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Modeling the Interaction of SARS-CoV-2 Binding to the ACE2
Receptor by Molecular Theory of Solvation

Alexander E. Kobryn,*? Yutaka Maruyama,® Carlos A. Velazquez Martinez,® Norio Yoshida,? Sergey
Gusarov*?

The angiotensin-converting enzyme 2 (ACE2) protein is a cell gate receptor for the SARS-CoV-2 virus, responsible for the
development of symptoms associated with the Covid-19 disease. Pharmacological inhibition of the SARS-CoV-2 spike
receptor binding domain (RBD) and ACE2 interaction is one of the most attractive ways to prevent viral replication in human
cells. Unfortunately, at this stage there is no complete picture of this process and so the computational modelling might
provide an important insight valuable for the development of new and efficient inhibitors. In this work we propose to use
the molecular theory of solvation to study the nanomorphology of the Spike-ACE2 binding formed by complex solvent
(water, ions, dissolved drug-like molecules) and leading to viral protein with cell membrane receptors. In contrast to the
typical molecular dynamics, the statistical-mechanical theory of solvation directly provides distributions of complex solvents
around the binding location as well as the thermodynamics of solvation. We present an example of the application of the
three-dimensional theory of solvation to model the nanomorphology formed by solvent environment around binding
surfaces of interacting proteins. The results of our calculations are compared with other published data. Our recent

developments allow to extend the application of the methodology for potential drug screening and virulence analysis.

1. Introduction

The coronavirus pandemic declared by the WHO in March 202012 has
already triggered a significant global health and economic crisis
affecting many areas of human lifestyle as well. This pandemic has
also prompted an explosion of research on the etiological agent,
namely the Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) virus and the corresponding disease that it causes. This
research covers a range of subjects including viral replication
mechanisms, clinical features, the molecular structure of target viral
proteins, and the mechanisms of viral infection. Despite the progress
achieved in the development of new vaccines? the design of new and
efficient drugs remains one of the key goals focused to slow down
viral infections. To date, only a few drugs like Remdesivir*> and
Dexamethasone® have showed some degree of efficacy in treating
the infection and its complications. This is because the development
of new drug entities (NDEs) is an expensive, long, and complicated
multistage process. For this reason, the overwhelming majority of
drugs being tested against the SARS-CoV-2 virus are the result of
repurposing currently approved drugs.
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The SARS-CoV-2 virus is a lipid-enveloped positive-sense RNA virus,
possessing a characteristic structure on the lipid-envelope called a
spike protein, which plays an essential role in the recognition and
membrane fusion with the host cell’.®¢ Therefore, the study of the
structure and function of the spike protein is extremely important for
the development of effective new drugs for SARS-CoV-2. In this
regard, the Spike protein is made of two subunits, namely the S1 and
S2 subunits. The S1 subunit contains the N-terminal domain and the
receptor-binding domain (RBD), which is responsible for the binding
with the angiotensin-converting enzyme 2 (ACE2) receptor on the
host cell. The affinity of SARS-CoV-2 with ACE2 has been reported to
be up to 20 times higher than that of SARS-CoV that caused the
outbreak back in 2002, and this may explain why the SARS-CoV-2
virus is highly infectious and poses a much more serious health risk®-
11 A number of computational studies have been carried out and
some others are underway; these studies aim to understand the
mechanism of viral infection as it relates to the development of new
small-molecule drugs that inhibit Spike RBD-ACE2 binding'%23
Computational studies can be classified according to the viral
target(s) they focus on. For example, most reports study the binding
affinity of RBD with ACE2 using homology modeling, docking analysis
and all-atom molecular dynamics (MD)2-16, Other studies analyze
the allosteric inhibition produced by ligands blocking sites other than
the RBD-ACE2 interaction!’-18, These studies suggested the potential
use of several drug candidates on the RBD-ACE2 binding process.
Finally, a number of scientific reports have described the structural
stability of the Spike protein and the target ACE2 cell receptor
proteins in the presence of ligands with different binding properties
to each of these two proteins?-23,

On the other hand, due to the high computational cost and large
conformational space to explore?* the molecular dynamics-based
approaches cannot reproduce the full details of the process of
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binding and the fusion of coronavirus with the host cell membrane.
There is still a number of questions related to the nanomorphology
of environment to protein-protein binding interactions, such as the
effect of solvent and ionic strength, additions, thermodynamics etc.
Fortunately, they can be answered by the statistical mechanical
theory of molecular liquids?>?7, For example, recently an
approximation based on this theory was used to obtain the solvation
thermodynamics and structural maps of SARS-CoV-2 targets28.

In the present work we investigate the solvation effects on the RBD-
ACE2 binding, Figure 1, by following the approach based on the
molecular theory of solvation called Three-Dimensional Reference
Interaction Site Model (3D-RISM)25:26, Needless to say, the solvent
effect is one of the most important factors in the protein folding and
protein-protein binding. The 3D-RISM theory is a powerful tool for
considering the solvation structure and thermodynamics of the
biological molecules including molecular recognition, drug-binding
and protein-protein interaction?®32, It could be used in different
ways as a standalone tool to study the structure and
thermodynamics of biosystems33 or to map interaction between

Journal Name

macromolecules®* as well as in combination with other
approaches3>36, |t has been successfully incorporated into the well-
known computational chemistry packages (ADF, AMBER, NWChem,
Quantum Espresso, AutoDock, MOE, etc.). There was also a number
of attempts of its application to the docking procedure3’ and
fragmented drug design?® that were not frequently used in
applications, probably due to high computational cost and a need for
the specific expertise. In particular, dealing with complex solvent
mixtures requires a large amount of memory and computation time,
which makes it difficult to apply to morphology in protein complex
formation. In this work we use a new version of 1D/3D-RISM
software called “RISM for HPC”38 which realizes our methodology
developments3® which requires a combination of different types of
OpenMPI parallelization algorithms to solve a system of integral
equations. The software allows us to handle the complex solvent
mixtures including water, ions, and organic co-solvents. The full
description will be published elsewhere. In a broader prospective we
also intend to use it to quickly estimate the role of particular
mutations in the virulence of the coronavirus.

Figure 1. A sketch of a fragment of ACE2 (left) and SARS-CoV-2 (right) proteins in close proximity to each other, based on the experimental
measurements reported in the literature and the protein databank. One can also notice the presence of water and small organic molecules
(drawn as sticks). A small insert in the bottom right is a magnified sketch of the molecule, with the conventional use of gray color to show
carbon atoms, white for hydrogen, red for oxygen and blue for nitrogen.

The remaining part of the manuscript is organized as follows.
Section 2 is dedicated to the modeling approach. This is done
without going into description of the methodology components
except of its basics and important aspects. Instead, we refer to
already published studies where the methodology is provided
in detail?>27 and successfully tested on a number of various
systems?7, 40-42 including proteins. In Section 3 we describe the
system preparation and computation details. In Section 4 we
present and discuss the results of the modeling for studied
systems. This is done basically through the analysis of 3D
solvation shells of solvent interaction sites around solute
structures and a tendency for some thermodynamic quantities.
Conclusions are found in Section 5 and followed by
acknowledgements and references.

2| J. Name., 2012, 00, 1-3

2. Method

In statistical-mechanical based approach, the solvation
structure is represented by the probability density p,g/r) of
finding interaction site y of solvent molecules at 3D space
position r around the solute molecule, as given by the average
number density py in the solution bulk times the 3D distribution
function of solvent interaction sites around the solute molecule
gAr). The former is determined from the 3D-RISM integral
equation26:27

hy = Za f dr’Ca (r— r,)xrx'y (T’), (1)

This journal is © The Royal Society of Chemistry 20xx
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where hy(r) and c,(r) are respectively the 3D total and direct
correlation functions of solvent site y around the solute molecule,
while yo(r) is the site-site solvent susceptibility and is an input from
1D-RISM theory?, indices o and y enumerate all interaction sites on
all solvent species. The density distribution function and the total
correlation function are related as gy(r)=h,(r)+1. This gives h,(r) the
meaning of the normalized probability density of 3D spatial
correlations between the solute and the solvent molecules, or
normalized deviations of solvent site density around the solute
molecule from its average value in the solution bulk. For the direct
correlation function, the leading term of its asymptotic expansion
beyond the short-range region of the solute-solvent repulsive core

gy'(r) = {

which combines the HNC closure applied to the regions of density
profile depletion and the linearization of the whole exponent
reducing to the MSA closure applied to the regions of enrichment.
Here SB=1/ksT, superscripts “u” and “v” are used to distinguish
between the solute and solvent, respectively, and dy¥(r) is
introduced to abbreviate the expression in the exponent. The KH
closure is known to appropriately describe such features of the

distribution functions as long-range enhancement tails for the critical

and attractive well, i.e., the first solvation shell, is given by the 3D
interaction potential uy(r) between the whole solute molecule and
solvent interaction site vy, scaled by the Boltzmann factor ks times
temperature T, ¢,(r)~-uy(r)/ksT. Inside the repulsive core Cy(r)
strongly deviates from its asymptotic form and assumes the values
related to the solvation free energy of the solute molecule plunged
into the solvent. To be solved, the 3D-RISM equation must be
complemented with one more relation, called closure, to reduce the
number of the unknown functions. Over the years of work with a
number of macro and bio molecules, of practical interest is the so
called KH closure?® of the form

exp{—Puy’(r) + hy¥(r) — cyY(r)} for dy¥(r) <0,
1—Bud¥(r) + A% (r) — c2¥(r)  for

dw(r) > 0, )

regime and high peaks for association effects in molecular fluids in a
wide density range from gas to liquid. In addition, the HNC
counterpart eliminates the substantial drawback of the MSA
producing negative peaks of the distribution functions at high
densities and strong association. Once the 3D-RISM equation is
solved, the result can be used to calculate the solvation
thermodynamics. In particular, the solvation free energy or excess
chemical potential (ECP) Au for the solute molecule is obtained as

B =3, f, drpyksT [2h300 (—hy (1) =3y (e, (1) = ¢, (0], (3)

where the sum goes over all sites of all solvent species, integration is
carried over the whole accessible volume V, and 8(x) is the Heaviside
step function. p, denotes the average density of solvent site y in
bulk. The integrand in the expression above is interpreted as the
solvation free energy density coming from interaction site y of
solvent molecules around solute. On the other hand, the direct
correlation function inside the repulsive core is related to the free
energy of creation of a cavity to accommodate the solute excluded
volume. In this way, the integrand characterizes the intensity of
effective solvation forces in different 3D spatial regions of the
solvation shells and indicates where they contribute more/less to the
entire solvation free energy. The 3D-RISM equation, the KH closure,
and the excess chemical potential are key expressions in the present
work. The remaining part of the article is based on their application
to the specific biomolecular system and to the analysis of the results.
In addition, an interaction between two biomolecules can be
characterized by the free energy changes as a function of reaction
coordinates, such as the distance between them ri2 and relative
orientation 22 (the orientation of molecule 1 is fixed). In the gas
phase, the free energy would simply be an interaction pair potential
U12 and, in liquid phase, the concept of the potential of mean force
(PMF) W is useful. It incorporates solvent effects as well as the
intrinsic interaction between the two molecules and describes an
average over all the conformations of the surrounding solvent
molecules. This can be done in a variety of ways. For example, in
statistical mechanics the PMF can be typically expressed as a first
guess in terms of a distribution function®® as W(ry,, @,) =
—kgTIn[g(r12, Q,)], where, as before, ri2 is the distance between
molecules and Q; is their relative orientation. However, in this work
we employ a simpler representation of the PMF and use the
separation between two subsystems as the reaction coordinate34,
This way allows one to directly represent the process of binding the

This journal is © The Royal Society of Chemistry 20xx

Spike to the ACE2 protein by mapping the PMF landscape for a
sequence of arrangements.

System Setup

The three-dimensional structure of the target system represented by
RBD of spike glycoprotein of SARS-CoV2 and ACE2 receptor complex
with resolution 2.45 A was obtained from Research Collaboratory for
Structural Bioinformatics — Protein Data Bank (RCSB — PDB, ID: 6LZG).
The system was retrieved from PDB and prepared further by
inserting missing loops, protonation and assigning CHARMM force
fields with Momany-Rone partial charges, as it is implemented in
“Discovery Studio 2020”.4* Next the resulting structure was
minimized with Generalized Born using Molecular Volume (GBMV)
solvation model*> as it was implemented into “Discovery Studio
2020".

The 3D-RISM calculations were performed for a system of SARS-CoV-
2 and ACE2 in water with add-ons of simple ions Na* and Cl-and small
organic molecules of the types of N-acetyl-*D*-glucosamine (NAG),
the difference is that one OH group on the ring is missing, as reflected
in the pdb-file, both at the infinite dilution, with assigning the
CHARMM force field to the molecule and halide and alkali metal
cation potential parameters for ions*. In other words, a system
where solute is a complex between SARS-CoV2 and ACE2, while
solvent is water, simple ions, and drug-like molecule. The NAG
molecule is known for influential structural roles that it plays at the
cell surface. Some studies*’” name it an important agent for
treatment of cell-surface proteins and signal transferring. The water
model used in all calculations is the TIP3P model*8. The site-site
solvent susceptibility ya/r) was obtained by calculating the
corresponding 1D-RISM equation in which dielectric properties of

J. Name., 2013, 00, 1-3 | 3
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the solvent are taken into account through the so-called dielectrically
consistent version of the theory known as DRISM.#9:50 In numerical
aspect 1D-RISM equation was discretized on a uniform radial grid of
16384 nodes with 0.05 A resolution and converged to a numerical
solution by using the modified direct inversion in iterated space
(MDIIS) accelerated numerical solver?6. The result was used as an
input to converge 3D-RISM equations in a 3D cubic box of the size
128 x 128 x 256 A discretized in each dimension on a uniform grid of
256 x 256 x 512 nodes with 0.5 A resolution and converged to a

Journal Name

numerical solution by MDIIS. Both 1D- and 3D-RISM equations were
solved with the KH closure. Finally, the excess chemical potential was
estimated by applying to its usual expression a correction in a form
of a linear function of the partial molar volume (PMV)3L. Similar
setups for RISM or its modifications have been successfully applied
in our previous studies of systems composed of both organic and
inorganic molecules in solutions to describe the structure, explain

the behavior or to predict thermodynamic dependent properties*®-
2

Figure 2. Isosurfaces of 3D disctribution of oxygen of water (red) and nitrogen of N-acetyl-*D*-glucosamine (blue) around proteins SARS-
CoV-2 and ACE2 (sticks) at a series of separations between them: (a) corresponds to 0 A distance, (b) 2 A, (c) 4 A, (d) 6 A, (e) 8 A, and (f) 10
A. 1sosurface values are 3.5 for oxygen and 2.5 for nitrogen. In both cases the values are close to their maximum for the current 3D-RISM
solution which means that they show the most probable positions of the respected solvent sites around the proteins.

4| J. Name., 2012, 00, 1-3
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Results and Discussion

As an example of data which can be assessed by 3D-RISM approach
we first present distribution of the water oxygen (red) around the
contacting surfaces for different intermolecular distances between
the corresponding proteins, Figure 2. Because of the relatively high
isosurface value (3.5) the distribution of oxygen atoms shows only
preferential mutual orientations of water molecules with interaction
sites of proteins while distribution with this high value is not seen in
the bulk. The same figure shows distribution of the nitrogen
(represented in blue) present in NAG. It is interesting to observe that
with high probability the presence of the NAG molecule is identified
mostly in the area where protein surfaces come to the contact with
each other, irrespectively of the protein separation. Some studies
suggest that such “glycosylation-like” molecules play an important
role in protein-ligand interactions as well as shielding the spike

st margins
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protein surface®2. However, recent MD simulation>3 did not find any
strong interaction between the NAG and the Spike. The 3D-
distributions in Figure 2 are in agreement with conclusions of this
work as they show that the NAG molecule prefers remaining close to
the ACE2 receptor.

In Figure 3 we present the distribution of ClI- and Na* ions for the
same protein separations. Once again, to underline the most
favorable distribution of ions we plot the corresponding isosurfaces
for a comparably high value (6.5). An interesting effect is that the
positive ions are mostly located around connecting edges of
interacting surfaces for close distances between proteins, and
remain on their positions on these surfaces when the separation
increases. This effect suggests a potentially important role of simple
cations in the binding recognition process of the Spike protein and
the ACE2 receptor and very well can be a subject for a separate study.

Figure 3. Same as in Figure 2 except that isosurfaces of 3D-distributions are for Na* (brown) and CI- (green) ions in solution around proteins.

For both cases, the isosurface values are 6.5.

This journal is © The Royal Society of Chemistry 20xx
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According to the currently accepted mechanism of viral protein
recognition, the SARS-CoV-2 particles enter human cells by
interacting with the ACE2 receptor expressed on epithelial cells in the
respiratory tract, however not all the details of this process are fully
understood. The hypothesis is that SARS-CoV-2 RBD binds to ACE2
receptors activating it and then entering the cell. After membrane
fusion, the SARS-CoV-2 RNA is delivered into the cytosol and the virus
starts the replication cycle®®. Typically, the binding ability is
facilitated by hydrogen bonding interactions, salt bridges,
hydrophobic and electrostatic interactions. With this respect, Figures
2 and 3 can be regarded as starting points for the analysis of
hydrogen bonding and salt/ion bridges: by zooming into the 3D
distributions the bonds and the bridges can be identified.

The analysis of hydrophobic interactions is conducted in a similar
manner, only that it involves not individual interaction sites of the
proteins but also entire amino acid residues. Protein-protein
interactions are difficult to modulate with small molecules as the
corresponding interacting surfaces are relatively large and flat, with
a tendency to lack of deep and well-defined pockets that could be
easy target for docking protocol>>5’. Moreover, some proteins have
a very high number of interactions (which is probably the case of
Spike-ACE2 interaction) but some of them have only a few and so it
is very important to study the energetics and redistribution of the
environment along whole surface of interaction (=nanomorphology)
by approaching the interacting surfaces.

Figure 4. 3D distribution of oxygen of water around fragments of ACE2 and a spike of Sars-CoV-2 in fixed positions at two different separations
of proteins: 4 A (left column) and 14 A (right column); the isosurface value is 1.3 in all cases. Protein fragments are drawn as ribbon sketches
and sticks, selected amino acid residues are displayed as Van der Waals surfaces. Subfigures on top show it for the pair of amino acids TYR83
(ACE2) and PHE486 (spike) while subfigures on bottom show it for the pair GLY326 (ACE2) and THR500 (spike). Green arrows in the right part
of the figure direct into a position of first solvation peak around residues. The intensity of the peak is estimated for about 25-30% weaker
compared to non-hydrophobic interactions, and its position along the direction appears to be pushed away for about 0.5 A.

Referring to some recently published studies85° the hydrophobic
interactions could play a dominant role on viral recognition and, thus
these interactions could define the unusually strong attachments
exerted by the SARS-CoV-2 virus. Hydrophobic interactions assume
that the protein seeks to decrease in external hydrophobic surface
and reduce the undesirable interactions with water®, It has been

found that the geometry of the water hydrogen bond network within
solvation layers differs from that observed with pure water, and this
is the result of interaction of water molecules with protein surfaces®?.
When this happens, an unoccupied space between the hydrophobic
surface and neighboring solvation layer occurs. The thickness of this
region depends on local structure of the water-protein interface



which is a result of maintaining a balance between water-surface
interactions and water-water interactions. An existence of this
region is one of the main factors that differentiates the hydrophobic
hydration from hydration and can be estimated through the change
of PMV with geometrical structure®l. Its presence also explains why
the solvent density is greater around the native form of the protein
compared to that in the vicinity of the hydrophobic surface and
allows to predict the binding affinity®2. The 3D-RISM theory allows us
to directly analyze the solvent distribution as well to estimate the
values of PMV for different configurations®3. In Figure 4 we illustrate
the effect of hydrophobic interactions by showing the 3D-
distribution of water oxygen around selected pairs of amino acids of
the Spike and ACE2 proteins that contribute to the hydrophobic
interactions®. The first solvation shell between interacting amino
acids is hardly visible in the case of a short separation of proteins,
and is clearly seen around them when the separation increases,
confirming the presence of an excluded volume at short distances.
This is accompanied by the change in PMV. Its value for the bound
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state is estimated at 106164 A3 and increases to 106297 A3when the
separation reaches 4 A. After this separation water starts penetrating
into the cavity between the residues as it seen in Figure 4. A brief
physical explanation of the depleted region of water density at the
surface can be explained as follows. Hydrophobic residues are
sequestered from water as a result of the unfavorable hydration of
these nonpolar groups which minimizes the amount of surface
exposed to water®. This is in contrast to polar (or charged) amino
acids generally forming solute-solvent hydrogen bonds with adjacent
waters which lowers their PMV in hydration layer. The nonpolar
residues do not form hydrogen bonds which increases the PMV.
When two hydrophobic solutes come close together, water
molecules are released from the region between two surfaces due to
the constraints on the hydrogen bond network. The release of water
from the intervening space creates an imbalance in pressure that
provides long-range attraction between hydrophobic surfaces and
lowering of PMV of the bonded complex®>.

50
(b) .

-100 .

-150

PMF(r), kcal/mol

=200

7250 r L 1 L 1 n 1 n 1 " 1 L 1 L
0 2 4 6 8 10 12 14

o

Separation distance r, A

Figure 5. ECP (a) and PMF (b) as a function of separation distance between SARS-CoV-2 and ACE2 relatively to the initial orientation of
proteins. The value rmax corresponds to maximum separation. Dots show the 3D-RISM calculation results for a series of discrete separations
and lines are used to plot the interpolation curve with a simple polynomial of degree n=6.

From a thermodynamic point of view, a strong correlation between
the free energy of hydration and the number of water molecules
packed around a hydrophobic compound has been reported in the
literature®®. Using the RISM approach, we calculated the solvation
free energy, also called ECP. In Figure 5 we present ECP (a) and PMF
(b) for a series of separations between proteins. To avoid possible
confusions, it should be noted that protein separations are relative
to the initial position and are not absolute distances between the
objects. The presence of a broad minimum of about -30 kcal/mol
deep in ECP at short separations, Figure 5 (a), supports the idea
about a significant role the hydrophobic hydration plays in the
mechanism of the proteins binding, and the downslope shape of PMF
with a deep minimum of about -200 kcal/mol at initial separation,
Figure 5 (b), explains the intensity of such binding. As we can see, in
our calculations the 3D-RISM contribution to PMF from expression
(3) is about -30 kcal/mol. The remaining portion comes from VdW
and Coulomb interactions which strongly depend on the force field
used (CHARMM in our case) and are not directly related to the
presented approach. Still, in numerical aspect our results are in
agreement with recently published study®’ reporting comparable
values. In particular, by using an alternative molecular mechanics
approach (MD simulation and docking) the authors estimate the

This journal is © The Royal Society of Chemistry 20xx

binding affinity for SARS-Cov-2 - ACE2 around -140+10 kcal/mol, with
the hydrophobic contribution estimated at -38+3 kcal/mol. Although
we have calculated the potentials for separations along one
randomly chosen direction it becomes clear that any attempt to
reverse the process of binding will require much energy. A feasible
solution to this problem consists of using ligands.

Conclusions

We have illustrated and tested a modeling approach capable of
studying the nanomorphology and binding of SARS-CoV-2 spike
protein with the ACE2 receptor. The core part of this approach is the
integral equation theory of molecular liquids in the Three-
Dimensional Reference Interaction Site Model - 3D-RISM
approximation. This approach has been employed to calculate the
nanomorphology of solvation shells and provided 3D distribution
functions for all interaction sites of the complex solvent (composed
of water, simple ions, and drug-like molecule) around the solute
(Spike and ACE2 proteins at varying distances) taking into account
their chemical composition and thermodynamic conditions. By visual
analysis of 3D distributions at different separations between proteins
we were able to track the changes in preferential orientations of the

J. Name., 2013, 00, 1-3 | 7



solvent molecules (water) in such a way that we could identify the
role it plays in the protein binding mechanism. According to the
current understanding, this process takes place by hydrogen
bonding, electrostatic interactions, and ionic bridges, but
hydrophobic contacts play a central role in anchoring RBD of Spike
protein to the ACE2 Receptor. Our calculations are in agreement with
these conclusions.

In addition to nanomorphology, the mapping of reaction
coordinates by 3D-RISM has provided an important information
about thermodynamics of binding the Spike to ACE2 which is
difficult to reach by MD simulation. This includes the
information about the shape and deepness of the ECP and PMF
and has direct connection to virulence of the particular strain,
because the virulence of different Spike mutations can be
estimated by simple comparison of the corresponding PMFs. In
our study both ECP and PMF have shapes showing a minimum
at short separations and reaching a plateau on bigger distances.
The presence of the minimum explains why the proteins bind
and supports the idea about the dominant role of hydrophobic
interactions in this process. In methodological aspect,
demonstrated examples directly show the capability of the
presented approach for the analysis of the effect of ligand type
molecules. By simple replace of the NAG molecule with a drug
candidate or by adding prospective ligands as the part of solvent
with small concentrations, the approach is resourceful for
accurate screening of potential drugs. Compared to docking the
methodology is more accurate® and allows one to understand
the mechanism of Covid-19 penetration through the cell
membrane and ways of inhibition. It means that the approach
described in this work could be applied, with minor
modifications, to study the effects of viral mutations detected
in new strains worldwide. Our protocol could quickly and
accurately help in the identification of drug molecules with
inhibitory properties of the new viral strains This is especially
important for the case of protein binding driven by hydrophobic
interactions where interacting surfaces are large and do not
have specific “hot spots” which could be studied by docking>8.
This can be a good addition to machine learning approaches
used for selections of drug candidates but they do not describe
mechanisms®°.
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