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Abstract

COVID-19 pandemic emerged in December 2019, and it is still a global
threat with quite a few variants. The B.1.1.529, Omicron, identified in
South Africa in 2021, was one of the most notorious variants due to its
high infection and mutability capacity. The Omicron variant had
mutations in the S region of the key RBD which boosted the transmission
ability of the virus.

Resistance to antibodies and vaccines has been the key features of
this variant. The rise of antibody-evading variants has reached alarming
proportions and discovery of small molecule inhibitors has been thought
to be a solution to this problem. Presently scientific attention has been
substantially directed towards computational drug design performing
molecular simulations to generate effective chemical agents to tackle the
Omicron variant.
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Introduction

The world at large has been living with the severe acute respiratory syndrome
Coronavirus-2 (SARS-CoV-2), renown as COVID-19 pandemic, for more
than two years, and yet a definite solution as to the eradication of the virus
does not seem visible in the foreseeable future. Infection generally propagates
by aerial means, like through droplets formed during coughing and sneezing.
The pandemic involved more than 300 million people and 5.5 million
casualties (Figure 1) [1]. The variants Alpha, Beta, Gamma, Delta, and
Omicron, differ in their genetic contents, molecular structures, and in
susceptibility to vaccines available, implicating insurmountable encounters in
the clinical sense.
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Figure 1. Omicron pandemic worldwide.

The spike protein (S) found on the virus outer surface demonstrate a very
high binding affinity to the angiotensin converting enzyme (ACE) receptors
on host cells (Figure 2). Mutations within the spike protein vary greatly among
the variants. During the first step involves the binding of the S protein to ACE2
receptor on the host cell surface. SARS-CoV-2 then penetrates into the cell
membrane. The virus particle enters the cell through a membrane fusion event,
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involving furin and a type Il transmembrane serine protease (TMPRSS2) or
cathepsin L [2, 3].
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Figure 2. Structure of the SARS-CoV2 spike glycoprotein.

SARS-CoV-2 in the Past and Present

Coronaviruses (CoVs) have been known for many years as enveloped viruses
with single-stranded RNA genomes that cause diseases in domestic and wild
animals and humans (Figure 3). Although its seven types are known to date,
four of them (HCoV 229E, HCoV NL63, HCoV HKU1 and HCoV OC43)
cause only mild colds in humans, while SARS-CoV (severe acute respiratory
syndrome Coronavirus), MERS-CoV (Middle East respiratory syndrome
coranavirus) cause severe respiratory tract infections and death [4]. On 31
December 2019, Chinese authorities have first reported the Coronavirus
SARS-CoV?2, later named as COVID-19 (Coronaviridae Study Group of the
International Committee on Taxonomy of Viruses, 2020). COVID-19 is an
enveloped virus with 100-130 nm in diameter. Its genome is a positive-sense
RNA with 29,727 nucleotides [5]. The World Health Organization (WHO)
declared the worldwide disease a Public Health Emergency on 30 January
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2020 and a pandemic on 11 March 2020 [6]. Common symptoms of COVID-
19 infection are fever, fatigue, dry cough, diarrhoea, sore throat, myalgia,
stomachache, loss of smell and sense of smell. Besides, respiratory failure,
chest pain, haemoptysis, and confusion have also been reported [6].
Fortunately, most of the patients, having mild to moderate respiratory
complaints, overcome the infection at home. Serious cases expectedly have
involved elderly patients with susceptible backgrounds such as cardiovascular
disease, diabetes, cancer, and chronic respiratory disease [7].
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Figure 3. Human Coronavirus structure.

Molecular Features of Omicron Variant (B.1.1.529)

Viral pandemics often operate at different mutation levels and accordingly
create viral strains specific to each mutation level [8]. RNA viruses are very
much prone to high mutation rates within a very short period of time because
they do not possess proofreading machinery [9]. Omicron, B.1.1.529, has first
been identified in South Africa and Botswana [10]. Further research has
intriguingly maintained that Omicron could not be evolutionarily related to the
previously identified variants.

Subsequently, three proposals have been suggested as to the development
of Omicron: silent evolution, evolution taken place during, chronic, long-term,
infections, or in other animals, rodents in particular [11]. These suggestions
are quite plausible because Omicron is not a single type but has three strains,
BA.1, BA.2, and BA.3. The first one, once being the commonest global strain,
gradually left its space to BA.2 sporadically. BA.3 is on the other hand
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spatially a very restricted strain [12]. Omicron has globally become
formidable, evading the available treatment methods. Its genome, ca 30 000
bs, harbours more than 18 000 mutations in exon sequences. These mutations
are made up of insertions, deletions, nonsynonymous, and synonymous single
nucleotide polymorphisms (SNPs) [13]. Around 32 mutations have now been
reported in its Spike (S) protein.

Some of these mutations, K417N, E484K, N501Y, D614G, and T478K,
residing within RBD, show similarities to those of the previously identified
variants [13]. K417N involves an amino acid substitution, from lysine to
asparagine and is shared with Beta variants. E484K, causing reinfection,
converts glutamic acid to lysine and it is shared with both Beta and Gamma
variants [12, 14]. E484K mutation in the gamma variant was capable of
causing reinfection). N501Y involving the substitution from asparagine to
tyrosine, is shared with the Alpha, Beta, and Gamma variants. D614G causing
the change of aspartic acid to glycine is also mapped in the Alpha, Beta and
Gamma [15, 16].

Transmissibility of Omicron
Mutation Type

Concern about the rapid transmissibility of the Omicron variant has increased
in recent months as the number of cases folds dramatically, involving days and
weeks, especially in the US, in Britain, and in South Africa [17]. The reports
have maintained that Omicron was four-fold more infectious than the wild
type while Gamma variant had similar infection rates to that of the wild type;
Delta was almost twice efficient; the least infectious strain being the Beta
variant (Table 1).

Table 1. Characteristic comparisons of Omicron and Delta variants [18]

Characteristic Omicron Delta

Country first found South Africa India

Time frst reported November 24, 2021 December 5, 2020
Mutation residues 43 18

A69-70S deletion + -

Transmissibilty 3-6 fold 1 fold

R in Gauteng SA >2 <1

Complimentary Copy



166 Serap Cetinkaya, Nil Ozbiliim Sahin, Ali Fazil Yenidiinya et al.

Table 1. (Continued)

Characteristic Omicron Delta

Morbidity Mild Severe

Death Rare Common

Age of patients Middle aged people Children or elderly
Vaccine effect 33% 80%

Pathogenesis of Omicron

SARS-CoV-2 is able to infect a diverse range of host cells via their ACE2
receptor (Figure 4). The host cells can be from respiratory- or endothelial
system: alveolar epithelial cells, and macrophages in particular [19].
Macrophage and neutrophil cells are the members of the innate immune
system, and they define molecular patterns, activating the host immune system
via Toll-like receptors. The cytokines interleukin-6 (IL-6), IFN-y, and
monocyte chemoattractant protein-1, recruit monocytes, macrophages, and
neutrophils to the site of infection [20, 21]. These recruited cells release
cytotoxic chemicals to kill the infected host cells [22]. It is also worth to
mention that T cell responses to Omicron are maintained or even boosted in
the majority of infected and vaccinated individuals [23]. It appears that T-cells
can reduce the binding of the viral spike protein to ACE by more than 50%
[24].

The growth of monocyte macrophages and neutrophils occurs at the site
of infection due to the excessive presence of proinflammatory cytokines.
Overproduction of proinflammatory cytokines in SARS-CoV-2 causes
respiratory distress in the lung, resulting from the immune response to the
virus. The cytotoxic substances released by these cells cause tissue damage
and even cell death [25]. Although this immune response has been clearly
understood in COVID-19, the immune reaction in the case of Omicron
infection is still unclear [26]. The Omicron variant utilizes a new pattern to
enter the host cell. Due to this pattern, the Omicron variant is more effective
than the Delta variant. Omicron can cause upper respiratory tract infections
but not more serious lung diseases. This makes the activity of Omicron
clinically similar to previous Coronaviruses [27]. Replication of Omicron is
reduced in cells overexpressing TMPRSS2. Omicron enters the cell by
inhibiting TMPRSS2-mediated cell surface fusion. However, it follows
endosomal fusion [28, 29].
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Figure 4. SARS-CoV-2 targeting of ACE2 receptor and entry in infected cell.
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Clinical Symptoms of Omicron

Omicron infections involve common, less common, and severe symptoms.
The former usually manifests as headache, runny nose, tiredness (mild or
severe), sore throat, and sneezing. The second includes pharyngitis,
headaches, discoloration of fingers and toes, skin rashes, red or itchy eyes,
diarrhea, and stomach cramps. The last one is characterized by chest distress,
difficulty in breathing and/or moving, and disorientation [30]. It might be
useful to note that these symptoms are shared with those of the Delta variant.
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There are not many cases of convulsion in children, but the data were not
sufficient to infer that these cases are the result of infection.

The Omicron variant has been shown to replicate more rapidly in nasal
epithelial cells than in lung or intestinal cell lines [29]. It has also been shown,
in accordance with the previous inference, that Omicron multiplies rapidly in
human respiratory organs and bronchi but is less potent in human alveolar
organs and lungs [31]. These results indicate that Omicron infections mostly
involve the upper respiratory tract. Most studies attributed this to the
inefficient TMPRSS2 usage of Omicron [28]. Its high transmissibility rate
might be to do with this specificity of the infection site. It can also mean that
Omicron prognosis is less severe.

Severity of Omicron

Omicron infections can lead to organ dysfunction and sometimes to death. Its
severity is explained by the need for and length of hospitalization, and the
necessity for aeration [32]. The commonest infection manifestations are
asymptomatic. As the Omicron diversity spread rapidly, there were serious
increases in hospitalizations (Figure 5).

The virus can spread easily

Ny A sinalé The
."a‘ﬁ:" "1‘:'\ pr ':‘ﬂ ; to re h 1in suspended
% -9 : o int ir In very tiny
'.')‘.};;: 10,000 droplets E:‘AH:‘H
* ” )
ol R
4 ' Bph
t"\\‘ a2
TR o]
Vg O
‘;’;b'
The virus remains in the airways
i &8
Bl L~ S
D s Ry gf;ﬁi :\:;cb 3
SARS-CoV-2 ‘l, , g OYey
How is the virus spread? 2 &

lium

Created in BioRender.com bio

Figure 5. Spread of SARS-CoV-2 virus.
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Unvaccinated people, the elderly, and people with a pre-existing chronic
illness are at higher risk of developing a serious infection. These clinical
features do not seem to differ according to the strains of Omicron [33], despite
the possible growth advantage of BA.2.93. Vaccination before infection,
economic status of the patient, and the quality of the healthcare service appear
to greatly contribute to the outcome of Omicron infections [34].

Mutations in Omicron and Their Biological Consequences

The combination of K417N + E484K + N501Y mutations has been known to
be lethal in the infections with Beta or Gamma variants. It also seems to
increase transmissibility by 50%, and result in higher hospitalization rates, and
death [35].

Omicron spike protein harbours at least 30 amino acid conversions,
affecting its infection frequency [36]: Ala67Val, Thr95Ile, Gly142Asp, A69-
70, A143-145, Leu212lle, Gly339Asp, Lys417Asn, A211, Asnd40Lys,
Gly446Ser, Ser373Pro, Ser375Phe, Ser371Leu, Serd77Asn, Glu484Ala,
GIn498Arg, GIn493Arg, Gly496Ser, Asn501Tyr, Tyr505His, Thr547Lys,
Asn679Lys, Thr478Lys, Asn764Lys, Pro681His, Asp614Gly, Asp796Tyr,
His655Tyr, GIn954His, Asn969Lys, Asn856Lys, and Leu981Phe.

Some exemplary effects of the above amino acid conversions were as
follows: Asn 501Tyr positively influences Omicron’s receptor binding
capacity [37], and its rate of transmission. D614G, N501Y, and K417 also
enable Omicron to be more transmissible [38]. N501Y also involves in
transmissibility, and some other mutations enhance the binding affinity of S
protein to ACE2.

Cellular kinases, such as PI3BK/AKT, appear to be essential for the entry
of Omicron. N501Y mutants can also imitate the epidermal growth factor in
accomplishing the first step of the viral entry [39]. Moreover, His655Tyr
adjacent to the furin cleavage point, can hasten the cleavage of S protein and
the infectivity [40].

It seems that electrogenic mutations modulating the electrostatic forces
between RBD of the spike protein and its receptor, ACE2, are implicated in
the infection process, where higher Coulomb attractions increase the virus
binding on the host cell surface [41, 42].

Cryo-EM structural analysis of the Omicron variant spike protein
complexing with human ACE2 resolved hydrogen bonds and additional salt
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bridges in mutant RBDs harboring the R493, R498, and S496 transformations
[43].

RNA-dependent RNA polymerase (Nsp12) and protein 14 (Nspl4) are
central in the replication of Omicron genome replication, and it has been
suspected that mutant forms of these proteins might in part be responsible for
the high mutation rate in the Omicron genome [34]. Omicron nucleocapsid
protein also has mutant forms harbouring R203K and G204R conversions [44-
46].

Directed amino acid conversions, Q493R, S373P, S375F, N501Y, S371L,
T478K, and Q498R have indicated that amino acid at these positions in the
wild type spike protein could be accounted for Omicron’s high binding
propensity to ACE2. Receptor binding domain, RBD, of the spike protein
appears to be stabilized by the hydrophobic residues phenylalanine and
leucine.

The pathogenicity of Omicron is mainly attributed to the unstructured
protein regions. Omicron proteins have variant relatively few disordered
regions. In its spike protein such a region resides between amino acids 468
and 473 [47].

Prediction of Escape Mutants through Bioinformatics Analysis

Deep mutational screening assays make it easy to estimate the influence of
mutations on virus antigenicity. In this context, mutations in the RBD of the
spike protein have been scrutinized using an “escape calculator” on the basis
of experimental data. The mutational background of Omicron has been
pictured using amino acid interaction (AAIl) networks. Experimental data
included the results obtained with tens of monoclonal antibodies. Calculations
have been found to be in agreement with the experimental neutralization
results [48].

Efficacy of COVID-19 Vaccines against the Omicron Variant
Recently, Immunotherapy has highlighted the state of treatment approaches
and the effectiveness of COVID-19 vaccines that have received urgent

approval against many SARS-CoV-2 variants [49]. Researchers have partially
demonstrated the efficacy of various vaccine formulations, including
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inactivated vaccines, nucleic acid vaccines, viral vector-based vaccines, and
protein subunit vaccines, to reduce COVID-19 infection [49].

The Omicron variant of SARS-CoV-2 has been identified in COVID-19
vaccinated patients. While this reduces the immune invasion of the new
variant, it increases the need for new vaccines. The Omicron virus spike
protein 30 mutation is thought to be associated with an increase in circulating
antibodies against the infection [50].

Compared to the Omicron Delta variant, it infects more of the upper
respiratory tract than the lungs and promotes the spread of this variant
[51, 52]. Studies have shown that CoronaVac and mRNA vaccines (RNA-
1273 and BNT162b2) have a significantly lower neutralizing effect against the
Omicron variant [51-53]. None of the 25 CoronaVac recipient serum samples
collected in the vaccination tests conducted at the vaccination centers showed
any neutralizing antibody titers against the Omicron isolates [54].

The two BNT162b2 vaccines, which can provide more than 90%
protection against the Delta variant, are less effective against SARS-CoV-2 of
the Omicron type [55]. In South Africa, two doses of BNT162b2 were
associated with 33% efficacy against SARS-CoV-2 infection during the
Omicron surge, while 70% efficacy against COVID-19 hospitalization [56].
In one study, polyclonal serum from individuals vaccinated with two doses of
BNT162b2 COVID-19 vaccine and from recovered individuals reported
complete resistance to several clinically used monoclonal antibodies in
addition to neutralizing activity against Omicron [57].

Moreover, although the additional booster vaccine dose is four to six times
lower than the wild-type SARS-CoV-2 strain, it produces a highly effective
antibody response and reduces severe morbidity and mortality in Omicron-
infected patients [58, 59]. Neutralization tests comparing human serum
samples from individuals who received two and three doses of mMRNA vaccine
(BNT162b and mRNA-1273) found significantly lower efficacy against Beta
and Omicron variants in subjects who received two doses. A similar reduction
in neutralizing activity was observed in Coronavac and AstraZeneca, and
neutralizing antibodies against the Omicron variant were not detected in any
of them. Recent data highlight the importance of a third dose of mRNA
vaccine, showing that two doses of vaccine are not sufficient to protect against
Omicron infection [53, 60]. Laboratory studies with Pfizer-BioNTech
vaccines show that a repeat dose alone can increase neutralizing antibody titers
25-fold compared to two other doses [61].
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Vaccination programs against new variants should continue at full speed
and SARS-CoV-2 variants should be closely monitored as part of global
surveillance initiatives to ensure necessary countermeasures are taken [62].

A conserved T-cell activity was demonstrated in both previously infected
and vaccinated sera conferring broad immunity against the Omicron variant.
Confirmation of a pre-existing non-spiking memory T cell would justify the
development of second-generation vaccines based on non-spiking antigens
[63]. Some institutions have already started developing Omicron variant-
specific COVID-19 vaccines and are confident enough to launch the vaccine
by the end of July 2022 [64, 65].

Theoretical Calculation

Theoretical calculations provide significant time and financial savings for
experimental processes by comparing the activities of molecules before
experimental processes. molecular docking calculations are made in
Schrodinger’s Maestro Molecular modeling platform (version 12.8) [66]. As
a result of the theoretical calculations made, large are achieved by determining
the molecules with high activity. In this study, calculations were made for
proteins that are omicron variants of SARS-CoV-2 (PDB ID: 7TMRV, 7Q07,
and 7UON) [67-69]. These proteins are compared with their activities using
molecules used for 30 selected diseases. The results obtained are given in
Table 2.

In the calculations made, the numerical values of the molecules docking
score parameter are compared in Table 2. In this comparison, it is thought that
the molecules with the most negative docking score parameter value have
higher activity. Therefore, the inhibitory potential of these molecules to the
omicron variant of SARS-CoV-2 virus was compared [70-73].

Table 2. Activity values of molecules against omicron proteins

Proteins

7TMRV 7Q07 7UON
1 Carvacrol -5.08 -5.16 -6.29
2 Cynaropicrin -5.69 -5.64 -6.53
3 Remdesivir -6.99 -6.09 -7.40
4 Santalic acid -3.26 -2.85 -3.98
5 Alpha-Bisabolol -3.85 -3.43 -4.73
6 Chlorogenic Acid -5.51 -6.03 -5.61
7 Bharangin -4.54 -4.06 -4.78
8 Beta-pinene -4.25 -3.79 -4.29
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Proteins

7TMRV 7Q07 7UON
9 BetaSitosterol -3.47 -3.88 -4.27
10 | Cissamine -5.27 -6.04 -5.57
11 Eugenol -3.71 -4.01 -4.86
12 | Gallic acid -4.83 -4.84 -5.58
13 | Ribavirin -6.79 -6.82 -8.04
14 | 6-Gingerol -2.54 -2.89 -3.34
15 | Favipiravir -4.76 -5.56 -5.92
16 | Quercetin -5.72 -5.34 -5.68
17 Vitexin -5.45 -6.41 -6.75
18 | Apigenin -5.79 -5.29 -6.24
19 | Linoleic acid 0.24 0.35 -0.31
20 | Rutin -6.81 -6.90 -6.88
21 | Cucurbitacin B -5.82 -5.09 -5.60
22 | Costunolide -4.16 -5.13 -5.30
23 | 6-Shogaol -2.30 -2.12 -2.77
24 | Pellitorine -0.86 -0.29 -0.61
25 | Andrographolide -6.20 -5.03 -5.28
26 | Piperine -4.88 -4.32 -5.52
27 | Vasicine -6.31 -6.05 -6.73
28 | Thymol -5.32 -4.58 -6.08
29 | Piperidine -4.77 -4.13 -5.29
30 | Spathulenol -4.25 -4.74 -6.54
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Figure 6. (Continued).
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Figure 6. Illustration of molecule rutin interaction with 7QO7- protein.
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Figure 7a. lllustration of molecule ribavirin interaction with 7UON protein.

Complimentary Copy



Omicron 175

 TRPELY  [asp)
{Y&: 106" 105 SERJg 91y
ASN —T: 356 U: 104SER
g . - 2
@, —C: 354 U 1020y

U: 102

\
ALA

U: 1004 Fy
C: 452
PHE

o] s l490
?\/ LEU
, 1 A9%

SER'

Figure 7b. lllustration of molecule remdesivir interaction with 7WRYV protein.

Conclusion

The Omicron variant, which has been reported in many countries, has been
declared an alarming variant by WHO. However, it is known that the severity
of the disease is lower than other variants. Due to S and N protein mutations,
capsid assembly and cell permeability increased 3 times in Omicron variant
compared to Delta variant. The more stable structure of the omicron variant is
supported by the fact that its RBD and the entire spike protein have more
alpha-helical structures compared to the delta variant [74].
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Although the Omicron variant is known to increase the contagiousness of
COVID-19 infection, it is not yet clear whether it can trigger the disease or
interfere with the immunity provided by the vaccine [75, 76]. People are
currently receiving a third vaccine or booster that increases the level of
neutralizing antibodies. Our immune cells exert an action against the Omicron
invaders. This attenuated form is expected to cause herd immunity due to its
high infectivity and lower mortality.

There is considerable uncertainty surrounding the various features of
Omicron. Due to the rapid increase in the global availability of the Omicron
variant, the urgency of administering repeated doses has been emphasized.
There is much uncertainty about the benefits and advantages of vaccines
against the Omicron variant. Although several studies have shown that the
effectiveness of the vaccines against COVID 19 compared to the Omicron
variant is low, people should still be vaccinated because the vaccines help to
significantly reduce the severity of the disease. The Omicron variant is still a
very new concept and therefore requires a lot of research to be clearly
understood. Therefore, the administration of a booster dose of the COVID-19
vaccine can be tailored according to vaccination strategies. Effectively, the
focus must be on accelerating vaccination booster programs and reintroducing
stricter and preventive measures that reduce the spread and infectivity of the
virus.

The big question will be whether the next variant will reverse this trend
and cause more severe disease, or will lower pathogenicity, Omicron level, or
better SARS-CoV-2 variants be introduced? While we have so far completely
failed to predict the course of the pandemic, perhaps it is time to reconsider
how new variants evolve, bearing in mind that various variants may evolve in
different ways, we can predict what will happen next [77, 78].

In the calculations, the activities of 30 molecules whose molecules were
studied were compared against the SARS-CoV-2 virus omicron variant. It was
observed that the routine molecule against the omicron variant 7QQO7 protein
with -6.90 docking score parameter values, the ribavirin molecule against
7UON protein with -8.04 docking score parameter value, and the molecule
remdesivir with -6.99 docking score parameter value against 7WRYV protein
than other molecules. It is hoped that the calculations made will be an
important guide before many in virtro and in vivo procedures in future.
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