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Research Article 

Molecular insights into the binding interactions and energetics of the 
omicron spike variant with hACE2 and a neutralizing antibody 

Vipul Kumar 1, Seyad Shefrin , Durai Sundar * 

Department of Biochemical Engineering and Biotechnology, Indian Institute of Technology (IIT) Delhi, New Delhi 110016, India   
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A B S T R A C T   

The global spread of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) since 2019 has led to a 
continuous evolution of viral variants, with the latest concern being the Omicron (B.1.1.529) variant. In this 
study, classical molecular dynamics simulations were conducted to elucidate the biophysical aspects of the 
Omicron spike protein’s receptor-binding domain (RBD) in its interaction with human angiotensin-converting 
enzyme 2 (hACE2) and a neutralizing antibody, comparing it to the wildtype (WT). To model the Omicron 
variant, 15 in silico mutations were introduced in the RBD region of WT (retrieved from PDB). The simulations of 
WT spike-hACE2 and Omicron spike-hACE2 complexes revealed comparable binding stability and dynamics. 
Notably, the Q493R mutation in the Omicron spike increased interactions with hACE2, particularly with ASP38 
and ASP355. Additionally, mutations such as N417K, T478K, and Y505H contributed to enhanced structural 
stability in the Omicron variant. Conversely, when comparing WT with Omicron in complex with a neutralizing 
antibody, simulation results demonstrated poorer binding dynamics and stability for the Omicron variant. The 
E484K mutation significantly decreased binding interactions, resulting in an overall decrease in binding energy 
(~− 57 kcal/mol) compared to WT (~− 84 kcal/mol). This study provides valuable molecular insights into the 
heightened infectivity of the Omicron variant, shedding light on the specific mutations influencing its in
teractions with hACE2 and neutralizing antibodies.   

1. Introduction 

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
originated in the Wuhan province of China in December 2019, causing 
Coronavirus Disease-19 (COVID-19), which has taken millions of lives 
till now (Lu et al., 2020). The SARS-CoV-2 is highly similar to the pre
viously known SARS-CoV that caused the outbreak in 2002 and 2004 
(Abdelrahman et al., 2020; Boni et al., 2020). The SARS-CoV-2 origi
nated in China in December 2019 and was transmitted globally within a 
couple of months; therefore, it was declared a pandemic by WHO in 
March 2020 (Cucinotta and Vanelli, 2020; Ranney et al., 2020). Coro
naviruses are the enveloped single-stranded, +sense RNA viruses 
(V’Kovski et al., 2021). There are four similar Coronaviruses that have 
been known for human infections, namely, Alpha (NL63 and 229E) and 
Beta (HKU1 and OC43) (Ye et al., 2020). All these viruses are reported to 
have zoonotic origin (Ye et al., 2020). Since the SARS-CoV-2 virus 
outbreak, this virus has been mutating and giving rise to various variants 
(Krause et al., 2021; Kumar et al., 2021; Singh et al., 2021). Moreover, 

the fast and rapid mutation rates in the SARS-CoV-2 are the primary 
concern for the global medical systems (Zeyaullah et al., 2021). 
Currently, eight vaccines are commercially available around the globe 
and have been approved by the WHO (https://covid19.trackvaccines. 
org/agency/who/). Most vaccines are based on the spike protein of 
the SARS-CoV-2 (Heinz and Stiasny, 2021). Until now, Paxlovid, 
Remdesivir and Molnupiravir have been approved by WHO for the 
treatment of COVID-19 (Kalra et al., 2020; Kalra et al., 2021). Never
theless, the critical question remains: given the rapid mutation in the 
SARS-CoV-2, mainly in the spike region, would these available vaccines 
and medicine be effective against the coming new variants? 

Based on the combinations, number of mutations and the effects of 
these mutations in transmissibility, virulence, and effectiveness of the 
available therapeutics against these, WHO has categorized these vari
ants into three categories. As of now, there are five variants of concerns 
(VOC), namely, B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), B.1.617.2 
(Delta) and B.1.1.529 (Omicron) (Kumar et al., 2021; Callaway and 
Ledford, 2021) (https://www.who.int/en/activities/tracking-SARS- 

* Corresponding author at: Department of Biochemical Engineering and Biotechnology, Indian Institute of Technology (IIT) Delhi, New Delhi 110016, India. 
E-mail addresses: vipul2732@gmail.com (V. Kumar), bez188440@dbeb.iitd.ac.in (S. Shefrin), sundar@dbeb.iitd.ac.in (D. Sundar).   

1 Present Address: Department of Bioengineering and Therapeutic Sciences, University of California San Francisco, San Francisco, CA 94143, USA. 

Contents lists available at ScienceDirect 

Journal of Structural Biology 

journal homepage: www.elsevier.com/locate/yjsbi 

https://doi.org/10.1016/j.jsb.2024.108087 
Received 29 January 2024; Received in revised form 11 March 2024; Accepted 15 March 2024   

https://covid19.trackvaccines.org/agency/who/
https://covid19.trackvaccines.org/agency/who/
https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/
mailto:vipul2732@gmail.com
mailto:bez188440@dbeb.iitd.ac.in
mailto:sundar@dbeb.iitd.ac.in
www.sciencedirect.com/science/journal/10478477
https://www.elsevier.com/locate/yjsbi
https://doi.org/10.1016/j.jsb.2024.108087
https://doi.org/10.1016/j.jsb.2024.108087
https://doi.org/10.1016/j.jsb.2024.108087
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jsb.2024.108087&domain=pdf


Journal of Structural Biology 216 (2024) 108087

2

CoV-2-variants/). Further, there are two variants of Interest (VOI), C.37 
(Lambda) and B.1.621 (Mu). Moreover, there are seven Variants under 
monitoring (VUM), AZ.5, C.1.2, B.1.617.1, B.1.526, B.1.525, B.1.630, 
B.1.630 and B.1.640 (naming is according to Pango lineage) (https:// 
www.who.int/en/activities/tracking-SARS-CoV-2-variants/). The most 
recent outbreak has been reported in South Africa due to the Omicron 
variant of SARS-CoV-2 (Callaway and Ledford, 2021). And on November 
26, 2021, WHO considered this variant Variant of Concern (https:// 
www.who.int/en/activities/tracking-SARS-CoV-2-variants/). This new 
variant has 32 mutations in the spike protein only, including at the 
Receptor Binding Domain (RBD) and furin cleavage site (Chen et al., 
2021). It is also reported that this variant has 69–70 deletions in the S 
gene region, leading to S gene dropout or S gene target failure in the RT- 
PCR tests. However, this can be used as a marker for the identification of 
this particular variant (Venkatakrishnan et al., 2021; Karim and Karim, 
2021) (https://www.who.int/news/item/26-11-2021-classification-of- 
Omicron-(b.1.1.529)-sars-cov-2-variant-of-concern). The mutation pro
file in the Omicron spike RBD domain is shown in Fig. 1. 

Given the severity and continuous mutation profile in SARS-CoV2, it 
was important to study these mutations in the Omicron variant care
fully. Such a study will aid in understanding the impact of these muta
tions on the structure, function, and interactions, particularly regarding 

the spike protein’s binding to Angiotensin-converting enzyme 2 
(hACE2) and antibodies. Therefore, the aim of this study was to inves
tigate the binding, dynamics and energetics of the WT with and 
neutralizing antibody and compare them with Omicron. For this study, 
the 2.45 Å resolution crystal structure of WT spike bound with hACE2 
(PDB ID: 6MOJ) and WT spike bound with neutralizing antibody (PDB 
ID: 7BWJ) was used. The focus was on the mutation profile of the spike 
in the RBD domain. The Omicron spike variant was modelled by 
inducing 15 mutations (G339D, S371L, S373P, N417K, N440K, G446S, 
S375F, S477N, T478K, E484K, Q493R, G496S, Q498R, N501Y and 
Y505H) in the WT spike RBD for both the complexes (with hACE2 and 
neutralizing antibody). A 200 ns classical MD simulation was carried out 
to study the spike variant’s interaction pattern, dynamics and ener
getics. It was found that in the case of spike-hACE2, mutations in the 
Omicron variant caused an increase in binding interactions with hACE2; 
at the same time, some of these mutations were also found to be ener
getically favorable, making the omicron structure more stable. On the 
other hand, the mutation in the Omicron variant caused a significant 
reduction in contacts and binding energy with neutralizing antibody. 
Our analysis showed that the Omicron variant enables a higher binding 
of the spike RBD with hACE2 than the WT and reduces the binding with 
neutralizing antibody. The results of these computational analyses give 

Fig. 1. The mutations in the Omicron variant in the spike (Receptor Binding Domain) bound with hACE2. The pictorial representation of spike RBD (Yellow colour), 
with hACE2 (Blue colour) and BOAT (SLC6A19) (Cyan colour) Complex in a Bilayer (PDB ID: 6 M17). The red spheres in the spike RBD region showing the 15 
mutations reported in the Omicron variant. For this study, only the spike (RBD) complexed with hACE2 has been considered. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 
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insights about the higher transmissibility of the Omicron variant and its 
virulence potential compared to the WT SARS-Cov2. 

2. Material and methods 

2.1. Molecular dynamics (MD) simulations 

A similar method for other systems has been reported in detail 
elsewhere (Kumar et al., 2021). Here, we have briefly reported the 
overall methods utilized. For this study, only the spike (RBD) complexed 
with hACE2 has been considered. The 3D X-ray crystal structures of 
wildtype spike protein (RBD) bound with hACE2 and neutralizing 
antibody were retrieved from Protein Data Bank (PDB) having PDB ID 
6M0J (resolution 2.45 Å) and 7BWJ (resolution 2.85 Å), respectively. 
The retrieved complexes were then prepared in the following three steps 
for the simulation using the protein preparation wizard of Schrodinger 
software (Schrödinger Release, 2020-2). Firstly, complexes were pre- 
processed by adding missing hydrogens, filling missing side chains, 
filling missing loops and removing water. Secondly, pre-processed 
structures were optimized for correct hydrogen bond assignment using 
PROPKA tool of the Protein preparation wizard at pH 7 (Olsson et al., 
2011). Finally, the optimized structures were restrained minimized until 
heavy atoms converged to RMSD 0.30 Å using OPLS3e forcefield (Roos 
et al., 2019). After the preparation, in both the complexes (spike-hACE2 
and spike-Antibody), 15 mutations (Fig. 1), which were reported for the 
Omicron variant was introduced in the RBD domain of the spike protein 
using the Maestro suite of Schrodinger (Schrödinger Release, 2020-2; 
Madhavi Sastry et al., 2013). Then, the mutated complexes were sub
jected to the 50 ns of the classical MD simulations, and the final structure 
files were then taken as the initial prepared structure. Finally, all the 
initial prepared structure complexes (WT and mutated) were taken for 
the system building for the MD simulation. Systems were built using the 
TIP3P water model (Jorgensen et al., 1983) and neutralized by the 
addition of appropriate Na+/Cl− ions. Further, the built systems were 
minimized by running 100 ps low-temperature (10 K) Brownian motion 
MD simulation (NVT ensemble). Then, the minimized systems were 
subjected to the following five steps of the system relaxation protocol 
before simulation. (i) Brownian dynamics (NVT) at temperature 10 K 
with restraints on solute-heavy atoms for 100 ps. (ii) Classical MD 
simulation in NVT ensemble at temperature 10 K with restraints on 
solute heavy atoms for 12 ps. (iii) Classical MD in NPT ensemble at 
temperature 10 K with restraints on solute heavy atoms for 12 ps. (iv) 
Classical MD in NPT ensemble at temperature 300 K with restraints on 
solute heavy atoms for 12 ps and (V) Classical MD in NPT ensemble at 
temperature 300 K without ant restraints for 24 ps. Finally, the relaxed 
systems were subjected to 200 ns classical unrestrained MD simulations 
in an NPT ensemble at 300 K temperature maintained by Nose–Hoover 
chain thermostat constant pressure of 1 atm maintained by Marty
na–Tobias–Kelin barostat and an integration time step of 2 fs with a 
recording interval of 200 ps, having columbic short-range interaction 
radius cut-off of 9.0 Å and custom initial velocity randomization value 
(2007) (Schrödinger Release, 2020-2). 

2.2. MD simulation analysis 

The MD trajectories were analyzed for the Root Mean Square Devi
ation (RMSD), Root Mean Square Fluctuation (RMSF) and number of 
hydrogen bonds between the complexes using the Simulation event 
analysis tool of Desmond integrated with Maestro suite of Schrodinger 
Software. Further, the hydrogen bond occupancy was calculated using 
visual molecular dynamics (VMD) (Humphrey et al., 1996). The mo
lecular mechanics generalized Born surface area (MM/GBSA) free 
binding energy between spike proteins and hACE2, along with spike 
protein and neutralizing antibody, was calculated for the 20 structures 
extracted from the 100 ns–200 ns MD trajectory using the prime module 
of Schrodinger software (Schrödinger Release, 2020-2). Finally, the 

energy contribution of the mutated residues was compared with wild
type residues using the Prime module of Schrodinger. The detailed 
mathematical equations and theory behind these calculations have been 
reported elsewhere (Kumar et al., 2021). 

3. Results 

3.1. Modelled mutant omicron spike (RBD) had similar dynamics as WT, 
while significantly increased the number and fraction of H-bond 
interactions with hACE2 

The wildtype (WT) spike (RBD)-hACE2 complex, along with the 
Omicron spike (RBD)-hACE-2 complex were simulated for the 200 ns. 
Firstly, the global deviation of the complexes with time was analyzed by 
calculating the RMSD. The RMSD data showed that within the first 20 ns 
of the simulation, both the complexes got stabilized, and both had 
similar average deviation throughout the simulations afterward, i.e., 
WT-spike-hACE2 (3.07 ± 0.41 Å) and Omicron-spike-hACE2 (3.27 ±
0.40 Å) (Fig. 2A). When the average fluctuation of the individual resi
dues of the WT spike and Omicron spike protein was analyzed through 
RMSF calculation, it was found that Omicron spike residues were less 
dynamic than the WT spike. The average RMSF of the WT spike was 3.26 
± 1.22 Å, while for the Omicron spike it was 2.90 ± 0.93 Å. It was also 
observed that although Omicron’s overall spike RBD residues had less 
fluctuation than WT, residues (475–493) of Omicron had higher fluc
tuation than WT (Fig. 2B). After analyzing the overall deviation and 
average residue fluctuation throughout the 200 ns simulation time, it 
was observed that there was not a significant difference between the two 
complexes in terms of dynamics. Then, the number of hydrogen bonds 
between the spike-hACE2 in both the modelled mutants and the wild 
type was calculated. It was found that WT spike-hACE2 (11.23 ± 2.12) 
had a higher number of hydrogen bonds throughout the simulations 
than the Omicron spike-hACE2 (8.07 ± 1.75) (Fig. 2C). Further, MM/ 
GBSA free binding energy of the spike-hACE-2 complex was computed 
by extracting 20 structures from the equal interval from the last 100 ns 
of the simulations. The binding free energy of each of the 20 structure 
complexes has been shown in Fig. 2D. The individual binding energy for 
each frame along with all the energy terms contributing to overall MM/ 
GBSA binding free energy has been reported in supplementary material 
(Table S1). The average free binding energy showed that both Omicron- 
spike-hACE2 (− 103 ± 17 kcal/mol) and WT-spike-hACE2 (− 100 ± 14 
kcal/mol) complexes had similar binding affinity for hACE2. Then, the 
significant (>20 % of simulation time) hydrogen bonding residues of 
spike protein with hACE2 and their contact frequency were calculated. 
The Omicron spike variant had more significant hydrogen bonding with 
hACE2 than the WT spike. It was observed that ARG 493 of spike was 
making contact with GLU35, ASP38, and ASP355 of hACE2 for around 
22 % of simulation time, and ASN487 of spike was making contact with 
TYR83 for 34 % of simulation time. Similarly, THR500 was making 
contact with ASP355 and TYR41 for 22 % of the simulation time, 
TYR449 was making contact with ASP38 for 22 % of simulation time, 
and ALA475 was making contact with SER19 for 24 % of simulation 
time. In contrast, in the case of WT spike-hACE2 interactions, the in
teractions were few in comparison to the Omicron spike. In the WT 
spike-hACE2 complex, ASN487 was making contact with TYR83 for 50 
% of simulation time, THR500 was making contact with ASP355 for 42 
% of simulation time, TYR489 was making contact with TYR83 for 49 % 
of the simulation time, and GLN493 was making contact with LYS31 for 
20 % of simulation time (Fig. 3A and B). 

Further, in both the complexes, ASN487, THR500 and GLY502 of 
spike protein were making hydrogen bond contacts with TYR83, 
ASP355 and LYS353, respectively. Besides that, TYR449 and ALA475 
were involved in significant hydrogen bonding with ASP38 and SER19 
of hACE2 in the Omicron-spike-hACE2 complex. While TYR489 was 
making a hydrogen bond with TYR83 in the WT-spike-hACE2 complex 
(Fig. 3A–D). Finally, to investigate the effect of the individual mutations 
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Fig. 2. The MD analysis of the simulated complexes. (A) The RMSD plot shows a similar deviation in the Omicron-spike-hACE2 and WT-spike-hACE2 complex. (B) 
The RMSF plot reveals that the Omicron-spike variant was more stable than the WT spike. (C) The number of hydrogen bond contacts was greater in the WT-spike- 
hACE-2 than in the Omicron-spike-hACE2 complex. (D) MM/GBSA binding free energy of the 20 structure complexes extracted from each trajectory at equal span, 
suggesting that both WT and Omicron spike had similar affinity for hACE2. 

Fig. 3. Significant hydrogen bond contacts between the spike protein and hACE2. (A) The spike residues of the Omicron (RBD) variant (residues lower in the X axis) 
making hydrogen bond contacts with hACE2 (residues above in the X axis). (B) The WT spike hydrogen bond contact frequency with hACE2 (duplication of residue 
numbers is due to different hydrogen bonds within the same set of residues but between different atoms). (C) The ribbon representation of Omicron spike significant 
hydrogen bonds with hACE2. (D) The ribbon representation of WT spike significant hydrogen bonds with hACE2. 
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on the spike protein stability, the average structure from the last 100 ns 
of the simulation was extracted. The energy contribution of each 
mutated residue was calculated and compared with WT, and the energy 
difference has been shown in Fig. 4. In most of the cases, WT residues 
were favorable, while in the case of K417N, S477N, T478K, and Y505H 
modelled mutant residues were highly favorable (Fig. 4). 

3.2. E484A mutation in the Omicron spike (RBD) has significantly 
decreased the binding energy and alters the fraction of H-bond interactions 
with neutralizing antibody 

The wildtype (WT) spike-antibody complex and the Omicron spike- 
antibody complex were simulated for the 200 ns. The global deviation 
of the complexes with time was analyzed initially by calculating the 
RMSD. The RMSD data showed that within the first 100 ns of the 
simulation, both the complexes got stabilized. However, there was a 
difference in the average deviation, the WT-spike-antibody complex was 
found to be less deviating and stabler than the Omicron-spike-antibody 
complex. i.e., WT-spike-antibody (3.74 ± 0.52 Å) and Omicron-spike- 
antibody (6.64 ± 1.05 Å) (Fig. 5A). When the average fluctuation of 
the individual residues of the WT spike and Omicron spike protein was 
analyzed through RMSF calculation, it was found that Omicron spike 
residues and WT spike had similar average fluctuation. The average 
RMSF of the WT spike was 1.37 ± 0.596 Å, while for the Omicron spike 
it was 1.41 ± 0.66 Å. It was also observed that the residues 453–483 of 
Omicron had higher fluctuation than WT at the binding region for the 
neutralizing antibodies (Fig. 5B). To clearly understand the variations 
observed in the RMSD and RMSF plot, the number of hydrogen bonds 
between the spike-antibody in both the modelled mutants and wild type 

was calculated. It was found that the WT spike-antibody (8.49 ± 1.50) 
had a higher number of hydrogen bonds throughout the simulations 
than the Omicron spike-antibody (6.32 ± 2.87) however when the 
number of hydrogen bonds were compared in the converged region 
between 100 ns and 200 ns the average number of bonds for WT spike 
-antibody (7.91 ± 1.63) found to be slightly lower than the Omicron 
spike-antibody (8.73 ± 1.71) (Fig. 5C). Further, the MM/GBSA free 
binding energy of the spike-antibody complex was computed by 
extracting 20 structures from the equal interval from the last 100 ns of 
the simulations. The binding free energy of each of the 20 structure 
complexes has been shown in (Fig. 5D). The individual binding energy 
for each structure along with all the energy terms contributing to overall 
MM/GBSA binding free energy has been reported in supplementary 
material (Table S1). The average free binding energy showed that 
Omicron-spike mutations had reduced the binding affinity to (− 57.76 ±
19 kcal/mol) with antibody compared to WT-spike protein had a higher 
binding affinity (− 84.31 ± 17 kcal/mol) for antibody. Then, the sig
nificant (>20 % of simulation time) hydrogen bonding residues of spike 
protein with antibody and their contact frequency were calculated. It 
was found that the Omicron spike variant had less significant hydrogen 
bonding with antibody than the WT spike. It was seen that LYS484 in the 
Omicron variant had significantly decreased the hydrogen bond con
tacts, it was making no hydrogen bonding with antibody for a significant 
time duration, while GLU484 in WT was making one hydrogen bond 
each with ASN33 (29 % of simulation time), TYR34 (62 % of simulation 
time) and ARG112 (80 % of simulation time) of antibody respectively 
(Fig. 6A and B). 

Further, in both the complexes, ASN450 of spike protein was 
involved in making hydrogen bond contacts with antibody; however, it 

Fig. 4. The energy difference between the Omicron-modelled mutant residues compared to the WT spike. The energy differences are shown in the absolute values, 
the >sign represents the more favorable energy (more negative energy values) for the individual residues. Here, only position-specific comparisons have been made 
with each other, and not a single residue with all other residues. 
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interacts with different residues GLY102 in Omicron spike-antibody 
complex and SER31 in wildtype spike-antibody complex. Apart from 
that, ASN481 and GLU471 were involved in significant hydrogen 
bonding with ARG111 and TYR93 of antibody in Omicron-spike- 
antibody complex only. While GLU484 was making double hydrogen 
bonds with ARG112 in WT-spike-antibody complex (Fig. 6A–D). Over
all, the study indicates the lesser stability and lower binding affinity of 
the Omicron variant with neutralizing antibody compared to WT. 

4. Discussion 

Since the emergence of the SARS-CoV-2, it is constantly mutating 
and giving rise to different variants. Moreover, some variants emerged 
as VOC, namely Alpha, Beta, Delta and Omicron, which have caused 
multiple deadly waves in different nations. Alpha, the first variant 
discovered in the UK in September 2020, had four different mutations 
(H69-, V70-, N501Y and D614G) in the spike region of the virus (Aleem 
et al., 2021). After Alpha, the Beta variant of the SARS-CoV-2 was found 
in the population of South Africa in October 2020. It has five major 
mutations (L18F, K417N, E484K, N501Y and D614G) in the spike re
gion, which were helpful in the higher transmission of the virus (Aleem 
et al., 2021). In March 2021, the Delta variant was discovered in India, 
bringing a second wave to the country and taking millions of lives (Kar 
et al., 2021). As of July 2021, the variant had been detected in more than 
130 countries (https://gvn.org/covid-19/delta-b-1-617-2/). This 
variant has five major mutations (L452R, T478K, D614G, P681R and 
D950N), which were linked to its higher transmission and virulence 
(Kannan et al., 2021; Kumar et al., 2021; Liu et al., 2021a). Finally, the 
most recent VOC announced by WHO on 26 November 2021 was Omi
cron. The Omicron variant has A67V, Δ69-70, T95I, G142D/Δ143-145, 
Δ211/L212I, G339D, S371L, S373P, S375F, K417N, N440K, G446S, 

S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y, Y505H, T547K, 
D614G, H655Y, N679K, P681H, N764K, D796Y, N856K, Q954H, 
N969K, L981F mutations in the spike region of the virus (Callaway and 
Ledford, 2021; Chen et al., 2021; Sadek et al., 2021). Interestingly, the 
mutation N501Y has been conserved in most of these VOCs, namely 
alpha, beta and Omicron. In the previous study, it was reported that 
N501Y mutation caused a reduction in the binding affinity with 
neutralizing antibodies from the convalescent sera of the COVID-19- 
recovered patients compared to WT (Sabino et al., 2021; Wang et al., 
2021; Williams and Zhan, 2021). 

Further, multiple studies have shown that N501Y mutation has 
enhanced the binding affinity of the spike protein with hACE2 (Kumar 
et al., 2021; Leung et al., 2021; Liu et al., 2021b; Singh et al., 2021). The 
mutation E484K in the beta variant of the spike protein has been re
ported to aid the resistance towards various individual monoclonal an
tibodies to the RBD motif of the spike (Wang et al., 2021). Similarly, in 
Omicron, E484A mutation has been found, as no experimental study has 
been shown to investigate the effect of E->A mutation at the 484th 
position. However, this computational study suggests a reduction of 
affinity towards anti-RBD neutralizing antibody through the reduction 
of significant hydrogen bonding due to this mutation (Fig. 6 A-B). 
Further, P681R is conserved from delta to Omicron variant, and P681R 
mutation is at the furin cleavage site of the spike protein and has been 
shown to enhance the entry of the virus inside the human cells in delta 
variant in comparison to alpha and WT (Liu et al., 2021a). Altogether, all 
the previous studies had indicated an increase in the binding affinity and 
reduced affinity towards the individual antibodies in beta and delta 
variants. However, all the available vaccines have been shown to pro
vide optimum protection against the previously known variants (Krause 
et al., 2021). As in the Omicron variant, various other mutations are also 
present, and the current study is showing a slight decrease in affinity 

Fig. 5. The MD analysis of the simulated complexes. (A) The RMSD plot shows the unsimilar but stable deviation in the Omicron-spike-antibody and WT-spike- 
antibody complex. (B) The RMSF plot reveals that the WT-spike variant was more stable than the Omicron-spike in the region between residues 453–483. (C) 
The number of hydrogen bond contacts was greater in the WT-spike-Omicron than the Omicron-spike-antibody complex initially but got similar after the 100 ns 
simulation. (D) MM/GBSA binding free energy of the 20 structure complexes extracted from each trajectory at equal span, suggesting that WT spike protein has 
increased affinity for antibody compared with Omicron spike. 
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against an anti-RBD neutralizing antibody from the recovered patient. 
Further, the study showed a similar binding affinity of Omicron with 
hACE2 compared to WT. However, we have not performed the study 
with any vaccine-specific antibodies. 

In the current work, computational biophysical studies of the spike- 
hACE2 and a spike-anti-RBD neutralizing antibody of the Omicron 
variant have been performed and compared to the wild type. In the case 
of the spike-hACE2 interactions, all the biophysical parameters were 
found to be similar, i.e., global deviation of the structures, fluctuation of 
individual residues and even the binding affinity of the spike (RBD) with 
hACE2. One major difference found between the Omicron and WT spike 
binding with hACE2 was the modelled mutation at Q493R, because of 
this mutation, the hydrogen bond interactions in Omicron were found to 
be increased by 2–3 times as compared to the WT. However, a more 
detailed study is needed to investigate the impact of this increase in 
interaction on increasing the transmission and virulence of this variant. 
Further, when the spike interactions with neutralizing antibody were 
studied, there was an alteration in the hydrogen bonding residues with 
antibody for the Omicron spike (receptor binding region) when 
compared with the wildtype spike (receptor binding region) along with 
changes in the RMSD and RMSF plots. The major difference found be
tween the Omicron and WT spike binding with antibody was the mu
tation at E484A, which has reduced the hydrogen bonding with 
ARG112, ASN33, and TYR34 of neutralizing antibody. This mutation 
might be the reason for the significant change in the pattern of hydrogen 
bonding as well as the decreased binding energy with the antibody. 
However, there are some new hydrogen bonds still formed, which might 
prevent complete detachment of antibody from the spike protein. 
Further experimental studies are needed to confirm the reduction in 
binding energy and interactions of the Omicron variant with an ant-RBD 

neutralizing antibody. 

5. Conclusions 

In the current study, the MD study of 200 ns was performed to 
investigate and compare the binding interactions, energy, and dynamics 
of Omicron-spike (RBD) with hACE2 and a neutralizing antibody against 
WT. It was found that Omicron and WT have a similar binding affinity 
with hACE2, while the number of interactions significantly increased in 
the case of Omicron, and various mutated residues were found to pro
vide stability to the spike protein. Further, in the case of spike- 
neutralizing antibody, it was found that WT (RBD) has a higher bind
ing affinity towards antibody compared to Omicron (RBD), and the 
number of hydrogen bonds during the simulation was higher for the WT 
(RBD). 
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