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Abstract- Infection of SARS-COV2 and its variants causes wide range morbidity and mortality in
recent years. Identification of epitope-based mechanism of viral infection with progressive fatality
and antiviral immunotherapy are two major goals to address population-bias immune response.
We selected peptides from SARS-COV2 Spike (6VXX_A), Delta (B.1.617.2), Omicron (B.1.1.529)
proteins. These peptides contain epitopes which are identified as low rank good fit immunogenic
as recognized more by HLA-DRB1*15:01, than HLA-DRB1*07:01 and HLA-DRB1*03:01. We
also found the selected epitopes specifically form interactive complex with mucosa-associated
invariant T cell. The Molecular Docking and Molecular Dynamics experiments demonstrated
amino acid sequence-specific interaction between close atoms from epitopes and MAIT-TCR.
We used virus unrelated microbial peptide antigen85 as control.
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Mucosal-Invariant T Cell Receptor Recognizes
HLA-DRB1 Selected SARS-Epitopes

HLA-DRB1, MAIT-TCR Selection of SARS Epitopes

Subhajit Dasgupta *, Shaoni Dasgupta ® & Mausumi Bandyopadhyay *

Abstract- Infection of SARS-COV2 and its variants causes wide
range morbidity and mortality in recent years. Identification of
epitope-based mechanism of viral infection with progressive
fatality and antiviral immunotherapy are two major goals to
address population-bias immune response. We selected
peptides from SARS-COV2 Spike (6VXX_A), Delta (B.1.617.2),
Omicron (B.1.1.529) proteins. These peptides contain
epitopes which are identified as low rank good fit
immunogenic as recognized more by HLA-DRB1*15:01, than
HLA-DRB1*07:01 and HLA-DRB1*03:01. We also found the
selected epitopes specifically form interactive complex with
mucosa-associated invariant T cell. The Molecular Docking
and Molecular Dynamics experiments demonstrated amino
acid sequence-specific interaction between close atoms from
epitopes and MAIT-TCR. We used virus unrelated microbial
peptide antigen85 as control. The root -mean square deviation
(RMSD) values ranges between 2.5-6.2 Angstrom unit with cut
off value 2 Angstrom demonstrate good to moderate
alignment between TCR and epitopes. The level of
significance (p<0.05) of epitope binding with MAIT-TCR was
determined as compared with control. Overall, the results
intfroduced a new set of viral spike epitopes which generate
specific mucosal immune response involving invariant T cells.
Keywords: SARCOV2; Spike peptides, Epitope; HLA-DR;,
T cell, T cell receptor, mucosa.

l. [NTRODUCTION

evere Acute Respiratory Syndrome Corona Virus-2
S (SARS-COV2) infection caused pandemic (COVID-

19) in recent years 2019-2021 with high mortality
rate (1-4). The pre-existing pulmonary conditions worsen
the clinical outcome during infection. Recent emergence
of Delta and Omicron variants with advent of subvariants
clearly indicate a range of fast transforming viruses
appear in diverse human population (5-7). The genetic
predisposition for intrinsic susceptibility of human
populations towards SARS-COV2 and variants Delta,
Omicron is still unclear. Also, the specific role of T helper
cells, its receptors and T cell repertoires in viral antigen
recognition for antiviral immune response is not known
yet. Several reports suggested involvement of HLA
responses in SARS-COV2 infection and after vaccination
(8-10). Though we still have unresolved questions to
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address: (1) HLA allele specificity for antigen
presentation and population bias expression patterns;
(2) T helper cell expansion and TCR specificity towards
viral antigens. The reports from different laboratories
suggest HLA-DR deficiency or low expression in
monocytes is associated with immunosuppression and
severity in SARS-COV2 infected patients (11-14). In
particular, specificity of HLA-DRB1 alleles to recognize
Delta and Omicron variants of SARS-COV2 and T cell
receptor specificity towards epitopes is unclear yet but
critical for evaluating hosts’ protective immune
response.

We identified immunogenic epitopes from N-
terminal first nine hundred- amino acid sequence of
SARS-COV2 (COVID 19), Delta variant (B.1.617.2) and
Omicron Variant (B.1.1.529) Spike proteins. We found
HLA-DRB1 allele specificity for these selected Spike
epitopes is determinant for recognition by mucosa-
associated invariant T cell receptor in human population.

[I.  MATERIALS AND METHODS

a) SARS-COV2 and its variant protein sequences

The N-terminal first 900 amino acid Spike
protein sequence is selected from NCBI protein
databases (SARS-COV2: 6VXX A, Delta variant (B.
1.617.2): 70RB_R, Omicron (B.1.1.529): 7Q09 A. The
protein sequence was processed by NCBI protein blast
(pblast) software engine to determine 60 amino acid
peptide strings. The randomly selected 25-30 Spike
peptide strings containing epitopes were processed for
protein database (PDB) file by using Avogadro (USA).
The Omicron Spike epitope PDB files: OM42, OM®60,
M312, M370 and SARS-COV2 (6VXX_A)-Delta variant
(7ORB_R) overlapping CD4 immunogenic epitope -PDB
file DLT1, Delta variant (7ORB_R) epitope DLT2 (Table
1) are used to determine close alignment and binding
efficiency with mucosa associated invariant T cell
receptor Va7.2VB7.2 (MAIT-TCR).

b) Epitope sequence identification from Spike protein of
SAR-COV2, Delta, Omicron Variants
The CD4- recognizing epitope sequences were
identified from N terminal nine hundred amino acid
sequences of virus Spike envelope protein. The amino
acid sequences were analyzed for their immunogenicity
by Immune Epitope Database (IEDB) software engine
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(NIAID, USA). The IEDB Tools were programmed to
analyze 7 allele response to virus Spike proteins
following methods described by Dhanda et al. (15). The
HLA-DRB1*03:01, HLA-DRB1*07:01 and HLA-DRB1*
15:01 responsive epitopes were selected for
determining specific binding affinity with MAIT- TCR.

c) Molecular Docking and Molecular dynamics

The selected peptide epitopes from N terminal
first nine hundred amino acid sequence are processed
by Avogadro software (USA) for construction of protein
database (PDB). These PDB sequences are allowed to
run (100 nanosecond) for close alignment with mucosa
associated invariant T cell receptor (PDB: 4L9L). The
specifications include recognition of alpha helical
structure for interaction, speed 30 frames per second
with Ray trace. The epitopes are placed as mobile and
the TCR is placed as target. The molecular dynamics
experiments ran for 10 cycles with cut off value 2
Angstrom unit. After completion of the run, the frame per
nanosecond was calculated under Executive Root Mean
Square Deviation (RMSD) value ranging from 5.2-6.2
Angstrom unit (RMSD: 2 Angstrom indicates good
homology between interacting protein sequences thus
closer to bind together). The aligned interacting peptide
epitope with TCR protein sequence is recorded by
Molecular Dynamics method by using Schrodinger
PyMol software (USA). The Molecular Docking of Spike
epitopes on TCR is determined in the same experiment
at different time points.

d) Statistics

ANOVA is used to determine significance (p<
0.05 at least) level of interaction profiles (Frame/
nanosec) between selected virus epitope and with
respect to unrelated virus peptides. Mycobacterium
avium antigen85 peptide was used as control to
determine significant binding of virus epitopes with
MAIT-TCR selective amino acid sequence.

I11. RESULTS

T cell specificity of SARS-COV2 Spike peptides
is critical for prolong antiviral responses leading towards
development of memory. However, it is unclear whether
localized TCR - immune response in mucosal layers
have specificity towards SARS-COV2 -Spike epitopes? It
is also unclear whether Cytotoxic T cells (CD8), natural
killer T cells (NKT) and other localized invariant T cells

have specific response towards HLA-DRB1 allele
specific immunogenic Spike epitopes.
In order address the questions, we first

screened the viral epitopes derived from N (NH2)-
terminal first 900 amino acid sequence of SARS-COV2
and its variant Delta, Omicron (Described in Methods
section). Then, we selected each of these epitopes and
analyzed their immunogenicity with respect to binding
with  HLA-DRB1*03:01, HLA-DRB1*07:01 and HLA-
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DRB1*15:01. These HLA-DRB1 allele recognized viral
epitopes are checked for their efficacy for CD4 and TCR
recognition. Here, we presented recognition ability of
mucosa-associated invariant T cell receptor (MAIT-TCR)
to the selected epitopes derived from Spike envelop
protein sequences of SARS-COV2 , Delta and Omicron
variants.

a) Recognition of N-terminal Spike epitopes of SARS-
COV2 and Delta variant by HLA-DRB1 alleles

The results presented in the Figure 1 show
differential responses of screened N-terminal Spike
epitopes of SARS-COV2 (ID 6VXX_A) (Fig.1A) and Delta
variant (7ORB_R) (Fig.1B) towards HLA-DRB1 alleles
03:01, 07:01 and 15:01. The bar diagrams with epitope
database analysis tool (IEDB) percentile ranks
demonstrate a base line of 20 percentile; below which
the epitopes are low immunogenic and good fit to HLA-
DRB1 alleles. These epitopes have ability to induce
moderate to low CD4 responses. The results showed
overlapping recognition of epitope LYNSASFST (derived
from 6VXX_A and 7ORB R) by HLA-DRB1*03:01and
HLA- DRB1*15:01 (< 20 percentile rank) for SARS-
COV2 and Delta variant. HLA-DRB1*07:01 recognition
of the same epitope showed marginally over than 20
percentile rank. The epitope has lower rank (45.38232)
when it is recognized by HLA-DRB1*15:01 and HLA-
DRB1*03:01. The epitope YFKIYSKHT (rank: 42.8908)
derived from SARS-COV2 Spike protein (ID 6VXX_A) is
recognized by HLA-DRB1*15:01 and HLA-DRB1*07:01
while another epitope peptide VSLLSVLLM/ LVSLLSVLL
(rank: 50.16648/ 52.20664) is recognized by all three
tested HLA- DRB1*03:01, HLA-DRB1*07:01 and HLA-
DRB1*15:01alleles. The specific recognition by HLA-
DRB1*07:01 and HLA-DRB1*15:01 allele is detected for
Delta variant epitope FASVYAWNR (rank: 43.9931),
YAWNRKRIS (rank: 40.04248), YRLFRKSNL (34.09812).
These HLA-DRB1 selected Spike epitopes from SARS-
COV2 and Delta variants are immunogenic to CD4 T
cells in human populations.

b) Recognition of N-terminal Spike epitopes of Omicron
variant by HLADRB1 alleles

The recently detected Omicron variant
(B.1.1.529) in post pandemic period human population
raise another question on protective antiviral responses
of existing vaccines and drugs. The presence of several
mutations in the virus RNA genome with possible quick
adaptation ability in human population bring the variants
as highly infectious and transmissible subtypes of
SARS- COV2. To determine epitope recognition patterns
by HLA-DRB1 alleles, the N-terminal amino acid
sequences of Omicron variant (B.1.1.529) Spike protein
was selected from protein database, Sequence ID
7Q07_A (NCBI) and screened for CD4 immunogenicity
by using IEDB Tools software as mentioned in the
Methods section above. The first one thousand amino
acid containing sequence was processed for



constructing protein database (PDB) files. The Omicron
PDB files OM42 (amino acid 1-42); OM60 (amino acid
43-60); M312 (amino acid 312-342), M370 (amino acid
343-370) are constructed similarly as mentioned above.
The Table 2 demonstrates overlapping 15-amino acid
Omicron peptide sequences (highlighted part of the
sequences). The first three epitope peptides in the Table
2 show the lowest rank (5.11, 9.77 and 21) indicating
good fit recognition by HLA-DRB1*15:01 as compared
with  HLA-DRB1*03:01 and HLA-DRB1*07:01. The
peptide epitopes in the Table 2 demonstrate moderate
to higher HLA-DRB1 recognition patterns not only for
15:01 but 03:01 and 07:01 alleles, thus range poor to
non-immunogenic to CDA4.

c) Mucosa associated invariant T cell receptor (MAIT-
TCR) binding with Spike epitopes

The specificity of virus epitope induced
activation of human immune system is determined by
demonstration of sequence specific recognition of virus
epitopes with T cell receptor. In the aspect, we wanted
to determine the interaction and close binding profiles of
TCR and our selected CD4 immunogenic virus epitopes.
We found; selected epitopes are recognized by CD4 to
a variable extent generating over all low to moderate
CD4 response (with respect to HLA-DR recognition
pattern). The mucosal associated invariant T cells
(MAIT) are conserved lineage of CD4-CD8-/CD4-CD8+
T cell subset in human population (16-19). MAIT cells
express Valpha7.2/Jalpha33 alpha chain paired with
Vbeta2 beta chain. The MAIT-TCR Valpha domain has
similarity with type 1 invariant natural killer T (iINKT) cells
like CD1 positive cells which respond to different
microbial pathogens and autoimmune manifestations
(20).

We wanted to determine efficacy of the selected
immunogenic SARS-COV2 and variant Spike epitopes
(Table1) to form close binding interaction with MAIT-TCR
(PDB: 4L9L).

The protein database (PDB) files of virus
epitopes (Table 1) are allowed to interact with mucosal
associated invariant T cell receptor (MAIT-TCR) by
molecular  docking and  molecular  dynamics
experiments. Figure 2A shows efficient binding between
DLT2 and TCR 4L9L at the amino acid sequence 110 9
region (Square box showing specific alignment between
epitope sequence DLT2 and TCR 4L9L). The RMSD
value: 2.309 (Fig. 2B) indicates close alignment with
more sequence homology thereby efficient binding
between DLT2 epitope and MAIT- TCR.

The figure 2C demonstrates alignment between
interacting Delta epitope DLT1 and MAIT-TCR at amino
acid sequence 1 to 9 region. The efficiency of binding
between DLT1 epitope and TCR 4L9L is determined by
root mean square deviation (RMSD) value: 5.410
Angstrom (Fig. 2D). The RMSD value indicates
moderate to less sequence homology between

interacting peptides thereby moderate to low binding as
compared with RMSD value for DLT2 and TCR
interaction.

The results presented in figure 3 A demonstrate
an aligned binding between Omicron Spike epitope
(PDB: OM42) and MAIT- TCR (PDB: 4L9L) sequences.
The arrowhead and a square box show the region of
binding of OM42 with TCR protein sequence. The digital
experimentation using Schrodinger PyMol software
identified 1-6 amino acid sequence in TCR binds with
OM42 Omicron epitope (the square box indicates
aligned amino acid sequences). The 100-nanosecond
run with 30 frames/ nanosecond output for 10 cycles
demonstrates atom to atom interaction profile between
target TCR and mobile OM42 (Fig.3B). The executive
root mean square deviation (RMSD) value 6.612
Angstrom shows relative differences between interacting
atoms from epitope OM42 and TCR 4L9L. The epitope
OMB60 binds with MAIT- TCR at 1-26 amino acid region
(square box shows the sequence interactions) (Fig.3C).
Corresponding molecular dynamics show higher root
mean square value (RMSD: 7.282) (Fig.3D). The
observation indicates less alignment  between
interacting atoms of OM60 and TCR 4L9L.

Omicron epitope M312 (amino acid sequence
1-31) is shown to bind with TCR 4L9L (amino acid
sequence 11-41) (Fig. 3E). The corresponding
molecular dynamics experiments demonstrate root
mean square deviation (RMSD) value 6.131 Angstrom
which indicate less sequence homology, more deviation
between interacting atoms leading toward moderate
binding between Omicron epitope M312 and MAIT TCR
(Fig.3F). The epitope M370 demonstrates binding of
M370 amino acid sequence 1 to 26 with MAIT-TCR 4L9L
amino acid sequence 1 to 26 (the box shows interacting
sequences) (Fig. 3G). The molecular dynamics
experiments show 100 nanoseconds run with 30 frames
per nanosecond in which atomic interactions between
Omicron epitope M370 and MAIT-TCR exhibit
recognizable differences with moderate alignment
between two different sequences close enough to bind
each other. The root- mean square value RMSD: 6.364
Angstrom indicate difference between the atomic
interactions with rendering time (Fig. 3H).

The specificity of viral epitope binding with
MAIT-TCR (4L9L) is determined by deletion peptide
sequences in which sequential three amino acid
deletion was performed to construct new set of
peptides. These deletion peptide constructs were
processed for PDB files and allowed to interact with
MAIT -TCR. The root- mean square deviation (RMSD) (5
to < 2 Angstrom) values demonstrate specific binding
of virus epitope with TCR (data not shown).

In order to find out specificity of binding
between virus Spike envelop protein epitopes and MAIT-
TCR in the molecular dynamics experiments, we use
single factor ANOVA to determine significant differences
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between number of frame per nanosecond values
derived from Omicron Spike epitopes OM42, OM60,
M312, M370 and SAR-COV2, Delta variant epitopes
DLT1, DLT2 from control peptide: antigen85
(Mycobacterium avium soluble antigen, unrelated to
virus protein). The results demonstrate significance level
at p< 0.05 between control number of frame per
nanosecond and that of all Omicron epitopes interacting
with MAIT-TCR in molecular dynamics experiments. The
frame per second value of SAR-COV2 and Delta epitope
also demonstrate significant differences (p<0.05) with
respect to control molecular dynamics with MAIT-TCR.

The observations suggest such a marked
difference in receptor-ligand interaction patterns
between SAR-COV2, Delta and Omicron peptide
epitopes with MAIT-TCR as compared with unrelated
control peptide antigen85 is due to difference in mean
oscillation pattern between interacting atoms of receptor
and ligands close to each other. The lower the RMSD
value the closer the interacting atoms are so probability
of bond formation increases.

IV. DISCUSSION

SARS-COV2 and its variants Delta and recent
emergent Omicron viruses cause severe to mild
respiratory tract infection in  worldwide human
population. The available reports from 2019 till ongoing
2022, we found severity of infection and mortality during
pandemic to post pandemic period depends largely on
uncontrolled heightened immune response leading
inflammation and tissue damage (21, 22). However,
recognition patterns of SARS-COV2 Spike protein
epitopes to T cell repertoire and long-term memory
immune response is still unclear. We consider the (a)
antigenicity of Spike epitopes on its recognition to HLA-
DRB1 alleles and (b) optimum T cell receptor response
to HLA-DRB1 allele(s)-recognized epitopes are two
requirements to activate T helper cells for clonal
expansion and development of memory cell pool. So far,
we do not see distinct memory cell pool and expansion
of T helper cell repertoire during secondary infection in
human population. The experimental vaccines show 6
months’ time period of moderate protection. Here the
question is whether the Spike peptide epitopes have
ability to activate T cytotoxic (CD8) cells and Natural
Killer cells more than T helper cells ? We tested T helper
cell (CD4) immunogenicity and generalized T cell
receptor (TCR) responses to first thousand N - terminal
Spike epitopes screened through recognition patterns of
HLA-DRB1*03:1, HLA- DRB1*07:1 and HLA-DRB1*15:1
(Dasgupta,  unpublished  observations)  through
computer guided molecular docking process. We
extended our findings to address the question: What is
the specificity of localized mucosal layer immune
responses to the SARS-COV2 and its variants’ Spike
epitopes in human population? We seek explanation
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which will lead us to find out specific entry mechanisms
of SARS-COV2 and its variants via first layer mucosal
epithelial cells of respiratory tract, gastrointestinal tract
and urogenital tract of human beings. Susceptibility is
also a question as, within a population, not everyone
acquired infection with same degree of severity to
moribund or mortality. In this aspect, the degree of HLA-
DRB1 alleles recognition to virus epitopes and MAIT-
TCR response in a population have immense role
towards localized inflammation leading severity.

Our findings showed specific interactions with
binding affinity of mucosal associated invariant T cell-
receptors (MAIT-TCR) for HLA-DRB1 allele -screened N-
terminal Spike epitopes. The amino acid sequence
specificity of the epitopes with MAIT- TCR is determined
by molecular docking and molecular dynamics
experiments.

Mucosal-associated invariant T cells are
separate pool of lymphocytes belong to cytotoxic (CD8)
and natural killer T cell (NKT) population in human which
are known to recognize human Major histocompatibility
Complex Class | related protein 1 (MR 1) and CD1d
(23), (24), (16). The innate like T cells reside within
tissues and share characteristics with alpha-beta and
gamma- delta T cells. The antiviral effect of MAIT cells
has been found in hepatitis B virus related
hepatocellular carcinoma (25). Recent investigations
demonstrated active role of MAIT cells in anti-tumor cell
therapy approach for hematological malignancy (26),
inflammation in central nervous system (CNS) during
multiple sclerosis (MS) (27). Wang et al. (28)
demonstrated presence of TRAV1->*CD8* MAIT cells
and NCAM1"CD160" NK cells in asymptomatic COVID-
19 patients. These findings relate presence of innate-like
MAIT cells during inflammatory responses in different
tissues. The epitope specificity of SARS-COV2 and
variants are found for innate immune responder TLR8
during versatile immune responses including brain (29).
The observations presented here demonstrated critical
role of HLA-DRB1*03:1, 07:1 and 15:1 recognition
pattern for N-terminal Spike epitopes of SARS-COV2
and its variants Delta and Omicron for optimum
immunogenicity which further led to sequence specific
response by  MAIT-TCR.  Overall, experiments
demonstrate recognition of the selected viral epitopes
by population-predominant HLA-DRB1 alleles is a prime
immunological phenomenon which in turn activates
localized invariant T (MAIT) cells via MAIT-TCR to induce
antiviral defense during infection.
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Table 1: Epitope peptide sequence- protein database files

Protein Database (PDB) files Epitope inserted peptide sequences
OM42 SSQCVNLTTRTQLPPAYTNSFTRGVYYPDK(SEQ. 12- 30)
Omicron Spike (B.1.1.529)

OM60 VFRSSVLHSTQDLFLPFFSNVTWFHVISGT(SEQ. 31-60)
Omicron Spike (B.1.1.529)

M312 TSNFRVQPTESIVRFPNITNLCPFDEVFNAT(SEQ. 312-
Omicron Spike (B.1.1.529) 342)

M370 RFASVYAWNRKRISNCVADYSVLYNLAPF(SEQ. 343- 371)
Omicron Spike (B.1.1.529)

DLTA1 FASVYAWNR

Delta Spike (B.1.617.2) (SEQ.24- 32)

DLT2 LYNSASFST

SARS-COV2 and Delta Spike Delta Spike (7ORB_R: SEQ.45-53)

(B.1.617.2) SARS-COV2 (6VXX_A: SEQ: 397-405)

#pitope sequences are selected from SARS-COV2 Omicron variant Spike envelop protein sequence (B.1.1529), seq id 7Q09 A,
SARS-COV2 Spike protein 6VXX_A and Delta variant (7 ORB_R) (B.1.617.2).

Table 2: HLA-DRB1 recognition of epitope peptides from first thousand N- terminal amino acid sequences of SARS-
COV2 Omicron variant B. 1.1.529 (7Q09_A).

. . HLA-DRB1*

Epitope Peptides Length 03:01 07-01 15:01
MFVELVLLPLVSSQCVN 1-17 74.94 52.80 511
MFVFLVLLPLVSSQCVNL 1-18 76.95 73.99 9.77
FVFLVLLPLVSSQCVNL 2-18 40.88 37.47 5.11
VLLPLVSSQCVNLTTRTQ 6-23 79.91 106.55 59.19
LLPLVSSQCVNLTTR 7-21 17 28 21
LLPLVSSQCVNLTTRTQL 7-24 65.11 79.91 62.15
LPLVSSQCVNLTTRTQLP 8-25 65.11 121.35 68.07
PLVSSQCVNLTTRTQL 9-24 20.78 39.25 61.18

SARS-COV2 Omicron variant peptides (selected from the first thousand N terminal amino acid sequence) are
analyzed by Immune database Tools (IEDB Tools) for their HLA-DRB1 allele recognition and CD4 immunogenic

recognition ability. The

lowest score indicates
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Fig.1 A, B: Selection of immunogenic T cell specific epitopes by HLA-DRB1 alleles from Spike envelop protein of (A)
SARS-COV2 (6VXX_A) and (B) Delta variant (B.1.617.2) virus. The Spike envelop proteins are selected from protein
database. The 60 amino acid peptide strings are processed by Immune Epitope Database (IEDB) Tool software
system. The tool was programmed for detecting 12 amino acid epitope peptides responding to HLA-DRB1*03:01,
HLA- DRB1*07:01 and HLA-DRB1*15:01 alleles representing population based immunogenic responses. (A)
Immunogenic Spike epitopes from SARS-COV2 6VXX A protein are mapped on the basis of percentile rank
determining binding affinity to HLA-DRB1. The base line of 20 percentile range is shown in the plot. The epitopes
below this line are low immunogenic and good fit to corresponding HLA-DRB1 alleles. (B) Immunogenic Spike
epitopes from Delta variant (B.1.617.2) are mapped in a similar way and scaled through 20 percentile base line. The
low rank immunogenic peptide epitopes are found below 20 percentile rank line. Each bar in the plot represents
percentile HLA-DRB1 alleles 03:01, 07:01, 15:01 responses to each of the peptide epitopes presented in the figure.
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Fig.2 A, B, C, D: Determination of specific binding of immunogenic Spike epitope sequences from SARS-COV2 and
Delta variant (B.1.617.2) with mucosa-associated invariant T cell receptor (MAIT-TCR). The specific binding patterns
between the closest aligned atoms within cut off distance 2 Angstrom are determined by 10 cycle Molecular
Dynamics alignment assay using epitopes as mobile unit and MAIT-TCR is the target for none to one interaction. The
root mean square deviation (RMSD, Angstrom) for each experiment between epitope peptide and MAIT- TCR
demonstrate good fit alignment. The lesser RMSD, the better is the alignment thus represents better binding. The
protein database files (PDB) are used in the experiments. (A) The molecular docking of Delta variant epitope DLT2
(shown by arrow) binds with MAIT-TCR. The amino acid sequence specific alignment is shown in a box at the top of
the figure. The binding area is also shown by a box in the figure. (B) The molecular dynamics experiment
demonstrates binding pattern of interacting atoms between DLT2 (PDB) and MAIT-TCR (PDB: 4L9L). RMSD: 2.309
Angstrom. (C) The molecular docking of Delta Spike epitope (DLT1) with MAIT-TCR (PDB: 4L9L). The interacting
protein sequences are shown in a box at the top of the figure. The binding of DLT1 by MAIT-TCR is shown in a box in
the figure. (D) The molecular dynamics experiment demonstrates binding pattern of interacting atoms between DLT1
(PDB) and MAIT-TCR (PDB: 4L9L). RMSD: 5.410 Angstrom. All these interaction events in the Molecular Dynamics
experiments are based on oscillation at the rate of 30 frame per nanosecond for 100 nanosecond duration as
described in Materials and Methods. Statistical significance (p<0.05) of the frame per nanosecond values of
experimental epitope peptides as compared with unrelated control peptide antigen85 with respect to MAIT-TCR has
been determined by one factor ANOVA.

Anova: Single Factor

SUMMARY
Groups Count Sum Average  Variance
Control 42 3547787 0.844711  0.00052
DLT1 42 104.2915 2.483131 0.061207
DLT2 42 27.92395 0.664856 0.001887
ANOVA
Source of Variation S5 df MS F P-value Ferit
Between Groups 84.32049 2 42.16024 1988.244 2.22E-94 3.069894
Within Groups 2.608186 123 0.021205
Total 86.92867 125

Fig 2 (A- D) Statistical significance (p< 0.05) for binding and close atomic interactions was determined by one factor
ANOVA between Frame per nanosecond (Angstrom) value of identified SARSCOV2 Delta N terminal spike epitopes Spike
epitopes and Control unrelated Mycobacterium avium antigen 85 peptide. Results obtained from Molecular Dynamics
experiments (Fig 2A to D).
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Omicron epitope M370 vs MAIT TCR

RMSD: 6.364

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Frame/ nanosecond

-]
—

23

- o0 &
NS I~ o0

45
56

=T
L2 |

100
111
122
133
144
155
166
177
188
199
210
221
232
243

Fig-3H Rendering Time X 10° nanosecond

Fig.3 A B, C, D, E, F, G, H: Epitope peptides of Omicron variant (B.1.1.529) bind with mucosa-associated invariant T
cell receptor (MAIT-TCR). The molecular docking and molecular dynamics experiments are performed to determine
specific binding nature of Omicron epitopes and MAIT- TCR. The closest aligned atoms of amino acids within the cut
off distance 2 Angstrom are determined by 10 cycle Molecular Dynamics alignment assay using the epitopes as
mobile unit and MAIT-TCR is the target for none to one interaction. The root mean square deviation (RMSD,
Angstrom) for each experiment between epitope peptide and MAIT-TCR demonstrate good fit alignment. The lesser
RMSD, the better is the alignment thus represents better binding. The protein database files (PDB) are used in the
experiments. (A) The molecular docking of Omicron variant Spike epitope (PDB: OM42) with MAIT-TCR (PDB: 4L9L).
The interacting protein sequences are shown in a box at the top of the figure. The binding of OM42 by MAIT- TCR is
shown in a box in the figure. (B) The molecular dynamics experiment demonstrates binding pattern of interacting
atoms between OM42 (PDB) and MAIT-TCR (PDB: 4L9L). RMSD: 6.612 Angstrom. (C) The molecular docking of
Omicron variant Spike epitope (PDB: OM60) with MAIT-TCR (PDB: 4L9L). The interacting protein sequences are
shown in a box at the top of the figure. The binding of OM60 by MAIT-TCR is shown in a box in the figure. (D) The
molecular dynamics experiment demonstrates binding pattern of interacting atoms between OM60 (PDB) and MAIT-
TCR (PDB: 4L9L). RMSD: 7.282 Angstrom. The RMSD value shows comparatively less aligned amino acid
sequences are present in OM60 epitope in the aspect of interaction with MAIT-TCR. (E) Molecular docking of
Omicron variant Spike epitope (PDB: M312) with MAIT-TCR (PDB: 4L9L). The interacting protein sequences are
shown in a box at the top of the figure. The binding zone of epitope peptide with MAIT-TCR is shown in a box in the
figure. (F) The molecular dynamics experiment demonstrates binding of interacting atoms between M312 (PDB) and
MAIT-TCR (PDB: 4L9L). RMSD: 6.131 Angstrom. (G) Molecular docking of Omicron variant Spike epitope
(PDB:M370) with MAIT-TCR (PDB: 4L9L). The interacting protein sequences are shown in a box at the top of the
figure. The binding of M370 by MAIT-TCR is shown in a box in the figure. (H) Molecular dynamics experiment
demonstrates binding pattern of interacting atoms between epitope M370 (PDB) and MAIT-TCR (PDB: 4L9L).
RMSD: 6.364 Angstrom. All these interaction events in the Molecular Dynamics experiments are based on oscillation
atoms of interacting proteins defined at the rate of 30 frame per nanosecond for 100 nanosecond duration as
described in Materials and Methods. All results are expressed as Frame per nanosecond versus Rendering time
(nanosecond) at a particular executive root mean square deviation (RMSD) value. Statistical significance (p<0.05) of
the frame per nanosecond values of experimental epitope peptides as compared with unrelated control peptide
antigen85 with respect to MAIT-TCR has been determined by one factor ANOVA.
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SUMMARY

Groups Count Suim Average Variance

Control 42 35.47787 0.844711 0.00052
OM42 42 10.20515 0.24298 1.87E-05
OM60 42 25.81601 0.614667 0.006575
M312 42 3.844725 0.091541 4.45E-06
M370 42 21.48756 0.511609 0.006286
ANOVA

Source of Variation S8 dar MS F P-value Ferit
Between Groups 15.01255 4 3.753137 1399.918 1.5E-147 2.415694
Within Groups 0.549599 205 0.002681
Total 15.56215 209

Fig 3 (E- H) Statistical significance (p<0.03)for binding and close atomic interactions was determined by one factor ANOVA between Frame per nanosecond (Angstrom) vahe of
identified Omicron N terminal spike epitopes Spike epitopes and Conirol wnrelated Mycobacterinm aviwm antigen 85 peptide. Results obtained from Molecular Dynamics experiments

(Fig 3Eto H).
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