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ABSTRACT
R el et R (e ) EGINAEE] One of the most important proteins of the SARS-COV-

2 virus is S protein, which consists of S1 and S2 subunits. The most important region in
subunit S1 is the receptor binding region (RBD), which plays a key role in binding to
ACE receptors. The RBD is a conserved region in S protein that is the target of the
immune system and the production of antibodies against the virus. Due to the
importance of this region in the production of neutralizing antibodies, it can be a good
candidate for vaccine development and production of diagnostic kits. Therefore, the
present study aimed to assess the response rate of antibodies in the serum of
recovered COVID-19 cases using recombinant RBD protein produced in the prokaryotic
expression system as an inexpensive expression system.

In this study, the recombinant PET22b-RBD construct was
transformed to the Escherichia coli (BL21) host, and the bacterial cells were cultured
in a culture medium; thereafter, protein expression was induced using isopropyl beta-
D-thiogalactoside (IPTG). The expression of recombinant RBD protein was confirmed
by acrylamide gel (SDS-PAGE) and Western blotting. Finally, the desired protein was
extracted using a Ni-NTA column and applied in an indirect ELISA.
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Accepted: 20 July 2022 significant increase was observed in the response of 30 serum samples to the
Available Online: 21 Mar 2023 recombinant RBD protein.

The recombinant RBD protein produced in the prokaryotic host did not
respond significantly to the antibodies in the serum of recovered COVID-19 patients
and cannot be used for diagnostic purposes.
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Introduction

ARS-CoV-2, the cause of COVID-19 disease,

appeared in Wuhan, China in late 2019. Itis one

of the members of the subfamily of beta

coronaviruses. The single-stranded RNA
genome of SARS-CoV-2 consists of two structural and non-
structural regions. One of the most important proteins in the
structural region is glycoprotein S, which consists of S1 and
S2 subunits. The most critical region in subunit S1 is the
receptor binding region (RBD), which plays a key role in
binding to ACE receptors. The RBD is a conserved region in
S protein that is the target of the immune system and the
production of antibodies against the virus. Due to the
importance of this region in the production of neutralizing
antibodies, it can be a good candidate for vaccine
development and production of diagnostic kits. Prokaryotic
expression systems are one of the cost-effective expression
systems that have good efficiency in protein production. The
simplicity of these systems has made it easier to work with
them. One of the disadvantages of prokaryotic systems is the
lack of post-translational modifications. Post-translational
modifications lead to the addition of sugar molecules to the
protein. Protein glycosylation exerts a marked effect on its
function as a biomolecule. Therefore, to investigate the
function of the prokaryotic protein, this study assessed the
response rate of antibodies in the serum of recovered
COVID-19 individuals using recombinant RBD protein
produced in the prokaryotic expression system as an
inexpensive expression system.

Methods

In this study, the recombinant PET22b-RBD construct
was transformed into the Escherichia coli (BL21) host using
the calcium chloride chemical method. The bacterial cells
were cultured in a medium containing ampicillin antibiotic;
thereafter, protein expression was induced using isopropyl
beta-D-thiogalactoside  (IPTG). The expression of
recombinant RBD protein was confirmed by acrylamide gel
(SDS-PAGE) and Western blotting. In brief, the protein
solution was electrophoresed using 10% gel and then
transferred to nitrocellulose paper. It was blocked to prevent
non-specific binding. Primary antibody (Rabbit anti-RBD)
and secondary antibody (goat-anti-rabbit conjugate) were
added to the paper containing the protein, and after
incubation, the protein bands were visualized using TMB.
To extract protein from the bacterial host, the lysing buffer
was added to the bacterial sediment; thereafter, it was frozen
and thawed three times in liquid nitrogen. Sonication was
performed to ensure the destruction of the bacterial wall.
Finally, the desired protein was extracted using a Ni-NTA
column and applied in an indirect ELISA. To set up the
ELISA reaction, the serums of patients with COVID-19 four
weeks after the onset of their symptoms were used. The
recombinant RBD protein was coated at the bottom of the
ELISA plate. Following that, non-specific sites were
blocked using a blocking buffer. After 3-5 washes, 1/100

dilutions of patient serum were added to the wells. After
incubation, a secondary antibody was added to the wells, and
TMB was used to measure colorimetric changes. The data
obtained from the indirect ELISA test were analyzed in
Prism-GraphPad software using the t-test.

Results

The RBD region of protein S consists of 223 amino acid
residues. Considering that post-translational modifications
are not fully applied by the bacterial host, the RBD region
protein expressed in the bacterial host will have a molecular
weight of about 27-30 kDa. The 30 kDa band appeared on
the SDS page. The results obtained from western blot
analysis using polyclonal anti-RBD antibody (Rabbit-anti-
RBD) demonstrated the presence of a protein of about 30
kDa; therefore, the RBD protein was confirmed. In the next
step, the protein was extracted from the bacterial host, and
the solution containing the protein was purified using Ni-
NTA columns. The results of the analysis of the purified
protein on acrylamide gel illustrated that the RBD protein
was extracted from bacteria with a suitable concentration
and purity. To evaluate the 1gG antibody in the serum of
convalescence patients, an indirect ELISA reaction using
RBD protein was launched, the results of which indicated
that compared to the serum of healthy individuals (cut off:
0.412), no significant increase was observed in the response
of 30 serum samples to the recombinant RBD protein.

Conclusion

The RBD region in glycoprotein S is a strategic and
important region that is one of the most conserved regions of
the virus genome. Due to its interaction with cell surface
receptors, it is one of the most important targets of the
humoral immune system and antibodies. In the current study,
the recombinant RBD protein was expressed in the bacterial
host, and after confirmation, it was extracted and confirmed
using the western blot method. The obtained protein
concentration was determined to be 0.3 mg/ml. Following
that, an indirect ELISA reaction was launched using
recombinant RBD protein, and antibodies present in the
serum of patients with COVID-19 were investigated. The
results of this test demonstrated that recombinant RBD
protein does not show an effective reaction to the antibodies
in the serum of patients infected with COVID-19. This
finding is in line with the results of a study conducted in
2021 on the proteins of nucleoprotein (N), and A fragment
of the S protein (Spike protein fragment) was performed. In
the mentioned study, the S fragment (S2 subunit) produced
in the bacterial host, unlike the N protein, did not display a
proper reaction to the serum of COVID-19 patients.

Considering the presence of four sugar sites in the RBD
region and the importance of these sites in the formation of
critical epitopes in the protein structure, it seems that the
non-effective reaction of the serum of recovered COVID-19
cases to the proteins produced in the bacterial host is due to
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the lack of post-translational modifications in the bacterial
host. In addition, in natural infection, glycan molecules have
covered the surface of glycoprotein S, causing essential
epitopes to remain hidden in different areas of protein S,
including the RBD region. The virus produces antibodies
against these glycan shields, and the non-recognition of the
antibodies produced in natural infection with the virus by the
recombinant protein produced in the bacterial host can be
caused by this problem.

It seems that the lack of effective reaction of the
proteins produced in the prokaryotic host with the serum
of patients recovered from natural virus infection does
not mean the lack of antigenicity and non-functionality of
prokaryotic recombinant protein. Nonetheless, to
evaluate the characteristics of these proteins, it is
necessary to carry out more in vivo studies. These
proteins are still considered suitable candidates for the
production of subunit vaccines due to the high efficiency
of prokaryotic systems. Nevertheless, it seems that for the
development of laboratory kits based on glycoproteins,
post-translational modifications in determining the
spatial shape of these proteins are more important in
protein production in eukaryotic systems.
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