.04%, and 0.06%
and each concentration was made in 6 ratios
(Chitosan:DNA) ie 0.5:1 to 5:1. To evaluate the
formation of the chitosan-pcDNA3.1-SB3-HBcAg
nanoparticle complex, entrapment observations were
carried out wusing 1% 100V  agarose gel
electrophoresis for 30 minutes with the observed
indicator in the form of DNA capable of being perfectly
entangled in chitosan nanoparticles in the hope that no
DNA was released during the visualization process. .
All complexes were prepared in a total volume of 30
L (10 L DNA and 20 Lchitosan). The results of the
electrophoresis of the complex formed are presented
in Figure 2.

Figure 2. Visualization of the chitosan-pEGFP-C1-tat
complex. M) marker 5000 bp. P) pEGFP-Cl-tat
plasmid. K) chitosan without the addition of DNA. 0.5:1 to
5:1) chitosan-DNA complex with 0.02%, 0.04% and
0.06% chitosan concentrations.

3.4 Characterization of chitosan-DNA

plasmid

The  physicochemical characterizations  were
performed to investigate the further properties of the
chitosan-DNA complex. These properties were measured
by using dynamic light scattering (DLS) method by
examining the random changes in the scattering light
intensity detected in the solution. The average size and
surface charge of the complex prepared from unmodified
chitosan are shown in Figure 3. The mean particle size for
chitosan-DNA complex was 231.7 nm, while the zeta
potential of this complex was found to be +12.3 mV.
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Figure 3. Characterization analyses of chitosan-DNA
plasmid complex: particle size distribution (A) and zeta
potential value measurement (B) using particle size
analyser.

3.5 Cytotoxicity assay of chitosan-DNA
plasmid

The cytotoxicity assay in this study was utilized to
evaluate the impact of the chitosan-DNA plasmid
complex on cellular viability. MTT assay will
measure the decrease in mitochondrial activity in the
cells in thepresence of our complex at the defined
contact time. This assay for the chitosan-DNA
complex formed at pH

5.0 showed that in the exposure time as long as 4
hours, this chitosan complex was not harmful to the
cells. Theviability of the HeLa cells was about 80-
90% as compared to the untreated cells that used as
negative control.

4 Discussion

Plasmid pcDNA3.1(+) has been used previously as a
DNA vaccine vector against various infectious disease
such as Brucella abortus [8], grass carp reovirus [9] or
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human immunodeficiency virus-1 [10]. This study will
use the pcDNA3.1(+) vector to encode a synthetic gene
constructed from a consensus sequence of one gene
from JDV. This strategy that designs a novel vaccine
based on the consensus of amino acid sequences has
been previously implemented to develop a vaccine
against rabies virus [11], avian influenza [12] or
hepatitis B [13]. Moreover, this study will also test the
success of this vaccine delivery on in vitro level by
formulating it in the form of chitosan complex. Chitosan
is broadly employed in the pharmaceutical sector as a
carrier agent that is able to release molecules in a
controlled manners, such as DNA, vaccines, peptides, or
antibiotics. This kind of delivery system has been
employed in different vaccine candidate cases, such as
intranasal chitosan-DNA vaccine for influenza virus
[14], the oral chitosan-DNA vaccine against nodavirus
[15] or vaccine for Trueperella pyogenes infection [16].
This study will evaluate chitosan complex as DNA
vaccine delivery system at in vitro level to deliver the
DNA plasmid encoding a gene of interest from JDV. In
this case, the HeLa cell line would be used as a model to
test the delivery of DNA vaccine across the eukaryotic
membrane cells.

The main stage for the designing of this DNA
vaccine is the construction of a codon-optimized
nucleotide sequence which encodes SB3-HBcAg
antigen. Based on the codon optimization report by
Gene Universal Corp. above, the Codon Adaptation
Index (CAI) value increased from 0.68 to 0.97 (Figure
1). CAI itself calculates the frequency of use of each
codon and calculates the geometric mean of the
frequency of use in each protein in the target Expression
System [17]. So that the increase in CAI can optimize
the expression of the SB3-HBcAg gene that encodes the
Hepatitis B core antigen B3 subgenotype protein.
Additionally, some motif sequences were suggested to
be excluded to avoid the lower plasmid production in
host cloning or lower translation of target protein in the
host expression [7]. Prior to the preparation of plasmid
in a higher yield, the transformed plasmid in the host
cloning had to be confirmed to make sure there is no
mutation take place in the host cloning. The
confirmations such as PCR, restriction analysis and
sequencing were performed to ensure the expression
cassette could produce the desired amino acid sequence.
In this study, the mean diameter of chitosan-DNA
complex 231.7 nm with a polydispersion index value of
0.203 (Figure 3). This size falls in the range around 100-
250 nm so it showed that this complex has a normal size
for a complex that produced by using coarsevation
complex method [18]. The particle size is thought to be
the main factor that affects particle uptake and gene
delivery into the cells [19]. A particle with a size higher
than 100 nm is proven to enter the cells through
endocytosis ~ or  pinocytosis [20].  Another
physiochemical character observed was zeta potential
that shows the charged of the complex. The complex
produced in this study has a zeta potential value of +12.3
mV. A positively charged complex was likely to be
easily attached to the cell membrane that has a negative
charge and be internalized into the cells through
endocytosis [19].

Another important assay that had to be performed

before transfection study is the cytotoxicity assay. In
this study, the MTT assay was conducted to evaluate the
effect of the chitosan complex to the viability of the cells
during exposure time with the cells. The positive charge
of the polycationic charge like chitosan complex can
interact strongly with plasma membrane protein through
an electrostatic bond, destabilize it and ultimately
rupture the membrane structure of the cell [19]. Under 4
h of transfection, chitosan solution and chitosan-DNA
complex showed the relative viability with the value
higher than 90%. The similar chitosan complexes that
result to a relative viability ranging from 80-90% was
still reviewed to have no high toxicity potential [5], [6].
This test indicates that chitosan complex does not
exhibit a high toxicity potential for the cell during
exposure time for transfection study.
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