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Abstract. - OBJECTIVE: The objective of
this study was to clone and express the hepa-
titis B surface antigen gene (HBsAg) in Esch-
erichia coli (E. coli), thereby aiming to develop
potential local therapeutics for combating Hepa-
titis B virus (HBV) infection in the Pakistani com-
munity by producing HBsAg in E. coli.

MATERIALS AND METHODS: Blood serum
samples were collected from hepatitis B-infected
patients, and their genomic DNA was extracted.
Real-time and nested polymerase chain reaction
(PCR) was performed to amplify the HBsAg gene.
The gene of interest was cloned into the pET20b
expression vector and transformed into E. coli
BL21 (DE3) using Isopropyl -D-1-thiogalactopy-
ranoside (IPTG) induction. The gene’s precise size
was confirmed with gene-specific external and in-
ternal primers (681 bp and 400 bp, respectively).

RESULTS: The HBsAg gene was successfully
sequenced and submitted to GenBank, exhibit-
ing 98% homology with targeted HBV sequences
worldwide. The expression of HBsAg protein was
confirmed through silver staining, Coomassie
staining, western blot, and dot blot analysis.

CONCLUSIONS: The expressed protein clones
are now available for further development as a lo-
cal recombinant DNA vaccine to prevent hepatitis
B viral infection in the local community.
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Introduction
Hepatitis B virus (HBV) is a non-cytopathic

DNA virus that belongs to the Hepadnaviridae
family, recognized for its hepatotoxic effects. It
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is responsible for causing chronic liver infections
worldwide, leading to severe health consequences
such as hepatocellular carcinoma and liver cir-
rhosis'. The impact of HBV infection is substan-
tial, affecting one-third of the world’s population,
approximately two billion people. Among these,
400 million individuals suffer from chronic in-
fection, and an estimated 10-30 million new cases
are reported annually®. In 2015, the World Health
Organization (WHO) estimated that 257 million
people had developed chronic HBV infection,
resulting in 1.34 million deaths attributed to liver
cirrhosis and hepatocellular carcinoma®. The epi-
demic caused by HBV predominantly affects the
African and Western Pacific regions*.

In Pakistan, HBV infection remains a signif-
icant public health concern, with an estimated
incidence of nine million infections and a high
prevalence rate’. This prevalence can be attribut-
ed to factors such as poor hygiene practices, in-
adequate healthcare facilities, and limited aware-
ness regarding disease transmission®. HBV ex-
hibits genetic diversity, with nine serotypes and
ten genotypes (A-J) distributed across different
geographical regions’. Studies® conducted in Pa-
kistan have reported a predominance of genotype
“D,” accounting for 63.71% of cases.

The hepatitis B surface antigen (HBsAg) gene
encodes the outer surface protein of HBV, which
plays a crucial role in binding to and entering
liver cells’. Detection of this gene serves as a clin-
ical marker for acute or chronic viral infection
and helps determine the prevalence of HBV in-
fection'’. The immune response in HBV infection
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targets virus-specific proteins for viral clearance,
but HBV S mutations evade immune detection.
This evasion can lead to chronic liver disease and
potentially progress to liver failure and carcino-
ma'l, Various expression hosts, including yeasts,
bacteria, plant cells, insects, mammalian cells,
and baculovirus, are commonly used for HBsAg
gene expression'?. However, Escherichia coli (E.
coli) and methylotrophic yeast, such as Pichia
pastoris, are frequently utilized. Among these, E.
coli is the widely preferred host due to its ability
to produce high copy numbers of the gene of
interest'*.

Efforts have been made to express the HBsAg
gene in E. coli as a potential strategy for develop-
ing oral, plasma-based, or recombinant vaccines
against hepatitis B. The recombinant proteins
produced in E. coli can serve as soluble and
functional products for research purposes and
protein production in various industries'>'¢. The
first-generation vaccines for hepatitis B, derived
from plasma, were made available in 1982". The
second-generation hepatitis B vaccines were de-
veloped in 1986 through the transfection of HBV
DNA into yeast. They demonstrated efficacy and
safety in preventing HBV infection'®.

By incorporating (Pre-S1/Pre-S2/S epitopes)
sequences through cloning in mammalian cells,
highly immunogenic vaccines have been devel-
oped, eliciting a robust immune response against
hepatitis B at lower doses compared to yeast-de-
rived vaccines'*?. Clinical trials of HBV vaccines
have demonstrated that when co-administered
with oral lamivudine treatment, they can effec-
tively inhibit HBV replication in patients with
ongoing HBV infection and promote anti-HB
seroconversion’®, These findings underscore the
substantial potential of these vaccines in contrib-
uting to the management and control of hepatitis
B infection.

The primary objective of this project was to
clone and express the hepatitis B virus HBsAg
gene in E. coli. The ultimate aim was to produce
HBsAg in E. coli at a local level for treatment of
HBYV infection, with a primary focus on the Pa-
kistani community.

Materials and Methods

Study Area and Duration

This study was conducted at the Molecular
Diagnostic Laboratory of the Centre for Applied
Molecular Biology (CAMB), University of the

Punjab, Lahore, Pakistan, over a period of five
months from September 10, 2018, to February
14", 2019.

Samples Collection and
Genomic DNA Extraction

For the present study, 5 ml of blood serum
samples were collected from HBV-infected Pa-
kistani patients under aseptic conditions using
sterile disposable syringes. The blood samples
were transferred to clot activator tubes that were
appropriately labeled. Initially, they were cen-
trifuged at 8,000 rpm for 13 min using a centri-
fuge (Model: Vision/VS-35SMTi, Korea, Rotor:
Bio-Hazard Safety Rotor - Duralumin) to obtain
serum (10 puL). The patients were provided verbal
instructions about the sample collection proce-
dure. Genomic DNA extraction was carried out
from each serum sample of the infected patient
using a “Bio spin Blood Genomic DNA Miniprep
Kit” (Bioer Technology Co., Germany), following
the manufacturer’s instructions. A 200 pL lysis
buffer, 30 puL proteinase-K, and 200 pL samples
were mixed in an Eppendorf tube. The mixtures
were vortexed and incubated at 56°C for 15 min-
utes. After incubation, the mixtures were given
a short spin and 250 pL ethanol was added. The
mixtures were given again a short spin and shift-
ed to column tubes. For washinf purpose, 500 pL
washing buffers (W1 and W2) were added to each
column tube. Thereafter, 500 uL ethanol was
applied to each mixture followed by a 1-minute
centrifugation at a rate of 8,000 rpm. The super-
natant was removed, and dry column tubes were
finally centrifuged for 4 minutes at 13,000 rpm
using a centrifuge (Model: Vision/VS-35SMTi,
Korea, Rotor: Bio-Hazard Safety Rotor - Dural-
umin). The column tubes were transferred into
fresh Eppendorf tubes and 50 pL of elution buffer
was added for DNA elution. The resultant pure
DNA samples were collected in final tubes fur-
ther examined using real-time polymerase chain
reaction (PCR).

Real-time PCR Analysis

The DNA samples were quantitatively and
qualitatively analyzed by using real-time PCR
(Qiagen; Hilden, Germany). Two mixtures were
prepared: Mixtures A included (Taq DNA poly-
merase) and Mixture B consisted of primer
(Novacyt; Camberley, United Kingdom), buffer
(Invitrogen; Waltham, MA, USA), dNTPs (Fer-
mentas; Waltham, MA, USA), and probes (Ge-
neri Biotech; Machkova 587/42, 500 11 Hradec
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Kralové, Czechia). These mixtures were applied
to 15 uL PCR tubes. For relative quantification,
four separate concentrations (S1, S2, S3, and S4)
were used. The water 10 pL and negative test
control (NTC) 15 uL were added into a separate
tube. The thermocycling conditions involved ini-
tial denaturation at 95°C for 10 minutes, followed
by 45 cycles at 95°C for 15 seconds, 55°C for 30
seconds, and 72°C for 15 seconds. Following PCR
completion, various titers of hepatitis B viral
DNA were shown on the screen with different
values. To carry the study further, the sample
with a high titer was selected. The SnapGene
(https:/www.snapgene.com) software was uti-
lized for designing specific external and internal
primers of the HBsAg gene, as described in (Table
I). The length of the HBsAg gene-specific exter-
nal primer was 681 bp, and the internal primer
was 400 bp.

Nested PCR Amplification

The HBsAg gene was amplified using nested
PCR, which involved two rounds of PCR for the
desired gene amplification. In the first round,
the gene-specific external primer was used for
PCR amplification. The resultant product from
the first-round PCR was used as a template for
second-round PCR, along with the gene-specific
internal primer. The PCR conditions have been
described below. Finally, the bands of the gene
were excised from the gel and subjected to gene
extraction and purification.

First Round of PCR with Gene-Specific
External Primers

In the first round of PCR, the different reagents
were mixed, such as 2 pL reverse external prim-
er, 2 uL forward external primer, 10 puL PCR
master mix, and 6 pnL DNA sample. The total
volume obtained was 20 uL. This reaction was
further processed by PCR conditions such as:
¢ Initial temperature at 94°C for 5 min.
» Temperature of denaturation at 94°C for 30 sec.
* Temperature of annealing at 56°C for 30 sec.

» Temperature of elongation at 72°C for 40 sec.

» Temperature of final elongation at 72°C for 7
min.

» Temperature of Incubation at 4°C.

» Total cycles = 35.

Second-Round PCR for
Gene Confirmation with Gene
Specific Internal Primers
The various reagents were mixed in the sec-
ond round of PCR, such as 2 pL reverse external
primer, 2 pL forward external primer, 10 pL. PCR
master mix, and 6 pL. DNA sample. The final
volume obtained was 20 pL. The reaction was
further processed by applying the PCR condi-
tions such as:
¢ Initial temperature at 94°C for 5 min.
» Temperature of denaturation at 94°C for 30
sec.
» Temperature of annealing at 65°C for 30 sec.
» Temperature of elongation at 72°C for 40 sec.
» Temperature of final elongation at 72°C for 7
min.
» Temperature of incubation at 4°C.
» Total Cycles = 35.

TA Cloning and Transformation

TA cloning was performed using the A Clon-
ing™ Kit and PCR™ 2.1 (Catalogue No. K2020-
20), (Sigma-Aldrich; St. Louis, MI, USA) as
per the manufacturer’s instructions. The HBsAg
gene was ligated into a PCRII vector (Invitro-
gen; Waltham, MA, USA) for gene amplification
and then transformed into E. coli TOP10 F"
The transformation was confirmed through PCR
analysis, restriction digestion, and gel electro-
phoresis (HE33 mini horizontal submarine unit;
company, Amersham Biosciences, (Amersham
United Kingdom), utilizing ampicillin resistance.
Positive colonies were selected, cultured, pre-
served, and systematically subjected to plasmid
extraction.
Plasmid Extraction and Sequencing

Table I. HBsAg gene-specific forward external primer (681 bp) and forward internal primer (400 bp) for amplification purposes.

Desired gene (HBsAg)

Primer sequence (5-3') GC% Tm

Amplicon
size (bp)

External Reverse Primer
External Forward Primer
Internal Reverse Primer

Internal Forward Primer

5'-TAA GGA TCC AAT GTA TAC CCA AAG ACA AAA-3
5'-CAT ATG ATG GAG AAC ATC ACA TCA -3’ 37.5%  60.1 681
5-TAA GGA TCC CCC CCA ATA CCA CAT CAT CCA TAT-3'
5'-CAT ATG CAT ATG ATG TGT CTG CGG CGT TTT-3'

33.33% 653 681

4545% 7277 400
43.33% 694 400
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The TA-HBsAg plasmid purification was per-
formed using the Gene Jet™ Plasmid Miniprep
Kit (catalogue No. k0502), (Invitrogen; Waltham,
MA, USA). The purification process involved
treating the HBsAg gene with 250 pL of lysis
buffer, 250 uL of re-suspension buffer, 350 uL
of neutralization buffer, and a final 50 pL elution
buffer. The PCR product of the desired gene was
subjected to sequencing. The obtained chromato-
gram of the sequenced HBsAg gene, aligned with
gene-specific forward primers of Pakistani iso-
lates, was compared to existing sequences using
the BLAST analysis network service provided
by National Center for Biotechnology Informa-
tion (NCBI). To construct the pET20b-HBsAg
gene, both the HBsAg gene and pET20b plasmid
(Novagen’s, Pretoria, South Africa) were cleaved
using the BamH1 and Ncol restriction enzymes.
Subsequently, the ligase enzyme was employed
to ligate the expression plasmid (pET20b) with
the desired gene. The resulting pET20b-HBsAg
gene construct was transformed into competent
cells of E. coli TOP10 F’. The confirmation of
successful transformation was achieved through
PCR analysis and restriction digestion (Figure 1).

Periplasmic Soluble Expression

The HBsAg gene cassette was cut through Ncol
and BamHI restriction enzymes from the pET28b
expression plasmid, and the pET20b plasmid was
also digested with the same restriction enzymes.

pET20b -HBsAg
4440 bp

Figure 1. Circular map of Recombinant Plasmid (pET20b-
HBsAg) generated via snap gene (https:/www.snapgene.
com).

The cassette from the pet28b plasmid was sub-
cloned into the pet20b expression vector. To achieve
periplasmic soluble expression of the desired gene,
the recombinant plasmid pET20b-HBsAg was in-
troduced into the BL21 (DE3) expression host and
induced with Isopropyl B-D-1-thiogalactopyrano-
side (IPTG). After gene expression, the presence
of the HBsAg protein was confirmed using vari-
ous analytical techniques, including SDS-PAGE
(Hoefer, Holliston, MA, USA), SE250/SE260
mighty small I, model No. PS3000-230V), silver
staining kit (Thermofisher Scientific; Waltham,
MA, USA), Coomassie staining kit (Thermofisher
Scientific), dot blot, and western blot (Hoefer Sci-
entific Instruments Semi-Phor, San Francisco, CA,
USA) analysis.

The osmotic shock approach was applied for
the extraction of periplasmic soluble protein. In
the cold hypertonic buffer, the bacterial pellets
were resuspended. The ice incubation was ap-
plied to the suspension mixture and shaken for up
to 45 minutes. Then, centrifugation was applied
to the mixture to isolate the supernatant periplas-
mic protein and the cells. Finally, the pellet was
placed in the cold hypotonic buffer. The mixture
on ice was shaken and then centrifuged at 4°C
for 10 minutes. The supernatant was collected to
form the periplasmic soluble protein. The extract-
ed periplasmic soluble protein was purified by
applying the NI-NTA affinity column?.. Ni-NTA
is an affinity chromatography matrix for purify-
ing recombinant proteins carrying a His tag.

Results

Nested PCR Analysis Confirmation

The HBsAg gene was amplified from serum
samples of hepatitis B-infected Pakistani patients
using real-time PCR and nested PCR (I* and
2" rounds). The size of the gene was confirmed
using specific primers (681 bp and 400 bp), as
depicted in (Figure 2a-b). Following amplifica-
tion, quantitative and qualitative measurements
of the gene were obtained, and a sample with
high titer DNA (72,049,654 copies per ml) was
selected from multiple samples for gene cloning
and expression.

HBsAg Gene’s Sequencing and
Blast Analysis

The HBsAg gene was successfully sequenced
and submitted to GenBank and received accession
number BanklIt2732749 HBV OR424356. Blast
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Figure 2. a, Lane M: 100 bp DNA marker, Lane 1, and Lane 2: HBsAg gene of 681 bp with gene-specific external primer. b,
Lane M: 1 kb DNA marker, Lane 1, and Lane 2: negative control, Lane 2 and Lane 3: HBsAg gene of 400 bp with gene-specific

internal primer.

analysis comparing it with the large surface pro-
tein of hepatitis B virus isolate IR-54 revealed
a remarkable 98% homology in the targeted se-
quence (Supplementary Data). Translation of the
sequencing result yielded an amino acid sequence
with 98% homology to reported sequences world-
wide. The sequencing chromatogram aligned with
gene-specific forward primers exhibited similarity
to the S protein of the hepatitis B virus.

Sequencing of HBV S Gene
The amino acid sequence of the amplified HBV

S gene (Figure 3):
SLDSWWTSLNFLGGSPVCLGQN-
SQSPTSNHSPTSCPPICPGYRWM-
CLRRFIIFLFILLLCLIFLLVLLDY-
QGMLPVCPLIPGSSTTSTGPCRTCT-
TLAQGTSMFPSCCCSKPSDGNCTCIP-
IPSSWAFGKFLWEWASARFSWLSLL-
VPFVQWFAGLSPTVWLSVIWM-
MWYWGPSLYNILSPFIPLLPIFFCL-
WVYI

Recombinant Plasmid (pET20b-HBsAg)
Expression

To achieve periplasmic soluble expression, the
high titer DNA of 72,049,654 copies per ml was
cloned into the expression vector pET20b. The
transformed E. coli BL21 (DE3) expression host
was induced with IPTG. Confirmation of precise
gene size was conducted using a gene-specific
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external primer (681 bp) and a gene-specific in-
ternal primer (400 bp) (Figure 4a-b).

Confirmation of HBsAg Protein Expression

The precise size of the expressed HBsAg pro-
tein (28 kDa) was confirmed using techniques
such as silver staining, Coomassie staining, and
SDS-PAGE (Figure 5a-b).

Dot-Blot and Western-Blot Analysis

The dot-blot analysis confirmed the presence
of HBsAg protein bands by utilizing specific pri-
mary and secondary antibodies. The expressed
HBsAg protein appeared as dots on the nitro-
cellulose membrane. Furthermore, Western blot
analysis confirmed the protein’s exact size to be
28 kDa (Figure 6a-b).

Discussion

The global impact of HBV infection remains
a formidable challenge, persisting despite the
availability of effective treatments and vaccines.
This ongoing battle has mobilized a community
of relentless researchers and scientists, united in
their commitment to conquer this pervasive glob-
al threat”. By recognizing the collective efforts
and dedication of these individuals, we can draw
inspiration from their tireless pursuit of solutions
to overcome HBV and safeguard global health. In
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Figure 3. Chromatogram peaks of the hepatitis B virus showed 98% homology with the targeted sequences along with
reported sequence ID: AHJ59092.1 on the NCBI database.

the present study, £. coli BL21 (DE3) is the most
preferred candidate for the efficient expression of
HBsAg protein that is widely used in association
with pET expression vectors. For global vaccine
production to combat HBV infection, a prokary-
otic expression machinery, specifically E. coli, is

considered as the most accepted host?. Accord-
ing to the previous research?, E. coli has been
considered as the suitable expression system to
regulate the high yield expression of HBsAg pro-
tein in a short duration and with low costs.

In previous research®-’, many expression vec-
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Figure 4. a, Lane M: 1 kb DNA ladder, Lane 1 to 4: HBsAg (681 bp) length in pET20b transformed into E. coli BL21 (DE3)
with gene-specific external primer. b, Lane M: 1 kb DNA marker, Lane 1 to 3: HBsAg (400 bp) in pET20b plasmid transformed

into E. coli BL21 (DE3) with gene-specific internal primer.

tors such as pRc/CMV, pGBKT7, pNI2, and pS-
G5Flag have been used for the cloning of the hep-
atitis B surface antigen gene. To analyze the ex-
pression of the HBsAg gene, we have constructed

an expression system of the pET20b expression
vector. This vector not only prefers the expres-
sion process but also facilitates the periplasmic
soluble expression of the HBsAg protein, which

(a)
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14

Figure 5. a, Lane M: Protein marker, Lane 1 and 2: Inclusion bodies of HBsAg protein of size 28 kDa. b, Lane M: Protein
marker, Lane 1 to 3: inclusion bodies of HBsAg protein of 28 kDa size.
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Figure 6. a, Represents Dot-Blot Analysis: spot 1: negative control, spot 2: sample 10 pul, spot 3: sample 15 pl, spot 4: sample
20 ul. b, Represents Western blot analysis cell lysate: M: protein marker (catalogue No. 26616, Thermo fisher pre-stained), lane

1 to 5: HBsAg gene protein of 28 kDa length.

can be easily extracted from the cell for the pur-
pose of protein purification. Periplasmic soluble
expression of recombinant proteins has many ad-
vantages over cytoplasmic expression: it provides
a good medium for protein folding and disulfide
bond formation. In the periplasmic space, there is
less proteolytic activity. The protein expressed in
the periplasmic space contains the amino-termi-
nal as the original one. These benefits make the
periplasmic expression of recombinant proteins
most desirable for vaccine development.

The expressed protein was confirmed by per-
forming SDS-PAGE, which revealed a 28 kDa size
protein compared to the reported size of 25 kDa
(Figure 6b). This increase in the protein’s size may
be due to the fusion of 10X His tag to the protein®.
The purified HBsAg protein was further confirmed
via dot blot and western blot analysis.

The presence of drug resistance mutations
(DRMs), vaccine escape mutations, and diag-
nostic escape mutations in the hepatitis B virus
(HBV) can hinder the effectiveness of current

treatment and prevention strategies, causing de-
lays in achieving desired outcomes”. Mutations
in HBsAg that occur naturally during infection
primarily affect the first loop (amino acids 107
to 138). The second hydrophilic loop (aa 139-147)
is the primary target for neutralizing antibod-
ies induced by vaccines and immunoglobulins®.
HBYV variants with a polymerase gene mutation
may evolve under drug selective pressure with
associated concomitant mutations in the antigenic
region of the overlapping S gene, which is capable
of altering the immune reactivity of the S anti-
gen’'. HBV mutations occur due to its distinctive
replication strategy, which involves a non-proof-
reading reverse transcriptase, resulting in higher
mutability compared to other DNA viruses. The
mutation rate in HBV ranges from 1.4 to 3.2 x
10—5 base substitutions/site/year®.

Currently there is no proper treatment available
for chronic hepatitis B viral infection. Therefore,
an alternative therapy is urgently required by
using new approach. In this present investigation,
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HBsAg protein has been expressed and cloned
in order to develop an effective vaccine that will
use as a complete therapy for this infection. It is
clearly investigated that the antibody humoral re-
sponse plays a vital role in the clearance and pre-
vention of the spreading of hepatitis B infection.
On the other hand, the cellular immune response
plays a key role in the eradication of infected
hepatocytes®.

The hepatitis B surface antigen gene of 681 bp
size has been cloned and expressed in different
vectors and expression hosts. The HBsAg gene
of 681 bp was cloned and expressed by using the
pGEMEX expression vector and JM109 (DE3)
expression host**. On the other hand, this gene of
681 bp size has also been cloned and expressed by
using a pABII expression vector and transgenic
banana as expression host*. One other research?
shows that the same HBsAg of 681 bp has been
cloned and expressed for the purpose of vaccine
development by using a pBI121 expression vec-
tor and Solanum lycopersicum expression host.
The expression system which has been used in
the present study may show a remarkable result
as compared to other. The immune responses
mounted within the liver during HBV infection
exemplify the remarkable adaptability and effi-
ciency of our immune system?’.

This study represents a significant break-
through in hepatitis B research, achieved through
careful and rigorous experimentation. The HB-
sAg gene, a key player in HBV infection, was
not only amplified but also successfully cloned
and expressed in a soluble form. This significant
milestone holds tremendous promise for advanc-
ing our understanding of the virus and potential-
ly revolutionizing therapeutic approaches®®. The
precision of this scientific endeavor was further
demonstrated by confirming the exact size of
the HBsAg gene using gene-specific external and
internal primers, yielding an awe-inspiring 681
bp and 400 bp, respectively (Figure 2a-b). In a
comparable study®-*, real-time and nested PCR
techniques were utilized to amplify HBV DNA.
This approach highlights the use of molecular
biology methods to detect and quantify the pres-
ence of HBV in samples.

In this study, the HBsAg gene underwent suc-
cessful sequencing and was subsequently sub-
mitted to GenBank. The obtained HBsAg gene
sequence was then compared to the hepatitis B
virus isolate IR-54 large surface protein, resulting
in an impressive 98% homology with the targeted
sequence. To further decipher the genetic infor-
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mation, the sequencing results were translated us-
ing online Expasy tools, revealing an amino acid
sequence that exhibited a striking 98% homology
with previously reported sequences from diverse
regions worldwide. These findings shed light on
the genetic characteristics of the HBsAg gene and
contribute to the broader understanding of hepa-
titis B virus variants, facilitating future research
and potentially aiding in the development of tar-
geted interventions against the virus*-*.

To achieve efficient periplasmic soluble ex-
pression, the desired gene, containing high titer
DNA at a remarkable concentration of 72,049,654
copies per ml, was cloned into the expression vec-
tor pET20b. Through transformation into the E.
coli strain BL21 (DE3) expression host via IPTG
induction, successful expression was achieved.
The accurate size of the gene was confirmed
using gene-specific external and internal prim-
ers, resulting in a length of 681 bp and 400 bp,
respectively (refer to Figure 4a-b). This study
aligns with previous research efforts****, where
the HBsAg gene was cloned and expressed in
E. coli, demonstrating its potential as a cost-ef-
fective and highly efficient approach for HBsAg
production. Previous studies* utilizing Saccha-
romyces cerevisiae or E. coli as hosts for cloning
and expressing the HBsAg gene reported low
expression levels. In contrast, our findings reveal
a substantial expression of the HBsAg protein,
suggesting its potential utility in local therapeu-
tics for the treatment of HBV infection. These
results present a promising step forward in the
field of HBV research and offer new possibilities
for developing improved therapeutic strategies
against the virus.

The successful confirmation of the precise 28
kDa size of the expressed HBsAg protein was
accomplished using multiple techniques. Silver
staining, Coomassie staining, and Sodium Do-
decyl Sulphate Polyacrylamide Gel Electropho-
resis (SDS-PAGE) were employed, yielding con-
clusive evidence (Figure 5a-b). Silver staining is
a sensitive technique that detects proteins on gels
by impregnating them with silver ions, forming
visible bands or spots. It is used in 2D gel electro-
phoresis for high-resolution protein detection®.
On the other hand, Coomassie staining uses
Coomassie Brilliant Blue dye to bind proteins,
creating blue bands/spots on gels. It is sensitive,
works with different protein gels, and enables
quick protein visualization/quantification in pro-
teomics and analysis experiments®.

Furthermore, in the current study, dot-blot
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analysis was conducted, involving the binding
of the HBsAg protein with specific primary and
secondary antibodies. This analysis revealed the
presence of HBsAg protein as distinct dots on a
nitrocellulose membrane. Additionally, the West-
ern blot analysis further verified the exact size of
the HBsAg protein to be 28 kDa (Figure 6a-b).
These comprehensive analyses provide robust ev-
idence for the successful expression and accurate
determination of the size of the HBsAg protein.

The present study confirms the readiness of
expressed protein clones, specifically the hepati-
tis B surface antigen (HBsAg), for an experimen-
tal investigation using a mouse model. The aim
is to explore the intricate interaction between the
HBsAg gene and the immune system, shedding
light on the pivotal role played by various im-
mune system components in combating hepatitis
B infection within the local context of Pakistan.
To conduct these experiments, previously es-
tablished transgenic mouse models have been
utilized, enabling researchers to delve into viral
entry mechanisms and the molecular intricacies
of replication. It’s important to note that while
mouse models offer valuable insights, limita-
tions in the comparison of mouse and human
immune systems restrict their broader applica-
tion*-!. Nonetheless, the experimental findings
from this study hold great potential in advancing
our understanding of the immune response to
hepatitis B infection, which may pave the way for
the development of novel therapeutic strategies
and interventions.

Study Limitations

The effectiveness and immune response of re-
combinant HBV vaccines may be affected by the
limited post-translational modification in E. coli.
To assess the immunogenicity and efficacy of the
desired vaccine, an in vivo study is necessary. It
is important to acknowledge that using E. coli
has limitations due to its lack of glycosylation
machinery, which can impact the antigenicity of
the HBV vaccine. Additionally, optimizing the
purification process is crucial to ensure the com-
plete removal of endotoxins, as their presence in
the final vaccine product can be harmful.

Future Objectives

This study will provide our group with valu-
able insights for conducting additional molecular
investigations on the immune responses triggered
by the HBsAg protein. Furthermore, conducting
animal trials with the expressed HBsAg protein will

enhance our understanding of how various com-
ponents of the immune system combat hepatitis B
infection. Furthermore, this expression will facili-
tate the development of alternative immunotherapy
approaches to effectively combat hepatitis B.

Conclusions

In conclusion, this study successfully ex-
tracted, cloned, sequenced, and expressed the
HBsAg gene in E. coli. The high level of ex-
pression and purification of the HBsAg protein
has significant implications for improving local
recombinant DNA vaccines against hepatitis B.
Furthermore, this expression system enables
comprehensive molecular studies on the inter-
action between HBsAg and the immune system,
providing insights into the immune response
against hepatitis B infection. These findings
pave the way for the development of alternative
immunotherapy strategies for the treatment of
hepatitis B infection.
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