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Abstract
Background

2019 novel coronavirus (2019-nCoV) is officially named severe acute respiratory syndrome coronavirus
type 2 (SARS-CoV-2), and is a positive-sense, single-stranded RNA coronavirus. The virus is the pathogen
of coronavirus disease 2019 (COVID-19) and is infectious through human-to-human transmission. The
fact that 2019-nCoV is very close to SARS-CoV has been proved by several evidences, but there are
significant differences between MERS-CoV and them. Therefore, in this work, we used MERS-CoV as a
probe to find the homology proteins with conserved sequences among these three known human highly
pathogenic coronaviruses.

Methods

The primary protein sequences of three viruses translated from the complete genome were downloaded
from National Center for Biotechnology Information (NCBI). The sequence alignments of ORF1ab
proteins of three viruses were done by using Clustal Omega. The assessments of the feasibility of
homology modeling were performed by using SWISS-MODEL.

Results

Here, by using computational biology, we propose that four nonstructural proteins nsp12, nsp13, nsp14,
and nsp16 exhibit considerable homology among SARS-CoV, MERS-CoV, and 2019-nCoV. Among them,
nsp12 and nsp13 amino acid sequences are more conserved. Considering the crucial role of these two
proteins in the process of virus invasion and pathological response, we first proposed these two proteins
as priority targets to design new or screen existing broad-spectrum antiviral drugs. The high consistency
of primary sequence indicates the great similarity of three-dimensional structure and similar targets are
likely to be inhibited by the same inhibitor. The inhibitors designed for these targets are likely to have
broad-spectrum antiviral effect.

Conclusion

Very recently, some clinical trial reports preliminarily proved that Favipiravir and Remdesivir are effective
for COVID-19. These clinical data provide some proof and basis for our conjecture in some degree. It is
believed that the effective broad-spectrum antiviral drugs are not only helpful for the current epidemic
situation, but also more beneficial for the future unpredictable epidemic situation.

1.	Introduction And Background
Coronavirus is a general term for a large class of viruses. Under the electron microscope, it can be
observed that their surfaces have similar corona-like protuberances, which look like the crown, so they are
named as coronavirus. The diameter of coronavirus is about 80-120 nm, which is a large class of viruses
widely existing in nature. So far, scientists have found about 15 different coronaviruses, seven of which
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can infect people, but not necessarily cause pneumonia, but cause colds, upper respiratory tract
infections and other diseases. Seven of the coronaviruses found so far can sicken people. In addition to
SARS-CoV, MERS-CoV and 2019-nCoV, four other human coronaviruses (HCoV-229E, HCoV-OC43, HCoV-
NL63, and HCoV-HKU1) usually cause mild or moderate upper respiratory diseases, such as cold.

In November 2002, a viral severe acute respiratory syndrome (SARS) first appeared in Guangzhou. It
spread rapidly to other countries, causing more than 8000 people to be infected, with a mortality rate of
9.6%. This pathogen is named severe acute respiratory syndrome coronavirus (SARS-CoV), which is a β-
coronavirus from the Chiroptera, then infects the Paguma larvata (the intermediate host), and finally
infects the humans. In 2017, Shi et al. reported the abundant bat related coronavirus gene pool found in
Yunnan, China.1 In June 2012, SARS-like respiratory diseases caused by Middle East respiratory
syndrome coronavirus (MERS-CoV) occurred in Saudi Arabia. Although the interpersonal transmission of
MERS-CoV is limited, it has caused outbreaks in Saudi Arabia (2012) and South Korea (2015), with more
than 2000 confirmed cases worldwide and a mortality rate of about 35%. Similar to SARS-CoV, MERS-CoV
also comes from the Chiroptera, but their intermediate host is Camelus dromedarius. In January 2020,
new coronavirus 2019-nCoV was found and confirmed. 2019-nCoV is a kind of coronavirus which is
different from the one that caused severe acute respiratory syndrome (SARS) in 2003 and the one that
caused Middle East respiratory syndrome (MERS) in 2012-2015. SARS-CoV, MERS-CoV, and 2019-nCoV
are more serious than four human coronaviruses which only cause mild to moderate respiratory diseases,
and their genomes are similar to each other.2 At present, there is no vaccine or specific antiviral drug for
SARS-CoV, MERS-CoV, or 2019-nCoV.

In general, coronaviruses may originate from animals, and in the long evolution, they form pathogens that
infect animals and humans respectively. Nevertheless, at present, the origin of the coronavirus is not
completely clear. The origin of coronavirus can be traced back to about 8000 BC. Early recognition is that
non cold-blooded flying animals, such as bats and birds, are the best hosts (source hosts) of
coronaviruses, that is, the relationship between viruses and them is parasitic and symbiotic. Based on the
early serological and subsequent genomic evidence, the coronavirus subfamily can be divided into four
major genera: α, β, γ, and δ. The mammalian coronaviruses are mainly α- and β-coronaviruses, which can
infect a variety of animals including pigs, dogs, cats, mice, cattle, horses, etc. The avian coronaviruses
mainly comes from the coronaviruses of γ and δ genera, which can cause the diseases of many kinds of
birds such as chickens, turkeys, sparrows, ducks, geese, pigeons, etc. Bats carry alpha and beta
coronaviruses; birds carry gamma and delta coronaviruses.3 In particular, β-coronavirus can be divided
into four lineages: A, B, C, and D. Among the six previously known human coronaviruses (HCoVs), HCoV-
229E and HCoV-NL63 belong to α-coronavirus, while HCoV-OC43 and HCoV-HKU1 belong to pedigree A of
β-coronavirus, SARS-CoV belongs to pedigree B of β-coronavirus, and MERS-CoV belongs to pedigree C of
β-coronavirus. Research shows that 2019-nCoV and SARS-CoV have about 80% similarity in genome
sequence. At amino acid level, most of the 2019-nCoV genome coding proteins are consistent with SARS-
CoV. In contrast, 2019-nCoV differs greatly from MERS-CoV, and is not closely related to MERS-CoV.4,5 For
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example, the receptors of SARS-CoV and 2019-nCoV are both angiotensin converting enzyme 2 (ACE2),
while the receptor of MERS-CoV is dipeptidyl peptidase 4 (DPP4).

It is believed that the research achievements from bioinformatics and computational biology would be
important in the process of resistance to new coronavirus.6-11 In this work, using bioinformatics online
tools and databases, we evaluate the sequence consistency between SARS-CoV, MERS-CoV, and 2019-
nCoV. And then, we look for proteins with similar structures encoded and expressed by SARS-CoV, MERS-
CoV, and 2019-nCoV. In other words, we try to find a common target of these three viruses, which can help
to develop broad-spectrum antiviral drugs against these three viruses. As is known to all, when an
unprecedented virus appears in human society, it is often too late to develop new antiviral drugs to fight
against the epidemic and save lives. Therefore, the development of broad-spectrum antiviral drugs is not
only helpful for the current epidemic situation, but also more beneficial for the future unpredictable
epidemic situation.

2.	Materials, Methods, And Procedures
2.1 Experimental Materials

The primary protein sequences of three viruses translated from the complete genome were downloaded
from National Center for Biotechnology Information (NCBI). The GenBank serial numbers of SARS-CoV,
MERS-CoV, and 2019-nCoV are AY390556.1, JX869059.2, and MN908947.3, respectively. The ORF1ab
primary sequences with details of SARS-CoV and MERS-CoV were downloaded from Protein Information
Resource (PIR). The UniProtKB serial numbers of SARS-CoV and MERS-CoV are P0C6X7 and K9N7C7,
respectively.

2.2 Computational procedures

In this work, we did sequence alignments of ORF1ab proteins of three viruses using Clustal Omega.12-14

First of all, the ORF1ab proteins of SARS and MERS viruses were sequenced. Then, the ORF1ab proteins
of SARS-CoV and 2019-nCoV were sequenced. Finally, we have done the corresponding sequence
alignment of MERS-CoV and 2019-nCoV. Then, we discussed the sequence consistency of S protein of
these three viruses. First, the S proteins of SARS and MERS viruses were sequenced. Then, the S proteins
of SARS-CoV and 2019-nCoV were sequenced. Finally, we have done the corresponding sequence
alignment of MERS-CoV and 2019-nCoV. Next, we found that the length of ORF3 protein of MERS virus
was significantly shorter than that of SARS virus and 2019-nCoV. Thus, we only performed the sequence
alignment between SARS-CoV and 2019-nCoV. Then we focused on the sequence consistency of E
protein of these three viruses and then we examined the homology of M protein of three viruses. At last,
we examine the similarity of N protein of three viruses. Here, using MERS-CoV as a probe, we identified
proteins with structural similarity between SARS-CoV, MERS-CoV, and 2019-nCoV. The identifications were
performed using SWISS-MODEL.15-17
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3.	Results, Main Findings, And Discussion
3.1 Sequence alignments among SARS-CoV, MERS-CoV, and 2019-nCoV

First of all, we found that for the first 2000 amino acids, the sequence consistency of SARS-CoV ORF1ab
and MERS-CoV ORF1ab was relatively low. For amino acids 2000-4000, the sequence consistency was
greatly improved. For amino acids after 4000, the sequence consistency is very high (see Figure S1).
Then, we found that the sequence of SARS-CoV ORF1ab and 2019-nCoV ORF1ab is surprisingly
consistent. The only significant mismatch occurs around amino acid 1000. There are about 25 amino
acids in 2019-nCoV ORF1ab having no corresponding sequences in SARS-CoV ORF1ab (see Figure S2).
Finally, for MERS-CoV and 2019-nCoV, we found that for the first 1500 amino acids, the mismatch was
obvious. For amino acids 1500-4000, the sequence consistency was significantly improved. For amino
acids after 4000, the sequence consistency has been considerable (see Figure S3). It can be seen that
SARS-CoV ORF1ab and 2019-nCoV ORF1ab are closely related. The differences between SARS-CoV
ORF1ab and MERS-CoV ORF1ab are similar to those between MERS-CoV ORF1ab and 2019-nCoV
ORF1ab.

Next, we found that, for the S proteins of SARS and MERS viruses, the overall similarity was acceptable,
among which the consistency of the first 600 amino acids was relatively low, and that of the last 600
amino acids was relatively high (see Figure S4). Then, we found that, for the S proteins of SARS-CoV and
2019-nCoV, the overall similarity was quite high, especially the amino acids after 600 showed a high
degree of consistency (see Figure S5). Finally, we found that, for MERS-CoV and 2019-nCoV, the overall
consistency was relatively low, and the sequence similarity after 800 was higher than that before 800 (see
Figure S6).

We found that the ORF3 protein of SARS-CoV is highly homologous with ORF3a protein of 2019-nCoV
(see Figure S7). Then we found that the E protein of SARS-CoV is highly homologous with that of 2019-
nCoV, while the E protein of MERS-CoV is not very homologous with both (see Figures S8-S10). We also
found that the M protein of SARS-CoV and 2019-nCoV was highly homologous, while the M protein of
MERS-CoV was slightly less consistent with the above two cases (see Figures S11-S13). We still get
similar results, that is, the N protein of SARS-CoV is highly homologous with that of 2019-nCoV, while the
N protein of MERS-CoV is slightly less homologous with that of the two viruses (see Figures S14-S16).

3.2 Searching for proteins from MERS-CoV which are homologous with those from SARS-CoV and 2019-
nCoV

The 2019 novel coronavirus encodes at least 27 proteins, including 15 nonstructural proteins (nsp1-
nsp10, nsp12-nsp16), 4 structural proteins (S, E, M, and N) and 8 accessory proteins (3a, 3b, p6, 7a, 7b,
8b, 9b, and ORF14).4,18,19 Although the protein composition of 2019-nCoV is mostly the same as that of
SARS-CoV, there are also some differences. For example, 2019-nCoV lost the 8a protein encoded by
SARS-CoV. The length of 8b protein (121 amino acids) encoded by 2019-nCoV is longer than that of
SARS-CoV (84 amino acids). There was also a significant difference in 3b protein between them.
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Differences in the composition of these accessory proteins means that 2019-nCoV and the SARS-CoV
that erupted before may have some differential pathogenesis. And it also illustrates the fact that these
auxiliary proteins are not preferred targets for the development of broad-spectrum antiviral drugs. In the
previous section, we have explained that although the four structural proteins of 2019-nCoV are very
close to those of SARS-CoV, they are quite different from those of MERS-CoV. Consequently, four
structural proteins are also not suitable for the development of broad-spectrum antiviral drugs, although
S protein can be used as a key target for the development of specific vaccines. So next, we focus on
ORF1ab protein. As we have discussed before, the homology of ORF1ab of SARS-CoV and SARS-CoV-2
(2019-nCoV) is very high, so we use ORF1ab of MERS-CoV as a probe to estimate the conservation of
ORF1ab among the three viruses considered in this work.

For nonstructural protein 1 (nsp1),20 the searching results indicate that the best template for modeling
nsp1 of MERS-CoV is 2HSX_A, which is the NMR structure of the nsp1 from the SARS-CoV. However, the
identity is only 24.32% (see Figure S17), demonstrating that nsp1 is not a highly conservative protein
among different coronaviruses.

For nonstructural protein 2 (nsp2), no suitable template was found.

For papain-like proteinase (nsp3),21 it is found that three parts of nsp3 were achieved experimentally.
Using the sequences of these three parts, we estimated the possibility of nsp3 as a universal target. We
found that the identities between the nsp3 proteins from MERS-CoV and the corresponding proteins from
SARS-CoV are 45% approximately (see Figures S18 and S19). It demonstrates that nsp3 is not a highly
conservative protein among different coronaviruses.

For nonstructural protein 4 (nsp4), two templates from feline coronavirus and mouse hepatitis virus are
suggested, and the identities are 43.01% and 51.14%, respectively (see Figure S20). It demonstrates that
nsp4 is not a highly conservative protein among different coronaviruses.

For proteinase 3CL-Pro (nsp5), we found that the identity between nsp5 from MERS-CoV and that from
SARS-CoV is 52.98% (see Figure S21). It should be noted that nsp5 is highly conserved between MERS-
CoV and some other coronaviruses. Nevertheless, these coronaviruses are not human highly pathogenic
coronaviruses. Therefore, we will not focus on this target here.

For nonstructural protein 6 (nsp6), no suitable template was found.

For nonstructural protein 7 (nsp7), two templates from SARS coronavirus and feline
coronavirus are suggested, and the identities are 55.42% and 40.96%, respectively
(see Figure S22). It demonstrates that nsp7 is not a highly conservative protein
among different coronaviruses.

For nonstructural protein 8 (nsp8), two templates from SARS coronavirus and feline
coronavirus are suggested, and the identities are 53.30% and 44.85%, respectively
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(see Figure S23). It demonstrates that nsp8 is not a highly conservative protein
among different coronaviruses.

For nonstructural protein 9 (nsp9), two representative templates from SARS
coronavirus and human coronavirus 229E are suggested, and the identities are
53.64% and 45.87%, respectively (see Figure S24). It demonstrates that nsp9 is not
a highly conservative protein among different coronaviruses.

For nonstructural protein 10 (nsp10), we found that the identity between nsp10 from MERS-CoV and that
from SARS-CoV is 59.42% (see Figure S25). Therefore, we do not think that nsp10 is a good choice as a
universal target for the design of broad-spectrum antiviral drugs.

For RNA-directed RNA polymerase (nsp12),22 we found that the identity between
nsp12 from MERS-CoV and that from SARS-CoV is 72.14% (see Figure S26). It
indicates that nsp12 would be a wonderful target for the development of broad-
spectrum antiviral drugs against human highly pathogenic coronavirus. We also
found that the identity between MERS-CoV and foot and mouth disease virus RNA-
dependent RNA polymerase is 14.55%. This shows that the conservation of RdRp
among coronaviruses is much higher than that among different types of viruses.
We examined the current structural biology achievements of RdRp from these
three viruses. We found that for SARS-CoV and SARS-CoV-2, a hetero-oligomeric
complex with nsp7 and/or nsp8 is available. Experimental structures of hetero-
oligomeric complexes exist. For MERS-CoV, the protein structure has not been
achieved experimentally and thus should be predicted via homology modeling. The
results are summarized in Table 1 and Figure 1.

For helicase (nsp13),23-26 we found that the identity between nsp13 from MERS-CoV and that from SARS-
CoV is 72.37% (see Figure S27). It indicates that nsp13 would be also a wonderful target for the
development of broad-spectrum antiviral drugs against human highly pathogenic coronavirus. We
examined the current structural biology achievements of helicase from these three viruses. For all these
three viruses, experimental structures were realized experimentally. The results are summarized in Table 2
and Figure 2.

For guanine-N7 methyltransferase (nsp14),27-29 we found that the identity between MERS-CoV nsp14 and
SARS-CoV nsp14 is 63.22% (see Figure S28). This indicates that nsp14 is also a potential target for the
development of broad-spectrum anti-coronavirus drugs. We examined the current structural biology
achievements of proofreading exoribonuclease from these three viruses. We found that for SARS-CoV, the
protein is structurally achieved while for MERS-CoV and SARS-CoV-2, the protein could be only realized by
using homology modeling. The results are summarized in Table 3 and Figure 3.

For uridylate-specific endoribonuclease (nsp15), we found that the identity between
MERS-CoV nsp15 and SARS-CoV-2 (2019-nCoV) nsp15 is 51.62%; the identity
between MERS-CoV nsp15 and human coronavirus 229E nsp15 is 47.04% (see
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Figure S29). Therefore, we do not think that nsp15 is a good choice as a universal
target for the design of broad-spectrum antiviral drugs.

For 2'-O-methyltransferase (nsp16),28,30 we found that the identity between MERS-CoV nsp16 and SARS-
CoV nsp16 is 65.32% (see Figure S30). This indicates that nsp16 is also a potential target for the
development of broad-spectrum anti-coronavirus drugs. We examined the current structural biology
achievements of 2'-O-methyltransferase from these three viruses. We found that for all these three
viruses, the protein structure has been resolved experimentally. The results are summarized in Table 4
and Figure 4.

3.3 Is it possible to use structural proteins as general targets?

Some HCoVs have used cell surface enzymes as receptors, such as SARS-CoV receptor ACE2, MERS-CoV
receptor DPP4. Generally, S protein of coronavirus is further cleaved into S1 and S2 subunits by host
protease, and S1 / S2 cleavage is mediated by one or more host protease. For example, the activation of
S protein of SARS-CoV requires sequential cleavage by endocystine cathepsin L and another trypsin-like
serine protease. Unlike SARS-CoV, the S protein of MERS-CoV contains two furin cleavage sites. Host
factors may also limit the attachment and entry of HCoV.

It can be seen that the S protein is very important for virus attachment and entry. Nevertheless, we found
that the identity between MERS-CoV S protein and SARS-CoV-2 (2019-nCoV) S protein is 30.26% (see
Figure S31). In addition, we also found that the identity between SARS-CoV S protein and SARS-CoV-2
(2019-nCoV) S protein is 76.47% (see Figure S32). This also shows that the molecular mechanism of
SARS-CoV and SARS-CoV-2 using S protein to invade cells is the same, but MERS-CoV using S protein to
invade cells uses a different molecular mechanism. Therefore, we think that S protein, as the most
important structural protein, should not be used as a general target of coronavirus, because it is so
different in different kinds of coronavirus.

Next, we discussed the other three structural proteins. For E protein, the identity between SARS-CoV-2 and
SARS-CoV was only 32.76% (see Figure S33). The research of M protein structure biology is always blank,
so we have not got valuable data. For N protein, the identity between SARS-CoV-2 and SARS-CoV was
less than 60% (see Figure S34). Therefore, these three structural proteins are not ideal targets for the
development of broad-spectrum anti coronavirus drugs.

4.	Outlook And Conclusions
In this work, we identified four proteins with high conservation in three known human highly pathogenic
coronaviruses. The four proteins are RNA-directed RNA polymerase, helicase, guanine-N7
methyltransferase, and 2'-O-methyltransferase, respectively. We found that these four proteins are very
important nonstructural proteins of coronavirus, which play important roles in the process of viral
transcription and replication as well as escape from the immune system. We speculate that the inhibitors
designed for these four proteins are likely to have a broad-spectrum anti-coronavirus effect. In particular,
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we think that RNA-directed RNA polymerase and helicase should be paid more attention first because
their sequence conservation and structural similarity between different coronaviruses are more
prominent. Moreover, some recent reports on Favipiravir and Remdesivir seem to be clinically effective
encouraged our point of view. The genetic material of RNA virus is RNA (RNA ribonucleic acid), and thus
for the replication of RNA virus genome, most of them need intermediate synthesis, which requires virus
specific polymerase (RNA dependent RNA polymerase, RdRp, or RNA dependent DNA polymerase, RdDp).
Consequently, these polymerases are ideal targets for the design of antiviral drugs. Favipiravir and
Remdesivir work by interfering with RdRp, which are precursors of adenosine analogues. After
triphosphate invivo, they would be incorporated into the newly synthesized RNA chain of the virus as a
substrate, and then the synthesis of the virus genome is interrupted quickly. In addition to influenza virus,
Favipiravir also showed good antiviral effect on a variety of RNA viruses, such as Ebola virus, sand virus,
Bunia virus, rabies virus, etc. Remdesivir has a good effect on Ebola virus in animal experiments, and it is
effective on many viruses of filoviridae, adenoviridae and coronaviridae invitro. Cell test showed that
Remdesivir could inhibit the replication of SARS coronavirus and MERS coronavirus in human airway
epithelial cells. Animal experiments also show that it is effective for SARS virus and MERS virus
infection.31-36
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Tables
Table 1 The current structural biology achievements of nsp12 from three considered coronaviruses.

Protein description Present situation PDB ID

Nsp12 of SARS-CoV Available experimentally 6NUR, 6NUS

Nsp12 of MERS-CoV Not available experimentally 6NUR (identity: 72.01%),

7C2K (identity: 71.40%)

Nsp12 of SARS-CoV-2 Available experimentally 6M71, 6XEZ, 6XQB, 6YYT, 7BTF,

7BV1, 7BV2, 7BW4, 7BZF, 7C2K

 

Table 2 The current structural biology achievements of nsp13 from three considered coronaviruses.

Protein description Present situation PDB ID

Nsp13 of SARS-CoV Available experimentally 6JYT

Nsp13 of MERS-CoV Available experimentally 5WWP

Nsp13 of SARS-CoV-2 Available experimentally 6ZSL, 6XEZ

 

Table 3 The current structural biology achievements of nsp14 from three considered coronaviruses.
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Protein description Present situation PDB ID

Nsp14 of SARS-CoV Available experimentally 5C8S, 5C8T,

5C8U, 5NFY

Nsp14 of MERS-CoV Not available experimentally 5NFY (identity: 63.22%),

5C8S (identity: 63.22%)

Nsp14 of SARS-CoV-2 Not available experimentally 5NFY (identity: 94.88%),

5C8S (identity: 95.07%)

 

Table 4 The current structural biology achievements of nsp16 from three considered coronaviruses.

Protein description Present situation PDB ID

Nsp16 of SARS-CoV Available experimentally 3R24, 2XYQ, 2XYR

Nsp16 of MERS-CoV Available experimentally 5YN5

Nsp16 of SARS-CoV-2 Available experimentally 6W4H, 6W61, 6W75, 6WJT, 6WKQ,

6WKS, 6WQ3, 6WRZ, 6WVN, 6XKM,

6YZ1, 7BQ7, 7C2I, 7C2J

 

Figures

Figure 1

Diagrammatic sketch of nsp12 from three considered coronaviruses. a. SARS-CoV; b. MERS-CoV; c.
SARS-CoV-2
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Figure 2

Diagrammatic sketch of nsp13 from three considered coronaviruses. a. SARS-CoV; b. MERS-CoV; c.
SARS-CoV-2

Figure 3

Diagrammatic sketch of nsp14 from three considered coronaviruses. a. SARS-CoV; b. MERS-CoV; c.
SARS-CoV-2
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Figure 4

Diagrammatic sketch of nsp16 from three considered coronaviruses. a. SARS-CoV; b. MERS-CoV; c.
SARS-CoV-2
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