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   A R T I C L E I N F O                       A B S T R A C T 

Introduction: The SARS-CoV-2 epidemic has infected and killed millions of people 

worldwide since 2019. Therapies available for SARS-CoV-2 disease are limited due to 

the sudden emergence of the virus. The need for appropriate vaccines to combat this 

dangerous virus is essential. Induction of specific antibodies against SARS-CoV-2 

virus is mainly by nucleocapsid (N), membrane (M) and spike glycoprotein (S) 

proteins. On the other hand, cost-effective and fast methods for the expression and 

purification of recombinant proteins that retain antigenic properties are essential for 

vaccine development. Methods: A DNA fragment encoding the N, M and S1 proteins 

was inserted into pET28a vector to make an expression plasmid. The recombinant 

protein was then expressed in Escherichia coli Rosetta strain and purified by Ni-NTA 

column, followed by confirmation by SDS-PAGE and Western blotting. Results: PCR 

results showed that the gene was inserted correctly into the expression vector. The 

expression of the recombinant protein containing N, M and S1 proteins from SARS 

CoV-2 was optimized in a bacterial system. The recombinant protein was successfully 

purified from Ni-NTA column with a high yield Conclusion: Upon further evaluations, 

this cost-effective approach for the production of recombinant antigenic proteins in E. 

coli (Rosetta), could potentially be used for the development of vaccines against 

coronaviruses infections.   

   

INTRODUCTION 

Patients with coronavirus disease of 2019 (COVID-19) were 

referred to be infected with an acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) [1]. According to the World 

Health Organization (WHO), the ensued pandemic caused more 

than 500 million confirmed cases and more than 6 million deaths 

by June 2022 [2, 3]. Vaccines have been researched and 

developed with different approaches to combat COVID-19 

pandemic; therefore to date, more than 11 billion doses of 

vaccines have been used to immunize humans worldwide [3]. 

Unfortunately, the emergence of SARS-CoV-2 types has 

reduced the effectiveness of most vaccines due to multiple 

mutations in their surface proteins. Therefore, one of the 

mandatory measures to deal with different types of SARS-CoV-

2 is to improve the immunogenicity of the vaccine [4]. A suitable 

approach to improve immunogenicity of a vaccine against 

COVID-19 could be addressed by optimizing its antigen design.  

SARS-CoV-2 structural protein genes include surface spike 

glycoprotein (S), small membrane protein (M), envelope 

glycoprotein (E), and nucleocapsid protein (N) [5]. The N protein 

is  involved in  assembling the virus while the M  and E proteins  

 

 

 

 
 

are involved in the formation of the virus coating [6]. N proteins 

have been shown to be potent in several immunogenic 

coronaviruses, such as murine coronavirus and respiratory 

syndrome coronavirus [5]. Most of the COVID-19 patients have 

shown a specific immune response against the full length and 

fragments of the N protein [7]. Among the proteins expressed by 

SARS-CoV-2, viral glycoprotein S is widely recognized as a  

therapeutic or vaccine target [8]. Coronaviruses enter the cell 

through the S-membrane glycoprotein which also protrudes from 

the surface of the virus. Glycoprotein S is made up of two 

subunits, called S1 at the amino terminus (responsible for 

binding to the target cell surface receptor) and S2 at the carboxyl 

terminus (responsible for the fusion of the virus and the cell 

membranes) [9, 10]. SARS-CoV-2 uses the angiotensin-

converting enzyme 2 (ACE2) as a receptor to enter the cells. To 

enter a cell, the virus first binds to its ACE2 receptor in the RBD 

region, and following binding, spatial changes activate the S2 

subunit which integrate with the cell membrane and let the viral 

particles to enter into the cell [11, 12]. The S1 subunit has two 

amino terminals (NTD) and a second receptor binding (RBD). It 

has a motif called the receptor-binding motif (RBM) within the 
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RBD region, which is present in all coronavirus glycoproteins 

[13]. Most neutralizing antibodies against RBD are produced 

using the S1 subunit [14, 15]. Previous studies have shown that 

CD4+ responses to the S and N proteins which correlate with the 

neutralizing antibodies; especially, the role of S protein is crucial 

for the protective responses [16]. The M protein is the major 

structural protein of the virus coating that provides the overall 

form and is a type III membrane protein. The M protein is 

essential in the process of assembly, envelope formation, 

budding, and pathogenesis of the virus [17]. Another study has 

shown that M protein has been involved in escaping protective 

immune responses, specifically by interfering with IFNs 

signaling pathways [16].  

Protein expression in prokaryotic systems is a cost-effective 

way for rapidly producing high amounts of a recombinant 

protein. The pET vector is designed for the expression of 

recombinant proteins in Escherichia coli which is controlled by 

a potent bacteriophage T7 promoter. In addition, the bacteria 

expression system can produce the desired product, which makes 

up more than half of the total cell protein after the induction [18]. 

In this study, we selected pET28a vector and E. coli (Rosetta) 

strain for the expression of a recombinant protein containing N, 

M and S1 proteins. This study provides a method for a rapid and 

cost-effective production of antigenic components of SARS-

CoV-2 as recombinant proteins to be used in vaccine studies 

against COVID-19 or other future coronaviruses infections. 

MATERIALS AND METHODS 

Cloning and Extraction of Plasmid 

The selected full-length sequences of N, M and S1 truncated 

of SARS-CoV-2  is described in our previous study [19]. The 

sequence was synthesized in a cloning vector (pcDNA3.1) 

between NotI (N-terminal) and NheI (C-terminal) restriction sites 

(Biomatic, Canada). The recombinant plasmid was transformed 

into E. coli (DH5α) strain. The bacteria colonies were selected 

on LB agar containing ampicillin. For plasmid extraction, a 

single colony was selected and inoculated into LB broth 

containing ampicillin for 16 h at 37○C. Mini-Kit (Favorgene, 

Taiwan) was used to extract plasmid from a single colony. After 

plasmid extraction, the plasmid and pET28a expression vector 

were digested by NotI and NheI restriction enzymes and purified 

from agarose gel with a gel-extraction kit (Favorgene, Taiwan). 

The restricted amplicons were ligated into pET28a using T4 

DNA ligase. Following E. coli (Rosetta) transformation,  

selection on LB agar plate containing kanamycin, and 

plasmid preparation (as described above), the construct was then 

confirmed by PCR. 

 

Expression of the Recombinant Protein 

For the recombinant protein expression, a single 

recombinant colony was selected from the LB plate and 

inoculated into LB broth containing kanamycin for 16 h at 37○C. 

After 16 h , the bacterial culture was inoculated into 500 ml LB 

broth containing kanamycin, When OD600nm reached 0.6, protein 

expression was induced by addition of 3 different concentrations 

of Isopropyl-D-thiogalactopyranoside (IPTG) (0.2, 0.5 and 

1mM) for 4 deferent incubation time periods (2, 3, 4, and 16 h ) 

at 37○C. The protein expression was confirmed by SDS-PAGE 

and Western blotting using an anti-His antibody (Abcam, USA). 

   

Purification and Refolding of the Recombinant Protein 

The recombinant protein was purified by Ni-NTA agarose 

(Qiagen, Germany). Briefly, the cell pellet was lysed by lysis 

buffer containing 8 M urea (100 mM NaH2PO4, 10 mM Tris-Cl, 

8 M Urea) with pH 8, after 30 min incubation at room 

temperature (RT) and sonication, followed by adding Ni-NTA to 

the lysate and mixing it gently by shaking for 1 h at RT. After 

removing the bottom cap of the column, the flow-through 

collected. The column was washed twice with wash buffer (pH 

6.3) and eluted twice by elution buffer (pH 4). The purified 

recombinant protein was refolded by urea buffer exchange. 

Briefly, the dialysis bag was pre-equilibrated with hot water for 

5 min. The purified protein was poured into the bag, and the 

dialysis bag was placed in 5 M urea buffer for 3 h at 4○C. After 

3 h, the buffer was changed with 2.5 M urea buffer for 3 h at 4○C. 

The buffer was then changed with PBS for 16 h at 4○C to 

completely remove the urea. The concentration of the 

recombinant protein was determined by NanoDrop 1000 

spectrophotometer (NanoDrop Technologies, USA).  

RESULTS 

Plasmid Confirmation 

For the plasmid confirmation, restriction enzymes (NotI and 

NheI) were used. The digestion products were recognized by 1% 

agarose gel as two bands of the insert (2743 bp) and pET28a 

expression vector (5369 bp). The digestion result showed that the 

plasmid was correctly constructed (Fig. 1B). The PCR results 

indicated that construct contains the insert (Fig. 1C). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Recombinant plasmid confirmation. (A) DNA marker 1kbp. (B) Digestion with restriction enzyme (NotI and NheI). Lane 1: 

DNA marker 1kbp (SMBIO). Lane 2: Undigested (8171 bp). Lane 3: Digested plasmid (2743 bp as gene) with NotI as N-terminal 

and NheI as C-terminal. Lane 4: Digested pET28a (5369 bp). (C) Recombinant plasmid identification by PCR. Lane 1-5: PCR product. 
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Expression and Purification of the Recombinant Protein  

Expression of the recombinant protein was performed in E. 

coli (Rosetta) and the expression optimization was evaluated in 

terms of IPTG concentrations (Fig. 2A), time of induction (Fig. 

2B) and the selected colony (Fig. 2C). The best protein 

expression was obtained with 0.2 mM IPTG  at 16 h . The 

recombinant protein was purified on a Ni-NTA column with the 

denaturing protocol (Fig. 2D, E). The molecular weight of the 

recombinant protein (94 kDa) and its histag was confirmed by 

SDS-PAGE gel and Western blotting, respectively (Fig. 2F).

 

 

 

DISCUSSION 

The COVID-19 epidemic, caused by SARS-CoV-2, is a 

worldwide public health concern that needs immediate attention 

[20]. Identification and development of appropriate antigens is 

the first step for inducing the immune response by antibodies 

against SARS-CoV-2 and reliable development of vaccines [21, 

22]. The previous results of the immune response to various 

SARS-CoV-2 proteins have shown that N protein is more 

Fig. 2. The expression and purification of recombinant protein analyses. (A) IPTG concentration analyses of cell lysates of E .coli cells of 

recombinant protein after 16 h, Lane 1: Uninduced. Lane 2: 1mM IPTG. Lane 3: 0.5 mM IPTG. Lane 4: 0.2 mM IPTG. Lane 5: Protein 

marker (Sinaclon). (B) Time course of induction analyses, Lane 1: Uninduced. Lane 2: Protein marker.  Lane 3: 16 h after induction. Lane 

4: 4 h after induction. Lane 5: 3 h after induction. Lane 6: 2 h after induction. (C) Colony selection analyses, Lane 1: colony 1. Lane 2: 

colony 2. Lane 3: colony 3. Lane 4: Uninduced. Lane 5: Protein marker. (D) Purification process analyses. Lane 1: cell lysate of protein. 

Lane 2: Protein marker (Sinaclon). Lane 3: flow through. Lane 4-6: fraction of protein was washing 1-3. (E) Lane 1: Protein marker 

(Sinaclon). Lane 2, 3: fractions eluted. (F) Western blot analysis, Lane 1: Protein marker (Sinaclon). Lane 2: Purified recombinant protein. 
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immunogenic than other proteins [7]. Recent studies have 

indicated that immunogenicity by a full-length M protein lead to 

appropriate antibody induction in patients [23]. Other studies 

have shown that the interaction between the receptor and S1 

proteins plays a major role in the infection and pathogenesis of 

SARS-CoV-2; therefore, S1 protein is a suitable therapeutic 

target protein or a vaccine component against COVID-19 [24]. 

Hence, we selected both full-length N, M proteins and truncated 

of S1 proteins in this study.  

To develop subunit vaccines, it is important to select an 

optimal expression system that synthesizes the target protein 

while preserving its antigenic and immunogenic properties [25]. 

Prokaryotic protein expression systems are fast and cost-

effective ways to produce the required amount of a recombinant 

protein [25]. In the current study, to evaluate the recombinant 

expression of our protein of interet, we first isolated the target 

protein gene from a pcDNA3.1 cloning vector and cloned it into 

pET28a expression vector. The expression of the 94 kDa 

recombinant protein was performed in E. coli (Rosetta) strain. 

The highest yield of the recombinant protein was obtained with 

16 h of incubation with 0.2 mM of IPTG. Finally, the purified 

recombinant protein was confirmed by Western blotting. In this 

regard, we used pET28a expression vector because the pET 

family of vectors are good choices for gene expression in E. coli 

as they act under the tight control of T7 lac promoter and produce 

appropriate purity while saving production time and costs  [26, 

27].  

Previously, Djukic et al. expressed a recombinant N protein 

in the bacterial expression system and showed that this protein 

induced IgG and IgM antibodies against SARS-CoV-2 [28]. The 

M protein of SARS-CoV-2 has strong antigenic properties and is 

less susceptible to mutation than protein S; hence, it is a good 

choice to be included as a component of a vaccine candidate 

against SARS-CoV-2 [29]. Moreover, M Protein has been shown 

to be as potent as S protein in blood samples from COVID-19 

patients to stimulate and activate CD8 + cells [30]. Gao et al. 

have shown that the recombinant RBD protein expressed in E. 

coli (Rosetta) has biological activity and could be a good 

candidate for the development of new drugs against SARS-CoV-

2 [27]. In a pre-clinical study, Yang et al. have shown that 

recombinant S protein is a suitable target for developing a safe 

and effective vaccine against SARS-CoV-2 infection [31]. In 

comparison with their study, we use all three N, M and S1 

proteins in a construct to increase the possibility of the 

immunization. In conclusion, we have successfully obtained the 

expression and purification of a recombinant protein containing 

N, M and S fragments using an E. coli expression system, making 

it a viable and cost-effective option as a first step for the 

development of vaccines against SARS-CoV-2 or the future 

coronavirus infections upon further evaluations. 
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