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Abstract

Protein binding sites undergo minor conformational changes when an
interaction occurs. In protein-binding pockets, this is a common occurrence. Most
conformal changes occur at the interface between the two binding proteins. Therefore,
many methods attempt to predict the side-chain conformational changes for a given
structure in the interaction area. There are several possibilities for molecular protein-
protein interactions.Molecular analysis studies are relevant to unravel studies on the
transmembrane Angiotensin 2 Converting Enzyme, an enzymatic agent with
pharmacological perspectives that indicates the mechanisms of action of viruses and
bacteria. The goal of this work was to use the three-dimensional coordinates of two
independent crystallized proteins that are known to interact and derive a model for the
bound structure. The resulting output of these coupling algorithms is typically some
quasi-native structures nested in a multitude of false-positive structures that also have
favorable surface complementarity. Using the ClusPro server, we quickly filter the output
results and perform analysis on your electrostatic, balancing, and van der Waals energy
values. This approach resulted in several structures from which we could draw results to
predict interactions, and we used a docking approach of different conformations that
were active to avoid searching the entire or flexible conformational space of two proteins
during the docking process.
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1. INTRODUCTION

Decades of research in cell biology, molecular biology, biochemistry, structural biology,
and biophysics have resulted in a vast repository of information about the function and
molecular characteristics of individual proteins. Large protein databases such as the
Protein Data Bank [1] have this knowledge carefully recorded. A mechanism of action
[2] usually includes mention of a specific molecular target to which the drug binds, such
as an enzyme or receptor. However, proteins infrequently function alone, often forming
molecular devices [3] with complex dynamic physicochemical bonds to perform
biological functions at the cellular and systemic levels. Mapping physical protein-
protein interactions is a crucial step in deciphering the complex molecular bonds in
biological systems.

Viruses show enormous diversity in genetic makeup, evolutionary patterns as
a function of proteins and in comparison, with the processes found in cellular
organisms. When studying protein-protein interactions (PPI's) [4-5] in virus-host
systems, these variations on the pathogen side must be considered. Protein recognition
events can occur as stable or transient interactions, and some proteins can establish
multiple interactions [6].

PPIs are necessary for cells of all living species and larger biological systems
to function properly. X-ray crystallography is the gold standard for validating and
understanding such structures. [7] However, protein complexes can be difficult to
crystallize, and the number of PPIs discovered considerably exceeds the number of
complex structures. Protein-protein interaction is a computational method that can fill
this gap by revealing atomic-level details of the interactions of two proteins. Molecular
docking (MD) can produce models that can be verified using basic procedures such as
cross-linking or site-directed mutations. The adoption of a fast Fourier transform (FFT)
[8] for energy assessment is widely recognized as one of the most important advances in
protein-protein coupling.

This manuscript aims to study protein interactions between external proteins
of infectious agents such as influenza (PDB ID: 2VIR) [9], parainfluenza (PDB ID:
4WEF) [10], Spike protein from the Omicron variant of Sars-Cov-2 (PDB ID: 7Q07) [11]
and Mycobacterium tuberculosis (PDB ID: 7NAA) [12] complex human nasal receptor
protein to transmembrane angiotensin converting enzyme 2 (ACE2) (PDB ID: 7UON)
[13]as can be seen in figure 1. Protein domains are basic units that define protein
interactions, and the uniqueness of viral domain repertoires, their mode of evolution
and their roles during viral infection make viruses interesting models to study.
Mutations at protein interfaces can reduce or increase their binding affinities, altering
the protein's electrostatic and structural properties during an infection [14].

The scoring procedures of most MD software incorporate structure-based
energy expressions to account for energy contributions. In the present manuscript, the
ClusPro server [15] was used, which uses the DARS potential [16] based on decoys as
the reference state. The conformational change in complex formation and the type of
proteins in the target (antibody, enzyme or "other") are the two aspects in which we
assess performance. As expected, more rigid complexes produce better results than
complexes with considerable conformational changes between unbound and bound
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states. We explain the results provided by the ClusPro server, which makes rigid-body
MD, also derive broad generalizations.

2. MATERIALS AND METHODS

2.1 Ligand Structures

2.1.1 Influenza Virus Hemagglutinin (HVI)

The structure of the hemagglutinin (HA) [17] of a mutant influenza virus that escapes
neutralization by a monoclonal antibody reveals that the mutation induces changes in
the structure of HA that prevent a less energetically advantageous conformation.
Hemagglutinin (HA) is a glycoprotein found in the envelope, the outermost covering of
the virus. It identifies sialic acid [18], a sugar found in our cell membrane, and is
crucial for identifying and binding the virus to our respiratory cells. One of the first
tests created to diagnose the virus was its ability to recognize and attach to cells, as
well as agglutinate red blood cells (red blood cells). More than 15 types of HA have been
identified, with H1, H2 and H3 being the most frequent among the viruses that infect
people [19].

The basic mechanism of the pathophysiology of influenza is lung
inflammation and the impairment produced by direct viral infection of the respiratory
epithelium [20], mixed with the impact of lung inflammation generated by immune
responses mobilized to combat the spread of the virus.

2.1.2 Structure of human parainfluenza virus hemagglutinin-neuraminidase
IIT (HNPH)

Hemagglutinin is the protein responsible for the adhesion of the virus and its first
contact with the cell, while neuraminidase causes the virus to penetrate and replicate
in the cell [21]. Human viruses belong to the Paramyxoviridae viral family, hPIV1-3
[22], as well as avian Newcastle disease virus, cause acute respiratory infections in
young children, the elderly and, the immunocompromised [23]. Hemagglutinin
neuraminidase (HN) [24] and the fusion protein are two membrane glycoproteins found
in these viruses. HN has a variety of activities, including receptor binding, cleavage of
sialic acid, accelerating the release and propagation of the virus, and interacting with
the protein to promote membrane fusion. NA inhibitors such as zanamivir, which
targets influenza virus NA, and 2-deoxy-2,3-dehdihydroacetyl neuraminic acid (DANA)
[25] may not only disrupt the function catalytic activity of HN, bt also interfere with
receptor binding.

HN catalysis involves the creation of a covalently connected sialosyl-enzyme
intermediate that has been trapped together with an oxocarbene ion-like transition
state analog, [26] according to the crystal structure of hPIV3 HN complexed with the
acidic substrate analogdifluoro sialic acid (DFSA). The crystal structure of influenza N9
neuraminidase complexed with DFSA confirmed this mechanism of enzymatic catalysis
[27]. In addition, new secondary receptor binding sites in the hPIV3 HN-DFSA complex
[28] were discovered, including one near the catalytic cavity that imposes minor
modifications on DFSA binding and may help HN balance opposing activities. Multiple
receptor binding sites can increase avidity, facilitating cell binding and fusion.
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2.1.3 SARS-CoV-2 S Omicron Spike (SCv2-0OS)

The Spike(S) protein of SARS-CoV-2 is vital for mediating entry into host cells and is
the main target of neutralizing antibodies [29], the structure of the S protein is an
essential feature of any variety, and understanding this structure helps us to better
understand the Omicron variant [29]. The SARS-CoV-2 S protein is vital for mediating
entry into host cells and is the main target of neutralizing antibodies The structure of
the S protein is an essential feature.

Due to the huge number of changes contained in its genome and the lack of
knowledge about how these mutations will affect current SARS-CoV-2 vaccines and
therapies, the emergence of the latest variant of SARS-CoV-2, Omicron, is of particular
concern. [30-31]. We found that the Omicron S protein has the greatest evolutionary
distance from the other SARS-CoV-2 variants. Many amino acids in the RBD have
indeed been altered, which may affect RBD-ACE2 interactions [32], as well as proving
that the S309 antibody can still neutralize this RBD variant. The Omicron S1 NTD
structures differ significantly from the original strain, [33] which may contribute to
lower antibody recognition, immune escape, and decreased vaccine efficacy. However,
this investigation of the Omicron variant was mainly focused on structural predictions,
which should be further investigated and verified in future tests. This research
provided essential data on the structures of this protein, laying the groundwork for
future research on the SARS-CoV-2 Omicron variant.

2.1.4 Crystal structure of Mycobacterium Tuberculosis (MT)

Effector proteins are returned to their initial state by the reverse reaction, ready to
trigger a new signaling event [34-35]. Kinases and phosphatases function as molecular
switches that modulate certain signal transduction pathways in this way. As a result,
serine/threonine protein kinases (STPKs) [36-37] are an essential environmental
sensing mechanism in bacteria as they can alter the biological activity of proteins as
well as improve their ability to bind to other proteins via of phosphorylation-dependent
interactions. There are eleven STPKs in MT [38], the causative agent of tuberculosis,
which play a vital role in physiology and pathogenesis, operating on hundreds of
substrates involved in all biological activities of the bacterium [39]. The fact that these
genes have survived evolution and that at least eight members of this family are
upregulated after MT infection demonstrates their importance in pathogenesis. MT has
the ability to evade a variety of cellular defense systems, including responses to
oxidative stress, suppression of phagosome-lysosome fusion, and alterations in host
macrophage cell death mechanisms, all of which are critical for its infectivity and
spread [40], and antibiotic extrusion. Four MT proteins with FHA domains are involved
in processes linked to cell wall synthesis or remodeling.

Tuberculosis drugs target several aspects of TM biology, including inhibition
of cell wall synthesis, protein synthesis, or nucleic acid synthesis. For some drugs, the
mechanisms of action have not been fully identified [41]. Tuberculosis drugs target
several aspects of TM biology, including inhibition of cell wall synthesis, protein
synthesis, or nucleic acid synthesis. For some drugs, the mechanisms of action have not
been fully identified.In figures 2 and 3 one can see the proteins used in the docking
study, their 3D structures minimized using UCSF Chimera and then subjected to
docking studies.
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Figure 1: Structures used as ligands (a) HVI, (b) HNPH, (c) SCv2-0OS, and (d) MT

2.2 ACE2 human respiratory tract receptor structure (ACE2H)

The receptor for SARS-CoV-2 attachment and entry, transmembrane angiotensin-
converting enzyme 2 (ACE2), [42-43] has been identified as a prospective research
pathway. As a result, several researchers began to investigate the involvement of ACE2
in the etiology of COVID-19[44-45]. Human angiotensin-converting enzyme 2 (ACE2)
and its receptor play a critical role in SARS-CoV-2 tissue tropism. The increased
binding of ACE2 can facilitate the infection of the human body by viruses that attack
the respiratory tract, where the level of ACE2 expression is high, the shape of the
enzyme can be seen in figure 2.

The entry of the new coronavirus (SARS-CoV-2) into cells occurs through the
binding of the S protein to angiotensin-converting enzyme 2 (ACE2) receptors [46-47],
which are on their surface. Olfactory neurons do not have these receptors, which is not
the case for support cells, which have many [48-49]. These cells maintain a delicate
ionic balance in the mucus that neurons depend on to send signals to the brain. If this
balance is disrupted, neuronal signaling can be disrupted, and consequently, the sense
of smell. Support cells also provide necessary physical and metabolic support to the cilia
of olfactory neurons, where the receptors that detect odors are concentrated. Damage to
these cilia leads to loss of smell [50-51].

There are several pharmacological possibilities in the testing phases. There is
relevance in unveiling studiesAngiotensin-Converting Enzyme 2 (ACE2) and
Transmembrane Protease, serine 2 (TMPRSS2) [52-53] in SARS-CoV-2, enzymatic
targets with pharmacological perspectives for the treatment of COVID-19.

Figure 2: ACE2 Human Structure

The PDB (https://www.rcsb.org) was used to retrieve the 3D macrostructures. All
simulations were based on the protein + protein model [54-55], in which five structures
were chosen and optimized using the Chimera 1.15.6 (CHM) software [56-57] to find the
ideal conditions that satisfied several predefined targets; tasks that require
experimentation or computational calculations add to the complexity. We employ CHM
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as a multi-target scalar realization function [58-59-60], where evaluations are the
limiting factor, and its performance has been thoroughly established using various
single-purpose optimization algorithms. The findings show that CHM can swiftly locate
a wide range of optimization strategies. In this case, we employ the AMBERFF14SB
force field [61-62] to find the structure with the optimum conformation under ideal
conditions.

2.3 ClusPro Interaction Protocol

All necessary parameters were specified using the ClusPro platform (https://cluspro.org)
[63-64-65-66]. The ClusPro server is a widely used tool for protein-protein MD. It also
offers several advanced options to modify the search; these include removing
unstructured protein regions, applying attraction or repulsion, accounting for pairwise
distance constraints, constructing homomultimers [67], considering small-angle X-ray
scattering data, and locating binding sites. Four different energy functions can be used,
depending on the type of protein. Coupling with each set of energy parameters results
in ten models defined by centers of highly populated clusters of low-energy anchored
structures. This protocol describes the use of the various options, the construction of
auxiliary constraint files, the selection of energy parameters and the analysis of the
results, the equations for the calculations of Energy Balancing eq.1[68], Energies,
favorable electrostatics eq .2[69], favorable hydrophobic eq.3[70] and Van der Waals +
Electrostatic eq.4[71].

B = 01408, + —0.40E 4 6008, + LO0Ep ps (1)
E = 0.40E, e + —0.40F,4 + 1200E,, + 1.00Ep 455 2)
E = 0.40E + —0.40E.z + 60080 + 2.00Ep 45 @)
E = 0.40B,o + —0.10F,4 + 6008, + 0.00Ep 1xs )

The goal is to use the three-dimensional coordinates of two independent crystallized
proteins that are known to interact and derive a model for the bound structure. The
resulting output from these coupling algorithms is typical to some quasi-native
structures nested in a multitude of false-positive structures that also have favorable
surface complementarity. In ClusPro, we quickly filter the output of the Fourier
correlation algorithm using a combination of desolation and electrostatic energies
(calculated using a Coulomb potential). This approach results in several quasi-native
structures passing through the filter, eliminating many of the false positives.

We used the ClusPro algorithm, and with it we had the option of selecting
DOT or ZDOCK [73-74] to perform the rigid body coupling, both based on fast Fourier
transform (FFT) correlation techniques [75]. Although the DOT allows the use of
electrostatic potential in the scoring function, we based the scoring only on the
superficial complementarity between the two structures. DOT runs on a grid of 113 A x
109 A x 101 A, using a grid spacing of 0.1 A. Using the predefined list of 13,000
rotations, more than 2.7 X 1010 structures are evaluated, keeping 20,000 structures
with the best results for comparison in terms of surface interaction [76-77]. Fragment-
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to-frame coupling: Each of the fragments is docked to the receiving frame using an FFT-
based sampling protocol. The top 250 [78] results from each simulation are combined
into a group. In the output of results, there is the selection of models, which aims at the
set of models grouped using a cluster radius of 3.5 A, which was chosen because it
represents the best resolution of attraction, and then a file in pdb format is generated,
and the resulting final results are sorted according to the lowest energy worked, thus
generating the output in PDB format and tables.

3. RESULTS AND DISCUSSIONS

3.1 Docking protein-protein

The problem of protein-protein coupling differs substantially from the coupling of small
protein ligands. In protein-ligand interactions, the binding pocket of the target is
generally known and, due to the restricted nature of the problem and the small size of
the ligand, the flexibility of the latter can usually be considered. In contrast, the
protein-protein coupling site at the interaction site is rarely available and, in most
cases, it is necessary to explore all possible interactions, generating and evaluating
billions of putative conformations of the complex. Because of this huge search space,
protein-protein coupling often starts with the hard-body search, using simplified
protein models and simplified energy functions.

The use of rigid protein models requires tolerance of some levels of overlap
and, as the energy functions are approximate, structures close to the native
conformation do not necessarily have the lowest energies. Thus, to avoid the loss of
potentially useful conformations, it is necessary to retain a large number (generally
2000 to 20,000) [79-80] of low-energy anchored structures for further processing. Thus,
the initial coupling produces a long list of candidate structures rather than a small
number of models, and obtaining meaningful results requires some form of post-
processing, which includes refinement of the anchored conformations, usually
representing some level of flexibility.

In the docking methodology is the notion of steric complementarity at the
protein-protein interface [81]. These interfaces are compacted, as seen in co-crystallized
complexes in the Protein Data Bank. Complementarity has been the main driving force
in the development of docking approaches, as can be seen in Figure 3, often with the
addition of physicochemical, hydrophobic, and electrostatic complementarity. Structural
complementarity has been observed at different resolutions, from atomic to ultra-low.
The structure of protein-protein complexes using docking approaches has challenges
that include identifying correct solutions and adequately dealing with molecular
flexibility and conformational changes.

Rigid-body docking involves six degrees of freedom of the two rigid-body
systems (three translations and three rotations in Cartesian coordinates). Flexible
fitting [82] involves a much larger number of coordinates, given the conformational
search in the internal coordinates of proteins. However, this research typically does not
involve solving the protein folding problem but may be restricted to a much more
tractable binding-to-binding conformational transition. In protein-protein docking, the
similarity between proteins in complexes can be assessed by comparing/aligning
sequences, sequences, and structures, or just the structures, as the structures of the
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protein to be nested are considered known by the nesting definition itself.The MD is an
effective and competent tool for in silico screening. It is playing an important and
growing role in rational drug design. Docking is a computational procedure to search for
an appropriate ligand that fits energetically and geometrically to the binding site of the
protein. In other words, it is a study of how two or more molecules,ligand and protein fit
together. Protein-protein docking refers to the search for the precise conformations
within a target protein when the structure of the proteins is known, the active site of
ACEZ2H, has linked with the structures in its side chain as shown in Figure 3, where
there may be greater interaction affinity.

(d)
Figure 3: Blue structure of the complex with ACE2 coupled a) HVI, b) HNPH, ¢) SCv2-0S,
d) MT

EUROPEAN ACADEMIC RESEARCH - Vol. X, Issue 4 / July 2022
1666



Simone Lopes de Matos, Tiago da Silva Arouche, Wilson Luna Machado Alencar,
Rubens de Oliveira Meireles, Carmen Gilda Barroso Tavares Dias— Molecular
docking interactions of macrostructural complexes of infectious agents with
the transmembrane angiotensin-converting enzyme 2 (ACE2)

Molecular coupling done in ClusPro created model structures for analysis, even when
faced with challenges such as side chain movement and uncertain monomer structures.
The ClusPro algorithm was able to well define interactions that aimed to fit large and
flexible proteins, classify models consistently, and produce models accurate enough to
allow computational design of higher affinities or specificities.The form of contact
indicated by the positions may imply that it has a great capacity for interaction, based
on the average of the distances of interatomic interactions and the data provided in
Table 1. The reliability of the predicted complex was evaluated using HVI and SCv2-
0OS, which had the lowest relative distance from the estimated ACE2 affinity, and the
fit was able to establish a promising shape. The sites that proteins take allow them to
interact with the amino acids that are present. Each position can lead to connections
with different amino acids in the area. The stronger the connections between protein
molecules and amino acids, the better the binding energies.

Table 1: Average of interaction distances in MD

Macrostructure Distance (A)
HI 2.9291
HNPH 3.0005
SCv2-08 2.9264
MT 3.1351

Tables 2 and 3 show that in the molecular docking of ACE2 with the four proteins, the
interactions were restricted to amino acids. In table 3 we can see the formation of
hydrophobic bonds in proteins which arise as a consequence of the interaction of their
hydrophobic amino acids (ie "they don't like water") with the polar solvent, water. Ionic
or electrostatic bonds are formed when amino acid atoms with opposite electrical
charges are juxtaposed. Ionic bonds can be important for protein structure because they
are potent electrostatic attractions. In the hydrophobic interior of proteins, ionic bonds
can approximate the strength of covalent bonds. Hydrophobic Amino Acids
Conventional Hydrogen Bond which is a hydrogen bond (or H bond) is a primarily
electrostatic force of attraction between a hydrogen (H) atom that is covalently bonded
to a more electronegative atom or group, and another electronegative atom that charges
a lone pair of electrons — the acceptor of the hydrogen bond (Ac), Salt Bridge; Attractive
Charge defined as Salt bridges in proteins are bonds between oppositely charged
residues that are sufficiently close together to experience electrostatic attraction,
Carbon Hydrogen Bond, the carbon-hydrogen bond is a chemical bond between carbon
and hydrogen atoms that can be found in organic compounds.

This bond is a single covalent bond, which means that carbon shares its outer
valence electrons with up to four hydrogens. Sulfur-X, Sulfur-X Interactions Sulfur-X
interactions are found between divalent sulfur and N, O, or S atoms, Pi-Cation, Pi-
Anion, the presence of the cation and anion on opposite sides of the cloud of o electrons
of benzene leads to a strongly polarized reorganization of the m electron density. This
brings the anion closer to the m system and therefore leads to an improved binding
energy gain. Pi-Donor Hydrogen Bond, the negatively charged hydrogen atom may also
play a role in the proton acceptor. In this case, the so-called dihydrogen bond is formed,
Pi-Pi Stacked, Alkyl, Pi-Alkyl. These Pi-Alkyl, Pi-Pi T, and Pi-Sulfur interactions come
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under the broad category of non-covalent interactions. In pi-alkyl interactions there in
the s interaction ofpi-electron cloud over an aromatic group and an electron group of
any alkyl group. In the pi-pi T-shaped interaction, there is an interaction of T-pi-
electron cloud between two aromatic groups, but in the form of a T, i.e., side electron
cloud of 1 ring and head in the electron cloud of the other ring.

The aromatic ring's pi-electron cloud interacts with the sulfur atom's lone pair
electron cloud in the pi-sulfur interaction. The binding energies are substantial in the
non-covalent molecular interaction between the face of an electron-rich system, with the
solution phase values falling in the same order of magnitude as the bonds. Cation-
interactions, like these other non-covalent connections, are crucial in nature, especially
in protein structure, molecular recognition, and enzymatic catalysis. The center portion
of this ligand, like the preceding ones, obtained intramolecular interactions with higher
favorable energy values. This is since these groups adapt better to the protein's active
site, making interaction with the amino acids easier.

Table 2: Types of interaction in MD

Interaction Type Number of Interactions

HVI HNPH SCv2-08 MT
Conventional Hydrogen Bond 306 482 244 279
Salt Bridge;Attractive Charge 16 29 22 25
Carbon Hydrogen Bond 44 65 26 38
Sulfur-X 1 2 0 1
Pi-Cation 1 3 2 3
Pi-Anion 0 5 1 3
Pi-Donor Hydrogen Bond 2 6 0 3
Pi-Sigma 11 15 7 4
Pi-Sulfur 4 1 1 3
Pi-Pi Stacked 1 3 4 3
Pi-Pi T-shaped 5 4 3 6
Amide-Pi Stacked 5 4 2 7
Alkyl 59 125 43 82
Pi-Alkyl 35 69 49 57
Table 3: MD Bond Categories
Bond Category Number of Interactions

HVI HNPH SCv2-0S MT

Hydrogen Bond 352 553 268 318
Hydrogen Bond;Electrostatic 16 29 23 25
Other 5 3 1
Hydrophobic 116 220 107 157
Electrostatic 15 29 18 34

3.2 Energy Analyze

To analyze the docking results in table 4, the interaction of ACE2 with HNPH and
SCv2-0S acquired the optimal states with lower energy and will possibly occur with a
greater probability than those with higher energy. on a system. We believe that taking
the standard average of binding scores or selecting the best binding score is a more
sensible approach. The one with the biggest volume, which contains the binder's
conformation, was chosen for consideration out of the four predicted lateral cavities.
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The best poses were chosen for each snap utilizing ClusPro functions based on their re-
rating ratings.

The goal of protein-protein docking was to anticipate the structure of a
protein-protein complex based on its unbound components. Because of the critical role
of S-pro in the infection process following viral contact, this structural component could
be a target for antibody or small chemical neutralization, and the analysis of the pre-
fusion S structure provided significant information. to influence the design and
development of inhibitory agents at the atomic level.

The HNPH active site required amino acids were compared to those
previously reported before the MD investigation to ensure that the correct binding
pocket was chosen. The MD results suggested interactions with the so-called active site
Glycoprotein, which has a better possibility of binding related to the molecular targets
in question, considering the linkages that this protein facilitated.According to the
distances of interatomic connections and the docking data, the way of contact indicated
by the positions may infer that it has a great capacity for interaction. MD was able to
find a promising conformation after HVI obtained a significant number of bonds, such
as hydrogen, the primary molecular bond interactions, and the computed affinity
energy were used to assess the dependability of the projected complex.

Another thing to keep in mind is that the SCv2-OS catalytic site possesses
hydrophobic properties, as seen in table 3. A full description of the and hydrogen bonds
agrees with the coupling study, and it was discovered that there is bond affinity, which
could indicate that this form of interaction has some influence on the affinity energy.
The creation of hydrogen bonds has been observed in practically all interactions. They
can therefore relate that such interactions with macromolecular structures contributed
to the establishment of better associations, examining the electronegativity differences
between atoms, because the bonds are relatively close and have appealing and
hydrophobic qualities. The ligands' locations in the active site allow them to interact
with the amino acids present.Each position taken can lead to associations with different
local amino acids. The better the binding energies, the stronger the interactions that
occur between protein molecules and amino acids.

After processing the coupled structures, the dynamic behavior of selected MT
compounds is examined for low energy profiles, as well as the bonding dependability of
the compound within the flexible binding pocket. Using surface area energy, solvation
energy, and energy minimization of the ligand and receptor complexes, the ClusPro
technique produced the most feasible structures. As the ACE2 side-chain interaction
reaches bigger surfaces in comparison to others, the binding energy value can be
decomposed per residue, as shown in Table 4.

The goal of examining the fluctuation in van der Waals energy (vdW) for these
interactions was to learn more about the complexes' structural features. As a result,
vdW interactions are crucial in the characteristics of systems with substantially
stronger dipole-dipole interactions. in the interaction's potential energy Including both
bound and unbound terms, such as angle and torsional energy, as well as vdW and
electrostatic interactions. The second term oversees the extinction of several species.
Using an implicit solvation model, it is quantified by the sum of two energy factors,
namely the polar and non-polar solvation energies. HNPH had a -262.8 kcal/mol value,
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SCv2-0OS had a -254.2 kcal/mol value, HVI had a -242.8 kcal/mol value, and MT had a -
206.9 kcal/mol value.

The electrostatic and hydrophobic energy analysis of the protein interaction
significantly increased as structures with just a greater range of coupling to the ACE2
surface were tested; the lack of changes in binding affinities suggests that domain
movements are largely responsible for the observed balancing energy landscape sample
size; in all cases, the values present in the electrostatic terms compensate for each
other, resulting in minimal structural changes. Electrostatic attraction is seen as a
universal feature of all ionic systems using both modeling approaches.

Table 4: Energy values obtained from the protein-protein interaction

Energy Coefficients (kcal/mol)
ACE2H with Structure Balanced Electrostatic Hydrophobic Van der Wals
HVI -751.2 -792.9 -917.6 -242.8
HNPH -970.5 -930.2 -1197.2 -262.8
SCv2-08 -906.1 -907.3 -1052.3 -254.2
MT -758.9 -792.0 -927.2 -206.9

4. CONCLUSION

We demonstrate remarkable performance in the deterministic global coupling of
peptides to protein domains using an approach that capitalizes on the relationship
between sequential and structural motifs and employs accurate FFT-based sampling.
Results are shown for a set of protein-protein interactions. It is important to note that
this set was derived from the generic reference set, which was designed with no motive
information in mind, which demonstrates that motive information is generally available
for a wide class protein-protein interaction. In this work, we explore the energetic
coupling landscapes of known protein complexes using sets of anchored structures
generated by a rigid-body global energy optimization procedure. Earlier we described a
two-step coupling procedure that allowed sampling of approximately the surface of the
receptor around the known binding site. We extend the search to the entire surface of
the receiver.

The electrostatic and vdW terms contributed to the ligand coupling, according
to the data. Among the several forms of computed energy, these found inhibitors agree
with essentially two factors: surface area (molecule geometry) and electronic
polarizability (molecular size). To understand the binding properties and mechanism of
action of interactions, the coupling mode of ligands was known. The ACE2 active site
residues strongly coupled with the proteins, particularly the HNPH, according to the
pooled results of the coupling calculations. While the results of such simulations can
surely help with better understanding and streamlining of experimental data, there are
certain limitations and drawbacks to this technique.

Two proteins are only considered to be interacting if they form stable, isolable
complexes, and even non-specific interactions are still considered to involve a
substantial degree of contact between the partner proteins. One aspect that will become
clear in this work is that within the area of atomically detailed models there will likely
be different levels of approximation that are acceptable depending on the specific
application of interest. For example, it is a safe bet that a general solution to the
protein anchoring problem, assuming it does not require any new physics to be
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discovered, will certainly require the inclusion of conformational flexibility in proteins.
At a minimum, this will involve allowing the sidechains some freedom of movement, but
more generally, it will also require sidechain flexibility. The question of how to
efficiently incorporate these features into existing protein fitting algorithms remains
unresolved at present. On the other hand, conformational flexibility may be a less
urgent requirement for a general description of weak protein-protein interactions.
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