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Abstract
SARS, or severe acute respiratory syndrome, is caused by a novel coronavirus (COVID-19). This situation has compelled 
many pharmaceutical R&D companies and public health research sectors to focus their efforts on developing effective 
therapeutics. SARS-nCoV-2 was chosen as a protein spike to targeted monoclonal antibodies and therapeutics for preven-
tion and treatment. Deep mutational scanning created a monoclonal antibody to characterize the effects of mutations in a 
variable antibody fragment based on its expression levels, specificity, stability, and affinity for specific antigenic conserved 
epitopes to the Spike-S-Receptor Binding Domain (RBD). Improved contacts between Fv light and heavy chains and the 
targeted antigens of RBD could result in a highly potent neutralizing antibody (NAbs) response as well as cross-protection 
against other SARS-nCoV-2 strains. It undergoes multipoint core mutations that combine enhancing mutations, resulting 
in increased binding affinity and significantly increased stability between RBD and antibody. In addition, we improved. 
Structures of variable fragment (Fv) complexed with the RBD of Spike protein were subjected to our established in-silico 
antibody-engineering platform to obtain enhanced binding affinity to SARS-nCoV-2 and develop ability profiling. We found 
that the size and three-dimensional shape of epitopes significantly impacted the activity of antibodies produced against the 
RBD of Spike protein. Overall, because of the conformational changes between RBD and hACE2, it prevents viral entry. 
As a result of this in-silico study, the designed antibody can be used as a promising therapeutic strategy to treat COVID-19.
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Introduction

Coronavirus disease (COVID-19) is a contagious res-
piratory ailment that can transmit from person to person. 
COVID-19 is caused by a coronavirus discovered dur-
ing an examination into an outbreak in Wuhan, China. 
SARS-CoV-2, formerly known as 2019-nCoV, is a newly 
found novel coronavirus that causes pneumonia-associated 
respiratory syndrome [42, 44]. Based on analysis of the 
genome sequences of SARS-CoV-2 samples from many 
infected individuals, it was concluded that SARS-CoV-2 
shares significant sequence similarity with SARS-CoV 
[23, 24]. In comparison to SARS-CoV, SARS-CoV-2 
transmission from human to human appears to be more 
substantial [6, 7]. At least 25 countries had reported over 
70,000 SARS-CoV-2 infection cases as of February 2020. 
A patient with SARS-nCoV-2 who has had mild to severe 

respiratory infection with symptoms such as fever, cough, 
and shortness of breath is a complication of this virus. A 
major purpose is to support artificial intelligence (AI) that 
is being used to help fight the viral pandemic, which has 
spread worldwide since the beginning of the year 2020, 
[3, 4, 29, 32].

In addition, some patients develop pneumonia in both 
lungs, multi-organ failure, and death in rare circumstances. 
At this time, persons with SARS-nCoV-2 who have had 
their disease validated by molecular testing using reverse 
transcription-polymerase chain reaction: RT-PCR have 
reported poor, late, or nonexistent antibody responses [12, 
26, 48]. According to reports, most individuals do not pro-
duce antibody responses until the second week after the 
onset of symptoms. According to recent reports [26, 49], 
a diagnosis of SARS-nCoV-2 infection based on antibody 
response will only be possible during the recovery period, 
after many opportunities for therapeutic intervention or 
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disease transmission interruption have passed. Unfortu-
nately, COVID-19 is not protected by any vaccinations or 
antiviral medications. Vaccines, monoclonal antibodies, oli-
gonucleotides, short peptides, interferon type 2 alpha and 
beta, and small-molecule medicines are among the preven-
tion and therapy alternatives being investigated by research-
ers worldwide, including many biotech and pharma R&D 
businesses [34].

The antibody-mediated humoral response is vital for 
avoiding viral infections, as only one route proposes. Neu-
tralizing antibodies (NAbs) are a subgroup of these anti-
bodies that lower viral infectivity by adhering to the sur-
face epitopes of viral particles and inhibiting virus entry 
into an infected cell [38]. The SARS-nCoV-20 Spike (S1) 
protein is an essential target for vaccinations, therapeutic 

antibodies, and desperately needed diagnostics. COV-
ID19's Spike proteins are the visible protrusions on its 
surface that give it its crown-like look (Fig. 1). These 
homotrimeric proteins, which include two unique subu-
nits, are extensively glycosylated (S1 and S2). Spike 
serves as a molecular key by identifying and attaching to 
specific hACE2 cell-surface receptors on the cell surface 
via the S1 receptor-binding domain. When S1 binds to 
hACE2, Spike undergoes substantial structural changes 
that cause hACE2 to change conformation and allow the 
virus to enter the cell. Spike proteins, on the other hand, 
must project into the external environment to efficiently 
bind cell-surface receptors therefore, they are vulnerable 
to immune system detection. Spike targets diagnostic and 

Fig. 1  Tectonic conformational changes of SARS-nCoV-2: Spike-S 
protein. Human ACE2 is the host cell receptor responsible for medi-
ating infection by SARS-nCoV-2, the novel coronavirus responsible 
for Coronavirus disease 2019 (COVID-19). Cure with anti-hACE2 
antibodies disrupts the interaction between virus and receptor. The 
Spike proteins on the surface of the coronavirus bind to angiotensin-
converting enzyme 2 (hACE2) receptors on the surface of the tar-

get cell. In the process, cleaved hACE2 and activated spike protein 
facilitates viral entry. In this function, SARS-nCoV-2, the virus infec-
tion occurred in well-differentiated ciliated epithelial cells express-
ing hACE2. Thus, the virus enters hosts through the mucosa of the 
respiratory and gastrointestinal tract. Once the viral membrane fuses 
with the human cell membrane, allowing the virus's genome to enter 
human cells and begin infection



 Molecular Diversity

1 3

vaccine development because it induces a significant neu-
tralizing antibody response due to its immunodominant 
character [25].

The genome of a coronavirus is enclosed in the nucle-
ocapsid (N) protein, membrane (M), envelope (E), and spike 
(S) proteins [18]. Many coronavirus vaccine experiments tar-
geting different structural proteins have been conducted, but 
most have ceased shortly after the outbreaks of SARS and 
MERS [9]. As a result of the recent pandemic of COVID-19, 
it is imperative that coronavirus vaccine research is resumed. 
An mRNA-based vaccine targeting the S protein of SARS-
CoV-2 was first tested on humans in response to the ongoing 
pandemic. In-silico design enables rapid iteration around 
potential solutions while removing the specific factors that 
traditional in vivo subjects may have. In vivo tests are used 
to determine the chance of creating an antibody that acti-
vates the immune system to fight infections [9]. These proce-
dures can be developed and provided remotely, eliminating 
the need for traditional wet labs to be present on-site. This 
study aimed to demonstrate how to design synthetic peptide 
monoclonal antibodies (mAbs) for the Spike S1 protein to 
target specific antigenic epitopes found in RBD with high 
efficacy [9]. We can identify critical residues between RBD 
and monoclonal antibodies and apply this information to 
the development of vaccines against SARS-nCoV-2 neutral-
izing antibodies and protective antibodies immunity against 
virus infection because Spike protein is the main antigenic 
component responsible for inducing host immune responses. 
Spike protein has thus been chosen as an effective target for 
developing coronavirus vaccines and antivirals. Monoclonal 
antibodies that bind highly to RBD antigens can optimize 
the residues at their interface.

Materials and methods

Dataset preparation and selection

More than 2000 depositions of antibody structures are cur-
rently accessible in NCBI and the Protein Data Bank (PDB). 
Based on these data, it is possible to estimate the compara-
tive model of a monoclonal antibody against the viral sur-
face antigen. We used molecular dynamics (MD) simulation 
to validate and filter 500 antibodies sequences retrieved from 
the NCBI and PDB servers based on the highest correlation 
between calculated and measured binding affinities between 
the target of SARS-nCoV-2 Spike-S1 RBD epitopes specific 
antigen and a monoclonal antibody [39]. As a result of filter-
ing out both VH and VL sequences, a high similarity result 
of 0.94 was obtained (PDB: 6dkj: human GIPR antagonistic 
antibodies). Sequence identification of the VH framework 
subsets H1 and H2 from PDB: 6dkj (chain A) and CDR 

H3 from PDB: 4cni (chain A), as well as the subsets of L1, 
L2, and L3 from PDB: 6dkj, are both VH-VL orientation 
complexes.

Identification of antigen and antibody sequence

A vaccine communicates the immune system to recognize 
specific viral antigen signatures in the RBD's Spike-S1 
protein-specific antigen. The SARS-nCoV-2 is a recombi-
nant antigen including typical Spike-S1 protein immuno-
dominant region amino acids 408–470 and 540–573. The 
immune epitope database (IEDB) [14] and Support Vec-
tor Machine (SVM) Tri-peptide similarity and Propensity 
(SVMTriP) identified specific antigenic epitopes of a small 
synthetic peptide to be regions on the surface of proteins on 
the target of antibodies [46]. After filtering 500 sequences 
from NCBI and PDB using MD simulation, we identified 
consists of antibody sequence in two chains (VL/VH) after 
filtering by MD simulation out of 500 from NCBI and PDB. 
In chain A-VL (light chain): Cl4mAb synthetic construct 
with GenBank ID: AEW26702.1. In chain B-VH (heavy 
chain): Cl4mAb synthetic construct with GenBank ID: 
AEW26701.1.

Structural design of antigen and antibody

The structure of antibodies was determined and validated 
using two new programs. To begin, the structural antibody 
database (SAbPred) relies on sequence homology to empiri-
cally known structures for prediction. This method can be 
applied to create antibody or nanobody models. Antigen 
receptor numbering and receptor classification (ANAR-
CHY) align the heavy and light chain sequences. Finally, 
SAbDab independently selects the most appropriate VH and 
VL domain templates. Using angle, predict VH-VL orienta-
tion and set the template domains in the projected posture. 
FREAD has been demonstrated to generate accurate results 
with a selected model of complementarity-determining 
regions (CDR) loops, independent of loop length. In par-
ticular, the antibody side-chain was predicted using the 
position-dependent antibody rotamer swapper (PEARS), 
and the final models were renumbered using ANARCHY. 
Following the estimated model accuracy category, identify-
ing potential development difficulties, and examining vari-
ous sections of the structure standardized the end cards of 
the structural annotation. Secondly, ABpredict2 developed 
an antibody prediction. According to Chothia numbering, 
models are numbered and not divided into light and heavy 
chains. A Monte Carlo search was used to find combinations 
of low-energy backbone conformations to build precise and 
unstrained antibody structures. The RMSD estimations for 
sequences with greater than 90% identity were determined 
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using the entire set of complete dataset sequences using 
TM-align.

Protein‑to‑protein interactions and structures 
validation

The protein-to-protein docking server ClusPro 2.0 [37], 
based on the PIPER2 docking tool, was used to conduct 
initial antigen and monoclonal antibodies [15]. Develop-
ing a more effective docking algorithm for the prediction 
of antibody-protein antigen complexes is a critical initial 
step in the development of biologics and vaccines. PIPER is 
an FFT-based docking tool with a structure-based pairwise 
potential as one of its energy functions. Shape complemen-
tarity, electrostatic interaction, and desolvation contributions 
contribute to the total energy. Models are considered hits if 
the ligand of antigen atoms within 10 Å of the monoclonal 
antibody receptor is within 10 Å RMSD, disregarding the 
mobility of the ligand components. Our receptor and ligand 
potential docking was included as a pairwise component of 
the energy function used in PIPER, followed by clustering 
of the top 1000 findings, [15] as implemented in our pro-
tein–protein docking server ClusPro.

Prediction of protein–protein interaction interface 
hot spots

The amino acid residues in proteins' binding regions are not 
uniform and contain crucial residues known as hot spots. 
Because developing therapeutic agents that will bind to hot 
spots may disrupt a protein–protein interaction, hot spots 
are the main target of therapeutic medicines. We forecast 
hot spots for PRISM Concepts' antigen and antibodies [5, 
36]. Alanine scanning mutagenesis is used to determine hot 
spots in the lab. These residues are classified as hot spots 
if the contribution of the altered residue to the binding is 
more significant than 2.0 kcal/mol. Both residues were clas-
sified as interfaced if the distance between any two atoms 
between them was smaller than their sum of van der Waals 
radii + 0.5 Angstrom. Interfaces with less than ten residues 
for the allocated interface were considered a result of crystal 
complexes, a randomly chosen quantity to reflect the con-
tact's minimum.

Results

Antibody structural annotation of CDR’s for RBD 
and estimated accuracy

ANARCI has assigned our targeted antibody sequence a 
Chothia number. Chothia-aligned the numbered sequences 
with over 2000 high-quality antibodies from SAbDab with 

known structures. For each dataset sequence from an Ig-
seq, the alignment finds the most appropriate structural 
templates for the entire variable region and framework. If 
any are found, FREAD determines the suitable template 
structures for the CDRs. To obtain a more precise struc-
tural interpretation of the Ig-seq CDRs, CDRs are germline. 
FREAD did not find any direct matches to the PDB, instead 
of projecting the loop conformation based on the antibody 
sequence's target. More than half of non-H3 CDR sequences 
can be structurally predicted with a high degree of certainty. 
On a large scale, it appears to duplicate the canonical form 
phenomena of non-H3 CDRs. There were only a few direct 
alignments with PDB sequences for H3 loops, so only 35% 
of the non-redundant loops and 75% of the redundant loops 
could be modeled (Table 1).

The physicochemical configuration of the molecule con-
trols the specificity and affinity of an antibody. Antibody 
repertoires with binding shape biases reveal the immune 
system's strategies for dealing with every RBD antigen. 
For example, sequence similarities can imply shared RBD 
antigen specificity. The physical properties of the antigen 
can also indicate its specificity. Paratopes were discovered 
by CDRs, indicating that our antibody may be RBD anti-
gen-specific. With more paired Ig-seq datasets, the entire 
Fv regions were able to follow the complete structural 
framework from these data, yielding an accurate structural 
label. VH (H1, H2, H3) and VL (H1, H2, H3) were mod-
elled instead of separate heavy and light chains (Fig. 2). We 
used our monoclonal antibody for targeted RBD of specific 
antigenic epitope annotations in immunodiagnostics to find 
antibody-markers of known viral diseases.

As a result, employing structural data to investigate the 
immune system's diversity opens up new research opportuni-
ties. We conducted a study to test the accuracy of the meth-
ods being evaluated. Based on the results, each model region 
was predicted correctly. 75% of VH framework structures 
have a backbone RMSD of 1 or less, with a sequence iden-
tity of 80 ± 2.5%. Consequently, we have 75% confidence 

Table 1  Antibody Fv region of VL–VH domains

Fv region Template 
PDB (Chain)

Selection method Score

VH framework A Sequence identity 0.9
CDR H1 A CDR specific fread 71
CDR H2 A CDR specific fread 40
CDR H3 A CDR specific fread 25
VL framework B Sequence identity 0.97
CDR L1 B CDR specific fread 65
CDR L2 B CDR specific fread 43
CDR L3 B CDR specific fread 47
VH–VL orientation A&B Same as VH and VL 0.94
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that the VH framework was modelled with 1 RMSD based 
on our antibody sequence, which shares 80% of the target's 
sequence identity. Another tool, AbPredict, was used to cre-
ate a novel antibody to assess the binding affinity between 
VH and VL. For this modeling, we employed a random mix 
of four backbone fragments: two for the VL and VH, which 
respectively comprise CDRs 1 and 2 and the light and heavy 
chain framework sections, and two for LCDR3 and HCDR3. 
Our antibody sequence was used to simulate annealing 
across all conformational degrees of freedom using our 
backbone pieces. A combination of sidechain packing, 
sidechain minimization, and backbone minimization was 
used to determine the level of backbone confirmation before 
each phase of conformation. The lowest-energy structure 
collected during the journey is found at the end of each tra-
jectory. In the AMA-II blind monoclonal antibody structure 
modeling benchmark, the accuracy of antibody Fv regions 
and stereochemical strain in models resulted in eight anti-
bodies (Fig. 3). According to both systems, the most suitable 
antibody deviated by 1.2 rmsd across backbone-carbonyl 

atoms and exhibited a stereochemical quality characteristic 
of structures with resolutions of 1.2. After clustering the 500 
models based on carbonyl rmsd, we chose the structures with 
the lowest energy among the three top clusters.

Antigenic epitope of SARS‑nCoV2‑Spike‑S2‑RBD 
binding interaction with monoclonal antibody

The SARS-nCoV-2 variety was mirrored by the variable 
spike proteins (S proteins), which have evolved into forms 
with different receptor contacts and reactions to distinct 
environmental triggers of virus-cell membrane fusion 
engaging with the hACE2 receptor specifically affected 
human pulmonary epithelial cells. The recombinant Spike 
protein was able to attach to the hACE2 recombinant pro-
tein. The S1's N-terminal domain (NTD) and C-terminal 
domain (CTD) are both receptor-binding domains (RBDs) 
that bind a variety of proteins and sugars. The S2 domain 
of a class I viral fusion protein was typical. Heptad repeats 
are a type of heptapeptide with hydrophobic residues that 

A D

B E

C F

Fig. 2  The antibody CDR’s determined structural and classifications. 
A The antibody consisted of two domains VH/VL. B Highlighted 
antibody CDRs (VL/VH) residues color blue are most likely to con-
tact the RBD antigen. C North AH0 are clustering of antibody CDRs 
(VL/VH) loop conformations residues highlighted in blue with high 
B-factors and high conformational energies. D IMGT are filtered to 

include antibody variable domain sequences that are conserved resi-
dues color in blue CDRs (VL/VH) it is derived from EMBL-ENA, 
E, F Chothia and KABAT were annotated with crucial information 
such as CDRs (VL/VH) of potential post-translational modifications 
of residues to be highlighted color in blue and decisions to be made 
on which mutations to be acceptable
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aid in the formation of coiled coils and play a role in the 
fusion process. Human ACE2 complexed with Coronavi-
rus S generated a fissionable picture of the virus with two 
subdomains: The RBD and the core structure. The core of 
the SARS-CoV-2 RBD is made up of twisted five-stranded 
antiparallel sheets (1, 2, 3, 4, and 7) (Fig. 4A–C) with short 
connecting helices and loops. There is a prolonged insertion 
between the 4 and 7 strands in the core, containing the short 
5 and 6 strands, 4 and 5 helices, and loops. This prolonged 
insertion is known as the RBM, and it includes the majority 
of SARS-contacting CoV-2's residues that bind to hACE2. 
The RBD has nine cysteine residues, eight of which form 
four disulfide linkages that are resolved in the final model. 
Three of these four pairings are in the core (Cys336–Cys361, 
Cys379–Cys432, and Cys391–Cys525) and assist to sup-
port the sheet structure. The fourth pair (Cys480–Cys488) 
connects the loops at the RBM's distal end. The peptide 
substrate-binding site is formed between the two lobes of 
hACE2's N-terminal peptidase domain.

There are two peptidase domains on the ectodomain 
of hACE2. One is epithelial, the other membrane-prox-
imal. The RBD of the S protein contains several confor-
mation-dependent epitopes and the primary domain that 
produces neutralizing antibodies. Using liner antigenic 

epitopes, we discovered extensive areas of antigenic 
epitopes of small peptides, even single amino acids, in the 
RBD (SVMTrip). It consisted of four epitopes: [DDVR-
QIAPGQTGVI], [NIDATSTGNYN], [YQAGSTPCNGV], 
and [YGFQPTNGVGYQ], all of which are antigenic 
characteristics that interact directly with monoclonal 
antibodies (Table 2). The computed antibody value was 
− 12.1 kcal/mol with two amino acids due to the high rate 
of binding affinity between RBD and antibody. The RBD 
residues Asn479 and Thr487 are required for the high-
affinity overtone associating S protein with hACE2. RBD 
mutations alter the antigenic structure and binding activity 
of RBD to hACE2 at Arg441 and Asp454. As a result of 
electrostatic complementarity, we improved the affinity of 
monoclonal antibodies for the RBD antigen. Amino acids 
on the hydrophobic surface patch that directly contact the 
antigenic epitope were changed to achieve this. We found 
four RDB epitope regions. However, only three epitopes 
were most efficient in monoclonal antibody engagement 
(Fig. 5). Because this monoclonal antibody interacted with 
RBD regions in the three best-ranked ones, it was critical 
to our goal. The RBD region identical to the hACE2 recep-
tor binds to it and neutralizes infection. Antigenic epitope 
binding hotspot residues of the RBD (Pro38-Val505, 

Fig. 3  The antibody structure and altered energy minimization. The 
accuracy and stereochemical strain in models produced for eight 
query antibodies that were part of the antibody modeling assessment 
(AMA-II) blind benchmark of antibody structure modeling manners. 
Models exhibited the stereochemical quality of structures at resolu-

tions < 1.2  Å by clustered by carbonyl rmsd and the lowest-energy 
structures resulting from top-eight models Fv regions were in CDR 
C = 0 H1, H2, H3, CDR C = 0 L1, L2, L3, and aligned with CDRs 
and antibody VL/VH model complex
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A

D

C

B

Fig. 4  SARS-nCoV-2-Spike-S1 protein structure classification and 
antigen–antibody interface interactions. A The structures' molecu-
lar surface and ribbon views are shown with different conformation, 
i.e. (open and close view diameter 120 Å, top angle 135 Å and side 
140  Å). B, C The ectodomain of nCoV2 spike proteins consists of 
two domains: an N-terminal domain named S1 responsible for recep-
tor binding and a C-terminal S2 domain responsible for fusion. The 
spike S1 protein was a class I fusion protein α-helical coiled-coil 
structure characteristic of this class of fusion protein, which contains 
in its C-terminal part regions predicted to have an α-helical secondary 
structure and to form coiled-coils with Horizontal angle 50  Å, and 
perpendicular angle. The S2 subunit was the most conserved region 
of the protein, whereas the S1 subunit diverges in a sequence of a 

single coronavirus. The S1 contains two subdomains, an N-terminal 
domain (NTD) and a C-terminal domain (CTD). Both can function as 
receptor binding domains (RBDs) and bind various proteins and sug-
ars. The nCoV diversity was reflected in the variable spike proteins 
(S proteins), which have evolved into forms differing in their receptor 
interactions and their response to various environmental triggers of 
virus to cell membrane fusion. It's been infecting human respiratory 
epithelial cells through interaction with the hACE2 receptor (red) 
and RBD (green). Indeed, the recombinant spike protein binds with 
recombinant hACE2 protein. D Antibody VL (blue)/VH (half white) 
binding interaction to the specific epitope with the RBD (red) which 
interact binding affinity was − 12.1 kcal/mol

Table 2  Antigenic epitopes 
prediction to the RBD

Target protein Start End Antigenic epitopes regions Length

Receptor binding domain (RBD) 347 347 F 1
402 402 V 1
405 418 DDVRQIAPGQTGVI 14
423 425 YKL 3
441 451 NIDATSTGNYN 11
461 163 LKP 3
466 467 RD 2
469 469 S 1
473 483 YQAGSTPCNGV 11
495 506 YGFQPTNGVGYQ 12
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Tyr58-Asn437, Phe109-Val503, Phe109-Gly502, Phe110-
Gly502, Phe110-Tyr505, Phe109-Tyr505, Phe109-Tyr505, 
Phe109-Tyr505, Phe109-Tyr505, Phe109-Tyr505, Phe109-
T (Table 3). Due to the lower side-chain conformational 
entropy barrier across the epitope-paratope interface, 
direct hydrogen bonds across these interfaces may con-
tribute to the antibody's antigen recognition selectivity. 
The interaction works best with hydrophilic side chains 
that have short chains.

Optimizing lead antibody affinity, specificity, 
and stability

Instead of identifying an in vitro selection of antibodies with 
better properties under more stringent conditions, the dif-
ferent VH and VL domains produced an antibody with a 
specified antigen specificity (> 108 enhanced variety). Com-
plimentary determining regions of monoclonal antibodies 
(CDRs) located inside the variable VL/VH chains regulate 
essential antibody properties such as affinity and specificity. 
Monoclonal antibodies (CDR) differ in their specific binding 

A

B

C

Fig. 5  Interactions interface between antigenic epitopes and antibody 
binding site. The epitope was a consecutive fragment from the amino 
acid sequence and composed of several fragments scattered along the 
amino acid sequence, forming the RBD-binding interface's antigenic 
regions. Such predictions based on amino acid properties included 
hydrophobicity, solvent accessibility, secondary structure, flexibility, 
and antigenicity. A Three antigenic epitope regions were predicted 
based on rank1, which was highlighted color in red to direct contact 

of RBD to the antibody with interacting high binding affinity. The 
other blue are non-epitope. B A rank2 antigenic epitope predicted 
regions are (red: epitope and blue: non-epitope) present at a lower 
RBD. C A rank3 antigenic epitope was predicted regions are (red: 
epitope and blue: non-epitope) which are conserved at the forward-
facing portion of the RBD to interact with antibody. A–C In all the 
RBD antigenic epitope segments, specific amino acids are listed near 
the protein structure model
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Table 3  Interacting residues in 
between monocular antibody 
and RBD

Interacting VL and LH chain resName_
resNo

Interaction view Interacting RBD resName_resNo

Protein No. Chain Amino acid Position Protein No. Chain Amino acid Position

PDB1 H PRO 38  <--> PDB2 F VAL 503
L GLU 109  <--> F GLN 498
H TYR 58  <--> F ASN 437
L GLU 109  <--> F THR 500
H PHE 109  <--> F VAL 503
H PHE 109  <--> F GLY 502
H PHE 110  <--> F GLY 502
H PHE 110  <--> F TYR 505
H PHE 109  <--> F TYR 505
H TYR 64  <--> F ARG 439
L ASN 108  <--> F THR 500
L TRP 114  <--> F THR 500
H TYR 64  <--> F ASN 440
H SER 57  <--> F ARG 439
H PHE 109  <--> F GLY 504
H ASN 113  <--> F THR 500
H TYR 66  <--> F ARG 439
H ASN 113  <--> F GLY 502
H TYR 66  <--> F PRO 499

A

D

B

C

Fig. 6  SARS-nCoV-2 of RBD interactions with antibody This anti-
body that binds the RBD of SARS-CoV-2 challenged the same anti-
genic epitope sites that bind the human receptor ACE2. A–D The 
antibody interacts with an antigenic epitope of a specific target and 

binds to the RBD as shown by different orientations made on the 
molecular surface and ribbon style (red: RBD, half white-VH/blue-
VL)
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properties. Antibodies are necessary for both cell-mediated 
complement and cytotoxicity. We created a library of differ-
ent RBD-monoclonal antibody interfaces. These structures 
contain a two-protein complex, one in "RBD: Chain F" and 
the other in VH: "Chain H" and "Chain L." The interaction 
hotspot interface, which has a conserved core, connects the 
proteins (Fig. 6). Simulations of protein complex interac-
tions between monoclonal antibodies and RBD were used 
to shape the side chain hotspot regions to improve RBD's 
target chain affinity. Proteins interacting through a three-
loop interface provide this effect. The amino acid positions 
of areas that interact with monoclonal antibodies on-chain 
F (RBD) were 473–483 for YQAGSTPCNGV, 441–451 for 
NIDATSTGNYN 495–506 for YGFQPTNGVGYQ. Two of 
these regions, 473–483: YQAGSTPCNGV and 441–451: 
NIDATSTGNYN, encode a good deal of the binding affinity 
and peripheral contacts where there is incompatibility with 
other molecules. Furthermore, the perimeter of the binding 
contact contributes significantly to specificity. Backbone 
designs preserved structural geometry would allow the 
rest of our complex proteins, including the essential hot-
spot, to conform to the native conformation, maintaining 
high-affinity binding. We adopted the modularity of bind-
ing interfaces while preserving the interaction hotspot and 
optimizing other interfacial regions' rigid-body orientation 
and sequence for further confirmation. Immunoglobulins' 
light and heavy domains are linked. Specific residues in our 
monoclonal antibody sequence can be connected to these. 
A conserved framework that provides biochemical and 
structural stability supports CDRs. The CDRs were used to 
test structural diversity in the Fv framework region, which 
differed in length, backbone conformation, and amino acid 
sequence. The rigid-body orientation of the light chain with 
the heavy chain is another factor that influences the confor-
mation of the RBD antigen-binding site. It was also chal-
lenging to balance the ionic salt's various ways with protein 
molecules, shielding charged solvent-exposed residues and 
possibly decreasing protein–protein long-range electrostatic 
interactions.

Discussions

The Spike's receptor-binding domain defines a coronavirus's 
ability to infect a host species and its tropisms. The Severe 
Acute Respiratory Syndrome Coronavirus (SARS-CoV) 
is SARS-closest CoV-2's human-infecting relative, with a 
sequence identity of around 79%. The spike proteins have 
76.47% sequence identical, while the RBDs have a some-
what lower (73%) sequence identity [45]. The C-terminal 
region of SARS-193 CoV-2's residues RBD, which contains 
the receptor-binding motif, has a significant concentration 
of mutations [11]. The RBD of S1 is responsible for virus 

binding to host cell receptors [20, 41]. The vaccines may 
not work well in the older population [16, 23, 24]. Another 
concern is that antibodies have detected several SARS-
nCoV-2 proteins (S, E, M, and N) [10, 30, 40, 50]. However, 
antibodies to the S protein are the most common [27, 31, 
47], suggesting that setting off specific immune responses 
modulates receptor binding and membrane fusion [8]. Other 
cell types with hACE2 are alveolar epithelial cells, entero-
cytes on the surface of the small intestine, and endothelial 
cells in the heart and kidney [33]. Because it is involved in 
hACE2 receptor recognition, viral attachment, and entry, 
the S protein of SARS-nCoV-2 is one of the most important 
targets for treating SARS-nCoV-2 vaccines and treatments. 
The spike protein was chosen as a potential target for mono-
clonal antibodies to stop virus infection by disrupting the 
RBD-hACE2 interaction in this study. During each confor-
mational phase of antigen processing, combined sidechain 
packing reduces structural strain by selecting the antibody's 
backbone based on the model of a pre-computed dataset 
[17]. As part of the AMA-II blind benchmark of antibody 
structure modeling approaches, we assessed the accuracy 
and stereochemical strain in models developed for eight anti-
bodies [1]. For structures with resolutions of 1.2 rmsd, the 
stereochemical quality of our top models was as expected 
the 500 antibody models clustered using carbonyl rmsd and 
the lowest-energy structures from the top-three clusters. Our 
monoclonal antibody is attached to a particular antigenic 
epitope on the RBD in a highly interactive manner [22, 28, 
35]. During interaction with the receptor, RBD provides a 
concave surface for the N terminus of the receptor peptidase, 
on which amino acids 441–451: NIDATSTGNYN broadcast 
the whole receptor-binding loop RBD core. The RBD loop 
amino acids 473–483 are as follows: The antibody is directly 
contacted by YQAGSTPCNGV. The RBD region also con-
tains many cysteine residues linked by di-sulphide linkages 
[19, 21]. The amino acid sequences at positions 441–451 
and 473–483, in particular, are essential in determining the 
severity of SARS-nCoV-2 infection [19, 21]. Any changes 
in these two locations could lead to animal-to-human and 
human-to-human transfer [2]. According to RBD structure, 
residue 498 GLN in SARS-nCoV-2 was discovered particu-
larly close to the virus-binding hot spot 500 Thr (i.e., hot 
spots 109Glu and 110 Phe) on the antibody. In Hot Spot 353, 
which is also buried in a hydrophobic environment, a salt 
bridge joins Lys353 and Asp38 [43]. The RBD is required 
for the S protein to bind with hACE2 with high affinity [19, 
21]. A point mutation disrupts RBD's antigenic structure and 
binding ability to hACE2 at Arg441, Asp454 in the RBD 
[13]. This improved interaction across the VL–VH inter-
face led to significant improvements in crucial parameters 
for antibody development, such as impressibility, stability, 
and affinity, which are capable of interacting with the anti-
genic epitope to the RBD, which is mainly determined by 
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the structure of the antigen-binding site. These interactions 
contribute the majority of the antibody binding energy to 
protein complex. The created changes function in tandem 
with surface mutations detected using standard antibodies to 
improve affinity and stability. Finally, this study provides a 
fully established monoclonal antibody model and a mixture 
of critical capabilities for developing SARS-nCoV-2 RBD 
therapeutics that ultimately prevent viral infection.

Limitation and future directions

Overall, we successfully designed a new monoclonal anti-
body based on the templates PDB’s: 6dkj (chain A) and 4cni 
(chain A) are both VH–VL orientation complexes for a novel 
Coronavirus based on S protein to target specific antigenic 
epitopes to the RBD to inhibit the host viral entry. Future 
studies to understand immunologic factors and antibody 
pathways associated with the successful development of 
antibodies may provide insights for the design of improved 
immunogens and immunization strategies.
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