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Abstract

Background: Compared to SARS-CoVs, the S-protein of SARS-CoV-2 has a significantly higher specific-
ity and stability for binding to the ACE2 receptor and due to the structural variation of COVID-19, the
development of drugs for each variant is complicated. Objective: This study investigates the three-dimen-
sional structure of COVID-19 variants. Methodology: To predict the protein structure of COVID-19
variants, homology modelling was used to determine the tertiary structure. For modelling, the Swiss Model
and BLAST were used, and to ensure reliability and validated with PROCHECK, Verify3D, and ERRAT.
A Ramachandran plot was used to verify the quality of 3D structure. Models were validated through
SAVES. Multiple Sequence Alignment was performed to identify similarities and differences between
variants. Results: Homology Modelling indicates the sequence similarity of ALPHA, BETA, DELTA, and
OMICRON variants with the template model observed as 94.48%, 94.64%, 95.11%, and 94.84%, respec-
tively. Ramachandran plot signifies that residues are present in the most favorable region with a frequency
of 90% for ALPHA, followed by BETA residues at 88%, DELTA residues at 99.9%, and OMICRON
residues at 87%. Conclusion: In conclusion, Delta variant exhibits 80-90% higher transmissibility and can
propagate infection more than twice as compared to the Alpha variant. /Bangladesh Journal of Infectious
Diseases, June 2026;13(1):25-42]
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Introduction

The Severe Acute Respiratory Syndrome
(SARS-CoV-2), also known as COVID-19, started
in Wuhan, China, in December 2019 and is widely
disseminated in humans and other mammals'. The
two beta-coronavirus epidemics, SARS-COVID
and MERS-COVID, affected more than ten
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thousand (10,000) people over the course of the last
twenty years, with SARS-COVID having a
mortality rate of 10% cases’ even though
coronavirus infections in humans are typically not
severe. Alpha, beta, gamma, and delta
coronaviruses are the four subgroups that make up
the coronavirus family’. Before the SARS outbreak
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in 2002-2003, it was believed that COVID-19 only
infected animals. When the NMSARS-S protein
binds to the ACE2 receptor, it undergoes subtle
conformational changes that are believed to
increase the S-protein's susceptibility to proteolytic
cleavage between the S1 and S2 subunits’. Host cell
proteases are involved in the proteolytic processing
of ACE2, which may be crucial for
SARS-COVID-2 entrance and pathogenesis.
Recent research on S-protein, TMPRSS2, and
ACE2 discovered the interface of their connections
and identified various amino acid alterations that
could potentially affect protein-protein interactions
(PPI) by changing their structural stability’. The
gene for the ACE2 receptor, which is encoded on
chromosome Xp22.2, is a competent receptor for
the Spikes (S) glycoprotein of SARS-COVID-2°.
Spike protein has multiple significant mutations.
One is the N501Y mutation, which increases the
mutant protein's ability to connect to cell receptors
and spread the virus more easily’. The D614G
mutation in the SARS-CoV-2 spike protein reduces
S1 shedding and increases infectivity®. The beta
variant was initially identified as a variant of
concern in December 2020 and was first found in
South Africa’. Beta carries the K417N mutation,
along with the three mutations found in the Alpha
variant (E484K, N501Y, and D614G), which may
help the virus escape neutralizing antibodies from
vaccination or prior infection'. First identified in
India in May 2021, the D614G mutation, along with
several additional mutations, are present in the delta
variant. These include the P681R mutation, which is
linked to enhancing fusogenicity and a higher risk
of developing severe disease. T478K mutation, is
thought to evade detection by the immune system,
and the L452R mutation, which is thought to
increase infectivity by having a modestly higher
binding affinity for ACE2 receptors, and possibly
prevent the virus from being destroyed by immune
cells".

In November 2021, after South African scientists
alerted WHO to an increase in COVID-19 cases in
Gauteng, Omicron variant was reported for the first
time in different countries with different reported
mutations at N501Y, D614G, K417N, and T478K
locations”.  Although the sequencing and
epidemiological monitoring of Covid-19 variants
have been the main focus of earlier research, there is
still a significant knowledge vacuum about the
structural and functional consequences of these
mutations at the three-dimensional protein level.
Without systematically comparing several variants
in terms of structural and functional alterations,
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many studies solely examine one variant or
particular mutations.

Current computational studies frequently don't
investigate variant-specific changes in protein-
protein interactions or lack of validation. The
objective of this research is to cover these gaps by
doing a thorough structural and functional
characterization of several COVID-19 variants. The
current study performs the comparative analysis of
ACE2 & TMPRSS2 through protein-protein
interaction network visualization, Homology
modelling, Multiple Sequence Alignment and 3D
modeling of the different variants of COVID-19
using different in-silico tools.

Methodology

Data Collection: FASTA Sequence of Covid 19
wild type (PDB ID: 6VSB) along with ALPHA
(PDB ID: 7EDH), BETA (PDB ID: 7VX1), Delta
(PDB ID: 7V7V) and OMICRON (PDB ID:
7WVN) variants were downloaded from PDB
Database (https://www.rcsb.org/) ¥ . The workflow
of the study is shown in Figure 1.

Homology Modelling: The downloaded FASTA
sequences were uploaded to SWISS-MODEL
(https://swissmodel.expasy.org/)". For validation of
the template structure, different methods of the
SAVES (https://saves.mbi.ucla.edu/), like ERRAT,
VERIFY 3D, and RAMACHANDRAN plots were
used for checking the quality of 3D structures.

3D Structure Modelling: For 3D structure
prediction and modelling SEQ and ALI files were
generated in modeller (MODELLER, 10.4),
(https://salilab.org/modeller/)”. Models with the
lowest minimization energy and the lowest DOPE
score were selected. The Chimera (CSF Chimera
1.8.1) (https://www.cgl.ucsf.edu/chimera/) was
used for the interaction analysis of predicted
models'’. The PDB files of the target and predicted
model were uploaded into chimera and
superimpose. Based on the lowest root mean square
deviation (RMSD) score, the best target model was
selected.

Multiple Sequence Alignment: FASTA sequences
of COVID-19 and Alpha, Beta, Delta and Omicron
variants were uploaded to CLUST AL-X
(version-2.1) (http://www.clustal.org/clustal2/) for
alignment'”. For visualization of the Multiple

Sequence  Alignment, JALVIEW  software
(https://www.jalview.org/) was used'®.
Protein-protein interaction (PPI): STRING

database (https://string-db.org/) was used for the
evaluation of protein-protein interactions19.
FASTA sequences downloaded from Uniprot
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Figure I: Workflow of the Computational Analysis of COVID-19; This approach demonstrates the
comparison of ACE2 and TMPRSS?2 through the visualization of protein-protein interaction networks (PPI),
homology modelling, multiple sequence alignment, and 3D modelling of the many COVID-19 variants using
various computational tool

(https://www.uniprot.org/) were uploaded to the from PDB database (https://www.rcsb.org/).

STRING database". Cytoscape tool  Receptor binding domain sequences (RBD) ensures

(https://cytoscape.org/) was used for visualizing the ~ binding of ACE2 with protein. The FASTA

protein-protein interactions®. sequence of Covid-19 variants with their PDB IDs
are shown in Table 1.

Results

Study Data: FASTA sequences were downloaded

Table 1: The COVID-19 data with their PDB ID

Name PDB IDs FASTA sequences

Covid (wild Type) 6VSB >6VSB_1|Chains A, B, C|Spike glycoprotein|Severe acute
respiratory syndrome coronavirus 2 (2697049)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPD
KVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDN
PVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNA
TNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSA
NNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKI
YSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHR
SYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTIT
DAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIV
RFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVL
YNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQ
IAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNY
NYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYF
PLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKS
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Table 1: The COVID-19 data with their PDB ID

Name PDB IDs FASTA sequences
TNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIA
DTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLY
QDVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIG
AEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIA
YTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSV
DCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDK
NTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIE
DLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLT
VLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAM
QMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSST
ASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDIL
SRLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASAN
LAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVF
LHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHW
FVTQRNFYEPQITTDNTFVSGNCDVVIGIVNNTVYDPLQPE
LDSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRL
NEVAKNLNESLIDLQELGKYEQGSGYIPEAPRDGQAY VRK
DGEWVLLSTFLGRSLEVLFQGPGHHHHHHHHSAWSHPQF
EKGGGSGGGGSGGSAWSHPQFEK

Alpha variant 7EDH >7EDH _1|Chains A, B, C|Spike glycoprotein|Severe acute
respiratory syndrome coronavirus 2 (2697049)
METDTLLLWVLLLWVPGSTGDVNLTTRTQLPPAYTNSFTR
GVYYPDKVFRSSVLHSTQDLFLPFFSNVTWFHAISGTNGTK
RFDNPVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLI
VNNATNVVIKVCEFQFCNDPFLGVYHKNNKSWMESEFRV
YSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDG
YFKIYSKHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLL
ALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNE
NGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQP
TESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVA
DYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRG
DEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSK
VGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEG
FNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELLHAPATVC
GPKKSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQF
GRDIDDTTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQ
VAVLYQGVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTR
AGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSHRAAASV
ASQSITAYTMSLGAENSVAYSNNSIAIPINFTISVTTEILPVSM
TKTSVDCTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAV
EQDKNTQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSK
RSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKF
NGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQI
PFAMQMAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQD
SLSSTASALGKLQDVVNQNAQALNTLVKQLSSNFGAISSV
LNDILARLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEI
RASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAP
HGVVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVS
NGTHWFVTQRNFYEPQIITTHNTFVSGNCDVVIGIVNNTVY
DPLQPELDSFKEELDKYFKNHTSPDVDLGDISGINASVVNI
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Table 1: The COVID-19 data with their PDB ID

Name PDB IDs FASTA sequences
QKEIDRLNEVAKNLNESLIDLQELGKYEQEFGSGGYIPEAP
RDGQAYVRKDGEWVLLSTFLKGQDNSADIQHSGRPLESR
GPFEQKLISEEDLNMHTGHHHHHH

Beta variant TVX1 >7VX1 1|Chains A, B, C|Spike glycoprotein|Severe acute
respiratory syndrome coronavirus 2 (2697049)
MFVFLVLLPLVSSQCVNFTTRTQLPPAYTNSFTRGVYYPDK
VFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFANP
VLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNAT
NVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVYSSA
NNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKI
YSKHTPINLVRGLPQGFSALEPLVDLPIGINITRFQTLHISYL
TPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAV
DCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPN
ITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNS
ASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAP
GQTGNIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNY
LYRLFRKSNLKPFERDISTEIYQAGSTPCNGVKGFNCYFPL
QSYGFQPTYGVGYQPYRVVVLSFELLHAPATVCGPKKSTN
LVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADT
TDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQ
GVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSPGSASSVASQSIIAY
TMSLGVENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVD
CTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKN
TQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIED
LLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQ
MAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTA
SALGKLQDVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANL
AATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFL
HVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWF
VTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPEL
DSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRL
NEVAKNLNESLIDLQELGKYEQGSGYIPEAPRDGQAYVRK
DGEWVLLSTFLENLYFQGDYKDDDDKHHHHHHHHH

Delta variant VIV >7V7V_1|Chains A, B, C|Spike glycoprotein|Severe acute
respiratory syndrome coronavirus 2 (2697049)
MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPD
KVFRSSVLHSTQDLFLPFFSNVTWFHAIHVSGTNGTKRFDN
PVLPFNDGVYFASTEKSNIIRGWIFGTTLDSKTQSLLIVNNA
TNVVIKVCEFQFCNDPFLDVYYHKNNKSWMESGVYSSAN
NCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYS
KHTPINLVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSY
LTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDA
VDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFP
NITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYN
SASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIA
PGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYN
YRYRLFRKSNLKPFERDISTEIYQAGSKPCNGVEGFNCYFP
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Table 1: The COVID-19 data with their PDB ID

Name

PDB IDs

FASTA sequences

FKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNE
VAKNLNESLIDLQELGKYEQGSGYIPEAPRDGQAYVRKDG
EWVLLSTFLENLYFQGDYKDDDDKHHHHHHHHH
FKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRLNE
VAKNLNESLIDLQELGKYEQGSGYIPEAPRDGQAYVRKDG
EWVLLSTFLENLYFQGDYKDDDDKHHHHHHHHH

Fu ni:pc:n.l

Figure II: Structure validation of Spike Protein (6VSB); (A) Ramachandran plot, 90% residues were
showed in red highlighted region which is the most favorable region. Disallowed white region had 0.2% residue
and 8.4% residue in the additional yellow allowed region. Glycine residues were 225, which is shown in
triangles in the favorable region. The total number of residues is 3396. (B) ERRAT Graph, the line at 92%
shows the warning and the line at 99% shows the error. If our residue occurs in the warning region, it's fine but
if it exceeds the warning region, our structure is not good. In our graph, amino acids at 20 and 80 lie in the
warning region, which means we consider our structure to proceed. While 180 shows the red error line (C)
VERIFY 3D, shows 67.37% of the residues have an averaged 3D score >= 0.2, which is shown by the blue
circles, which is not a good value for a good structure.
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Table 1: The COVID-19 data with their PDB ID

Name PDB IDs FASTA sequences
LQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKST
NLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIAD
TTDAVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQ
GVNCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGA
EHVNNSYECDIPIGAGICASYQTQTNSRGSASSVASQSIIAY
TMSLGAENSVAYSNNSIAIPTNFTISVTITEILPVSMTKTSVD
CTMYICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKN
TQEVFAQVKQIYKTPPIKDFGGFNFSQILPDPSKPSKRSFIED
LLFNKVTLADAGFIKQYGDCLGDIAARDLICAQKFNGLTV
LPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQ
MAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTA
SALGKLONVVNQNAQALNTLVKQLSSNFGAISSVLNDILS
RLDPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANL
AATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFL
HVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWF
VTQRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPEL
DSFKEELDKYFKNHTSPDVDLGDISGINASVVNIQKEIDRL
NEVAKNLNESLIDLQELGKYEQEFGSGGYIPEAPRDGQAY
VRKDGEWVLLSTFLKGQDNSADIQHSGRPLESRGPFEQKLI
SEEDLNMHTGHHHHHH

Omicron variant >7WVN _1|Chains A, B, C|Spike glycoprotein|Severe acute
respiratory syndrome coronavirus (2901879)
MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPD
KVFRSSVLHSTQDLFLPFFSNVTWFHVISGTNGTKRFDNPV
LPFNDGVYFASIEKSNIIRGWIFGTTLDSKTQSLLIVNNATN
VVIKVCEFQFCNDPFLDHKNNKSWMESEFRVYSSANNCTF
EYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTP
IIVREPEDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTP
GDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVD
CALDPLSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNIT
NLCPFDEVFNATRFASVYAWNRKRISNCVADYSVLYNLAP
FFTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQ
TGNIADYNYKLPDDFTGCVIAWNSNKLDSKVSGNYNYLY
RLFRKSNLKPFERDISTETYQAGNKPCNGVAGFNCYFPLRS
YSFRPTYGVGHQPYRVVVLSFELLHAPATVCGPKKSTNLV
KNKCVNFNFNGLKGTGVLTESNKKFLPFQQFGRDIADTTD
AVRDPQTLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGV
NCTEVPVAIHADQLTPTWRVYSTGSNVFQTRAGCLIGAEY
VNNSYECDIPIGAGICASYQTQTKSHGSASSVASQSITAYTM
SLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCT
MYICGDSTECSNLLLQYGSFCTQLKRALTGIAVEQDKNTQ
EVFAQVKQIYKTPPIKYFGGFNFSQILPDPSKPSKRSFIEDLL
FNKVTLADAGFIKQYGDCLGDIAARDLICAQKFKGLTVLPP
LLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMA
YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASA
LGKLQDVVNHNAQALNTLVKQLSSKFGAISSVLNDIFSRL
DPPEAEVQIDRLITGRLQSLQTYVTQQLIRAAEIRASANLAA
TKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLHV
TYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVT
QRNFYEPQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDS
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Table 2: Templates model against COVID-19 Homology Modelling: In homology modelling,
variants template models obtained through SWISS MODEL

with high sequence similarity is shown in Table 2.

Target PDB IDs Sequence Template
Similarity PDB IDs Homology modeling offers useful insights into the
6VSB 92% 7CN8 . ;
structural impact of COVID-19 variants, these
7EDH 94.48% N1V ..
limitations underscore the need for complementary
7VX1 94.64% 7WBP . .
experimental and computational approaches to
VIV 95.11% 7SBO 4 biologicall oful
04 84% 7CNd ensure accurate an iologically meaningfu
TWVN - predictions. While molecular docking studies (e.g.,
A

Psi ( degrocs)

Y o
frAmt e ip 7 - “Ta s ot
<180 -135 %0 45 O 45 90 135 180

F‘hll:l\rgrn'-ti

Figure I1I: Structure validation of ALPHA Protein (7EDH); (A) Ramachandran plot of the Alpha variant
shows 88% residues in the highlighted red (favorable) region. The white disallowed region has 0.1% residue and
10.4% residue occurs in the yellow additional allowed region. Glycine residues are 228 which is shown in triangles
in the favored region. The total number of residues is 3438. (B) The ERRAT plot of the Alpha variant shows an
overall quality factor of 89%. It is and considered a high-quality model. In our graph of amino acids, yellow lines
lie in the warning region, which means we consider our structure to proceed. While 180 shows the red error line
(C) VERIFY 3D of the Alpha variant shows 64.57% of residues have averaged 3D score >= 0.2, which is shown
by the blue circles which is not good values for a good structure. For a high quality structure, 80% of the amino
acids should have scored >0.2.
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ACE2-Spike interaction) can yield insights, Structural Validation of SARS-COVID-19: For
homology modeling alone is unable to predict = comparative homology modeling analysis, a
binding affinities or the effect of mutations on  template model against COVID-19 (PBD ID:6VSB)
binding strength. was uploaded to SAVES

Psifdegrocy

Vg,

APy

Figure IV: Structure Validation of BETA Protein (7VX1); (A) Ramachandran plot of the BETA variant
shows 90.9 residues in the red highlighted region. The white disallowed region has 0.2% residues and 8.4%
residues occur in the yellow additional allowed region. Glycine residues are 231 which is shown in triangles in the
favored region. The total number of residues is 3387. (B) The ERRAT plot of the BETA variant shows that the
overall quality factor is 91.0% which is considered a high-quality model. In our graph of amino acids, yellow lines
lie in the warning region, which means we consider our structure to proceed. While 108 shows the red error line
(C) VERIFY 3D of the BETA variant shows 67.7% of residues have averaged 3D score >0.2, which is shown by
the blue circles which are not good values for a good structure. For high-quality structure, 80.0% of the amino acids
should have scored >0.2
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(http://nihserver.mbi.ucla.edu/SAVES/).  considered a high-quality model. VERIFY 3D
Ramachandran plot shows 90% residue in the most ~ shows 67.37% of the residues have an average 3D
favorable region, which is good for the best model. ~ score >= 0.2. For a high-quality structure, 80% of
The quality factor ERRAT graph is 92% and is  the amino acids should have scored >0.2 (Figure II).

=

s iidegroesh

e e

Figure V: Structure validation of DELTA Protein (7V7V); (A) Ramachandran plot of the DELTA variant
shows 87.8% residues in the highlighted red region. The white disallowed region has 0.3% residue and 10.9%
residue in the yellow additional allowed region. Glycine residues are 228, which is shown in triangles in the favored
region. The total number of residues is 3441. (B) The ERRAT plot of the DELTA variant shows that the overall
quality factor is 90% which means it is considered a high-quality model. In our graph of amino acids, yellow lines
lie in the warning region, we consider our structure to proceed. While 240 shows the red error line. (C) VERIFY
3D of DELTA variant shows 64.63% of residues have averaged 3D score >= 0.2, which is shown by the blue
circles, which are not good values for a good structure. To achieve a high-quality structure, at least 80% of the
amino acids must exhibit a score of >= 0.2, ensuring the overall integrity and stability of the model.
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Structure Validation of ALPHA, BETA, DELTA, submitted for structural analysis to SAVES
and OMICRON: The PDB structure of the ALPHA  (https://saves.mbi.ucla.edu/) (Figure III, IV, V, VI).
variant (PBD ID:7EDH) was submitted for

comparative homology modeling. Selected models =~ Modelling of 3D structure: The structure was
of ALPHA, BETA, DELTA and OMICRON were  predicted by using MODELLER 3D

=
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Figure VI: Structure validation of OMICRON Protein (7WVN); (A) Ramachandran plot of the OMICRON
variant shows 84% residues in the highlighted red region. The white disallowed region has 0.1% residue and
13.4% residue in the yellow additional allowed region. Glycine residues are 216 which was shown in triangles in
the favored region. The total number of residues is 3363. (B) ERRAT plot of the OMICRON variant shows
an overall quality factor of 91%. It is considered a high-quality model. In our graph of amino acids, yellow lines
lie in the warning region, which means we consider our structure to proceed. While 140 shows the red error line
(C) VERIFY 3D of OMICRON variant shows 71.57% of residues have averaged 3D score >= 0.2 which is
shown by the blue circles which are not a good value for a best structure. To ensure a high-quality structure, at
least 80% of the amino acids should have a score of 0.2 or higher.
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(https://salilab.org/modeller/)". The model with the
lowest Discrete Optimized Protein Energy (Dope)
score has more similarity with the original model.
The Root Mean Square Deviation (RMSD) value
represents the average difference between the atoms
of the corresponding two proteins. The lower
RMSD values signify that the two structures will
become more similar, is an indication of good
structure. DOPE score and RMSD values of all
variants (Alpha, Beta, Delta and Omicron) are

shown in Table 3 and the predicted 3D structure are
shown (Figure VII).

Multiple Sequence Alignment: The Multiple
sequence alignment (MSA) was produced by
Clustal X (Clustal-X 2.1)
(http://www.clustal.org/clustal2/)" and the
alignment was then visualized by using Jalview
(https://www.jalview.org/)"® as shown in Figure
VIII.

Table 3: DOPE score and RMSD values of predicted structures of all variants (Alpha, Beta, Delta, and

Omicron)
Variants Name PDB IDs RMSD value DOPE score
Covid (wild Type) 6VSB 0.751 A -117690.05469
Alpha variant 7EDH 1.137 A -101429.53125
Beta variant 7VX1 0.640 A -241355.89062
Delta variant VIV 0912 A -222457.12500
Omicron variant TWVN 1.175 A -97589.40625

Figure VII: 3D Structure Modeling of COVID-19 Variants; (a) 3D Model of 6VSB (Spike Protein) shows red
target structure and blue predicted structure. (b) 3D Model of 7EDH (ALPHA protein) also shows red target
structure and blue predicted structure. (c) 3D of 7VX1 (BETA protein) shows a pink target structure and a blue
predicted structure. (d) 3D Model of 7V7V (DELTA protein) shows red target and blue predicted structures. (e)
3D of 7WVN (OMICRON protein) shows yellow target and red predicted structures. In the target structure,
missing residues were present, but no missing residues were found in the predicted structure. Moreover, a peptide
bond is highlighted with every 3D structure, which provides stability to the protein structure.
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Figure VIII: Visualization of Multiple Sequence Alignment of all variants (Alpha, Beta, Delta, and
Omicron); The sequence length was 1315 of all variants (Alpha, Beta, Delta, and Omicron). In MSA,
Similarities were shown by the green color along the column. In the sequence of the OMICRON variant, a gap
was observed at the position of 148,149,150 and represented by (-). Similarly, the gap was observed in Beta
variant at positions No.221 & 222. Sequence changes brought about by insertions or deletions may affect viral
characteristics like transmissibility, immune or replication efficiency are indicated by the existence of gaps.
More mutational changes can be seen in omicron than in all other variants. Gaps were seen at position
No.1291-1315 in Alpha, Beta, Delta, and Omicron. L residue at 379 positions in the Beta variant replaces S
amino acid residue. Similarly, at position No. 1125, D residue was replaced by H in the Delta variant, which
shows the point mutation. Many mutations occur in Omicron rather than Alpha, Beta and Delta variant.

127.625 TVH1_1|Chains_(beta_protein)
54 125
282 375 TWVH_1|Chamns_(Omicron_Protein)
150.6875
188.5 JEDH 1|Chains_(Alpha_protein)
198 625
205 TVIV_1|Chains_(Delta_protein)
1506875 6VSE_1|Chains_(spike_Protein)

Figure IX: Phylogenetic tree of Alpha, Beta, Delta, and Omicron with calculated distance; The alpha
(7EDH) variant was closely related to the delta (7V7V) variant having a distance of 198.625. Similarly, the
omicron variant (7WVN) was closely related to the beta (7VX1) variant with a distance of 54.125. All four
variants (Alpha, Beta, Delta, and Omicron) diverge from 6VSB, which is the wild type that originated in
Wuhan. These were all represented by evolutionary distances. The phylogenetic tree branching points, where
Omicron and Beta form one clade and Alpha and Delta form another, show the chronology and magnitude of
mutation accumulation in each variation.

Protein-Protein interaction (PPI): For PPI, STRING  used. The Protein-Protein Interaction of ACE2 and
(https://string-db.org/) tool was used. NCBI =~ TMPRSS2 was visualized by Cytoscape
accession No. of ACE2 (NC 000023) and  (https://cytoscape.org/). Graphs of the
TMPRSS2 (NC_000021) were used. UniProt IDs of ~ co-expressions of ACE2 and TMPRSS proteins
ACE2 (Q9BYF1) and TMPRSS2 (0O15393) were  were shown in Figure Xa &Xb.
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SLC45A3 ACE2

Figure Xa: Visualization of Protein-Protein Interaction of ACE2 and TMPRSS2 using Cytoscape; (A)
Protein-Protein interaction network of ACE2. ACE2 shows interaction with SLC1A7, REN, DPP4, MME,
CLEC4M, AGT PRCP, and SLC6A19 and is mainly involved in protein digestion and absorption of KEGG
pathway and key role in the Renin-angiotensin system KEGG pathway. (B) Protein-protein interaction of
TMPRSS2; The protein-protein interaction network of TMPRSS2 revealed interactions with ETV1, ETV4,
ERG, AR, SLC45A3, PRKDC, and PARP1. Additionally, TMPRSS2 is involved in the KEGG pathway of
prostate cancer and plays a key role in transcriptional misregulation in cancer.

ACE2 =
SLC6A10 & TMPRSE;;
AGT & ACE2 o>
bPP4 & TMPRSS4 &2
REN &> PARP1 E
MME = PREKDC &=
MEP1A = MEKX3-1 &
SLC1A7 = SLC4SA3 e
TMPRSS2 = ERG =
CLECAM = ETV4 oo
faoROBDRORNRD (R R R R R N
Bt i I Tt E NERFIEZS=52 23
BSQEP3IZ 24X £ SEBSEEE25E
< a -&EHE: o a o ¥ <
& » S0 B — &

Figure Xb: Co-expressions Graphs of ACE2 and TMPRSS2; (A) Co-expression of ACE2 which indicate
that ACE2 and MEP1A is highly co expressive (p >0.05) (B) Co-expression of TMPRSS2, in which TMPRSS2
is highly co expressive with ACE2 expressive (p >0.05). Co-expression of both proteins show variation from
each other. TMPRSS2 have p-value between 0.07 and 0.09, while ACE2 have 0.05 to 0.999
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Discussion

Different studies have reported the intricate
relationship between the COVID-19 spike protein
and ACE2, along with their mutation analysis, in an
attempt to identify the key residues and penetration in
the host cell’’. ACE2 and TMPRSS?2 are the two main
host entry genes and their association, functional
correlation and co-expression with other proteins are
recently reported”. Viral spike protein priming is
facilitated by TMPRSS2, which permits membrane
fusion and viral entry into host cells, while ACE2 acts
as the viral entry receptor''. Variations in these gene’s
expression and activity can alter how susceptible a
person or community is to infection, how severe the
disease is, and how it turns out.

Genetic variations impact TMPRSS2 expression and
can impact the virus's processing efficiency for cell
entrance’’. Few studies after comparing the nearest
analogs of the COVID-19 protein sequence, reported
that SARS associates with COVID-19 are similar to
SARS in bats and pangolins and sharing 90-99%
sequence identity**. The current study reported that
SARS-COVID-19 shows 92% sequence identity with
7CN8, 94.48% sequence identity of ALPHA variant
with 7N1V, BETA variant shows 94.64% sequence
identity with 7WBP, DELTA variant shows 96.11%
sequence identity with 7SBO and OMICRON variant
shows 94.84% sequence identity with 7CN4,
demonstrating the good, predicted structure.
Homology modeling of the SARS CoV-2 with PDB
ID: 6NUR demonstrated the sequence identity of
97% with SARS-NSP12%.

The Verify3D server reviewed the scores and
determined that 91.0% of the residues had average
3D-1D scores >0.2 and passed, while the ERRAT
server projected a quality factor of 95.0%. The model
was validated by SAVES, confirming that the
Ramachandran plot has 92.0% of the residues present
in the allowed region, 7.2% were in the additional
permitted region, and no residues were found in the
disallowed region. Ramachandran plot exhibits the
statistical distribution of torsion angles of a protein
structure. In the current study, Ramachandran plot of
SARS-COVID-19, ALPHA, BETA, DELTA, and
OMICRON displays 90%, 88%, 90.9%, 87.8% and
84.0% residues in the most favorable region,
respectively. ERRAT Graph of SARS-COVID-19,
ALPHA, BETA, DELTA, and OMICRON indicates
quality factor of 92%, 89%, 91%, 90% and 91%
respectively. A study examined the structure-based
sequence identity of SARS-CoV-2 using two
non-structural proteins, Nspl3 and Nsp'. These
proteins are crucial components of the
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replication-transcription complex (RTC) and play a
vital role in the infectious life cycle of SARS-CoV-2.
With alignment, the RMSD value of Nsp13 is 0.259A
and Nsp' showed RMSD value of 0.380 and a
structure-based sequence identity of 94%7.

The current study utilized the MODELLER software
to determine the 3D structure of SARS-COVID-19
and variants, namely ALPHA, BETA, DELTA, and
OMICRON. The predicted RMSD values for these
variants were 0.751A, 1.137A, 0.640A, 0.912A, and
1.175A, respectively. A model with the Lowest Dope
Score has more similarity to the original model. The
two structures’ similarity increases with decreasing
RMSD values, and therefore, it is considered a good
structure. A study conducted a comprehensive
analysis of the multiple sequence alignment (MSA) in
different human coronavirus strains, indicating that
MSA is conserved and can be easily accessed in all
strains and the results were displayed using a color
scheme, with red representing identical residues and
yellow representing conserved residues”. In the
current study, multiple sequence alignment of all
variants was performed. Overall, mutational changes
were more prominent in the Omicron variant
compared to other variants.

The green-highlighted region represents conserved
residues, while the yellow-highlighted region
indicates identical residues, as shown in Figure 8.
TMPRSS2 has a p-value between 0.07 and 0.09,
while ACE2 has 0.05 to 0.999 (Figure 11). A recently
published study reported that ACE2 are strongly
co-expressed with TMEM27, GLYAT, DDC,
SLC13A1, and FMO1 genes having scores 8.97,
8.24, 6.46, 5.19, and 5.05, respectively and
TMPRSS?2 are strongly co-expressed with SLC44A4,
Clorfl116, TMEM125, KLK2 and HOXBI13 genes
having scores 12.35, 8.57, 7.12, 5.90, and 5.43,
respectively®. In this study, ACE2 is co-expressed
with genes SLC1A7, REN, DPP4, MME, CLEC4M,
AGT PRCP, and SLC6A1 having scores 0.99, 0.96,
0.98, 0.96, 0.89, 0.99, 0.92 and 0.92 respectively
involved in many signaling pathways. TMPRSS2 is
co-expressed with genes ETV1, ETV4, ERG, AR,
SLC45A3, PRKDC, and PARP1 having scores 0.83,
0.73, 0.75, 0.98, 0.80, 0.83, and 0.84 respectively are
involved in many regulating signaling pathways. All
proteins in ACE2 showed interaction in severe acute
respiratory syndrome (SARS).

Conclusion

The current study investigated different variants of
COVID-19, their mutational changes, 3D structure
modelling and protein-protein interaction. The

June 2026 | Volume 13 | Number 1




In Silico Analysis of COVID-19 Variants: ACE2, TMPRSS?2

Shah et al

coronavirus beta variant is 50% more contagious than
the primary strain. The Delta variant is 80 to 90%
more highly contagious and can spread infection
more than two times as quickly as the Alpha variant.
Homology modeling of the SARS CoV-2 with PDB
ID: 6NUR demonstrated the sequence identity of
97% with SARS-NSP12 The study ensures excellent
accuracy and improves reliability by using a variety
of computational tools for structure validation. It
offers greater insights into infection mechanisms by
using STRING and CYTOSCAPE to explore the
interaction between ACE2 and TMPRSS2, the two
important proteins in Covid-19 viral entry. In
structure modeling, there were missing residues in
protein 3D structure but after prediction, no missing
residue was found in our predicted structure. In
addition, the research investigated genes such as
SLC1A7, REN, DPP4, MME, CLEC4M, AGT PRCP,
and SLC6A1 that are highly co-expressed with
ACE2. Additionally, genes such as ETV1, ETV4,
ERG, AR, SLC45A3, PRKDC, and PARP1 were
found to be highly co-expressed with TMPRSS2. The
findings of the current study will open the door for
genome and  protein  investigations  of
SARS-COVID-19 for further research and give
important information for creating innovative,
efficient, secure medications and personalized
vaccines to treat COVID-19.
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