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Different tissues of various plants contain allelochemicals such as phenolics, flavonoids, etc., which exhibit
antioxidants and protect the plants from harmful infections. The widespread group of plant allelochemicals in the
ecosystem is phenolic compounds. They are substances composed of an aromatic hydrocarbon group and a
hydroxyl group. The 3-Hydroxyflavone skeleton of flavonol has a phenolic and a hydroxyl substitution. A
comparison of experimental and calculated data of FT-IR and Raman was studied for the vibrational assessment
of these allelochemicals. PES scan and molecular geometry analysis are done for the conformation of the 3-
Hydroxyflavone ligand. 3-Hydroxyflavone is docked with the three proteins of Homo sapiens such as Pro-
thrombin with 622 amino acids synthesized in the liver, human neutrophils found within intracellular granules
with 467 amino acids, Glutathione S-transferase P is produced from exogenous xenobiotics with 210 amino
acids. The active site residues by using the Prothrombin (1A2C), Neutrophil collagenase (1A86), Glutathione
S-transferase P(18 GS) protein with ligand 3-Hydroxyflavone, fair binding affinity was found for the Gluta-
thione S-transferase P (18 GS). The MOLE online server web interface’s ability to see and analyze tunnels and
pores allows for simple, online interaction with bio-macromolecule investigation. The automatic transmembrane
channel calculation on the MOLE web generates the quickest list of ligands for transport analysis and tunnel
identification. Pore-forming proteins (PFPs) are recognized as crucial agents in immunity and infection. They
target membranes by opening channels through them. ElliPro is thought to be a potentially effective method for
identifying antibody epitopes in protein antigens. Molecular dynamics result the general time-dependent
structural deviation/degree of similarity among the structures that the trajectory records. The epitope tech-
nique sought to examine the effectiveness of its web tool on linear and discontinuous epitopes known from the
structures of antibodies of 18 GS with 3-Hydroxyflavone complexes and find effective scores.

1. Introduction

Natural compounds from plants provide recent research opportu-
nities due to their remarkable pharmacological and pharmacoepidemi-
ology properties. The secondary metabolite Polyphenols from plants are
involved in defense against aggression by pathogens. Flavonoids from
polyphenolic secondary metabolites have a wide spectrum of pharma-
cological activities such as anticancer, antiviral, antifungal, antibacte-
rial, antioxidant, cardioprotective, immunomodulatory, and anti-
inflammatory [1]. Plants are shielded from various biotic and abiotic
challenges by flavonoids, which also serve as special UV filters, signaling
molecules, allopathic substances, phytoalexins, detoxifying agents, and
antimicrobial defensive components [2].

Flavonol is the unsaturated C ring at the C2-C3 position, which is
hydroxylated at C3 and oxidized at C4. Flavonol is a group of flavonoids
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that are mainly accumulated in epidermal cells of plant tissues in
response to solar radiation to filter the UV-B light while allowing it to
pass the photosynthetically active visible light [3]. 3-Hydroxyflavone is
a natural product found in Acacia retinoids, Acacia holosericea, and
other organisms. Meta-analyses strongly suggested that long-term con-
sumption of diets rich in plant polyphenols offered some protection
against the development of cancers, cardiovascular diseases, diabetes,
osteoporosis, and neurodegenerative diseases [4,5].

Recent research on various plant metabolites has demonstrated that
flavonoids may play a major role in the brain’s enzyme and receptor
systems, having a major impact on the central nervous system and
preventing diseases like Alzheimer’s and Parkinson’s [6,7]. They are
building blocks of proanthocyanins and the intake of flavonol is found to
be associated with a wide range of health benefits which include anti-
oxidant potential and reduced risk of vascular disease [8]. Flavonoids
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Table 1
Optimized parameters of [bond length (1°\), bond angle (°)] 3-Hydroxyflavone.
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Parameters Experimental® B3LYP/6-31G (d, p) Parameters Experimental® B3LYP/6-31G (d, p)
Bond Length Bond Angle

Cl-C2 1.363 1.366 C2-C1-011 119.7 121.8
Cl-C12 1.474 1.475 011-C1-C12 111.1 111.9
C1-011 1.369 1.373 C1-C2-C3 122.8 121.6
C2-C3 1.457 1.473 C1-C2-018 120.8 124.0
C2-018 1.357 1.361 C2-C3-C4 119.8 122.6
C3-04 1.232 1.227 C2-C3-C5 116 113.9
C3-C5 1.446 1.475 C5-C6-C7 121.2 120.5
C5-C6 1.387 1.406 C7-C8-C9 120.1 120.7
C6-C7 1.366 1.384 C8-C9-C10 118.7 118.7
C7-C8 1.372 1.406 C9-C10-011 115.4 116.8
C8-C9 1.385 1.387 C13-C12-C17 119.4 118.6
C9-C10 1.392 1.400 C12-C13-C14 121.3 120.4
C10-110 1.377 1.364 C13-C14-C15 120 120.3
Cl12-C13 1.394 1.406 Cl14-C15-C16 118.5 119.6
Cl12-C17 1.389 1.407 C15-C16-C17 121.3 120.2
C13-C14 1.397 1.391 C2-018-H28 109 109.2
C14-C15 1.377 1.397 C12-C1-C13 119.4 120
C15-C16 1.400 1.394

C16-C17 1.364 1.394

018-H28 0.96 0.968

2 Ref: [30].

are effective antibacterial agents whose bactericidal potential is dictated
by their chemical structures and concentrations.

Aglycones and their glycosylated and methylated derivatives are
known forms of flavonoids. In the human diet, glycosylated flavonoids
are widely distributed [9]. Their behaviors rely on the structure. The
structural class, degree of hydroxylation, various substitutions and
conjugations, and degree of polymerization all affect the chemical
constitution of flavonoids [10]. Flavonoids also act as a secondary
antioxidant defense system in plant tissues exposed to different abiotic
and biotic stresses [11]. There is strong scientific evidence linking high
flavonoid consumption to a variety of health benefits, including a lower
risk of cancer and heart disease, protection against free radical damage,
inhibition of tumor growth, and improved insulin production [12].

Research on the absorption and metabolism of flavonoids, especially
flavonol, has increased significantly in the last few years. Research in-
dicates that the absorption of flavonol conjugates is higher than that of
the parent aglycone [13]. An association between higher amounts of
dietary flavonol and slower cognitive decline but does not prove that
flavonol directly causes a slower rate of cognitive decline. Benavente--
Garcia gave the relation between each structural factor of Citrus flavo-
noids and the anticancer, anti-inflammatory, and cardiovascular
protection activity of Citrus flavonoids and their role in degenerative
diseases [14].

Flavonoids can alter the activity of proteins during cell development
[15]. The antibacterial activity of the compound as well as the reference
antibiotic, ciprofloxacin was tested on Gram-negative multi-
drug-resistant bacteria overexpressing active efflux pumps, and against
methicillin-resistant strains of Staphylococcus aureus (MRSA) [16]. Even
in middle age, promoting a higher consumption of some flavonoid-rich
foods and drinks, such as tea, blueberries, red wine, and peppers, may
reduce the risk of premature mortality [17]. Chromatography/mass
spectrometry and fluorescence microimaging techniques findings offer
new evidence on the inter- and intracellular distribution of
stress-responsive on how flavonol may have performed a wide array of
functional roles during the colonization of land by plants [18]. The two
binding sites are involved in BSA-3HF interaction and the interaction is
slightly positively cooperative with a similar binding constant [19].
Flavonol is hypothesized to reduce the risk of breast cancer through its
effects on several biochemical pathways involved in carcinogenesis
[20].

An attempt has been made to study the molecular geometry and
molecular vibrational of the 3-Hydroxyflavone based on density

functional theory due to their divergent usage. Molecular docking
(Biochemical processes) studies using the Prothrombin (1A2C),
Neutrophil collagenase (1A86), and Glutathione S-transferase P (18 GS)
protein of Homo Sapiens with ligand 3-Hydroxyflavone are performed.
The function of many enzymes is dependent on the tunnels and gates
they include. The movement of ions, solvent molecules, and tiny mole-
cules such as substrates and products into and out of the structure of the
enzyme is controlled by gates, which reversibly flip between open and
closed conformations. Molecular dynamics investigate the reaction of a
biomolecular system to a perturbation. An antigenic protein’s surface
structure has a conformational epitope, which is made up of nearby
amino acid residues that help in understanding the immune system.

2. Applied method

The calculations were performed by the DFT method on 11th Gen
Intel(R) Core (TM) i5-1135G7 @ 2.40 GHz, 2419 MHz, 4 Core(s), 8
Logical Processor(s)z personal computer using Gaussian 09W program
[21] package. Harmonic vibrational frequencies were calculated, the
frequencies were scaled and the structure was optimized. We compute
the vibrational frequencies and energies of optimized structures using
the Lee-Yang-Parr (LYP) correlation function [22] and the
gradient-corrected density functional theory [23] (DFT) with the
three-parameter hybrid functional [24] (B3) for the exchange portion.
The computer program VEDA 4 was used to calculate the potential en-
ergy distribution (PED), which optimizes the internal coordinate [25].
Initial optimization was done with the force field and then studied with
partitioning schemes. Selected single-point energy analyses using the
PES scan are conducted, and internal coordinates using Gauss view 5.0
[26]. Molecular Docking studies were carried out using the AutoDock
suite [27]. The protein chosen was added with hydrogen (polar) by
removing the water molecules. The Kollman charges were added and
computed by Gasteiger. The input ligand through the torsion tree, root
was detected and from the chosen torsion for the ligand the corre-
sponding set was taken for active torsion. The protein and ligand as
macromolecules in the grid are identified. From the PDBQT, both ligand
and protein are generated and docked. The generated configuration
from AutoDock as a docking engine, the output is taken from the
executed file and discussed. Molecular Dynamics program dart in
ubuntu 20.040 version Linux terminal with Linux command program
tool (GUI) Gromacs-2022.5 and analyzed protein-ligand interaction
using protein Glutathione S-transferase P with 3-Hydroxyflavone
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Fig. 1. Numbering system adopted in this study (3-Hydroxyflavone).
ligand [28].
3. Results and discussion
3.1. Molecular geometry

The Berny geometry optimization algorithm is implemented [29].
Convergence is tested against criteria such as maximum force compo-
nent, root-mean-square force, maximum step component, and
root-mean-square step. The optimized parameters are tabulated in
Table 1 according to the molecule’s atomic numbering in Fig. 1. The
molecule is thought to have symmetry in the C1 point group. The exact
experimental data of the geometrical parameter of 3-Hydroxyflavone is
taken from Cornard [30]. A maximum number of the bond length and
bond angle are well correlated to the experimental data. The shorter
bond length of 018-H28 (0.96 Io\) is due to stronger the bond. The bond
length C1-C12(1.474 A) bonded with 011, C2-C3(1.457 A) bonded
with 04, C3-C5(1.446 f\) bonded with O4 shows lowering of length in
C1-011(1.369 A), C3-04(1.232 A) and C2-018(1.357 A). Because ox-
ygen is an electronegative element, bonding electrons are more drawn to
it.

3.2. Hydrogen bond

Indirectly, hydrogen bonding can be observed in protein crystallog-
raphy. The bond is assumed to be a hydrogen bond if an appropriate
acceptor-donor pair for a hydrogen bond is present within the right
distance. In general, this distance is thought to range between 2.7 and
3.3, with 3.0 being the most typical number for hydrogen bonding
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Fig. 3. IR (a) Calculated (b) Experimental spectra of 3-Hydroxyflavone.

between proteins and water. The closer the hydrogen bond is to correct
geometry, the stronger the bond [31]. It is widely accepted that C-H ...
.... O hydrogen bonds play an important role in determining macro-
molecular conformation [32]. C-H ... .... O interactions have the same
tendency toward linearity as conventional H-bonds but are less sensitive
to angular deformations [33]. In the present study C17-H27 ... ... ....
011 consists of an oxygen atom bonded to a hydrogen atom H27
forming hydrogen bond length 2.26 A. The H28-018 ... ... ... H23
(hydroxyl group) which consists of an oxygen atom bonded to a
hydrogen atom H23 forming a hydrogen bond length of 2.27 A. This is
due to the bond between the oxygen and the hydrogen being highly
polar due to the high electronegativity of the oxygen atom The predicted
hydrogen bond in dotted lines is shown in Fig. 1.

3.3. Potential energy surface

Relaxed potential energy surface (PES) scans are frequently
employed to comprehend reaction mechanisms, identify transition
structures, investigate bond stability, and assess conformational flexi-
bility [34]. The relaxed potential energy surface (PES) scan, which en-
tails single-point energy evaluations over a rectangular grid including
chosen internal coordinates is carried out. The number of steps and step
size for each variable are 10°,20° for dihedral angle,
C1-C2-C12-C13 is performed. The two-fold hyperconjugation is shown

SCAN

50 100 150 200
Scan Coordinate (Steps)

Fig. 2. Scan Coordinate for Dihedral angle C1-C2-C12-C13.
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Fig. 4. Raman (a) Calculated (b) Experimental spectra of 3-Hydroxyflavone.
Table 2

Calculated and Vibrational wavenumber, measured IR and Raman band Posi-
tions (cm ') and assignments for 3-Hydroxyflavone.

Mode Experimental Scaled Vibrational Assignments
No. . Frequencies® (PED%)
FT- FT-
IR" Raman”

11 1645 1648 1678 v CO (38), v C=0 (10),
v OH (10), v C-C (38)

12 1605 1600 1600 v C=0 (22), v CC (61)

15 1570 1570 1566 v C=0 (15), 5 OH (10),
v CC(11)

16 1545 1540 1558 v C=0 (37), 8 OH (27),
v CC (30)

17 1475 1475 1477 v CC (42), 5 OH (10)

18 - - 1455 v CC (31), 6 OH (10)

19 - - 1451 v CC (18), 5 OH (10)

20 1435 1420 1431 v CC (31), 5 OH (28)

21 - 1370 1395 8 OH (20), v CC (71)

22 - 1350 1331 8 OH (65), v CC (23)

23 1310 1320 1313 v CC (12),  OH (39)

24 - - 1286 v CC (11), 5 OH (25)

25 1270 1275 1273 v CC (17), 8 OH (15)

v-stretching, &-plane bending
# scaling factor: 0.961 for DFT (B3LYP/6-31G (d, p)).
® Ref: [30].

in Fig. 2 for dihedral angle C1-C2-C12-C13. When the atoms come
closer, the energy becomes minimum and the minimum energy gives the
most stable state of the system. The separation will represent the equi-
librium point and the best separation. The minimum energy value was
found at scan steps 50 and 150 with —504076 kcal/mol and all energy is
shown in the XM-graph Fig. 2. The predicted change in energy was at
—4.477881D-08 unit during the scan.

3.4. Vibrational assignment

3-Hydroxyflavone possesses 28 atoms with 78 normal modes, out of
which major vibrational findings of the compound were carried out such
as C-0, C=0, O-H, and C-C. The measured and calculated Infrared and
Raman spectra of 3-Hydroxyflavone [30] taken for the comparison are
shown in Figs. 3 and 4. The calculated frequencies from the
B3LYP/6-31G (d, p) are greater than the results of the experiments, this
is due to insufficient electrical correlation implementation hence it is
adjusted with factors in this work. The scaled frequencies, Infrared, and

Biochemistry and Biophysics Reports 36 (2023) 101581

Raman with their vibrational assessment along with potential energy
distribution are given in Table 2. To analyze the IR and Raman spectra,
the VEDA computer program optimizes the set of internal coordinates.
As a result, the theoretical normal modes are represented by internal
coordinates, providing users with a more intuitive understanding of
molecular movements. Almost all of the theoretical data in the table
correlates with experimental IR and Raman frequency.

The stretching frequency is reduced when a C—=0 bond is conjugated
with a double bond or phenyl ring. The C-O-H in-plane bending falls in
1415 cm ™. The C-O stretching at wavenumber 1240 cm™* confirms our
study at 1270 cm'and 1275 cm ™! as stretching C-C and in combination
with in-plane bending of O-H. Usually, 1613 medium peak gives C-C
skeletal vibrations, and C-C stretching also falls at 1605 em™1,1600
em ™Y and 1600 em ™! in this study. Medium peak found at 1580-1578
em ! and 1545-1542 cm™! shoulder peak shows C-O vibrations, IR
1570 cm ™!, Raman 1570 cm™! and theoretical at 1566 cm™! gives the
C=O0 combined with O-H and C-C and also at 1545 cm™ !, 1540 cm™ %,
1558 em ! with stretching C=0 in-plane bending O-H and stretching
C-C. The weak peak at 1400 cm ™! and 1375 cm™! gives O-H bending
vibrations, and -C-O-H in-plane bending vibrations. Weak 1317 cm ™,
weak 1294-1292 cm ™}, weak 1271 cm™" and at 1227 cm™! with strong
peak showing C(O)-O stretching vibrations and ~OH in-plane vibra-
tions, 1157 em~! (sh) C-O stretching vibrations. The vibrations at the
1370 cm’l, 1350 cm’l, 1320 cm’l, 1275 cm™! in Raman, and 1310
em 1,1270 em™! at IR almost correlate with the theoretical study
showing in-plane bending and CC stretching.

3.5. Wave function

The computation of wave function overlaps for various wave func-
tion expansions, molecular orbitals, basis sets, and molecular geometries
is done concurrently using a flexible formalism. The key conclusions are
stated in a series of lemmas, corollaries, and theorems that are satisfied
by the zeros of the real and imaginary sections of the wave functions on
the real line. The wave function y may be positive, negative, or imagi-
nary. [y]2 is known as probability density and determines the proba-
bility of finding an electron at a point within the atom. We run the wave
function program output and parameters of the C5, C10, and O11 atoms
and compared and confirmed molecular atoms six-membered and
highlighted O2 in this both graph and 3-Hydroxyflavone is a combina-
tion of two benzene rings with heterocyclic pyrone structure shown in
Fig. 5.

Electron Localization Function (ELF) is shown in Fig. 6 (a) the blue
and especially dark blue regions exhibit a decrease of ELF in corre-
sponding regions. This plot demonstrates that the electron localization
decreases in the intermolecular contact regions during complex forma-
tion; this decrease may be a result of the Pauli repulsion effect in the
shaded surface map with projection—input index of three atoms C5,
C10, and O11. X/Y/Z of origin of the plane is x = —4.91778, y =
—7.72252 z = 0.59021 Bohr, X/Y/Z of end of the plane is x = —0.4810,
y = 7.6031 and z = —0.5016 Bohr. The minimum energy of ELF is
1.9304E-003 and the maximum energy of ELF is 0.9999.

Localized orbital locator (LOL) shown in Fig. 6 (b) and Color-filled
map In this example we plot localized orbital locator (LOL) for an en-
ergetic compound, 3-Hydroxyflavone LOL is a popular function for
revealing electron localization. The input file in this section is RB3LYP/
6-31G (d, p) and atoms C5, C10, and O11 load it into Multiwfn. If it finds
the objects in the exported image are truncated at their edges, you
should select the high LOL-regions (red or orange color regions) that
reveal the favorable delocalization path shown in Fig (b) X/Y/Z of origin
of the plane x = —4.91778, y = —7.72252 and z = 0.59021 Bohr. X/Y/Z
of end of the plane x = —0.45865, y = 7.68057, and z = —0.50714 Bohr
and The minimum of LAL energy = 1.7487E-002 and the maximum of
energy is 0.97615 color-filled map. The atoms type the Interaction re-
gion indicator (IRI) and Average local ionization energy (ALIE).

Average local ionization energy (ALIE) the result of ALIE C5, C10,
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Fig. 6. Wave function Structures of 3-Hydroxyflavone (a) Electron Localization Function (ELF), (b) Localized orbital locator (LOL), (c) Average local ionization
energy (ALIE), (d) Interaction region indicator (IRI).
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(a) 1A2C

(b) 1A86
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(c) 18GS

Fig. 7. 3D structural domains of Homo Sapiens with Ligand.

011 X/Y/Z of origin of the plane isx = —4.91778 y = —7.72252 and Z =
0.59021 Bohr, X/Y/Z of end of the plane = x = —0.45865, y = 7.68057
and z = —0.50714 Bohr. The minimum energy of ionization energy is
0.34786, and the maximum ionization energy is 18.5133 observed in
ALIE further details are shown in Fig. 6 (c).

Interaction region indicator (IRI) of Color-filled map this system is
all nearly lying in this plane. The orange and green areas (IRI <1.0) in
this map reveal the regions where notable chemical bond interaction
and weak interaction occur. The regions with IRI >1.0 have either a
large gradient of electron density or negligible electron density; they are
not of chemical interest. IRI plane X/Y/Z origin is x = —4.91778,y =
—7.72252 and z = 0.59021 Bohr, X/Y/Z of end of the plane is x =
—0.45865, y = 7.68057 and z = —0.50714 Bohr, X/Y/Z of translation
vector one is x = —0.02712,x = 0.05141 and z = —0.00351 Bohr, Norm
= 0.05823, X/Y/Z of translation vector two is x = 0.04953,y = 0.02599
and z = —0.00200 Bohr, Norm = 0.05597. The minimum IRI is
2.156343E-005 and the maximum IRI is 0.690523 observed details
shown in Fig. 6 (d). We present a simple and efficient embedding scheme
for the wave-function-based calculation of the energies of local excita-
tions in large systems. The IRI, reveals the notable chemical bond
interaction and weak interactions [35].

Table 3
Binding affinity, Grid of 3-Hydroxyflavone with 1A2C protein.

3.6. Molecular docking

Molecular docking has grown to be a significant step in the drug
discovery process, it helps us to understand how ligands interact with
enzymes. Good target identification and validation increase confidence
in the target-disease link and allow us to investigate whether target
modification will result in mechanism-based side effects [36]. Pharma-
cophore requires knowledge of either the active location of the target
receptor or the active ligands. To identify the chemical characteristics
that a group of active drugs have and that appear to be often crucial for
receptor engagement, use common feature analysis [37]. To determine
the exact functional region of the protein, active site prediction is
required. Fig. 7 expresses the computational method to identify 3D
structural domains and active site residues by using the Prothrombin
(1A2C) shown in Fig. 7(a), Neutrophil collagenase (1A86) shown in
Fig. 7(b), Glutathione S-transferase P (18 GS) shown in Fig. 7(c) the
protein of Homo Sapiens with Ligand 3-Hydroxyflavone. Active site
dimensions were set as grid size of center XYZ axis to dock the ligand
with 8 maximum exhaustiveness used for each protein. Charges were
assigned to protein and ligand structures for docking Analysis with UFF
318 (kcal/mol). The corresponding grid size is tabulated in Tables 3-5
which gives the best binding affinity found for the Protein Glutathione

Ligand: 3-Hydroxyflavone UFF: 318 kcal/mol Best Ligand Pose Kcal/mol

Exhaustiveness = 8 Grid center: x = 14.5264, y = —5.5587, z = 18.2368

Protein: 1A2C Final Pose 1 2 3 4 5 6 7 8
Binding Affinity Kcal/mol —7.00 —6.90 —6.70 —6.50 —6.50 —6.40 —6.30 —6.30 —6.10
RMSD/Upper Bound (A) 0.00 2.24 3.70 5.67 14.01 22.00 36.70 25.30 13.69
RMSD/Lower Bound (A) 0.00 1.65 1.83 2.92 12.88 20.28 35.58 22.54 12.98
Table 4
Binding affinity, Grid of 3-Hydroxyflavone with 1A86 protein.
Ligand: 3-Hydroxyflavone UFF: 318 (Kcal/mol) Best Ligand Pose Kcal/mol Exhaustiveness = 8 Grid center: x = 20.7061, y = 58.92, z = 52.0281
Protein: 1A86 Final Pose 1 2 3 4 5 6 7 8
Binding Affinity Kcal/mol —7.30 —6.10 —6.00 —5.90 —5.90 —5.80 —5.70 —5.70 —5.70
RMSD/Upper Bound (A) 0.00 5.51 2.70 24.50 4.62 24.66 25.93 6.32 7.17
RMSD/Lower Bound (A) 0.00 1.30 1.61 23.55 3.09 23.47 23.91 3.78 4.61
Table 5
Binding affinity, Grid of 3-Hydroxyflavone with 18 GS protein.
Ligand: 3-Hydroxyflavone UFF: 318 (Kcal/mol) Best Ligand Pose Kcal/mol Exhaustiveness = 8 Grid center: x = 19.4216, y = 55.7432, z = 50.5905
Protein: 18 GS Final Pose 1 2 3 4 5 6 7 8
Binding Affinity Kcal/mol —-8.10 —-8.10 —-7.80 —-7.80 —-7.30 -7.20 —-7.00 —-7.00 —~7.00
RMSD/Upper Bound (A) 0.00 6.25 30.92 30.03 31.04 29.90 30.46 29.69 29.72
RMSD/Lower Bound (A) 0.00 2.11 28.67 29.02 28.80 28.98 28.28 28.71 28.75
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S-transferase P (18 GS) at —8.10 kcal/mol. The most typical method of
assessing the accuracy of the docking geometry is to calculate the Root
Mean Square Deviation (RMSD) of the ligand from its reference position
in the response complex following the ideal superimposition of the re-
ceptor molecules [38]. The calculated RMSD value shows the docking
pose distance, the minimum RMSD i.e., lesser than 2 A is fairly good
[39], and it varies from 2.11 A-1.30A.

From the Ligplot shown in Fig. 8(a), the distance of 2.71 A confirms
the interaction between the ligand and the Glutathione S-transferase P
(18 GS) protein. Fig. 8(b) shows the hydrogen bond interaction between
the ligand and the Glutathione S-transferase P (18 GS) protein; the
pink region is the donor with green as the acceptor. Ligand surface Path
and Posses volume surface binding of 18 GS with 3-Hydroxy flavone
complex. It was analyzed Several docking methods that best pose Vol-
ume 112.13 A? Surface 218.06 A2 Depth 8.2 A and the path of ligand
surface highlighted visually in color more binding surface details shown

g

Tyr107(B)

18GS pose

(a)
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in Fig. 8(c).

3.7. Reaction between glutathione S-transfers P and ligand

Interaction is visualized in the DSV (Discovery Studio Visualizer)
software tool [40]. Fig. 9 shows the 3D and 2D structural domains of
Glutathione S-transferase P (18 GS) with ligand, interactions such as
favorable atoms interaction group interacting with B: PHE:7 as hydro-
phobic of Pi-Hydrophobic observed Pi-Pi stacked, favorable interacting
atoms groups interacting with B: TYR:107 as hydrogen bond of Pi donor
hydrogen sbond, in particular B: TYR:6 is interacting with favorable
atoms interaction group as hydrogen bond observed in a conventional
hydrogen bond with 1.91 A are also found participating during the
reaction.

Fig. 10 (a) and 10(b), explain the estimation of solvent-accessible
surface area, with maximum availability of the molecule to the solvent

(b)

S P2 373
> | P33 7004
@ Pa 6758
S Ps 6656
P& 6554
@ P27 645
> | ps &a:

2407 6.65
17659 366
19333 702
22194 6.65
194.09 679
16956 763
165351 753

(©)

Fig. 8. (a) LigPlot 18 GS complex (b) Hydrogen bond of 18 GS with Ligand. (c¢) Ligand surface Path and Posses value of 18 GS with 3-Hydroxyflavone complex.
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Interactions

- Conventional Hydrogen Bond

|:] Pi-Donor Hydrogen Bond

Fig. 9. 3D and 2D structural domains of 18 GS with Ligand.

|:| Pi-Pi Stacked

(@

and also the hydrophobicity of the compound, associated with the ex-
istence of nonpolar groups or molecules in an aquatic environment
resulting from water’s propensity to reject nonpolar molecules [41]. The
interpolated charge of the binding pocket residues is given (see Fig. 10

().

3.7.1. Molecular dynamics glutathione S-transferase P with 3-
hydroxyflavone

MD simulations are uniquely suited for examining the structures of
membrane-associated protein-ligand complexes with atomistic detail
[42]. With zenith widgets, the workflow gives the user information
while requiring the least amount of interaction in terms of energy con-
servation, simulation time, and output file name. After obtaining input
files and settings, it starts MD simulations (energy minimization, NVT,
NPT, and MD), which require commands to a line-based protocol. Pro-
teins can fold quickly because they have funnel-shaped energy land-
scapes that progressively direct the protein towards increasingly low
energies as it folds [43]. The MD modeling of biomolecular systems is
characterized by three major key structural metrics: Rg, RMSD, and
RMSF. The GROMACS module calculates the potential energy, gmx rms,
gmx gyrate, gmx hydrogen bond, gmx rmsf. The Rg, RMSF, Hydrogen
Bonds, and Protein with Ligand Interaction are described in Table 6. In
comparison to the reference beginning structure, the RMSD calculates
the average distance between atoms in a structure at each given point
throughout the simulation. As a result, it’s employed to examine the
general time-dependent structural deviation or degree of similarity

(b)

Fig. 10. (a) SAS, (b) Hydrophobicity, and (c) Interpolated charge of 18 GS with Ligand.

Table 6
MD program parameters analysis details.

(©

Gmx make_ndx em.gro

Gmx Topology details

A WNH~O

O 0N U;

11
12
13
14

15

17

18
19

System
Protein
Protein-H
C-alpha
Backbone

MainChain
MainChain + Cb
MainChain + H
SideChain
SideChain-H
Prot-Masses

non-Protein
Other

LIG

NA

Water

SOL

non-Water

Ion
Water_and_ions

45805
6536
3262
416
1248

1662
2042
2062
4474
1600
6536

39269
28
28

39237
39237
6568

39241

atoms
atoms
atoms
atoms
atoms

atoms
atoms
atoms
atoms
atoms
atoms

atoms
atoms
atoms
atoms

atoms
atoms
atoms
atoms
atoms

Structure file Reading

Protein A & B Chain: 416 Protein
residues

LIG: 1 Other residues

SOL: 13079 Water residues

NA: 4 Ion residues

Gmx Energy Minimization details
writing lowest energy coordinates.
Energy Minimization Values
Potential Energy = —6.6259162e+05
Maximum force = 9.7185706e+02
on atom 6549

Norm of force = 2.1461936e+01
Gmx mdrun nvt and npt details
Using 1 MPI thread, Using 8 OpenMP
threads starting mdrun "Protein in
water’

50000 steps, 100.0 ps.

Gmx md Reading file ran details
Using 1 MPI thread

Using 8 OpenMP threads starting
mdrun Protein in water’

5000000 steps, 10000.0 ps.
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Fig. 11. (a) Potential Energy (b) Root-mean-square deviation (c¢) Root-mean-square fluctuation (d) Radius of gyration.

among the structures that the trajectory records. The RMSD plot of the
protein under simulation (or the ligand in the case of a protein-ligand
complex) is produced as xvg files by the Linux command with
XM-grace software (Grace Home (weizmann.ac.il)). The average atomic
or residue-level variations are measured by the RMSF, a standard

mobility metric that, like the RMSD, measures the local fluctuations or
flexibility inside a biomolecule during simulation details is shown in
xm-graph in Fig. 11 RMSF sheds light on the dynamic areas of proteins,
such as flexible loops, and can highlight the significance of particular
residues in conformational shifts or interactions between proteins and


https://plasma-gate.weizmann.ac.il/Grace/
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Table 7
MD xvg files output parameters.
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Molecular Dynamics XVG -Data by XM-Graph

Energy minimization (potential Energy)

XM-Graph Energy ST. Value Mid Value End Value
X- axis Time (ps) 0.000000 435.000000 935.000000
Y-axis (kJ/mol) —196480.875000 —644659.937500 —662591.625000
Root-mean-square deviation

X- axis Time (ns) 0.0000000 5.0000000 10.0000000
Y-axis RMSD (nm) 0.0300322 3.0131850 3.0018547
Root-mean-square fluctuation

X- axis Atom 1 3187 6534

Y-axis nm 1.2722 1.1966 1.5460
Radius of gyration

X- axis Time (ps) 0.00000 4720 10000
Y-axis Rg (nm) 2.11037 3.74543 3.58624
Y-axis Rg\sX\N 1.85794 3.55286 3.40542
Y-axis Rg\sY\N 1.54203 1.67736 1.59973
Y-axis Rg\sZ\N 1.75430 3.55249 3.40091
Hydrogen Bond Interaction

X- axis Time (ps) 0.0000000 4910 10000
Y-axis Number 0.0000000 0.0000000 1

Y-axis Pairs within 0.35 nm 0.0000000 2 0.0000000
Protein and Ligand Interaction (LJ-SR: Protein-LIG)

X- axis Time (ps) 0.00000 4750.000000 10000.000000
Y-axis (kJ/mol) —72.928680 —94.700089 —78.348221

LJ-SR: Protein-LIG = Average Interaction Energy —81.4899, Err. Est. = 1.3, RMSD = 7.16107, Tot-Drift = —7.64253 (kJ/mol).

ligands. A popular metric for assessing how compact protein molecules
is in Rg. Lower values of Rg correspond to a more folded or compact
structure, while higher values indicate more stretched or flexible con-
formations during simulation. In molecular dynamics (MD) simulations
of biomolecules, hydrogen bond (HB) analysis is frequently employed to
explore and comprehend protein structure, folding, function, and ligand
binding, among other biomolecular interactions. The GROMACS
protein-ligand interaction module and the gmx hbond are used to
calculate h-bonds (Protein group 1 with ligand group 13) and the pairing
distance in 0.35 nm. The numbers of intra- and intermolecular hydrogen
bonds are computed and shown as a function of simulation time,
depending on the kind of system [44]. MD xvg files support with
XM-Graph software outputs are described in Tables 6 and 7 and shown
details graph in separated modules mention in Fig. 11 (a to f). This gives
the non-bonded interaction between the protein and the ligand. From
the interaction, it is observed that the Coulombic and Lennard-Jones
(short range energy) is —81.4899 kJ/mol.

3.8. Tunnels-pores in glutathione S-transferase P

The MOLE online server web interface’s ability to see and analyze
tunnels and pores allows for simple, online interaction with bio-
macromolecule investigation. The automatic transmembrane channel
calculation on the quickest list of ligands for transport analysis and
tunnel identification is on the MOLE online server. The automatic
assistance techniques let users configure the calculation to produce
biologically pertinent findings. It is possible to compute and visualize
the detected tunnels’ characteristics, energy profiles, and ligand-passage
trajectories. LogD and LogP The partition coefficient, P, measures how
differently a substance dissolves in two immiscible liquids. Octan-1-ol/
water is the most often utilized solvent system. When a substance is
neutral or only exists in one form, the partition coefficient serves as a
description of its lipophilicity. We discuss the CHANNEL algorithm,
which locates, characterizes, and displays tunnels or pores in proteins
automatically [45].

Large collections of genuine proteins are analyzed using the method,
which has had its accuracy tested on a manufactured set of proteins. The
verification set includes proteins that have pores that were produced
intentionally and have known route and breadth profiles.

Partition coefficient formula:

10

compound|octanol
logp = log,(partition coefficient)partition coefficient,p = %
[compound)water

Given that it measures the pH-dependent differential solubility of all
species in the octanol/water system of the partition coefficient, the
descriptor LogP = , which denotes a 10:1 ratio between Organic -
Aqueous distribution coefficient, is the proper one to use for ionizable
chemicals Distribution-coefficient-formula:

o . Microspecies|octanol
Distribution coefficient, D = by i }

> [Microspecies|water

Understanding the behavior of chemicals in actual structures is made
easier by molecular physical characteristics. We can assess and predict
the likely behavior of a compound using the values of molecular physical
properties such as length, the radius of the channel bottleneck, the
average hydropathy index, charge, the average of the lining amino acid
polarity, the average mutability index, the average hydropathy index,
logP (lipophilicity octanol/water partition), logD (lipophilicity octanol/
water distribution), logS (water solubility), and ionizable. Detail in
Table 8.

Tunnel analysis 1 (T2C1), Length of the channel 26 A, Radius of
channel bottleneck 1.5 A, Average hydropathy index —3.05, Charge
—2.0, Average of lining amino acid polarity 29.34, Average of mutability
index 92, Lipophilicity octanol/water partition(logP) —0.1, Lip-
ophilicity octanol/water distribution(logD) —1.52, Water solubility
(logS) 1.29 and ionizable residues = 8.

Tunnels analysis 2. (T3C1) Length of the channel 26.8 Z\, Radius of
channel bottleneck 1.5 A, Average hydropathy index —3.25, Charge
—3.0, Average of lining amino acid polarity 25.86 Average of mutability
index 80, Lipophilicity octanol/water partition(logP) 0.1, Lipophilicity
octanol/water distribution(logD) —1.31, Water solubility(logS) 1.08
and ionizable residues = 7.

Tunnels analysis 3. (T4C1) Length of the channel 26.9 }o\, Radius of
channel bottleneck 1.5 A, Average hydropathy index —3.19, Charge 2.0,
Average of lining amino acid polarity 25.58, Average of mutability index
82, Lipophilicity octanol/water partition(logP) —0.0, Lipophilicity
octanol/water distribution(logD) —1.26, Water solubility(logS) 1.06
and ionizable residues = 6.

Tunnels analysis 4. (T5C1) Length of the channel 32.3 A, Radius of
channel bottleneck 1.5 A, Average hydropathy index —3.13, Charge
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Table 8
Tunnels parameters analysis.
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Tunnels Parameters

Tunnels Length Bottle Neck Hydropathy Charge Polarity Mutability logP logD logS Ionizable
T2C1 26 A 154 -3.05 -2 29.34 92 -0.1 -1.52 1.29 8

T3C1 26.8 A 154 -3.25 -3 25.86 80 -0.1 ~1.31 1.08 7

T4C1 26.9 A 154 -3.19 -2 25.58 82 -0 -1.26 1.06 6

T5C1 32.3A 154 -3.13 -1 22.89 82 -0.1 -1.17 0.97 9

T6C2 19.6 A 0.8 A —0.4 1 3.27 73 -0.2 ~0.2 0.12 1

T7C3 149 A 0.8 A —0.45 0 2.61 72 -0.1 -0.08 0.01 N/A
T8C4 11.4 A 124 —3.61 2 29.18 76 0.02 ~1.27 0.82 2

T9C6 7.8A 16A ~0.89 0 25.39 77 0.92 ~0.38 0.41 2

—1.0, Average of lining amino acid polarity 22.89, Average of mutability
index 82, Lipophilicity octanol/water partition(logP) —0.1, Lip-
ophilicity octanol/water distribution(logD) —1.17, Water solubility
(logS) 0.97 A and ionizable residues = 9.

Tunnels analysis 5. (T6C2) length of the channel is 19.6 f\, the Radius
of the channel bottleneck is 0.8 A, the Average hydropathy index is
—0.4, the Charge is 1.0, the Average lining amino acid polarity is 3.27,
the Average mutability index is 73, Lipophilicity octanol/water partition
(logP) —0.2, Lipophilicity octanol/water distribution(logD) —0.2, Water
solubility(logS) 0.12 and ionizable residues = 1.

Tunnels analysis 6. (T7C3) length of the channel 14.9 fk, Radius of
channel bottleneck 0.8 A, Average hydropathy index —0.45, Charge 0.0,
Average of lining amino acid polarity 2.61, Average mutability index is
72, Lipophilicity octanol/water partition(logP) —0.08, Lipophilicity
octanol/water distribution(logD) —0.01, Water solubility(logS) N/A and
ionizable residues = 2.

Tunnels analysis 7. (T8C4) length of the channel 11.4 f\, Radius of
channel bottleneck 1.2 A, Average hydropathy index —3.61, Charge 2.0,
Average of lining amino acid polarity 29.18, Average mutability index is
76, Lipophilicity octanol/water partition(logP) 0.02, Lipophilicity
octanol/water distribution(logD) —1.27, Water solubility(logS) 0.82
and ionizable residues = 2.

Tunnels analysis 8. (T9C6) length of the channel 7.8 10\, Radius of
channel bottleneck 1.6 A, Average hydropathy index —0.89, Charge 0.0,
Average of lining amino acid polarity 25.39, Average mutability index is
77, Lipophilicity octanol/water partition(logP) —0.92, Lipophilicity
octanol/water distribution(logD) —0.38, Water solubility(logS) 0.41
and ionizable residues = 2. Further details are shown in Table 8 and
shown in Fig. 12 (a, b)

(@

3.8.1. Pores analysis

PFPs, which target membranes by creating channels through them,
are recognized as significant agents in immunity and infection. In the
three-dimensional (3D) architectures of proteins, surface pockets, cav-
ities, and tunnels perform crucial functional roles that support enzyme
catalysis, ligand binding, and the transport of ions or small molecules
across biomembranes [46]. To do this, they switch from a form that is
soluble in water to one that can be introduced into membranes. PFPs are
arranged into supramolecular transmembrane complexes that perforate
membranes via a multi-step process that includes membrane insertion,
protein oligomerization, and eventually pore formation. Pores observed
are volume 1 = 11303 [o\, volume 2 = 1730 [o\, volume 3 = 1495 [o\,
volume 4 = 659 108, volume 5 = 395 108, volume 6 = 246 108, volume 7 =
210 A, volume 8 = 127 A details shown Fig. 13 Pores parameters are
observed Radius 1,2,3,4,5,6 and 7 are 1.50,1.71,1.70,1.71,2.26,1.88
and 1.71. This Free R is 2.22, 2.78, 2.79, 2.78, 5.32,188 and 1.72. The
Length is 27.2, 31.9, 33.2, 36.9, 42.8, 54.8 and 74.4. Hydropathy is
—0.21,1.23, —0.68, —1.12, —1.44, —1.18 and —1.14. Hydrophobicity is
0.45, —0.23, 0.16, —0.23, —0.08, —0.06 and —0.26. Polar is 9.6, 23.7,
17.3,23.4,12.8, 13.4 and 23.3. Rel. Mut is 80, 77, 71,77,81,81, and 82
Further details are clearly shown in Fig. 13 (a, b, & c).

The "pore criterion," which is a requirement imposed by this mode,
states that the endpoints of the pore must be separated from one another
by a distance greater than the average length of the channels that
created the pore. The same criteria used to remove identical holes from
channels in Fig. 13(c) are applied to all modes.

(b)

Fig. 12. (a) tunnels structure, (b) layer and lining structure.
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1, Volume: 11303 A=
2, Volume: 1732 A*
3, Volume: 1495 A:
4, Volume: 659 A:
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Fig. 13. (a) pores with cavity volume (b) pores parameters (c) channel view.

3.9. Epitope analysis in 18 GS protein with 3-hydroxyflavone complex residues in the group and a score of 0.747, the second linear epitope
group has twenty-five peptide residues in the group and a score of 0.745,
The epitope technique was designed as an online tool to evaluate the the third linear epitope group has sixteen peptide residues and a score
effectiveness of the approach’s performance on linear and discontinuous 0.704, fourth linear epitope group has maximum twenty-nine peptide
epitopes (Ellipro) known from the structures of antibody-protein com- residue and score 0.704, fifth linear epitopes group has minimum five
plexes. Chain A observed first linear epitope group has nine peptide peptide residues and score 0.508, Chain B linear groups details also

Table 9

Expected linear Epitope(s).

Linear Epitope

No Chain Start End Peptide Number of Residues Score
1 A 133 141 SQNQGGKTF 9 0.747
2 A 21 46 ADQGQSWKEEVVTVETWQEGSLKASC 25 0.745
3 A 162 177 EVLAPGCLDAFPLLSA 16 0.704
4 A 180 208 GRLSARPKLKAFLASPEYVNLPINGNGKQ 29 0.704
5 A 143 147 VGDQI 5 0.508
6 B 21 46 ADQGQSWKEEVVTVETWQEGSLKASC 26 0.749
7 B 133 141 SQNQGGKTF 9 0.724
8 B 162 177 EVLAPGCLDAFPLLSA 16 0.713
9 B 180 208 GRLSARPKLKAFLASPEYVNLPINGNGKQ 29 0.706
10 B 143 147 VGDQI 5 0.508

12
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Fig. 14. (1-10) Peptide residues Epitope complementary binding with antigen (11) Peptide -JSmol Rendered PDB structures.

observed as sixth linear epitope was twenty-six residues and score 0.749,
seventh linear epitopes group has nine peptide residues and score 0.724,
Eighth linear epitope group has 16 peptide residues and score 0.713,
Nineth linear epitope group has maximum twenty-nine peptide residues
and score 0.706, and last tenth linear epitope group has minimum five
peptide residues. This observation of the A and B protein chains has
concluded the maximum effective score of 0.749 and twenty-six pep-
tides. Additional information is provided regarding the B-Chain group
peptide residues epitope complementary binding with antigen in this
protein structure in Table 9 and shown in Fig. 14.

Discontinued epitope details of Chanin B and Chain A mentioned in
Table 9. The score of B chain residues is 0.744 and Chain A residues
score 0.743. Here, we introduce ElliPro, an online application that ap-
plies Thornton’s method and uses a residue clustering algorithm, the
MODELLER program, and the Jmol to predict and visualize antibody
epitopes in a certain protein sequence or structure. the viewer is shown
in Fig. 14. ElliPro has been evaluated on a benchmark dataset of

13

discontinuous epitopes deduced from antibody-protein complexes’
three-dimensional (3D) structures. Compared to 10 various structure-
based methods for epitope prediction. A peptide bond is shaped at the
molecular level by a dehydration synthesis or reaction. This process,
which regularly happens between amino acids, is sometimes referred to
as a condensation reaction. An epitope, also known as an antigenic
determinant, is a region of an alien protein, or antigen that might elicit
an immune response. An antigen’s "epitope," or portion, binds to a
specific antigen receptor on a B cell’s surface. The building of peptide
molecules are two or more amino acids connected by the synthesis of
amides, which attach each amino acid to the carboxyl group and the
next amino group. An epitope is typically 5-8 amino acids long,
although peptides of 15-20 amino acids are frequently used. Therefore,
an antibody response that recognizes multiple epitopes may, in theory,
be induced by a peptide of 15-20 amino acids.

The chemical interaction between the carbon and nitrogen atoms in
each amide group is known as a peptide bond. It is known that partial or
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Table 10
Expected discontinuous Epitope(s).

No Discontinuous Epitope Score

Chain 0.744

«g»

B:P1, B:Y2, B:T3, B:P8, B:V9, B:R10, B:A21, B:D22, B:Q23, B:
G24, B:Q25, B:S26, B:W27, B:K28, B:E29, B:E30, B:V31, B:V32,
B:T33, B:V34, B:E35, B:T36, B:W37, B:Q38, B:E39, B:G40, B:
S41, B:L42, B:K43, B:A44, B:545, B:C46, B:G49, B:Q55, B:D56,
B:G57, B:D58, B:L75, B:G79, B:K80, B:D81, B:T108, B:N109, B:
Y110, B:E111, B:A112, B:G113, B:K114, B:D115, B:D116, B:
V118, B:K119, B:A120, B:P122, B:E129, B:S133, B:Q134, B:
N135, B:Q136, B:G137, B:G138, B:K139, B:T140, B:F141, B:
V143, B:G144, B:D145, B:Q146, B:1147, B:E162, B:V163, B:
L164, B:A165, B:P166, B:G167, B:C168, B:L169, B:D170, B:
Al171, B:F172, B:P173, B:L174, B:S176, B:A177, B:G180, B:
R181, B:S183, B:A184, B:R185, B:P186, B:K187, B:L188, B:
K189, B:A190, B:F191, B:L192, B:A193, B:5194, B:P195, B:
E196, B:V198, B:N199, B:L200, B:P201, B:1202, B:N203, B:
G204, B:N205, B:G206, B:K207, B:Q208

A:P1, A:Y2, A:T3, A:P8, A:V9, A:R10, A:A21, A:D22, A:Q23, A:
G24, A:Q25, A:S26, A:W27, A:K28, A:E29, A:E30, A:V31, A:
V32, A:'T33, A:V34, A:E35, A:T36, A:W37, A:Q38, A:E39, A:
G40, A:S41, A:L42, A:K43, A:A44, A:S45, A:C46, A:G49, A:Q55,
A:D56, A:G57, A:D58, A:L75, A:G79, A:K80, A:D81, A:T108, A:
N109, A:Y110, A:E111, A:A112, A:G113, A:K114, A:D115, A:
D116, A:V118, A:K119, A:A120, A:P122, A:E129, A:S133, A:
Q134, A:N135, A:Q136, A:G137, A:G138, A:K139, A:T140, A:
F141, A:V143, A:G144, A:D145, A:Q146, A:1147, A:E162, A:
V163, A:L164, A:A165, A:P166, A:G167, A:C168, A:L169, A:
D170, A:A171, A:F172, A:P173, A:L174, A:S176, A:Al177, A:
G180, A:R181, A:S183, A:A184, A:R185, A:P186, A:K187, A:
1188, A:K189, A:A190, A:F191, A:L192, A:A193, A:S194, A:
P195, A:E196, A:V198, A:N199, A:L200, A:P201, A:1202, A:
N203, A:G204, A:N205, A:G206, A:K207, A:Q208

Chain 0.743

“pn

complete hydrolysis of the chemical can break some or all of the peptide
bonds that connect the successive triplets of atoms that make up the
chain considered to be the molecule’s backbone. This reaction analysis
in the IEDB web server (https://www.iedb.org/home_v3.php) a new
structure-based tool for the prediction of antibody epitopes and analysis
of linear epitope and discontinues epitopes with scores shown in Ta-
bles 9 and 10. IEDB web server predicts Chain A and B residues peptides
position and location with 5 minimum peptides and 29 number of res-
idues maximum observed in 18 GS protein with the 3-Hydroxyflavone
structure shown in Fig. 14 and Studies of the structure and content of
peptides and proteins often start with the production of smaller pep-
tides, followed by individual amino acids. An oligopeptide includes only
a few amino acids, an octapeptide contains eight, a dipeptide comprises
two, an octapeptide is eight, and a polypeptide is numerous. It has been
discovered that small peptides act on specific target organs like hor-
mones do [47].

4. Conclusion

Tyrosine shows conventional hydrogen bonding with 3-Hydroxyfla-
vone. From the findings, the Protein Glutathione S-Transferase P (18
GS) was shown to have the best binding affinity with the lowest RMSD
and the most stable system state from PES which supports the impor-
tance of studying drug metabolism. The IRI, reveals the notable chem-
ical bond interaction and weak interactions. The minimum and
maximum of IRI show the efficient embedding scheme for the wave
function-based calculations. In addition to providing energy profiles and
Lipophilicity, the found tunnels also help the analyses have good ab-
sorption. Identification of the tunnel helps to find out the transportation
of the protein throughout. Pore-forming proteins (PFPs), which target
membranes by creating channels through them, are known as crucial
agents in immunity and infection. They achieve this by switching from a
form that can be put into a membrane to soluble in an aqueous solution.
By way of comparison, because they forecast binding locations utilizing
the structures of the same antibody-protein complex’s protein antigen
and antibody, DOT and PatchDock have an intrinsic advantage over
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ElliPro. Antibody epitopes in protein antigens with a certain sequence or
structure can be predicted using a web-based program called ElliPro.
ElliPro has been proposed as a viable research tool for identifying
antibody epitopes in protein antigens. The molecular dynamics simu-
lation explains the biomolecular disturbance which is inaccessible
through experimental peripheral.
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