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ABSTRACT 

The rapid and widespread infection caused by SARS-CoV-2, a new type of coronavirus shook 

the whole world playing havoc with human life. Although the situation has been brought under 

control, the susceptibility level for its similar infection from coronavirus remains a high 

possibility. To safeguard from such situations the development of a reliable, economical, and 

high throughput method to diagnose the disease is required for preparedness in such situations. 

Serodiagnosis-detecting antibodies produced against antigens of SARS-CoV-2 in blood 

samples could prove beneficial. Based on the epitope position in the molecule, an immunogenic 

fragment from RBD of the S1 domain of spike protein of SARS-CoV-2; S1F2, was selected 

and expressed in Escherichia coli. Screening of S1F2 against 319 sera samples from COVID-

19 patients showed a sensitivity of 41.07% and a corresponding specificity of 96.7%. Data 

regarding 3-D model prediction based on computational modeling was also in agreement. 

Solvent accessibility analysis through CPORT showed favorable orientation of the epitopic 

residues resulting in improved antigen-antibody interactions. This construct can be used further 

for producing constructs with greater sensitivity through the fusion of epitopes from additional 

SARS-CoV-2 antigens. 
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INTRODUCTION 

Severe Acute Respiratory Syndrome 

(SARS-CoV-2); a new type of coronavirus, 

is known to cause the recent COVID-19 

epidemic which occurred in December 

2019. In a short time, the infectious disease 

spread throughout the world [1].WHO 

announced the COVID-19 a pandemic on 

11th March 2020 [2]. So far above 546 

million people have been infected with the 

virus and more than 6.3 million casualties 

have been reported globally as of July 17, 

2022 [3]. Clinical studies have shown that 

mortality rates are higher in the elderly 

population [4] and much lower in children 

[5, 6]. 

The virus primarily infects the RT along 

with other organ systems [7]. It enters  

 

 

the cells by interacting with the cell surface 

receptor ACE2. It affects lung tissue 

causing severe damage to alveoli, which 

further can result in Acute Respiratory 

Distress Syndrome (ARDS). Along with 

the respiratory tract, the novel coronavirus 

also affects other organs of the human body 

including the GI tract, heart, kidney, liver, 

and brain [8].  

Upon analyzing the clinical manifestations 

of SARS-CoV-2, it was discovered that the 

symptoms of the infection vary greatly 

among different individuals. Some patients 

present mild to severe symptoms e.g. 

respiratory discomfort, fever, fatigue, sore 

throat, and flu while some other patients 
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have no symptoms at all, known as 

asymptomatic [9]. 

The virus emerged in the first, second, and 

third waves over different time frames since 

the first case was detected in December 

2019 [10]. Since no definitive therapy was 

available, the strategies of social distancing 

and lockdown were adopted to limit the 

spread of infection [11, 12]. The pandemic 

is not necessarily over yet; with over 5.7 

million new cases reported globally in the 

first week of July [13]. As the virus spread, 

its variants were also reported including 

alpha, beta, gamma, and delta [14]. There is 

currently no targeted therapy available. 

Several drugs have been tested in clinical 

trials  [15, 16], but none offers a definitive 

therapy [7]. 

A sensitive, cost effective and high 

throughput diagnostic test is essential for 

diagnosis and thus effective control of the 

disease.  Serodiagnosis of high sensitivity 

can be instrumental in detection and control 

of COVID-19 pandemic. Serodiagnosis 

based on virus-specific antibodies is an 

effective approach for COVID-19 detection 

[17]. A variety of tests based on the 

principle of detecting antibodies produced 

against SARS-CoV-2 structural proteins 

(nucleocapsid and spike protein) have been 

developed commercially. Although such 

tests can be developed rapidly, in each case 

there is a mixture of virus-specific and non-

specific epitopes which differ in antibody 

reactivity thus leading to compromised 

sensitivity and specificity [18]. 

At present time, several serodiagnostic 

methods are available for the detection of 

COVID-19 infection but all these tests 

retain low sensitivity and specificity. In this 

study, an immunogenic fragment from 

Receptor Binding Domain (RBD) of spike 

protein of SARS-CoV-2, which is unique to 

the virus, was produced by recombinant 

DNA technology and evaluated for its 

sensitivity for the detection of antibodies 

produced against COVID-19 in the blood 

samples. 

MATERIALS AND METHODS 

Bacterial strain and growth conditions 

Two strains of Escherichia coli i.e. DH5α 

for cloning and BL21-CodonPlus (DE3)-

RIPL for expression analysis, were used. 

Luria Bertani medium (LB) was used for 

bacterial growth. 

Selection of the antigen 

F2 fragment from Receptor Binding 

Domain (RBD) of spike protein of SARS-

CoV-2 was used in this study (Fig. 1). The 

complete nucleotide sequence of spike 

protein of SARS-CoV-2 was obtained from 

GenBank(https://www.ncbi.nlm.nih.gov/g

enbank/). The construct was synthesized 

into the pUC57 cloning vector from SynBio 

Technologies. 

 

 
Figure 1: Schematic representation 

showing position of the fragment F2 in the 

S1 domain of spike protein 

Cloning, Expression and Purification 

F2 gene sequence was amplified by using 

S1-pUC57 (S1 domain of SARS-CoV-2 

ligated with cloning vector pUC57). 

NEBcutter [19] , Primer3 [20], and 

OligoCalc [21] were used to design gene 

specific primers (Table 1). 

The PCR conditions used for the molecule 

was initial denaturation at 95 °C for 5 min 

followed by 35 cycles, each consisting of 

denaturation at 95 °C for 45 s, annealing at 

63 °C for 45 s, and extension at 72 °C for 

45 s. The final extension was done at 72 °C 

for 10 min.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/wassermann-test
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
https://www.sciencedirect.com/topics/immunology-and-microbiology/denaturation
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Table 1: Primers used for PCR 

amplification of F2 fragment. 
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The amplified gene product was ligated into 

pJET1.2/blunt cloning vector and 

conserved in E. coli DH5α by 

transformation with the recombinant DNA. 

The gene was then sub-cloned in 

pET28a(+) expression vector. The 

confirmation was done through colony 

PCR and restriction analysis. Combination 

of NdeI and SacI was used for the 

restriction confirmation of F2 in 

recombinant plasmid.  

After subcloning in pET28a(+), the antigen 

was expressed in E. coli BL21-CodonPlus 

(DE3)-RIPL. The transformed cells were 

grown in LB medium at 37 oC until OD600 

reached 0.6-0.8. Induction was carried out 

with 0.5 mM IPTG as an inducer and post 

induction incubation of 4 hours was carried 

out at 37 oC. 12% SDS PAGE was used for 

expression analysis of F2. The cells 

expressing the protein of interest were 

harvested and resuspended in the buffer 

containing 50 mM Tris-Cl (pH 8.0), 0.2 M 

NaCl and 1 mM PMSF. The cells were then 

lysed by ultrasonication (UP400S 

ultraschallorozessor Dr. Hielscher GmbH, 

Teltow, Germany). The lysate was 

centrifuged at 6000 rpm for 10 minutes to 

separate the soluble and insoluble fractions. 

After sonication, total cell protein, soluble 

and insoluble fractions were analyzed on 

SDS PAGE. The percentage expression of 

protein was determined by densitometric 

analysis using SynGene gel documentation 

system (UK). The protein was expressed in 

insoluble form and was solubilized in 8M 

urea containing 50 mM Tris-Cl (pH 8.0), 

0.2 M NaCl, and 1mM PMSF. The 

purification was done through Ni+2 affinity 

chromatography. The purified fractions 

containing protein of interest, as analyzed 

by SDS PAGE were pooled together and 

dialyzed against 50 mM Tris-Cl (pH 8.0).  

 

Plasma sample collection 

Plasma samples from 319 COVID-19 

patients were collected from one of the 

national covid center at Jinnah Hospital 

Lahore. Human samples were collected 

from July 2020 to November 2021when the 

disease was at its peak. 163 plasma samples 

from the healthy individuals were also 

collected as the controls. Before initiating 

the experimental work, due approvals of 

SOPs for patient handling, sample 

collection and processing as well as consent 

of the patient from the concerned Ethical 

Review Board was also obtained. 

The informed consent was obtained in 

writing by filling the relevant performa. 

 

Validation of the antigen 

The immunoreactivity of the antigen for 

antibodies produced against SARS-CoV-2 

antigens was checked through Enzyme 

Linked Immunosorbent Assay (ELISA). 

Polystyrene 96 well microtiter plates 

(Nunc, Denmark) were coated with 50 

μL/well of antigen at a concentration of 3 

μg/mL suspended in 1X PBS buffer (pH 

7.4). Plates were incubated overnight in 

humid conditions at 4 oC. Each microtiter 

plate was thoroughly washed thrice with 1X 

PBS supplemented with 0.05% tween 20 

(1X PBS-T). 5% skim milk in 1X PBS (300 

μL/well) was added as blocking agent, 

incubated at 37oC for 2 hours and plates 

were washed as mentioned earlier. 50 μL of 

human plasma sample in 1:250 dilution (1X 

PBS + 5% skim milk) was then added to 

antigen coated plates and incubated at 37oC 

for 1 hour. After four washings with PBS-

T, microtiter plates were further coated 

with 50 μL of anti-human IgG, conjugated 

with horseradish peroxidase at 1:10,000 

https://www.sciencedirect.com/topics/medicine-and-dentistry/informed-consent
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dilution and incubated for 2 hours at 37oC. 

The plates were washed 3-4 times and 

reacted with TMB solution (50μL/well) for 

5-10 minutes. Finally, 50 μL of 2M H2SO4 

was added to stop the reaction. The blue 

color turned into yellow color after addition 

of stop solution. Differential absorbance for 

each plasma sample was recorded at 

450nm/630nm using ELISA reader 

(HUMAREADER plus, human GMBH). 

All the sera samples were tested twice for 

their immunoreactivity with the 

recombinant protein and their average 

values were recorded. 

 

Statistical analysis 

ELISA results were analyzed by defining 

cutoff value, which helped in calculating 

sensitivity and specificity of the antigens. 

Cutoff value was calculated by the formula: 

Mean OD450/630 of HC plus 2.756 x SD 

of healthy control. All those samples were 

considered positive which had cutoff value 

above 1.0. All the O.D. values were 

normalized by dividing these with the 

relative cutoff value. Sensitivity was 

calculated by dividing number of positive 

samples by total number of patients being 

studied and specificity was calculated by 

dividing number of healthy individuals, 

having normalized OD 450/630 by the total 

number of healthy controls. Receiver 

operating characteristic (ROC) analysis 

was carried out using all the O.D. values to 

obtain area under the curve. Differences in 

healthy and patients were compared on 

non-parametric Mann-Whitney algorithm 

by considering results significantly reliable 

with P<0.0001. All the data was statistically 

analyzed in Graphpad Prism 5 software 

(Graph-Pad Software Inc., San Diego, CA). 

 

Molecular modelling 

3-dimensional structure of chimeric protein 

was predicted using Robetta server [22]. 

Moreover, solvent accessibility analysis of 

the predicted model was performed by 

CPORT [23] online server and structure 

was visualized using PyMOL 

(https://pymol.org/). 

RESULTS  

B-cell epitopes 

The antigenic protein F2 was selected due 

to its high immunogenic potential. The 

epitope for F2 were predicted using the 

Bepipred-1.0 Linear Epitope Prediction 

software, which showed the presence of 

three B-cell epitopes.  

Protein expression and purification 

SDS PAGE analysis of E. coli cell proteins 

expressing the protein of interest showed 

the expected position of bands on gel with 

respect to size (Fig. 2-A). The expression 

level of S1F2 as percentage of the total cell 

protein was 30%. The protein was produced 

as inclusion bodies and was refolded into 

soluble form as described above. 

Purification done with Ni+2 chelating 

chromatography yielded protein with a 

purity of more than 90% (Fig. 2-B).  

 

Figure 2: (A) SDS PAGE showing expression 
of the peptide S1F2. lane M: size markers; 
lane 1: proteins of the uninduced E.coli 
cells; lane 2: proteins of E. coli cells 
expressing S1F2. (B) SDS PAGE showing 
purified S1F2 protein. lane M: size 
markers; lane 1: partially purified S1F2 

Sensitivity validation 

On the basis of screening 319 plasma 

samples of COVID-19 patients, S1F2 

detected 131 samples as positive with a 

sensitivity of 41.07% (Fig. 3-A). The 

specificity of S1F2 was 96.7%. Detection 

potential of the protein, calculated using 

Graphpad Prism 5 software, was recorded 

https://pymol.org/
https://www.sciencedirect.com/topics/immunology-and-microbiology/linear-epitope
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as Receiver Operator Characteristic (ROC) 

curve as shown in Fig. 3-B. Value of Area 

Under Curve for S1F2 was 0.859. 

 

 

Figure 3: Antibody detection through 
ELISA (A) Scatter dot plot of normalized 
OD450/630 showing plasma reactivity of 
319 COVID-19 patients and 163 healthy 
controls with single antigen S1F2 (B) ROC 
curve showing diagnostic accuracy of ELISA 
for S1F2 

Molecular modelling 

3D molecular model of the protein was 

constructed using Robetta as shown in Fig. 

4-A. Solvent accessibility of the 

constructed models was determined using 

CPORT server and visualized through 

PyMOL Fig. 4-B. Red color represented 

actively interacting residues along with 

supporting residues shown in green. Blue 

color represented residues that do not take 

part in any kind of interaction. 

 

Figure 4: 3D molecular modelling (A) and 
analysis of solvent accessibility (B) of F2 

gene fragment from spike protein of SARS-
CoV-2. Epitopes in (A) are shown in black 
color whereas red color in (B) represents 

active residues with green color marked 
supporting residues for antibodies. Blue 
color in (B) represents the region that is 
not immunogenic.  

DISCUSSION 

The SARS-CoV-2 pandemic has 

emphasized the significance of laboratory 

diagnosis in health emergency management 

that has greatly influenced the global social, 

economic, and health fabric. There is a need 

to develop rapid and accurate serological 

test which will aid in pandemic 

management while being cost effective, 

time saving, and reducing burden in 

diagnostic laboratories and health-care 

settings. 

The above mentioned objectives can be 

achieved by developing a molecule based 

on B-cell specific epitopes of SARS-CoV-

2 antigen. The experimental work was 

planned on the basis of the structural 

protein S, which play a most dominant part 

in the structural and functional properties of 

the virus with respect to infection and 

immunological properties. S1 domain of 

the Spike protein has six reported epitopes 

[24]. As Spike protein has larger size so 

truncations were designed to expose the 

epitopes.  

In this research work an immunogenic 

fragment from RBD of S1 domain was 

designed, which carry highly expressing 

immunogenic epitopes. Previously, in other 

sero-diagnostic tests full domains of Spike 

protein, RBD and their fusions was used 

[25, 26] but the use of epitopic region 

containing fragments unique to the virus 

favors the more appropriate detection of 

antibodies. As epitopes will be more 

exposed in the recombinant protein, so 

antibodies will be detected more efficiently 

even if present in minor quantity.  

The fragment S1F2 was cloned in 

pET28a(+) and expressed in E. coli BL21-
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CodonPlus (DE3)-RIPL strain. S1F2 

showed percentage expression of about 

30% [27]. The expression was optimized at 

0.5 mM IPTG. The protein was expressed 

as inclusion bodies and was solubilized 

using 8M urea and was purified > 90% 

using Ni+2 affinity chromatography. 

Serodiagnostic potential of S1F2 was 

evaluated with the help of ELISA 

performed on the plasma samples from 

COVID-19 patients. The antigen when 

screened against 319 plasma samples of 

COVID-19 patients showed 41.07% 

sensitivity and a specificity of 96.7%.  

Detailed in silico analysis of the fragment 

was done using the currently available 

softwares. In silico analyses were focused 

to the analysis of folding patterns and 

CPORT analysis for solvent accessibility. 

The data thus obtained showed that 

epitopes are in suitable position; 

represented in black color in 3D modelling 

and in red color through CPORT analysis, 

which are available for interacting with the 

antibodies and thus led to increased 

sensitivity.  

This fragment S1F2, therefore, can be a 

potential component for developing a 

successful serodiagnostic procedure for 

SARS-CoV-2. Further, aim is to produce 

different recombinant fusion constructs of 

Spike Protein and Nucleocapsid protein 

with the best orientation of epitope 

exposure that can detect the antibodies IgG 

and IgM with greater efficiency by ELISA 

method. Main purpose of this experiment is 

to produce high throughput, more sensitive, 

more specific and cost effective sero-

diagnostic kit. 
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