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Introduction
Coronaviruses are a great group of viruses with positive 
single-stranded RNA that belong to the Coronaviridae 
family. These viruses usually infect animals such as birds and 
mammals. Coronaviruses are known as viruses that cause 
mild infections in the human population and are generally 
considered as harmless pathogens.1,2 However, the emerging of 
severe acute respiratory syndrome coronavirus (SARS-CoV) 
and Middle East respiratory syndrome coronavirus (MERS-
CoV) showed that coronaviruses can also cause severe and 
even deadly respiratory infections in human beings. Agents 
causing SARS-CoV and MERS-CoV are identified as beta 
coronaviruses with the zoonotic origin. The first case of 
SARS was identified in Foshan, China in 2002 and then in 
2003, it caused an endemic situation and 8098 cases of SARS 
were reported worldwide, with 774 cases of death, thus the 
mortality rate was estimated 9%-10%.2 The first case of MERS 
was seen in Saudi Arabia in June 2012 and since then 2495 
cases of infection have been reported which have caused 858 
death cases in infected patients. Therefore, a mortality rate of 
34.4% has been estimated.3 In December 2019, some cases of 
Atypical Pneumonia were observed in Wuhan China (Hubei 
province) that was clinically similar to viral pneumonia and 
its reason was a new coronavirus. It was identified very fast 

and it was named the novel coronavirus 2019 (COVID-19). 
At the present time, the epidemic resulted from this virus has 
caused concern all over the world due to its great contagion. 
This virus, since its first inception in Wuhan, which was about 
five months ago, has infected thousands of people and as a 
result the World Health Organization (WHO) has announced 
the status of Epidemic and Health Emergency.4,5 In addition, 
the WHO has estimated the mortality rate of this disease as 
4% in its first emergency session.6 These incidents show that 
the threat of coronaviruses should not be underestimated 
and it is necessary to increase our information related to this 
viral family about their structure, replication mechanism and 
interactions with their host in order to find an appropriate 
treatment and to produce vaccines. These types of 
Coronavirus outbreaks and long-term threats for interspecies 
transfer will result in epidemic and recrudescence similar to 
viral infections which should be taken seriously.7

The SARS-CoV-2 is the seventh member of the Coronavirus 
family that causes severe respiratory diseases such as SARS in 
human beings. The new SARS-CoV- 2 similar to SARS-CoV 
and MERS-CoV, belongs to the beta coronavirus genus and 
its genome size is 30 kilobases. Similar to other coronaviruses, 
this virus has many structural and non-structural proteins 
including spike protein (S), envelope protein (E), membrane 
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protein (M), and Nucleocapsid protein (N), which are its 
structural proteins and the other proteins of this virus include 
non-structural and auxiliary proteins.8 Considering the fact 
that the SARS-CoV-2 has been recently identified, little 
immunologic data about this virus is available, for example 
information about its immunogenic epitopes that stimulate 
antibody secretion or reaction of T-Cell. The primary 
study performed based on phylogenic analysis of the whole 
genome,9,10 and the possible mechanism of entering the cell, 
and the utilization mechanism of human cell receptor have 
shown that SARS-CoV-2 is very similar to SARS-CoV.10,11 
Analysis of the new coronavirus genome sequence, taken 
from patients during the epidemic, showed that it is almost 
similar to SARS-CoV and their sequences are similar to each 
other for about 79.5%.12 The SARS-CoV-2, similar to the SARS 
virus, enters the target cell through endosomal pathways and 
also uses the similar receptor that is angiotensin-converting 
enzyme 2 (ACE2) to enter the cell.12,13 Due to great similarity 
between these 2 viruses it may be possible to use the previous 
studies done on the response of body immunity against SARS-
CoV proteins to make medicine or vaccine for SARS-CoV-2.

SARS-CoV-2 Viral Proteins
Based on genetic characteristics, the Coronaviridae family 
is categorized into 4 types including alfa coronavirus, beta 
coronavirus, gamma coronavirus, and delta coronavirus. 
Coronaviruses RNA genome with 26 to 32 thousand bases 
is one of the greatest genomes among RNA viruses and the 
diameter of the virus particle in the coronaviruses is about 
125 nanometers.14 Coronaviruses genome expression is 
complicated. One role of proteins in the Coronaviridae family 
is to replicate and produce the gene. In addition, some of 
coronavirus proteins that are expressed in cells contaminated 
with this virus, play a role in interactions between the host and 
the coronavirus. These interactions between the coronavirus 
and the host result in a suitable environment condition for the 
replication of the coronavirus, host gene expression changes, 
and neutralizing the host’s antiviral defense system and 
therefore are main factors of virus pathogenesis.15 The SARS-
CoV-2 codes at least 27 proteins and non-structural protein 
genes make two-thirds of the coronavirus genome, and 
this virus will have 15 non-structural proteins, 4 structural 
proteins, and 8 auxiliary proteins.8 The structural proteins of 
this virus include the spike protein (S), enveloping protein 
(E), membrane protein (M), nucleocapside protein (N). The 
S, E, and M proteins are in virus membrane, M and E proteins 
involve in virus production while the N protein is necessary 
for the RNA genome assembly (Figure 1).1

Therefore, it can be speculated that glutamine amino acid, 
due to its long chain, polarity and capability of hydrogen 
bindings, can give higher stability to the protein in the 
novel coronavirus 2019. This mutation within NSP2 protein 
happens on an area similar to endosome‐associated protein 
that is similar to the avian infectious bronchitis virus that 
plays a great role in virus pathogenesis. For amino acid in 
position 1010 (corresponding with position 192 in NSP3 
protein), the similar area in Bath SARS-like coronavirus and 
SARS virus have a polar amino acid and a non-polar amino 

acid respectively while SARS-CoV-2 has proline amino acid. 
In this case, it can be supposed that due to the special stiffness 
and steric bulge of proline, the molecular structure of SARS-
CoV-2 may have a local perturbation in the conformation in 
comparison to the other 2 viruses and this mutation in NSP3 
happens in the proximity of proteins similar to phosphatase 
that also exists in SARS corona virus and has a great role in 
the replication process of this virus in cells.16 In addition, 
recently, high-resolution crystalline structure of SARS-
CoV-2 NendoU endoribonuclease is determined and this 
structure shows similarity to the structure of NSP15 of SARS 
and MERS for 88% and 51% respectively.17 The NSP15 is an 
endoribonuclease that plays a role in the virus replication 
and therefore, the replication speed of virus will reduce 
through slowing down or emitting it.18 Thus it can be stated 
that inhibitors made for SARS-CoV NSP15, will have a great 
chance for inhibiting SARS-CoV-2 homologue too, but MERS 
NendoU inhibitors are unlikely to inhibit this enzyme.17

Spike protein (S) which is a trimeric protein and is on the 
surface, is a structural protein that is on the virion outer 
envelope (viral particle) and is responsible for being bound 
to ACE2. Spike glycoprotein of SARS-CoV, MERS-CoV and 
SARS-CoV-2 has 1104 to 1273 amino acids and includes a 
subunit amino(N)-terminal S1 and a subunit carboxyl (C)- 
terminal S2 (Figure 2).19

In subunit S1, the receptor binding domain (RBD) produces 
200 pieces that contains two subdomains: core and external 
subdomains.20,21 The RBD core subdomain is responsible for 
making S trimmer particles22 and the external subdomain 
includes 2 exposed rings on the surface that will be bound 
to ACE2.11 Therefore, this protein has a great role in the 
entrance of the virus in the host cell, virus infectiousness and 
its pathogenesis and is considered as an important target for 
establishing treatment and making vaccines against SARS-
CoV and MERS-CoV. 

Finally, the genetic similarity of the structural proteins of 
SARS-CoV-2 to SARS-CoV was studied and it was observed 
that according to the genome phylogenetic characteristics, 
SARS-CoV-2 is more similar to SARS-CoV than to MERS- 
CoV.9,10 The accuracy of this fact is studied for structural 
proteins S, E, M and N and a comparison based on reference 
sequence showed the fact that proteins M, N and E of SARS-

Figure 1. SARS-CoV-2 Virus Structure. The figure shows four structural proteins 
of the virus that are Spike proteins (S), Envelope proteins (E), Membrane proteins 
(M), Nucleocapsid proteins (N), together with virus RNA.1
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CoV-2 and SARS-CoV have about 90% genetic similarity. This 
is while, although protein S has a similarity, but this similarity 
is less compared to the other proteins. This similarity between 
SARS-CoV-2 and MERS- CoV was far less for all proteins 
(Table 1).

This table demonstrates the percentage of genetic similarity 
of structural proteins of SARS-CoV-2 with the structural 
proteins of SARS-CoV and MERS-CoV, using the reference 
sequence of each corona virus for computation of genetic 
similarity percentage. Although MERS-CoV is a virus 
that has infected people more recently and also had more 
recurrence and caused epidemic in 2012, 2015, and 2018,3 the 
similarity of SARS-CoV-2 to SARS-CoV is higher. Therefore, 
considering the genetic similarity between the structural 
proteins of SARS-CoV-2 and SARS-CoV, efforts are made 
to use performed studies for SARS-CoV in order to make 
vaccine or medicine, for SARS-Cov-2.23-28

Anti-Virus Treatment During COVID-19 Outbreak
At the beginning of diseases outbreaks, people usually do 
not have a correct concept of the virus vulnerability against 
anti-viral drugs. Taking into consideration the drugs used 
for SARS, it can be said that Ribavirin as an anti-virus drug, 
has been effective on many RNA viruses but it was not so 
useful for fighting SARS. The effect of Ribavirin on SARS-
CoV replication in lab is extremely variable based on the cell 
type used for the test. Some of the patients suffering from 
SARS were cured with ribavirin and corticosteroids that was 
accompanied with some side effects.29 In some countries 
Alfa Interferon was used together with immunoglobulin 
or thymosin and had therapeutic effects.30 It is believed 
that interferon beta is better than interferon alfa and that 
interferon alfa modified by polyethylene glycol has prevented 
SARS-CoV infection, reduces virus replication and has 
reduced histopathology during the treatment.31

In order to make possible drugs for the COVID-19 disease, 
the viral protease is modeled. In these studies, some drugs 
are chosen from the drugs in the markets, expensive self-
made drugs and drugs in drug resource databases. These 
drugs include natural and biologically active products and 
traditional Chinese medicines which were likely to have 
therapeutic effects against this disease. According to the 
previous studies on SARS and computer simulations, some 
old drugs such as cinnamon, vitamin B and cyclosporine A 

Figure 2. Structural Diagram of Spike Glycoprotein of SARS-CoV, MERS-CoV 
and SARS-CoV-2.19

Table 1. Comparison of structural proteins of SARS-CoV-2 with proteins of SARS- 
CoV and MERS-CoV 

M Protein N Protein E Protein S Protein

MERS- CoV 6.3% 7.6% 30.5% 4.6%

SARS- CoV 90.1% 90.6% 94.7% 76%

can be effective against SARS-CoV-2. Immune suppressants 
such as cyclosporine A which prevent the binding of virus 
nucleocapsid protein to cyclophilin A of the host cell that has 
peptidyl-prolyl cis-trans isomerase activity. It was previously 
shown that cyclosporine A and interferon compound prevent 
virus reproduction and reduce tissue damage caused by 
coronavirus infection in the lungs and human bronchitis. By 
using protein-protein interaction techniques, Pfefferle et al 
found some interactions between CypA and non-structural 
protein No. 1 (NSP1) of the SARS-CoV virus. They also tested 
CsA in some coronaviruses and noticed a kind of coronavirus 
inhibition.32

Although coronaviruses have a lot of similarities, they have 
undergone a series of fundamental genetic changes and in 
order to identify the goal for anti-virus treatments for this 
disease, structural similarities between SARS-CoV and SARS-
CoV-2 should be determined and should be searched for 
those proteins that are common in some coronaviruses. Some 
efforts were made to make sure that all scientific data related to 
this virus such as data related to treatment and new research is 
available to scientific forums. For example, http://ghddi.aliab.
io/targeting2019-ncOv has been established by the Global 
Health Drug Discovery Institute (GHDDI) so that empirical 
data related to the coronavirus, the homology models of 
SARS-CoV-2 targets as well as SARS-CoV and MERS-CoV 
protein targets are placed on it. Among the discussed targets, 
attacking SARS-CoV and other coronaviruses, enzymes 
related to reproduction such as proteases are important.12 
Drugs that inhibit proteases can prevent replication of 
polypeptides necessary for virus and they also reduce the risk 
of mutations that cause virus drug resistance. This happened 
for SARS-CoV, because inhibitors would inhibit the main 
proteases that were involved in its replication and it was one of 
the most important tools in eliminating epidemic.33 When the 
target is determined, computer methods are used to study the 
repeated use of previous drugs in order to identify appropriate 
drugs. By using this method, lopinavir and ritonavir, 2 HIV-
1 protease inhibiting drug, were identified that could inhibit 
the main protease.34 Similarity between two main proteases 
of SARS-CoV and the main protease of SARS-CoV-2 is 
close to 96.1% and therefore it can be used as a target for 
screening drugs that can inhibit replication of this virus. For 
instance, endopeptidase C30 that is called 3C-like proteinase 
or 3C-like protease (3CLP) of Coronavirus or main protease 
of coronavirus (Mpro), is a homodimeric cysteine protease 
and is a member of the enzymes family that are found in the 
polyprotein of coronaviruses.35

This protease fractures polyproteins into polypeptides 
which are necessary for replication and transcription.36,37 
After translation of messenger RNA for making polyproteins, 
3CLP first separates from polyprotein to become an adult 
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enzyme.38 The 3CLP will then separate all other 11 structural 
proteins. The 3CLP has an important role in virus replication 
and is an interesting target against the Human SARS virus.39

Using the drug through computation method is an effective 
method to find new indications for drugs that exist.40,41 
Computing method reusing drugs, is an integrated method 
that includes virtual medicinal library screening for finding 
appropriate drugs and in this method, methods such as 
molecular similarity and homology modeling are used for 
making model of the target. In addition, binding computation 
and molecular docking are used to predict drug-target 
interactions and the degree of the adhesion bind.42

Resistance establishment against present viral drugs as 
well as reoccurrence of viral infections is one of the most 
important problems in discovering anti-virus drugs. Using 
present drugs, through computational method has been a 
method to identify drugs for infectious diseases such as Ebola, 
Zika, Dengue fever and influenza.43 This method is also used 
for identifying and finding drugs for SARS-CoV and MERS-
CoV.44,45 After the outbreak of the epidemic of COVID-19, 
this computation method was also used for it and results of 
some research in this field have been published. For instance, 
for searching drugs that have high capacity for binding with 
the main protease of SARS-CoV, four micro molecule drugs 
such as tegobuvir, nelfinavir, bictegravir and prulifloxacin 
were identified that can be used to cure COVID-19.46 
These four molecules were selected by high-throughput 
computational screening of a library of 8000 experimental 
and approved drugs, small molecules were obtained from 
DrugBank and using the structures and sequences of 
SARS-CoV main protease were downloaded from the PDB 
database. Molecular similarity search was performed by using 
a strategy based on the similar sequences of the structure-
revealed molecules. The crystal structure of the main protease 
monomer was used as a target protein for molecular docking 
and a protein-ligand interaction analysis was performed on 
the resulting 690 candidates. Toxins, neurologic drugs, and 
antitumor drugs with strong side effects were discarded from 
the initial set of 690 candidates leaving 50 molecules with 
the capability to bind the SARS-CoV main protease. After 
filtering for the approved drugs and performing further 
kinetic and biochemical analysis, the four remaining drugs 
were prulifloxacin, bictegravir, nelfinavir, and tegobuvir. 
Interestingly, Nelfinavir, an HIV-1 protease inhibitor to 
treat HIV, was also predicted to be a potential inhibitor of 
COVID-19 main protease by another computational-based 
study combining homology modelling, molecular docking 
and binding free energy calculation.47

In this study, the main COVID-19 protease structures 
were modeled using the SARS homologue (PDB ID: 2GTB) 
as a template. Molecular docking was performed and 1903 
approved drugs were tested against the model. Based on the 
docking score and after further three-dimensional similarity 
analysis, 15 drugs were selected. Ten additional new models 
of the main COVID-19 protease were used for additional 
docking analysis of these 15 drugs. Six drugs (nelfinavir, 
praziquantel, pitavastatin, perampanel, eszopiclone, and 

zopiclone) had good binding modes and were selected 
for further analysis. Binding free energy calculation was 
performed for four of the 6 drugs and nelfinavir was selected 
as the most promising candidate.48 In another study, the 
main COVID-19 protease was also used as a target to find 
repurposing candidates through computational screening 
among clinically approved medicines. The study identified 
a list of 10 commercial medicines that may form hydrogen 
bonds to key residues within the binding pocket of COVID-19 
main protease and which may also have a higher tolerance to 
resistance mutations.49

In addition to the above mentioned research, drugs such 
as interferon α, Kaletra (lopinavir/ritonavir), and chloroquine 
phosphate have been reported in the latest version of the 
guidelines for the prevention and treatment of pneumonia 
caused by coronavirus.50 Interferon α is an antivirus which is 
generally used for hepatitis treatment, but its ability to inhibit 
SARS-CoV proliferation in in vitro has been reported.51 
Lopinavir/ritonavir is a medicine for the human immune 
deficiency virus (HIV) that is used in combination with 
other drugs to treat adults and children over 14 days of age. 
Chu et al found out lopinavir/ritonavir has anti-SARS-CoV 
activities in in vitro and in vivo studies.52 Chloroquine is an 
anti-Malaria drug that appears to block the entry stage of the 
virus into cells and provides sufficient opportunity for the 
virus to be cleared by the immune system. Studies in 2006 
show that hydroxychloroquine is less toxic than chloroquine 
and is a broad spectrum antivirus.53

The lopinavir/ritonavir compound has antiviral activity 
similar to lopinavir. Therefore, it is expected that the 
therapeutic effect is largely driven by lopinavir.47,54 Antiviral 
system IFN (IFN-alpha/beta) is an important part of the 
intrinsic immune defense.55 The IFN-alpha/beta are cytokines 
secreted by cells that are exposed to viruses or parts of them.56 

All nucleated cells are able to respond to viruses by expressing 
an IFN receptor (consisting of two subunits: IFNAR-1 and 
IFNAR-2).57 Interferon gamma also has antiviral activities, 
but its most important feature is that it is considered as an 
intermediary for antiviral receptors.56 As a result, treatment 
with high-dose of IFN Type I and III has shown obvious effects 
on SARS-CoV and MERS-CoV in cell culture, this is while 
MERS-CoV is more sensitive than SARS-CoV in cell culture.58 
In addition, membrane proteins 1,2,3 produced by interferon 
limits the entry of many enveloped viruses, including SARS-
CoV and other new viruses.59,60 In addition, other medications 
can be effective in treating new coronavirus infection, such as 
Arbidol. Arbidol is an antiviral drug used to treat the flu virus. 
One study found that Arbidol could effectively inhibit SARS-
CoV-2 infection under laboratory conditions.61 Darunavir 
is the second generation of HIV-1 proteinase inhibitors. 
On February 4, 2020, Chinese researchers announced that 
Darunavir inhibited new coronavirus infection in in vitro. 
In addition, Transmembrane protease, serine 2 (TMPRSS2) 
inhibitors and Bcr-Abl tyrosine-kinase inhibitors (TKI) such 
as imatinib have also been able to control the virus. Hoffmann 
et al have shown that SARS-CoV-2 use the SARS-CoV, ACE2 
receptors and cellular protein TMPRSS2 to enter target cells.12 
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Therefore, TMPRSS2 inhibitors are treatment choices which 
actually block cell entry.62 Nafamostat mesylate, an existing 
drug used for disseminated intravascular coagulation (DIC), 
effectively blocked MERS-CoV S proteins initiated cell 
fusion by targeting TMPRSS2, and inhibited MERS-CoV 
infection of human lung epithelium-derived Calu-3 cells. In 
this study a quantitative fusion assay dependent on SARS-
CoV-2 S protein, ACE2 and TMPRSS2 established, and it 
was found that nafamostat mesylate potently inhibited the 
fusion while camostat mesylate was about 10-fold less active. 
Furthermore, nafamostat mesylate blocked SARS-CoV-2 
infection of Calu-3 cells with an EC 50 around 10 nM, which 
is below its average blood concentration after intravenous 
administration through continuous infusion. These findings, 
together with accumulated clinical data regarding its safety, 
make nafamostat a likely candidate drug to treat COVID-19 
(Figure 3).63 

Thus, one of the most important goals in the treatment of 
patients suffering from COVID-19 is viral proteins that play 
the main role in virus replication. Targeting them, will reduce 
the mortality of this virus, which has become a pandemic 
and has taken the lives of more than 150 000 people (https://
ww.worldmeters.info/coronavirus). Table 2 briefly refers to 
the drugs which may have affected SARS-CoV-2 proteins and 
prevented viral infection.

Making a Preventive Vaccine for SARS-CoV-2
Considering the rapid increase in the novel coronavirus 
2019 infection, efforts for making an effective vaccine have 
begun in many countries. By obtaining knowledge from the 
development route of SARS-CoV and MERS-CoV vaccines, 
many research groups have started to make SARS-CoV-2 
vaccine just in few weeks after the COVID-19 outbreak. 
Choosing the target antigen and the base of vaccine is done 
according to SARS-CoV and MERS-CoV vaccine studies 
which are summarized in Table 3.1,64,65

In Table 3, selected antigens and the bases that are tested 
for SARS-CoV and MERS-CoV clinical and pre-clinical 

Figure 3. The Possible Mechanisms of Some Different Drugs Which May Affect 
SARS-CoV-2 Proteins by a Schematic Diagram (Nafamostat effectively blocks 
SARS-CoV-2 S proteins initiated cell fusion by targeting TMPRSS2, and prevents 
from cell infection).63

studies are described. As summarized in Table 3, acid nucleic 
based vaccine, same as DNA vaccine, has shown the most 
advanced platform in replying to the newfound pathogens. 
For instance, during the outbreak of the Zika virus, the DNA 
vaccine was the first vaccine candidate that entered clinical 
trial (NCT02809443)66 less than 1-year after the outbreak. In 
addition, considering the present advances in technology, 
mRNA vaccines, are another type of nucleic acid-based 
vaccines that are discussed as disruptive vaccine technology. 
The mRNA vaccines that have been recently designed have 
improved the stability and output of protein translation and 
therefore can induce strong immune replies.67 According to 
studies, only 23% and 16% of T cell and B cell epitopes of SARS-
CoV are similar to SARS-CoV-2 respectively and no mutation 
was observed in the sequences of SARS-CoV-2 until February 
21, 2020,68 which is an important sign for the possibility of the 
establishment of T cell or an antibody reaction against SARS-
CoV-2 and T cell epitopes that are similar to SARS-CoV-2.69-71 
The results of many surveys of patients suffering from SARS-
CoV-2 especially in the convalescence phase has been shown 
that the immune response against the structural proteins (S 
and N) of the virus is more than non-structural proteins.72

In regards to the B cell, results of empirical studies20,73 

demonstrate that antibodies originated from SARS-CoV that 
target the binding receptor motif in the subunit S1 of the spike 
protein of SARS-CoV-2, may not be so effective and in this 
case, it is due to genetic mismatch in identified structural 
epitopes that target this domain. Linear epitopes of the B cell of 
SARS-CoV in subunit S2 may be more promising candidates 
for stimulating immune response. Some of these epitopes 
in SARS-CoV are similar to SARS-CoV-2 and primary 
results demonstrate their capability in making neutralizing 
antibodies and cross-reactions.63 Therefore, the vaccine that 
stimulates antibodies which target S2 linear epitopes, can 
be effective and should be inspected in future research. In 
addition, some studies have shown that since the full-length 
spike (S) or S1 that contains the RBD can induce neutralizing 
antibodies that prevent connection and infection in the host 
cell, it is considered as a good antigen for producing vaccines 
(Figure 4).74-76

These epitopes are the ideal candidate to formulate a multi‐
epitopic peptide vaccine, not only because of being selected 
from the linear B‐cell epitopic region but also due to the fact 
that their antigenic property was confirmed. Moreover, the 
molecular docking of vaccine components with the TLR‐5 
proves the significance and effectiveness of these epitopes as 
an ideal vaccine candidate against SARS‐COV‐2. However, 
these immunoinformatic analyses require several in vitro and 
in vivo validations before formulating the vaccine to resist 
(Figure 5).20

In addition to the above mentioned research, in late 
February 2020, Glaxo Smith Kline (GSK) announced a 
collaboration with Chinese firm Clover Biopharmaceuticals 
to assess a coronavirus (COVID-19) vaccine candidate.80 It 
is said that this collaboration will involve the use of Clover’s 
protein-based coronavirus vaccine candidate (COVID-19 
S-Trimer) with the GSK’s adjuvant system. By applying their 
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Table 2. Drugs Affecting SARS-CoV-2 Proteins and Their Site of Effect and Structures

Drugs Site of effect Structure

Cyclosporine A
It prevents binding of virus Nucleocapsid protein to cyclophilin A of 
the host cell that has peptidyl prolyl cis-trans isomerase activity32

Kaletra,Lopinavir and Ritonavir They inhibit main protease (3CLP)34,35

Tegobuvir It has high capacity for binding with main protease46

Nelfinavir It has high capacity for binding with main protease46,48

Bictegravir It has high capacity for binding with main protease46

Prulifloxacin It has high capacity for binding with main protease46

Chloroquine and Hydroxychloroquine 
(less toxic )

They appear to block the entry stage of the virus into cells53

Darunavir A protease inhibitor62

Nafamostat
It is a transmembrane protease, serine 2 (TMPRSS2) inhibitors which 
block cell entry62

Imatinib It is a Bcr-Abl tyrosine-kinase inhibitors (TKI) which block cell entry62

Tipranavir An antiretroviral protease inhibitor62

www.SID.ir

http://www.biotechrep.ir
http://www.SId.ir


Archive of SID
                                               Novel Coronavirus 2019 Proteins

http://www.biotechrep.ir                                          J Appl Biotechnol Rep, Volume 7, Issue 2, 2020 69

Fosamprenavir Protease inhibitor62

Enzaplatovir Viral fusion protein inhibitor62

Presatovir Viral fusion protein inhibitor62

Abacavir Protease inhibitor62

Bortezomib Protease inhibitor62

Elvitegravir Protease inhibitor62

Maribavir
A selective ATP competitor of viral UL97 kinase, which is involved in 
viral nuclear maturation events62

Raltegravir Protease inhibitor62

Source: National Center for Biotechnology Information. PubChem Database, CID=58406357, https://pubchem.ncbi.nlm.nih.gov/compound. Accessed on May 16, 2020.

Drugs Site of effect Structure

Table 2. Continued
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Trimer-Tag technology, Clover has manufactured an S-Trimer 
subunit vaccine using a rapid mammalian cell culture-based 
expression system. The Trimer-Tag is an advanced drug 
development platform, which enables the production of novel, 
covalently trimerized fusion proteins that can better target 
previous drug gable pathways. Accordingly, a consortium led 
by Texas Children’s Hospital Center for Vaccine Development 
at Baylor College of Medicine (including University of Texas 
Medical Branch and New York Blood Center) has developed 
and tested a subunit vaccine comprised  of only the RBD of 
the SARS-CoV  S-protein.81-83 When formulated on alum, 
the SARS-CoV RBD vaccine elicits high levels of protective 
immunity on the homologous virus challenge. An advantage of 
the RBD-based vaccine is its ability to minimize host immune 
potentiation.78 Initial findings that the SARS-CoV and SARS-
CoV-2 RBDs exhibit more than 80% amino acid  similarity 
and bind to the same ACE2 receptor offer an opportunity 
to develop either protein as a subunit vaccine. Recently, 
Generex announced that it is developing a COVID-19 vaccine 
following a contractual agreement with a Chinese consortium 
comprised of China Technology Exchange, Beijing Zhonghua 
Investment Fund Management, Biology Institute of Shandong 
Academy of Sciences, and Sinotek-Advocates International 
Industry Development. It is said that the company will utilize 
its Ii-Key immune system activation technology to produce a 

Table 3. Selected antigens and vaccine bases that are studied considering SARS-CoV and MERS- CoV proteins)

Vaccine Platform Immunogen Phase Advantage Disadvantage

DNA
Full-length Spike, or S1
• IM follow by electroporation

Phase I, II
(NCT03721718)

• Rapid production
• Easy design and manipulation
• Induce both B and T cells responses

• Efficient delivery system required
• Induce lower immune responses when 
compare with live vaccine

Viral vector
Full-length Spike or S1
• Vector used: ChAd or MVA

Phase I
(NCT03399578,
NCT03615911)

• Excellence in immune induction
• Varies inoculation routes may produce 
different immune responses
• Possible TH2 bias

Subunit

Full-length Spike, S1, RDB, 
nucleocapsid
• Formulated with various adjuvants 
and/or fused with Fc

Preclinical

• High safety profile
• Consistent production
• Can induce cellular and humoral 
immune responses

•Need appropriate adjuvant,
•Cost-effectiveness may vary

Virus-like particles
RDB, S or Co-expressing of S1, M, 
and E
• Produced in baculovirus

Preclinical
• Multimeric antigen display
• Preserve virus particle structure

• Require optimum assembly condition

ChAd: Chimpanzee Adenovirus Vector; MVA: Modified Vaccinia  Ankara.

Figure 4. Structure of Some Protein Components of the SARS-CoV-2. (A) 2019-
nCoV spike glycoprotein with a single receptor-binding domain.77 B) SARS-
CoV-2 nucleocapsid protein N-terminal RNA binding domain.78 Source: Protein 
Data Bank (PDB), https://www.rcsb.org

Figure 5. Predicted 3D Structure of nsp3 Protein Highlighted with (A) MHC-I T 
Cell Epitopes (red), (B) MHC-II (blue) T Cell Epitopes, (C) Linear B Cell Epitopes 
(Green), and the Merged Epitopes. The MHC-I epitopes are more internalized, 
MHC-II epitopes are more mixed, and B cells are more shown on the surface.79

COVID-19 viral peptide for human clinical trials.6,83,84

 As a result, similarity between proteins of SARS-CoV-2 and 
SARS-CoV virus as well as the study of protection immune 
solidarity and long-term immune memory in individuals 
during convalescence can be helpful in designing preventive 
measures such as producing vaccine for COVID-19.

Discussion and Conclusion
The epidemic of COVID-19 has made a lot of concern all over 
the world due to its high contagion. From its first occurrence 
in Wuhan, China which was about 3 months ago, this virus 
has infected thousands of people and its infection speed is 
increasing day to day. Due to its person to person transfer 
in China and its spread speed in other countries, the WHO 
announced Epidemic and Health Emergency. Knowing 
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binding mechanisms helps finding correct resources for 
the virus and finding preventive and therapeutic measures. 
The spike protein of crystal SARS-CoV-2 is analyzed by 
cryo electronic microscope to find the transacting places 
between RBD of spike protein of SARS-CoV-2 with ACE2 of 
human beings or other host receptors. In addition, scientists 
have also studied other proteins of this virus and their roles 
in structure, replication and production of this new virus. 
Generally, noticing that these set of identified epitopes for 
SARS-CoV are similar to epitopes of SARS-CoV- 2, they 
can be a good guide for making vaccines for SARS-CoV-2. 
Also, more empirical studies (B cell and T cell tests) must be 
carried out in order to determine the capability of epitopes for 
stimulating reaction against SARS-CoV-2. This will help the 
correction of epitopes set based on immunogenicity that is an 
important task in immunogenic design.

In conclusion, structural and non-structural proteins of 
SARS-CoV-2 are the main targets for developing vaccines 
and it is found that immunity response against structural 
proteins S and N are more long termed and among S protein 
subdomains, the vaccine that stimulates antibodies which 
target S2 linear epitopes, can be effective and should be 
inspected in future research. In addition, Zhang et al have 
shown that full-length spike (S) or S1 that contains RBD, since 
it can induce neutralizing antibodies that prevent connection 
and infection in the host cell, is considered as a good antigen 
for making vaccines.85

In the field of drug production, establishing computing 
methods for designing compounds which can cure 
coronavirus infections is a main challenge. Results indicate 
that this new method is cost-effective and timed to make new 
drugs to cure coronavirus infections. In spite of economic 
and social effects of coronavirus infections and the possibility 
of more dangerous coronaviruses outbreaks, there is no 
effective anti-viral drug for treating coronavirus. Noticing 
severe contagion and distribution of coronaviruses, the new 
virus can periodically act as a consequence of interspecies 
infections and awkward events. In general, this research 
clarified the importance of previous empirical and clinical 
studies performed in the field of SARS-CoV and by using 
them beside newfound data for SARS-CoV-2 and their 
importance for finding appropriate chemical drugs such as 
tipranavir, fosamprenavir, enzaplatovir, presatovir, abacavir, 
bortezomib, elvitegravir, maribavir, raltegravir, montelukast, 
deoxyrhapontin, polydatin, chalcone, disulfiram, carmofur, 
shikonin, ebselen, tideglusib, PX-12, TDZD-8, cyclosporin 
A, and cinanserin and herbal medicines such as Rhizoma 
Polygoni Cuspidati and  Radix Sophorae Tonkinensis may 
contain substances that are effective against SARS-COV-2 
and vaccine to confront COVID-19 epidemic. Results of this 
research can fill some data gaps about COVID-19, while this 
epidemic exists and scientists are gathering data about this 
new virus.
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