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Abstract

A novel coronavirus that related to previous SARS-CoV and Middle East respiratory syndrome
coronaviruses, has been emerged in the end of 2019 in China and rapidly human to human
transmitted causing what is termed pandemic COVID-19 illness. The causative agent was
termed severe acute respiratory syndrome coronavirus (SARS-CoV)-2, and suggested to be of
bat corona virus’s origin. Later on, other virus variants were emerged and become as great
concern. The investigated genomic and proteomic structures of the novel virus were rather
mentioned in this article.
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Introduction

A short time ago at the end of 2019, one of the Chinese business and trade cities;
Wuhan experienced a rapidly spread outbreak of an unusual respiratory distress [1]. In
February 2020, WHO announced the disease as a global pandemic caused by an
unprecedented coronavirus [2, 3]. The novel virus was termed as Wuhan coronavirus or
2019 novel coronavirus (2019-nCov) by the Chinese researchers and defined as a member
of the B group of coronavirus. Later on, the International Committee on Taxonomy of
Viruses (ICTV) named the virus as SARS- CoV-2 and the disease as Coronavirus disease
2019 (COVID-19) [4, 5]. It inducedunusual disruptions; social distancing, workingstoppage,
cities lockdowns and travel restrictions resulted in remarkable weakness in world and
consequently individual economy [6]. In 2021 exhibited many identified SARS-CoV-2
variant Gamma, Delta and Omicron. These variants of concern “VOC” alarming high
number of alterations, particularly in the viral spike protein, increased transmission potency
and evading the neutralizing antibodies [7].

This current essay provides a comprehensive overview on the origin, transmission,
genomic structure, different structural and functional proteins of SARS-CoV-2variants.

1.  Etiology
SARS-CoV-2 which is belongs to subgenus Sarbeco virus,  the subfamily
Orthocoronavirinae in the family of Coronaviridae of the order Nidovirales [8].

The family Coronaviridae is subdivided to four subgroups; alpha (o), beta (B), gamma (y) and delta (3). Corona
viruses developed their name from presence of crown-like spikes on the outer surface of the virus. Coronaviruses are
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considered as minute sizedviruses; (65-125 nm in diameter) and their genome comprise a positive single-stranded
RNA as a nucleic material, size ranging from26 to 32kbs in length (Fig. 1) [9].
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Fig. (1): diagrammatic structure of Corona viruses

2.  Genome and phylogeny

Based on whole genomes phylogenetic analysis, ten Chinese and five USA current SARS-CoV-2
outbreak isolates weresequenced using the gamma distributionMEGA 7.0version. The obtained
dataexposed that the isolates are nearly identical S-gene based phylogenysuggesting a monophyletic clade [10].
The phylogenetic tree of familyCoronaviridae falls into two clades. TheBeta-coronavirus genus constitute one
clade, while the other clade comprises the Alpha, Gamma and Delta-coronaviruses[11]. The studies manifested that
the SARS-CoV-2 is in the same Beta-coronavirus clade as SARS- CoV and MERS-CoV in the parallel manner to
SARS-like bat CoVs indicating their close relation.
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Fig. (2): Schematic diagram of phylo-genomicrelations of novel corona virus

Primer novel virus genome analysis demonstrated a close evolutionary
association with the SARS like bat coronaviruses; through determining the first three
genomes, namely Wuhan/IVDC-HB-01/2019 (HBO01), Wuhan/IVDCHB-04/2019 (HB04),
andWuhan/IVDC-HB-05/2019 (HBO05), [12].

Later on, in-depth genome notation of the novel virus was carried out with a
comparison to related coronaviruses; it was found that the genome of SARS-CoV- 2 is

-13 -



Ricos Biology Journal, 2023, vol. 1 (1) 12-25

almost identical to those three coronaviruses, with only five nucleotide differences in the
genome of ~29.8 kb nucleotides. The genome of coronaviruses whose size domains
approximately 26- 32 kb, is the largest among all known RNA viruses, with G + C contents
varying from 32% to 43% and contains an inconstant number (at least 6) of ORFs [13].

To realize the greatest output from their courted genomes, viruses frequently avail
what is called alternative open reading frames (ORF), in which translation is launched from
a start codon within a presented gene and, getting out of frame, brings about a distinguished
protein product [14].

The SARS-CoV-2genome was defined to possess 14 ORFs encoding 27 proteins.
The first ORF “orflab” is the largest gene, looking over approximately 67% of the entire
genome encodes pplab protein and other 15 non-structural proteins (NSPS), while the orfla
gene encodes for ppla protein with 10 NSPS, both previous genes located at the 5°’-
terminus of the genome. However, the other ORFs resided at the 3’ -terminus of the
genome encode structural as well as eight subsidiary proteins (3a, 3b, p6, 7a, 7b, 8b, 9b, and
orf14), [9, 11, 15, 16].

“VOC” genomics

Available database of Omicron full-genome sequences exposed that this VOC alters
by about 55 mutations (range 48 to 92; mean 54.6 £5.2 sequences) from the initial virus
[17]. While in another dominating Delta VOC, the number is not that much higher; ranging
from about 21 to 44 substitutions (34.4 =2.6; n=475). Not surprise that the most mutations,
being located in the viral spike gene that is essential for virus infectivity and considered the
key goal of protective immune responses [18].

Interestingly, phylogenetic analysis revealed that the Omicron VOC obviously did
not emerge from other VOCs, comprising the Delta VOC (figure 3). This unexpected
observation may be explained via three different theories; the first is efficient replication in
an immune-compromised individual over a long period of time [19]. The other two theories
are either Omicron has been circulating in the human population for some time in parallel to
COVID-19 or Omicron may have evolved in a nonhuman species from which it spilled back
to humans [20].

On other hand, the fundamental number of alterations which found in the Delta VOC
also have been formerly detected in other SARS-CoV-2 strains suggesting convergent
evolution [18].

Fig. 3. Phylogenetic analysis of both initial SARS-CoV-2 and VOC isolates scaled
according to their divergence compared to the Wuhan Hu-1 sequence.
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Retrieved from Nextstrain on 18 January 2022
(https://nextstrain.org/ncov/gisaid/global?m=div).

3. SARS-CoV-2 Proteomes

At the proteome scale analysis, the SARS- CoV-2 is extremely similar to the related
Beta-coronaviruses, unless there are some notable variances. For instance, the 3a, 3c and 8b
accessory proteins are both closest to the SARS CoVs but varied in the amino acids numbers
with the absence of 8a. On the other hand, the encoded structural proteins of pplab, ppla,
envelope, matrix, nucleocapsid as well as accessory protein 7a, showed a close relation to
SARS-like bat CoVs, but regarding the spike S glycoprotein, the SARS-CoV-2 is closest to
the bat CoVs [11].

Given the side of SARS-CoV-2 discrimination, the protein differences may represent in
the amino acids chain length or amino acid substitutions, these variations may result in
structural and functional segregation fromother SARS-CoVs. Apart from identity presents
in nonstructural protein 7 (nsp7), nsp13, envelope, matrix, or accessory proteins p6 and 8b,
in total, there were 380 amino acid replacements between sequences of SARS- CoV-2and
the parallel assent sequences of SARS and SARS-like viruses. For instance; 102, 61 and
27amino acid substitutions are located in nsp3, nsp2 and spike protein respectively.
Moreover, four replacements inthe C-terminal of the receptor-binding subunit S1 domain are
located in two peptides previously reported to be antigens for SARS- CoV, [21-23].

The researchers cannot give sensible captionsabout the reasons of presence or absence
of those amino acid substitutions. The presence or absence of the substitutions could affect
the host tropism and transmission property ofthe SARS-CoV-2compared to other parallel
CoVs. The four major structural proteins of coronaviruses are the spike surface glycoprotein
(S), small envelope protein (E), matrix protein (M), and nucleocapsid protein (N), fig
(4:a,b,c,d), [24- 27].

(© ()
Fig. (4): the four structural proteins of SARS-CoV-2, (a): spike S protein; (b):
nucleoprotein N protein; (c):envelope E protein; (d): matrix M protein;
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3.1. Spike glycoprotein

Spike glycoprotein (S protein) is type 1membrane trimeric protein inserted in
envelopprotein forming the spikes on the virus surfacewhich give the characteristic crown-
likeappearance of corona viruses, [28].The receptor-binding domain (RBD) is a partof a
protein sequence, life independent tertiary structure which binds to a specific atom or
molecule. It is substantial because they help splicing, assembling, conformational changing
and translating proteins.

Generally, the coronavirus S protein comprises two prime domains: the S1 subdomain
at the N-terminus of the protein interposes binding tothe target receptor of the host cell and
the C- terminus S2 domain enhances fusion of the virus membrane with cellular membrane
of the host cell, [25]. It is reported that S protein of the novel coronavirus is modified via
homologous recombination; a mixture of bat SARS-CoV and a not known Beta-CoV. The
S1 subdomain of SARS-CoV?2 includes 424-494 amino acids (AA), S1 C-terminal contain
core structure of 5 antiparallel B-sheet (B1, B2, B3, B4, and B7) and short concave outer
surface. Itis declared that SARS-CoV-2 S protein contains 1273 AA; near SARS -CoV
‘1255 AA’, but less than MERS-CoV ‘1353 AA’. Otherwise, MERS-CoV RBM is flat
surfacethat is 4 anti-parallel B-sheet. The S2 subunit contains a fusion peptide, 2 heptad
repeat domains HR1 and HR2, a transmembrane (TM) domain, and an endodomain (E) [25,
29-31].

The spike surface glycoprotein plays an essential role in binding to receptors on the
host cell and determines host tropism. The RBD comes into direct contact with the
extracellular binding site on ACE2 known as the peptidase domain (PD) [32]. There are two
cleavage sites in the S protein, arginine R667 and R797. The R667 site is at the division
between S1 and S2 and cleavage at the R797 site results in the final S2 polypeptide [33]. It
is also reported that Spike glycoprotein of thenovel coronavirus is modified via homologous
recombination. The spike glycoprotein of SARS-CoV-2 is the mixture of bat SARS-CoVand
a not known Beta-CoV. There are some variations in RBD amino acid contact with ACE2 of
SARS-COV?2 in apart from SARS- CoV, fig (5:a,b) ; these differences make SARS-COV2
is stronger binding to ACE2 Via spike glycoprotein [34, 35].

Loop with CTPPALNG

Fig. (5: aand b): Some variations in RBD (domains) amino acid contact with ACE2
between SARS-COV2 and SARS-CoV.

Finally, the C-terminal domain (CTD, 248- 365 AA) acts as a dimerization domain
for oligomerization [36]. On the whole, the C-Terminal of N protein is identical in all
coronavirus, so the variations are mainly focused on N-terminal domain. Unlike, the
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common folded N-terminal nitrogenous base binding channel tail, SARS- CoV-2 has
extended outward tail. This unique pattern leads to change charge distribution of N protein
nucleotide surface making easier accessibility. Moreover, the phosphate groupbinding site in
SARS-CoV-2 N-NTD haslarger side chain amino acid compared to other coronaviruses.
Finally, the edge of nitrogenous base in SARS-CoV-2 N-NTD has Arg 89 amino acid
compared with Tyr 102 causing increase polar properties. As for the C-terminal domain
fragment contains a short multiple hydrophobic interaction dimerization core besides
positive charged regions, the N protein is able to bind to single-stranded RNA (ssRNA),
single-stranded DNA (ssDNA) and double-stranded DNA (dsDNA) with greater affinities,
[37].

Alterations in the VOC spike protein

Spike protein exhibits more than 60% of all mutations distinguishing the Omicron VOC
from the original SARS-CoV-2 strain. The Omicron 21K and 21L Spike proteins share 20
amino acid alterations, with an additional 19 21K- and 14 21L-specific mutations,
respectively, although even higher numbers of mutations might be found in some viral
isolates [38]. In comparison, the Delta VOC differs by only 9 amino acid alterations from
the initial viral isolate, two of which (E478K and D614G) are shared by the Omicron VOC.
Twelve out of the 31 alterations in the S1 region of the Omicron Spike are located in the N-
terminal domain (NTD), 15 in the ACE2 receptor-binding domain (RBD), and five at the C
terminus. A total of 10 amino acid changes are located in the receptor-binding motif (RBM)
that makes direct contact with the human ACE2 receptor [39].

3.2.  Nucleocapsid protein (N)

Nucleocapsid protein "N" protein is a basic structural protein that protein binds to the
virus genome forming ribonucleoprotein known as nucleocapsid. N protein is more stable
than spike protein so it becomes a target for antiviral therapy, SARS-CoV-2 N protein
sequence contains 419 amino acid and shares 89.74 % SARS-CoV N protein but only
48.59 % of MERS-CoV one, [37]. The three structural domains have characteristics
common to all coronavirus N proteins, N-terminal domain (NTD, 45-181 AA) of the SARS-
CoV- 2 N protein acts as RNA-binding domain, then Ser/Arg (SR)-richlinker is responsible
for phosphorylation. N protein is considered a multifunctional; which binds with RNA for
genomic protection, ensuring replication and transmission. Also associates with M protein
during assembly. Moreover, N protein regulates host pathogens interaction such as actin
reorganization, host cell cycle progression, and apoptosis. Correspondingly, it is able to
induce immune response, so it is considered highly antigenic. Also, it can escape from
immune system via prohibition of type | interferon and cytokines after virion infected the
host cells, [40].

3.3. Envelope (E) protein

The SARS-CoV2 E protein is a small sized; 75AA, coded by E gene and considered a
critical component of purified virus particles; act as integral trans-membrane for ion channel
activityand responsible for virion envelope morphogenesis, [41]. Also CoV E may have an
anti-apoptotic function by suppressing the Unfolded Protein Response (UPR), probably as a
survival mechanism essential for virus dissemination, [42]. Generally, the E protein in all
coronaviruses comprised primary and secondary structures containing three domains. N-
terminal domain is a short (8 amino acids) hydrophilic then followed by an unusually long
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hydrophobic transmembrane domain (25-30 amino acids with 2—4 cysteine residues) that
formed a helical hairpin. The ending hydrophilic carboxyl C-terminal domain is long (40
amino acid), ubiquitinated requiredfor proper virus assembly, [43].

In contrary of the common observation among Coronaviridea members that the E
protein corresponding sequence in between isfew; (e.g. MERS-CoV is 69, 5%) there is a
94.74% identity shared between SARS- CoV2 'E protein' sequence and that of SARS-CoV.
SARS-CoV2 E protein is a pentameric and one unit of E protein consist of seven a- helices
and eight loops , so that the ion channel activity of ‘SARS-CoV2 E’ proteins is modulated
via pentameric ion channel, [44]. There are four differences between SARS-CoV and
SARS- CoV-2 E proteins; two replacements in BH-3like helix and two in N-terminal, fig.

(6),[41].
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Fig. (6): The variations in amino acids of E proteinbetween SARS-COV2 and SARS-
CoV.

3.4. Matrix M protein

It is essential in virus assembly, and plays an important role; turns cellular membranes
into factories where virus and host factors join to make new virus particles. The M proteins
fromSARS-CoV-2 as well as SARS-CoV, and MERS-CoV are targeted to the vicinity of the
Golgi apparatus. It is suggested that M protein promotes assembly by interacting with the
viral ribonucleoprotein (N protein) and Sglycoproteins at the budding site, besidescreation
of a network of M-M interactions which have the ability to exclude some host membrane
proteins from the viral envelope, [45, 46].

Differences in non- spike structural proteins:

Changes are found in all three non-Spike structural proteins: E (T91), M (D3G, Q19E,
A63T), and N (P13L, A31-33, R203K, G204R) associated to cell-mediated response
evading. Three of the four changes in the N protein of Omicron (P13L, R203K, G204R)
have been previously noticed in other VOC. [47]. Changes similar to R203K and G204R in
N are also found in the Alpha and Gamma VOCs and may be associated with increased viral
loads and sub genomic RNA expression [48]. However, the functional relevance of the T9I
change in the E protein as well as the D3G, Q19E, and A63T substitutions in the M protein
is currently unclear. Compared to other VOCs, the Omicron VOC has a surprisingly low
number of changes in its accessory proteins. Only ORF9b contains changes of P10S and
A27-29 but may just be changed as it overlaps the gene encoding the N protein [49].

3.5. Non- structural proteins of SARS-CoV-2 (Nsp):

The nonstructural proteins are coded by ORF1ab which encodes the ORF1ab poly-protein that contains from 1
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— 7096 amino acid fig (7).
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Fig. (7): ORF1ab sites of different non-structural proteins of SARS-CoV2.

3.6. Proteases (NSPS 3& NSPS 5)

Nsp 3 is a papain like protease (PLpro), while Nsp 5 constitutes 3-chymotrypsin-like
protease (3CL pro), and Mpro which are encoded by orflab gene. These enzymes are
important for virus replication and the translation of the polypeptide from the genomic RNA
to protein component, [50]. The three- dimensional structure of SARS-COV-2Mpro is
highly similar to SARS-CoV Mpro, sharing about 96%. The Nsp5 is about 305 amino acid,
and the differences between them are only 12 amino acid that are at positions 33, 44, 63, 84,
86, 92, 132, 178, 200, 265, 283 and 284, and on the same line, 3C- like protease sequence is
100% identical, [51].

Nsp5 is asymmetric unit contains only one but two of these polypeptides associate to
form a dimer designated (protomer A and B). Eachprotomer consist of 3 domain in which
domains | and Il ( 10-99 and 100-182 AA, respectively) are six-stranded antiparallel -
barrels that contain the substrate-binding site between them in the cleft. Domain Il (198-
303 AA) contains five a- helices that show globular cluster and shared in regulating
dimerization ofthe Mpro. A Long loop (185- 200 AA) links between domain Il and domain
[l that participate in the formation of the substrate binding pocket. There are twelve
cysteine residues across the protein molecule with six are buried in the core and the other six
areexposed to the surface, one of them (C145) located in the catalytic center that lies in a
cleftbetween domain | and domain Il, [52]. 3C like protease and papain like protease are
important enzymes for Viral RNAtranslation to polyprotein process that they work on more
than 11 cleavage sites on the large polyprotein 1ab (replicase 1ab), [51].

3.7. Nsp 9

Nsp9 in SARS-CoV?2 is encoded from orflab polyprotein and share 97% sequence of
Nsp9 in SARS-CoV. The apo-Nsp9 SARS-CoV?2 structure is related closely to that belongs
to SARS, and also like other Nsp9 homologues inwhich it exhibits an unusual fold that is
not found outside of coronaviruses. The core offold is a small 6-stranded enclosed B-barrel
that showed series of extended loops projected outward. Two loops (B2-3- and 3-4) are
projected from open face of barrel carry positive charge, rich glycine, and think toinvolve
RNA binding, [53].
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3.8. Nspl2 (RNA-dependent RNApolymerase RARp)

Nspl2 in SARS-COV -2 is encoded from orflab polyprotein and is closely related to
thatof picoronavirus (about 500 AA) apart to thatof The SARS-CoV nspl2 (932 AA).
SARS - CoV2 differs from SARS-CoV in 31AA mutations; 22 AA are located in N-
terminal of nsp 12 , the remaining nine amino acids are located in C-terminal of nsp12 and
one of them(S783A) is a non-conservative mutation, (Robert and Ward, 2019) [54]. SARS-
COV-2 NSP 12 consists of C-terminal domain, and right-hand polymerase domain, then
Nidovirus unique N- terminal extension domain which contain nidovirus RdRp- associated
nucleotide transferase (NiRAN) besides addition N-terminal B-hairpin. Finally, there is an
interface domain connect between the right hand and NiRAN, [55].

Polymerase domain (right hand) in SARS-COV-2 structure is like structure of others
inhuman associated coronaviruses that containspolymerase motifs A-G that form active site,
template/primer entry, nucleoside triphosphate (NTP) entry, and nascent strand exit
paths that is positively charged andsolvent-accessible, [56]. Onthe other hand, NiRAN in
which a portion ofthe N- terminal extension domain (residues 4to 28 and 51 to 249)
consists of two (other Nidoviruses have eight) helices with a five-stranded B-sheet at the
N terminus, and isconsidered a genetic marker for arrangementof Nidovirales that no viral
or cellularhomologs is identified, [57]. Nsp12 alone is of little activity, so it requiresco-
factor such as Nsp 7 and Nsp 8 for stimulating its polymerase activity that catalyzes the
synthesis of viral RNA and is necessary in replication and transcription [58].

3.9. Nsp 7 and Nsp 8

Nsp7 and Nsp 8 in SARS-COV-2 are encoded from orflab polyprotein, and found to be
bind to Nspl2 to form an active polymerase "apo RdRp complex". This complex includes
one nspl2, one nsp7 and two nsp8; the polymerase domain of nsp12 binds to nsp7 and nsp8,
leaving the other nsp8 molecule sited on the top of the finger subdomain and interacting
with the interface domain that make structure more flexible and stabilize, [55].

3.10. Nsp 10 and Nsp 14

Particularly, the nonstructural protein 10 (Nspl0) and its cofactor Nspl4 induce
exonuclease activity that primarily minimize the accumulation of mutations in the viral
genome [59].

3.11. Nsp 15 endoribonuclease

Nspl5 in SARS-COV-2 is encoded from orflab polyprotein and shares 88% sequence
identity and 95% similarity with SARS-CoV Nsp15. SARS-CoV2 Nspl5 is two monomers
as asymmetric unit. The structure of SARS-CoV-2 Nsp15 monomer is very similar to other
Nsp15s from coronaviruses, [60].

Nspl5 consists of three domain that is N- terminal domain, middle terminal and C-
terminal catalytic NendoU domain with several loops. N-terminal domain consists of three 3
strands as an antiparallel B-sheet (strands B1, 2, and B3) wrapped, around two a-helices (al
and o2). Middle domain consist of 12 Bstrands (4 B to 13 B strands) and three short helices
and finally the C-terminal catalytic NendoU domain consist of 6 Bstrands as two antiparallel
B-sheets with their edges is site for catalytic substance. The concave surface of the B-sheets
is flanked by five a-helices. Previous structure is a subunit of monomer, but latterly this
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monomer arranges for forming hexamer that is important for enzymatic activity. C-terminal
NendoU monomers assemble into a double- ring hexamer. The largest difference between
SARS-CoV-2and  SARS-CoV seems to occur in the position of middle domains. The
differences with H-CoV-229E are still more significant and show shifts in positions of a-
helices, 3-sheets and loops, [61].

Non-Spike alterations in the Omicron Proteome

A total of eighteen amino acid-changing mutations in the genome of Omicron VOC are
located outside the Spike gene. A variety of alterations, such as K38R, A1265, and A1892T
in Nsp3; P132H in Nsp5; 1189V in Nsp6; P323L in Nsp12; and 142V in Nspl14, are present
only in the Omicron VOC, and their potential functional consequences remain to be
determined. Several mutations affect Nsp3, which delSGylates the RNA sensor MDAS and
signal transduction factors to antagonize innate immune responses [62, 63].

The other prime protease; Nsp5 and the signal adaptor mitochondrial antiviral-signaling
protein (MAVS) known to enhance innate immune escape [64, 65], has a P132H mutation.

In support of a selective advantage, substitution of T492I in Nsp4 involved in viral
replication is also present in the Lambda, Delta, and Gamma VOCs of SARS-CoV-2. A
mutation similar to the 3-amino-acid deletion (A105-107) in a loop in the Omicron Nsp6
predicted by alpha-fold is also found in the Alpha, Beta, and Gamma VOCs and may be
used for PCR-based differentiation from other SARS-CoV-2 variants [66].

In addition, it has been hypothesized that this mutation may promote innate immune
evasion of the virus (58). Nsp7, Nsp8, and Nsp12 comprise the active RNA-dependent RNA
polymerase complex of SARS-CoV-2. Notably, the P323L mutation in Nspl2 is at the
interface with Nsp8 (Fig. 2C) [67].

Conclusion

A novel respiratory virus has been emerged at the end of 2019, the disease started in
China then spread rapidly and widely all over the world result in until now over 15 million
patient and over 600000 deaths. A novel virus belonged to Coronaviridae has been
confirmed as the causative agent and termed SARS-CoV-2. The primary zoonotic source of
the novel virus still not defined, may bat was suggested as the main reservoir. The
phylogenic studies revealed that the SARS-CoV-2 is set in beta corona viruses’ clade, and is
closer to SARS- like bat CoVs. The genomic structure and constitutional proteins displayed
some mutations and variances in comparison to other related human corona viruses.
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