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The outbreak of SARS in 2003, MERS in 2012, and now COVID-19 in 2019 has demonstrated that Coronaviruses
are capable of causing primary lethal infections in humans, and the pandemic is now a global concern. The

-TASSER/ COVID-19 belongs to the beta coronavirus family encoding 29 proteins, of which four are structural, the Spike,
Keywords: Membrane, Envelope, and Nucleocapsid proteins. Here we have analyzed and compared the Membrane (M) and
COVID-19 Envelope (E) proteins of COVID-19 and MERS with SARS and Bat viruses. The sequence analysis of conserved
Beta coronaviruses regions of both E and M proteins revealed that many regions of COVID-19 are similar to Bat and SARS viruses
E protein while the MERS virus showed variations. The essential binding motifs found in SARS appeared in COVID-19.
M protein Besides, the M protein of COVID-19 showed a distinct serine phosphorylation site in the C-terminal domain,

sequence and structural analysis

which looked like a catalytic triad seen in serine proteases. A Dileucine motif occurred many times in the
sequence of the M protein of all the four viruses compared. Concerning the structural part, the COVID-19 E
protein showed more similarity to Bat while MERS shared similarity with the SARS virus. The M protein of both
COVID-19 and MERS displayed variations in the structure. The interaction between M and E proteins was also
studied to know the additional binding regions. Our study highlights the critical motifs and structural regions

to be considered for further research to design better inhibitors for the infection caused by these viruses.

1. Introduction

On December 31, 2019, viral pneumonia of undiscovered source in
Wubhan city, the capital city of Hubei Province in the People’s Republic
of China, was reported to the World Health Organization (WHO) Coun-
try Office in China [1,2]. The declaration of a Public Health Emergency
of International Concern was on January 30, 2020. While on February
11, 2020, the International Committee on Taxonomy of Viruses (ICTV)
suggested the name of the novel virus to be “severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)”since it has genetic similarity to
Severe Acute Respiratory Syndrome (SARS), whereas WHO referred to
the novel coronavirus disease as “COVID-19” [3,4]. Currently, COVID-
19 has spread globally in more than 188 countries, with more than
14.60 million cases confirmed and more than 607,800 deaths, while the
number of recovered people is more than 8.71 million as of July 20,
2020 [2]. The outbreak of COVID-19 covered several middle eastern
countries, including Saudi Arabia. The Ministry of Health announced
the first case in Saudi Arabia on March 2, 2020, with exponential
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growth in the number of patients that reached 248,416 confirmed cases
and a total of 2447 deaths as of July 19, 2020 [5,6].

Coronaviruses (CoVs) are a large family of enveloped viruses that
cause respiratory tract infectious diseases with symptoms similar to
the typical common cold [7]. CoVs are categorized into three genus
groups, a-CoVs, p-CoVs, and y-CoVs. COVID-19 belongs to A-CoVs
similar to SARS and Middle East Respiratory Syndrome (MERS), which
are identified as bat-origin that infect people through an intermediate
host [8].

Betacoronavirus family is considered to be an enveloped, single,
and positive-stranded RNA virus of zoonotic origin, which contains
four lineages: A, B, C, and D. Beta coronaviruses include SARS-CoV,
MERS-CoV, and SARS-CoV-2 (see Table 1) [9]. SARS-CoV is a virus
that causes Severe Acute Respiratory Syndrome, which caused four
outbreaks between 2002 and 2003. According to WHO, SARS started
from Guangdong province in southern China [10]. Researches proved
Chinese horseshoe bats to be the natural reservoir of SARS [11]. This
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Fig. 1. 3D model visualizing coronavirus and its structural proteins.

Table 1
Statistics of SARS-CoV, MERS-CoV, and SARS-CoV2.
Beta coronaviruses Region Cases Fatality Origin host lineage Incubation period
(Year)
SARS-CoV Guangdong, China 8422 916 (9.6%) Horseshoe bats Palm civets B 5 days
(2002-2003)
MERS-CoV Saudi Arabia (2012) 2519 866 (34.3%) bat Dromedary camel C 5 days
SARS-CoV-2 Wuhan, China Over 79,331 ~2% bat Malayan pangolins B 5-7 days

(2019-)

epidemic affected about 26 countries, including China, Hong Kong,
Singapore, and Canada. This global outbreak was controlled under
WHO regulations of quarantine and travel restrictions. The virus was
finally brought to an end in early 2004, with a total number of 8422
cases and 916 confirmed deaths [10].

In 2012, a novel coronavirus called MERS, or Middle East Respira-
tory Syndrome, was declared as a new disease. The virus first identified
in Saudi Arabia, considering the dromedary camels as the primary
reservoir [12]. Since 2012, 27 countries have reported MERS cases, in-
cluding Austria, Egypt, China, Malaysia, and Bahrain. The total number
of cases was about 2519, where 80% of them were located in Saudi
Arabia, and the total deaths were 866. During this epidemic, the WHO
did not restrict travel and Trade. Instead, the Food and Agriculture
Organization of the United Nations (FAO), the World Organization for
Animal Health (OIE), and national governments worked with the WHO
to develop public health prevention strategies to combat the virus [13].

SARS-CoV-2 is the virus behind the COVID-19 epidemic, which
originated in 2019 at Wuhan city in China, as mentioned earlier. On
the 27th of May, statistics confirmed more than 5.5 million cases, with
about 350 thousand deaths (Table 1) [14].

Similar to other viruses, the structure of SARS-CoV-2 is composed of
four structural proteins. These proteins are the spike (S) glycoprotein,
small envelope (E) glycoprotein, membrane (M) protein, and nucleo-
capsid (N) protein that is bound to a single-stranded, positive-sense
viral Ribonucleic acid (RNA) genome (see Fig. 1) [1,15,16]. In this
study, we will focus on the E and M proteins.

The envelope (E) protein is considered the smallest of the main
structural proteins of CoVs. As on date, many questions about it are not
answered yet. It is a short protein that consists of 76-109 amino acids
that occur with a short hydrophilic N-terminal (7-12 amino acids),
and a bigger hydrophobic transmembrane domain (25 amino acids),
ending in a long hydrophilic carboxyl C-terminal that cover most of
the protein [7,17].

The importance of this protein comes from its vital role in SARS.
It assists the release and insertion of the virus to host cell. Also, the
protein alters some cellular processes, indicating its role in controlling
the virus’s pathogenicity. Thus, it should be considered as a significant
virulence element in the novel SARS-CoV-2 [18].

With SARS, the envelope protein reveal its virulence through several
mechanisms. Through a sequence motif at the last four amino acids of
the C-terminus, where it binds to the postsynaptic density protein95
(PDS95), Drosophila disk large tumor suppressor protein (Glgl) and
zonula occludens-1 protein (zo-1), all of these proteins ranges can be
referred to as the PDZ domain [17,19].

On the other hand, the membrane (M) protein has a critical role in
the virus, and especially during the budding and assemble processes. It
mainly consists of a big carboxyl-terminal region at the interior of the
virion, three hydrophobic transmembrane domains, and a short amino
acid terminal on the virion exterior. The M protein is a dominant struc-
tural protein that can combine with other structural proteins such as the
spike (S) and Envelope (E) proteins, making it crucial to understand the
system of the new CoV [20]. As the M protein’s assists to the S protein,
which is involved in the cell attachment and entry to the host cell, any
mutation occurs on the M protein is expected to have a remarkable
impact on the interactions with the infected cell [21].

2. Methodology

For this study, we took the Envelope protein sequence from NCBI
with the accession nos.: YP_009724392.1 envelope protein Wuhan-Hu-1
strain [Severe acute respiratory syndrome coronavirus 2], AVP78033.1
envelope protein Bat-SL-CoVZC45 strain [Bat SARS-like coronavirus],
AAP51230.1 envelope protein E GDO1 strain [SARS coronavirus GD01],
AVV62542.1 E protein NL140422 strain [Middle East respiratory
syndrome-related coronavirus] [22]. Also, we took the membrane pro-
tein sequence from NCBI with the accession nos.: YP_009724393.1 mem-
brane glycoprotein Wuhan-Hu-1 strain [Severe acute respiratory syn-
drome coronavirus 2], AVP78034.1 membrane protein Bat-SL-CoVZC45



E.A. Aldaais et al.

YP_009724392.1/1-75
AVP78033.1/1-75
AAP51230.1/1-78
AVvez542.1/1-82

Conservation . ‘ I . I I I

Biochemistry and Biophysics Reports 26 (2021) 101023

Quality

Consensus

MYSFWVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPSFYVYSRGRSVYVKNLNSSR+VPPDLLY

Occupancy

I l_l

Fig. 2. A representation of a Multiple Sequence Alignment (MSA) of COVID-19 E protein. The MSA is showing the alignment of COVID-19 E protein with Bat, SARS, MERS Viruses.
The alignment is colored based on the hydrophobicity. The blue-colored are hydrophilic, and the red ones are hydrophobic residues. (For interpretation of the references to color

in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. Modeled structure of the E protein for COVID-19 (a), Bat (b), SARS (c), and
MERS (d) viruses using Swiss-Model Server. The models were visualized using Discovery
studio visualizer.

strain [Bat SARS-like coronavirus], AAP51231.1 membrane protein

M GDO1 strain [SARS coronavirus GDO01], AVV62543.1 M protein

NL140422 strain [Middle East respiratory syndrome-related coron-
avirus] [22]. Protein Blast P search was done to determine the closely
related hits of COVID-19 E and M proteins from Bat, SARS, and
MERS virus [23]. The Multiple Sequence Alignment (MSA) was done
using Multiple Alignment applying Fast Fourier Transform (MAFFT)
server to find the conserved and consensus regions among the se-
lected viruses [24,25]. The MSA results were viewed through Jalview
viewer [26]. The probable motifs present in the virus were obtained
from Motif-Scan [27]. The E proteins’ structures were modeled using
the Swiss-Model Homology Modeling server since the template for
SARS virus E protein monomer 2mm4.1 A was available. This monomer
was taken as a template to model all other viruses, COVID-19, BAT,
SARS and MERS [28-33]. Since no template structure was available
for the M protein, the I-Tasser server was used to model the M protein
for all viruses except COVID-19 [34-36]. The model of COVID-19
(QHD43419) was already available in the I-Tasser server. The E protein
and M protein models were evaluated using the procheck option of
ProTSAV(Protein Structure Analysis and Validation server) [37]. The
domains in the structures were analyzed using Discovery Studio Visual-
izer [38]. The docking studies between the M and E proteins were done
using Cluspro [39-41] — an online server for protein—protein docking —
and the interactions were analyzed using Discovery Studio Visualizer.
The Dimplot [42] was further used to evaluate the interactions between
M and E protein.

3. Results and discussion

Our studies were limited to the comparison of COVID-19 with
Bat, SARS, and MERS because the Bat and SARS showed very close
homology wherein MERS was as virulent as COVID-19 in the infection
spread as well as morbidity.

3.1. Comparison of the COVID-19 E protein with SARS, Bat and MERS
viruses

The E protein of COVID-19 was subjected to a blast search, and
the results with the nearest hits of Bat, SARS, and MERS viruses
were selected. The blast search was limited to exclude the hits from
different strains of COVID-19. So the results with the top hits from
the viruses mentioned above were taken for analysis. The Bat virus
had almost 100% identity with COVID-19 E protein followed by SARS
93.42%, and the MERS virus had a decidedly less identity of 37.33%
compared to the other two mentioned viruses. The COVID-19 and MERS
E proteins are small hydrophobic transmembrane proteins with a short
hydrophilic amino terminus followed by a transmembrane domain
with hydrophobic residues and a long hydrophilic carboxy-terminal.
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Fig. 4. A comparison between E protein regions for COVID-19 and MERS viruses. (a) A structure of COVID-19 E protein showing interaction regions. The region that could be
involved in spike protein interaction is shown in cyan, while the one involved in forming a homopentameric channel is shown in magenta. The sequence also highlighted in the

same manner. (b) A structure of the MERS virus showing interaction regions. The region

which is involved in forming a homopentameric channel is shown in magenta. (For

interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

mhl e
[N TR

JEMICT N W BN
e fal n ol THN ok TNl 11

a K1 Il WIE wdl Bhx
AL DMy fn | AL

T N

1 Bt Ml 100 1 amlll J

Fig. 5. A Multiple Sequence Alignment of COVID-19 M protein. The MSA is showing the ali.
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The pattern is similar to the one expected for any transmembrane
protein. Further, the E proteins of the four viruses were analyzed
using MAFFT and compared for conserved regions (see Fig. 2). The
IVNSVLLFLAFVVFLLV hydrophobic region between 13 and 29 in the
transmembrane domain is highly conserved among all the CoVs, which
was found to be involved in forming a homopentameric ion channel
called viroporins [43]. The cysteine motif CAYCCN was observed in the
C-terminal domain between the 40th and 45th regions for all viruses,
including the MERS virus, with a little diverse pattern. This motif could
be involved in the interaction with the Spike protein [44]. These three
cysteine residues undergo palmitoylation. They are also involved in
oligomerization and alters membrane permeability of E-protein [45].
Another conserved region SRVKNLNSSR between positions 60 and
70 is highly conserved among COVID-19, Bat, and SARS, whereas in the
MERS virus, a five amino acid insertion was observed between positions
61 and 67. This site is probably a potential phosphorylation site due to

the presence of SSR residues, which was also showed in motif scan as
PKC-phospho site. The motif scan in COVID-19 revealed the presence of
the ASN-Glycosylation site between residues 48-51, and 66-69. Previ-
ous Studies on SARS-CoV explained that N48 is not glycosylated, due to
its proximity to the membrane, and only N66 undergoes glycosylation.
The glycosylation of N66 might involve manipulating the membrane
topology and thereby pathogenesis of the virus [46]. Alternatively, it
was found to prevent oligomerization of E protein probably to promote
or inhibit a specific function [7]. The C-terminal PDZ binding motif
(PDM) DLLV motif, between 72 and 75, was also observed in line with
SARS-CoV and Bat Virus. However, a hydrophilic substitution between
D and V was observed in MERS Virus, contrary to the other virus’s
hydrophobic terminal. This DLLV motif is involved in the interaction
with many host cell proteins. The C-terminal region is also involved
in the interaction with the M protein, as demonstrated with the other
beta coronaviruses [47]. The motif scan in the MERS virus showed
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Fig. 6. Modeled structure of the M protein for COVID-19 (a), Bat (b), SARS (c), and MERS (d) viruses using I-Tasser Server. The models were visualized using Discovery studio

visualizer.

different interesting regions. 1-55 regions were similar to the TonB
dependent receptor seen in bacterial outer-membrane proteins. 41-66
regions were similar to calponin like repeat, 61-63 PKC-Phospho site,
a phosphorylation site.

3.2. E protein structure

Only the structure of the Spike protein was available for all viruses
in the protein data bank. Thus, the E proteins were modeled using
the Swiss-Model Homology Modeling server. Furthermore, the structure
of the SARS virus E protein monomer 2mm4.1. A was taken as a
template for modeling COVID-19 (Fig. 3(a)), Bat (Fig. 3(b)), and MERS
(Fig. 3(d)) E proteins, including the SARS E protein (Fig. 3(c)) since
we had taken a different strain of SARS. The template showed an
identity of 91.38% for COVID-19 and Bat, while 93.10% for SARS, with
sequence coverage of 8 to 65 involving the transmembrane and part of
the C-terminal domain. The MERS virus E protein with 36.21% identity
and a sequence coverage of 8-65 was also constructed with the same
approach. The validation of the E-protein models showed acceptable
deviations for all viruses except MERS because of low template iden-
tity. The E-protein models were compared for conserved regions and
domains for all viruses. The structure revealed that COVID-19 E protein
shared a similar feature with the Bat virus protein, whereas MERS virus
E protein shared similarity with SARS virus E protein.

The modeled structure of COVID-19 comprising mainly the trans-
membrane domain and part of the C-terminal portion had only helix
and turns. A few portions of N- and C-terminal residues could not be
modeled due to the lack of the template structure. The two critical
regions in the structure are: (1) the triple cysteine motif found in SARS-
CoV in the transmembrane domain, which is involved in spike protein
interaction shown in cyan color. (2) The transmembrane leucine and
valine rich region are involved in the formation of the homopentameric
ion channel shown in magenta (Fig. 4(a)). The C-terminal PDZ binding
motif (PDM) could not be shown as it was not modeled. Fig. 4(a) shows
a structure of a double spanning membrane protein with the N-terminal
and part of the C-terminal projecting on the same side of the cell.

Some early studies on SARS revealed that both the N- and C-termini
of the SARS E protein might be located on the cytoplasmic side of
the cell [48]. Another study provided a contradictory report suggesting
the conformation spanning the intracellular membranes only once. The
carboxy-terminal domain is towards the cell cytoplasm and the amino-
terminal domain towards the lumen of intracellular membranes [49].
Earlier studies on MERS virus indicate that it has a single helical
transmembrane domain and forms pentamers similar to SARS [50].
The motif 13-35 IVNFFIFTVVCALVLLISMAFLT in the transmembrane
domain is highlighted in magenta (Fig. 4(b)).
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Fig. 7. A comparison between M protein regions for COVID-19 and MERS viruses. (a) A structure of COVID-19 M protein showing interaction regions. The region involved in
M-M interaction is shown in magenta, and the one which is a phosphorylation site is shown in orange. (b) A structure of MERS M protein showing interaction regions. The region
involved in M-M interaction is shown in magenta, and the carboxy-terminal motif involved in many interactions is shown in orange. (For interpretation of the references to color

in this figure legend, the reader is referred to the web version of this article.)

3.3. Comparison of the COVID-19 M protein with Bat, SARS, and MERS
viruses

The same procedure was followed for Membrane protein wherein
the nearest hits of Bat, SARS, and MERS viruses were taken from
Blast search considering the virus strain used for the analysis of
Envelope proteins. All the virus sequences displayed a hydrophilic
amino-terminal followed by intermittent hydrophilic and hydrophobic
residues and a hydrophobic carboxy-terminal tail lined by I/LALLV
motif. The MSA analysis revealed 98.6% identity to Bat Virus, 90%
identity to SARS, and 42.3% identity to the MERS virus. The Dileucine
motif is observed to occur at least five times in the sequence of all
the viruses. A similar dileucine motif observed in the carboxy-terminal
of SARS is required for efficient packaging of N protein in Virus-like
particles (VLP) [51]. Dileucine motifs also observed in HIV-1 envelope
protein play an important role in endocytosis [52].

The conserved regions among the four viruses observed using
MAFFT (Fig. 5) were F/ILWLLWP between 54 and 59, MWLSYF be-
tween 91 and 96, SM/ WWSFNPETNILLNVP between 108 and 123,
RPLLE between 131 and 135, and GHLRIAG 147 and 153. Although
that the M protein of COVID-19, Bat, SARS seems to be similar in
several sites (conserved and non-conserved), MERS virus showed simi-
larity on conserved sites only. The importance of the SWWSFNPETNNL
motif has already been studied in coronavirus, where it functions to
facilitate M-M interactions, thereby helping in the formation of the
viral envelope [53] . The region between 60 and 70 TLACFVLAAV and
GLMWLSYFV transmembrane domain of M protein contains a T-cell
epitope cluster that contributes significantly to the M protein-specific

cellular immunity in SARS [54]. Previous work on SARS revealed the
N-terminal part of M protein containing the transmembrane domain
induces the retrieval of S protein to the ERGIC, suggesting a similar
function in COVID-19 [55].

The carboxy-terminal region is lined by I/LALLV motif except for
the MERS virus, which differed in one position where “R”was present
instead of “V”represented by the LALLR motif. Y195 in the cytoplasmic
tail is necessary for the M-S interaction [56]. The other important
motif between regions 209 and 216 DHSSSSDN observed in COVID-
19 and Bat Virus but not in SARS and MERS virus. The site is a
serine phosphorylation site, and a catalytic triad “DHS”pattern seen in
serine protease enzymes active site, which is essential for their activity,
was also noticed. Moreover, the catalytic triad regions were noticed
first in Vibrio bacteria and some viruses [57,58]. The diacidic motifs
D211XE213 in the carboxy-terminal of the MERS virus were found
to be functional ER export signals involved in the trafficking of the
protein. Another C-terminal motif K199xG201xY203R204, is involved
in specific localization in the TGN [59]. The motif scan in M protein
of COVID-19 displayed ASN-Glycosylation site between 5 and 8, CK2-
phospho site between 9-12 and 212-215, Myristyl site between 79 and
84, 126 and 131, PKC-phospho site between 99 and 101, 172 and 174,
184 and 186 suggesting the possible interactions it could encompass
with the host proteins. There are many sites for phosphorylation which
supports further the possible serine protease function. MERS virus
protein also displayed a similar ASN-Glycosylation site between 3 and
6, Myristyl site between 105 and 110, 186 and 191, and PKC-phospho
site between 97 and 99. The only glycosylation site seen in the M
protein of SARS at N4 suggests a similar function in both COVID-19
and MERS virus [60].



E.A. Aldaais et al.

Biochemistry and Biophysics Reports 26 (2021) 101023

1 L 20] 30 ER| o] 78] 1
" covidM_E MADSNGTITVEELKKLLEOWNL\«IGFLFLT\MICLLOF@AYANRNF{FLYIXKL!FLNLLWPVTLACFVLAAVYRIN‘:[TGGIAI
L 100| 1 110} 1 1 1 140) 1 150) 1

" covidM_E AMACL\jGLMWLSYF!ASFRLFARTRSMWSFNDETNILLN\PLHGTILTRPLLESE]L\:IGA\/ILRGHLR!AGHHLGRCDIKDL
1 170 150 200) L L

3" covidM_E PKEITVATSRTLSVVKLGASORVAGDSGFAAYSRVR[GNYKLNTDHSSSSDNIALLVQEIQILI\NSVLLFLAF';\FLL\TL
20l 260] 270 z80] 250] L 1 1 3200

" covidM_E ATLTALRLCAYCCNIVNVSLVKPSFYVYSRVKNL

(a)

o Val62(A)

Vall7a) Vals2(A) SerSS(A) Leusi(A) Tyrs9A)

Glu8(A)

) Thrl1(A)

Lys50

ValsS(A) Asls(a) Arg61(A) Vald9(A) Hel3a) Tyes1A) Lew2i(A) Val24(A)

En3

Argl07 @

Leu28) Phe20CA) Phe23 ()

covidM_E

(b)

ML 2 P
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3.4. M protein structure

The M protein structure of COVID-19 (QHD43419) (Fig. 6(a)) was
downloaded from the I-Tasser server while the SARS (Fig. 6(b)), BAT
(Fig. 6(c)), and MERS (Fig. 6(d)) proteins were modeled using the I-
Tasser server due to the lack of template structure. The COVID-19
model showed two helical regions, two beta-sheets, turns, and coils.
Besides, there were many coils in the model; the ambiguity in the
template for these regions might cause it. The SWWSFNPETNNL motif
shown as coils in the structure is highlighted in magenta, and the
carboxy-terminal also represented by coils is highlighted in orange
(Fig. 7(a)). The carboxy-terminal is involved in M-M, M-N, M-S,
and M-E interactions [47,61]. The studies on M protein in SARS
revealed a triple-spanning transmembrane protein exhibits a Nexo-
Cendo topology with a small ectodomain towards luminal N-terminus,

three transmembrane segments and a long cytosolic C-terminus also
called endodomain [55]. MERS virus model shows helices and beta
sheets with the SWWSFNPETNNL motif represented as beta sheets
shown in magenta while the C-terminal I/LALLV motif (also a beta-
sheet) is shown in orange color (Fig. 7(b)). The motifs are seen in
the transmembrane domain and C-terminal end. The first part of the
structure with amino-terminal and part of the transmembrane domain
took up helix while the remaining took up beta-sheets. The structure
of both COVID-19 and MERS displayed both helices and beta-sheet,
while SARS had a major portion of helices in the model suggesting a
difference in the structure could be possible between SARS, COVID-19,
and MERS viruses.
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3.5. Interaction between M and E proteins of COVID-19 and MERS

We studied the interaction between E and M proteins for COVID-19
and MERS. Although only part of the model was available for E protein,
the possible interaction with M protein was studied using the Cluspro
web server, which does protein—protein docking. Previous studies on
the interaction between M and E proteins revealed the carboxy-terminal
of both M and E proteins are involved in the interaction [47,61].
Further, the interactions were visualized in Discovery Studio Visualizer,
and the 2-D interactions were plotted using the Dimplot program of
Ligplot+. The COVID-19 residues involved in the interaction were K50
from the transmembrane region of the M protein forms hydrogen (H,)
bond with the carboxy-terminal V62 and L65 of E protein. Also, R107 of
the transmembrane region of M protein interacts with amino-terminal
E8, T11 of E protein. The interactions are shown with the interacting
residues represented by the ball and stick model (Fig. 8(a)). The E
protein is shown in purple color. The 2-D plot of interactions was drawn
using Dimplot (Fig. 8(b)), where the residues involved in hydrogen
bonds between M and E proteins are shown.

Similarly, MERS virus’s M and E proteins’ interaction was also done,
and the interacting residues are shown in (Fig. 9(a)). The M protein
transmembrane residue W56 interacts with transmembrane region C23

of the E protein. The T43 transmembrane region of M protein interacts
with the end of the transmembrane region R38 the 2D plot interaction
is shown in (Fig. 9(b)). The docking suggests the possible interaction
between M and E protein. Most of the interacting regions of the M-
protein were seen in the C-terminal domain in SARS as per the earlier
studies, whereas in the current docking studies, the interactions were
seen in the transmembrane region. Due to the arbitrariness of the
Insilco model, the regions involved could be considered for further
studies.

4. Conclusion

Much research has focused on the Spike protein of CoVs, which is
vital for viral attachment and transmission of the disease. The other
critical structural proteins which deserve further attention are the Mem-
brane and Envelope proteins, but not much information is available
concerning the sequence and structural regions of these proteins. In
this study, we analyzed the sequence and structural domains of M and
E proteins in COVID-19 and MERS Viruses by comparing them with
SARS and Bat viruses since they share a better homology with the
viruses mentioned above. The sequence analysis of M and E proteins
revealed that COVID-19 shared many similar regions with SARS and
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Bat viruses, whereas the MERS virus showed variations in many regions
except for few consensus regions. The structural analysis of M protein
in COVID-19 and MERS showed an orientation towards helices and
beta sheets, whereas the SARS virus showed more orientation towards
helix. Similarly, the E protein structure of COVID-19 shared more
similarity with the Bat virus, while MERS, which displayed a sequence
variation, showed structural similarity with the SARS virus. Although
both COVID-19 and MERS belong to the same beta CoV, they are far
apart from the sequence and structure groups. Many significant motifs
and interacting regions have been analyzed, which will provide useful
information on the drug targeting regions. The conserved sequences
and motifs will help in understanding the virus better and also the drug
binding regions. The interaction between M and E proteins will throw
light in the design of a novel inhibitor for COVID-19 and MERS. Aside
from the spike protein, the M and E proteins inhibitors will also find
an essential role in combating the infection soon.
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