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Aim. To evaluate the potential interactions of short-chain aliphatic aminocarboxylic compounds
with key coronavirus proteases—the main protease (Mpro) and papain-like protease (PLpro) of SARS-
CoV-2 and IBV—using molecular docking.

Methods. Hort-chain aminocarboxylic compounds were used as ligands; initial structures were
obtained from PubChem or built in Avogadro/MarvinSketch, followed by 3D optimization, verifica-
tion of protonation at pH 7.4, correction of charge states, and conversion to .mol2 format (OpenBabel)
for compatibility with SwissDock. Docking was performed using experimental 3D structures of Mpro
and PLpro of SARS-CoV-2 and IBV from the PDB; structure preparation and analysis were carried
out in Avogadro, MarvinSketch, OpenBabel, the PubChem 3D Conformer Generator, SwissDock
(EADock DSS/AutoDock Vina), and PyMOL.

Results. Aliphatic aminocarboxylic compounds exhibited moderate binding affinity toward Mpro
(AG from —3.0 to —4.3 kcal/mol), with docking poses predominantly localized in peripheral hydropho-
bic pockets rather than stably in the catalytic region. Longer-chain ligands, including 7-aminohepta-
noic and 8-aminocaprylic acids, showed more stable binding. Extension of the carbon chain enhanced
hydrophobic packing and stabilized binding within an Mpro pocket. The non-ionized form of 6-ami-
nocaproic acid bound more favorably than its hydrochloride, consistent with reduced affinity under
strong ionization.

Conclusions: Docking indicated moderate binding and predominantly peripheral localization of
complexes. Longer chains improve docking scores, whereas strong ionization impairs binding.
Conserved Mpro architecture between SARS-CoV-2 and IBV supports the use of IBV as a safer screen-
ing model. The most reliable in vitro candidates were identified as 4-aminobutyric acid and 6-amino-
caproic acid.

Keywords: SARS-CoV-2, infectious bronchitis virus, coronavirus, molecular docking, aminocarbo-
xylic compounds, Mpro, antiviral agents, in silico.

The recent outbreak of COVID-19, caused
by SARS-CoV-2, has posed new public health
challenges, including the urgent need for novel
antiviral agents. First identified in December
2019in Wuhan, China, the virus rapidly spread
among humans, causing severe respiratory
illness with high hospitalization and mortality
rates [1, 2]. Working with highly pathogenic
viruses such as SARS-CoV-2 requires strict
adherence to biosafety regulations and
facilities at least at the BSL-3 level [3], which

complicates and limits experimental studies,
especially during the early stages of drug
development. Consequently, the use of model
viruses [4] and in silico approaches allows
preliminary screening of potentially active
compounds without direct contact with human
pathogens [5, 6]. Among in silico techniques,
molecular docking is widely applied to predict
the spatial orientation and energetic feasibility
of interactions between small-molecule ligands
and viral protein targets [7, 8].
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Coronaviruses (CoVs) of the Coronaviridae
family possess crown-like surface spikes [9]
and have the largest genomes among RNA
viruses. They encode two polyproteins essential
for replication [10]. Key representatives
include betacoronaviruses (SARS-CoV, MERS-
CoV, SARS-CoV-2) and gammacoronaviruses,
such as infectious bronchitis virus (IBV).
Virions contain an RNA genome complexed
with the N nucleocapsid protein, surrounded
by a membrane with structural proteins E and
M, and covered by the spike protein S[11-13].

All Orthocoronavirinae encode the four
main structural proteins: Spike (S), Envelope
(E), Membrane (M), and Nucleocapsid
(N) [14]. Among these, the main protease
(Mpro/3CLpro), responsible for processing
polyproteins into functional non-structural
proteins, and the S protein, mediating receptor
binding and cell entry, are of particular
interest [13, 14].

A substantial structural similarity is
observed between the Mpro of beta- and
gammacoronaviruses. Specifically, SARS-
CoV-2 Mpro shares over 41% amino acid
identity and approximately 55% primary-
sequence similarity with IBV Mpro, including
the conserved catalytic dyad His41 and Cys145
[15]. Moreover, the functional similarity of
the papain-like proteases of IBV and SARS-
CoV-2, particularly their shared ability to
perform deubiquitination, further highlights
the relatedness of these viruses.

Due to the conservation of key viral proteins,
safe, nonpathogenic strains such as IBV can
serve as model viruses for preliminary antiviral
research. Prior in vitro studies on Vero and
BHK-21 cell cultures demonstrated that a series
of aliphatic amino compounds exhibited antiviral
activity against IBV [16]. Understanding their
potential mechanisms of action at the molecular
level is enabled by molecular docking, which
identifies binding sites for these compounds with
key IBV proteins.

This study aimed to perform molecular
docking to identify and analyze potential
binding sites of aliphatic aminocarboxylic
compounds with key coronavirus proteins,
primarily Mpro and PLpro.

Seven low-molecular-weight compounds
structurally similar to y- and w-amino acids
were used in the study: 4-aminobutyric acid
(GABA), 5-aminovaleric acid, 6-aminocaproic
acid, 6-aminocaproic acid hydrochloride,
7-aminoheptanoic acid, 8-aminocaprylic acid,
and methyl 6-aminocaproate hydrochloride.

Primary structural data for the listed
compounds were obtained from the PubChem
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database when a validated 3D conformer was
available for each molecule. For compounds
that lacked an appropriate 3D record, initial
structures were built manually in Avogadro
and MarvinSketch, followed by generation and
optimization of three-dimensional geometry
using the PubChem 3D conformer generation
service.

The degree and pattern of protonation
of all molecules were checked according to
the physiological environment commonly
accepted in most viral enzyme models — pH
7.4. When necessary, the charge and valence
states of functional groups were adjusted
(mainly -NH,/NH,;" and —-COOH/COO"). To
ensure compatibility with the SwissDock
computational engine, all structures were
converted into the .mol2 format, which
accurately preserves atom types, formal
charges, and stereochemistry. Conversion was
performed using OpenBabel with an additional
check for geometric artifacts.

Experimental three-dimensional structures
of enzymes from two coronaviruses —
Infectious Bronchitis Virus (IBV) and SARS-
CoV-2 — obtained from the Protein Data Bank
(PDB) were used in the study.

For each virus, two key non-structural
proteins (nsps) associated with polyprotein
processing were analyzed main protease (Mpro,
3CLpro) and papain-like protease (PLpro).
For SARS-CoV-2, several Mpro structures
were used, including apo forms and the wild
type, reflecting catalysis in its natural state.
This approach made it possible to account for
potential variability in the conformations of
the active site (Table 1).

Software and working environment

The following tools were used for structure
preparation: Avogadro 1.2 — molecular
construction and basic optimization;
MarvinSketch (ChemAxon) — protonation
check and charge specification; OpenBabel
3.1.1 — format conversion and geometry
control; PubChem 3D Conformer Generator —
optimized conformers with minimized energy;
SwissDock — docking using the EADock DSS
method with automated generation of global
and local search spaces on the SwissDock
platform — AutoDock Vina; PyMOL —
additional visualization of complexes [17, 18].

After obtaining the results, internal scripts
were used for visualization and clustering of
conformations, calculation of interatomic
distances, and analysis of interaction types
(hydrogen bonds, electrostatic contacts, salt
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Table 1. Key viral proteins and their predicted functions with structural targets

Virus Protein Predicted function Target
IBV Main protease (Mpro) Catalytic cleavage of polyproteins 2Q6D
IBV Papain-like protease (PLpro) Polyprotein processing, immunomodulation 4X27

. Proteolytic processing of polyproteins (with the
SARS-CoV-2 Main protease (Mpro) Q256A mutation) 9GHN
SARS-CoV-2 Papain-like protease (PLpro) Polyprotein processing, immune antagonism 9CSY

bridges, van der Waals interactions). For each
complex, a blind docking mode was applied to
avoid bias regarding the localization of the
binding site.

ADME analysis and target prediction

For each ligand, the following
parameters were calculated: LogP [19],
TPSA [20], gastrointestinal absorption (GI
absorption) [21], and BBB permeability
(SwissADME); possible biological targets using
SwissTargetPrediction [22, 23].

Results and Discussion

Binding energy and ligand localization
(docking)

Docking against SARS-CoV-2 Mpro and
PLpro revealed a clear target-dependent
binding pattern and a limited number of
preferred binding environments. Overall,
most ligands displayed moderate predicted
affinities, while a subset repeatedly adopted
well-defined poses in recurring pockets,
supporting non-random localization rather
than diffuse surface adsorption.

For SARS-CoV-2 Mpro, the most favorable
scores were obtained for 8-aminocaprylic acid
(AG = —-4.307 kcal/mol) and 4-aminobutyric
acid (AG = —4.290 kcal/mol) (Fig. 1). Both
ligands were placed within inner pocket
regions, consistent with a binding mode

driven by a combination of polar anchoring
and hydrophobic packing. Notably, several
ligands converged on the same pocket
microenvironment, repeatedly involving
LYS5, SER284, LEU282, and GLU288 (with
additional contacts such as TYR126 and
GLN127 for 8-aminocaprylic acid). This
recurrent residue set suggests a stable pocket
architecture that can accommodate small polar
ligands while maintaining favorable nonpolar
contacts.

A strong contrast was observed for
6-aminocaproic acid hydrochloride (6ACA
HCl), which produced consistently weak
docking scores against both SARS-CoV-2
proteases (approximately —1 kcal/mol) and was
frequently annotated as being located “inside
the protein,” a placement typically interpreted
as non-productive under standard docking
assumptions. This pattern supports the view
that strongly ionized salt forms are less
compatible with predominantly hydrophobic
subpocket environments and incur unfavorable
desolvation penalties, thereby reducing the
likelihood of stable, functionally relevant
binding under the applied conditions (Table 2).

Molecular docking against IBV Mpro and
IBV PLpro indicated predominantly moderate
binding energies for the aminocarboxylic
compounds, with a small number of
ligands standing out as the most consistent
performers for each target (Table 2). For IBV

Fig. 1. Ligand localization in SARS-CoV-2 Mpro
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Table 2. Molecular docking results of ligands with viral protein targets

AG

Binding

Ligand Target (kcal /mol) site Main contacting residues Comment
1 22 3 4 5 6
5-aminovaleric PHE3, LYS5, SER284, On the surface, slightly
acid 9GHN | -3.609 | Surface GLU288, LEU282 embedded
5-aminovaleric GLU124, ILE123, On the surface, slightly
acid 9CSY | -3.497 | Surface TYR136, LEU120 embedded
5-aminqvaleric 2Q6D -3.978 Pocket LYS5, LYS4 In a pocket, deep within
acid the protein
b-aminovaleric | o, | 3770 | Surface | ASN160, HIS164, TRP156 | On the surface, slightly
acid embedded
6-aminocaproic LEU282, TRP207,
) cap 9GHN -3.762 Pocket GLY283, GLU288, PHES, Good affinity
acid
VAL291
. . LEU125, ILE123, .
6-aminocaproic | gogy | 3752 | Surface TYR136, GLN121, | On thesurface, slightly
acid embedded
LEU120
. . GLN307, ARG305, .
6-aminocaprolc | 5o6p | -3.770 | Surface GLY141, TYR116, On the surface, slightly
SER137, PHE138
. . LEU67, TRP139, HIS164, .
6-aminocaproic | ,xo7 | 3534 | Surface | GLU163, ASN160, LYS71, | O the surface, slightly
acid embedded
GLY66
6-aminocaproic | ya6p | 928 |Imsidethel  pryi66 LEUIGY Very weak
acid hydrochloride ) protein ’
6-aminocaproic Inside the N
acid hydrochloride 9GHN -0.995 protein MET6, GLN299, ASP295 Poor binding
6-aminocaproic Inside the
acid hydrochloride 9CsY -1.078 protein TYR264 Very weak
6-aminocaproic Inside the
acid hydrochloride 4X27 -1.081 protein HIS164, TYR64 Very weak
7-aminoheptanoic 9GHN 3.699 Inner HOH728, PHE3, LEU282, Moderate affinity
acid o pocket SER284, GLU288, LYS5
7-aminoheptanoic 9CSY 3.4992 Surface LEU120, TYR136, Moderate affinity
acid o pocket GLU124, GLN122
T-aminoheptanoic 2Q6D 3.589 Surface GLY141, GLN307, Moderate affinity
acid o pocket | HIS170, TYR116, VAL304
7-aminoheptanoic 4X97 3.780 Surface TRP156, CYS144, Moderate affinity
acid o pocket | ASN160, GLU163, HIS164
8-aminocaprylic LYS5, HOH538, TYR126, acggr?l(jn%?i(;lz‘iagn
acid y 9GHN -4.307 Pocket GLN127, ARG4, SER284, numerous hvdro ’en
LEU282, GLU288 yadrog
bonds
8-aminocaprylic TYR136, LEU125,
aci dp ¥ 9CSY -3.890 Pocket GLN121, GLY100, Moderate affinity
THR102
8-aminocaprylic Surface CYS143, HIS41, GLY44, ..
acid 2Q6D -3.940 pocket ASN25, LEUA43 Moderate affinity
8-aminocaprylic Surface GLU163, HIS164, ..
acid 4X27 | -3.534 | ket | ASN160,GLY66, LYS71 Moderate affinity
4-aminobutyric 9CSY 3.910 Surface TYR207, ARG166, On the surface, slightly

acid

VAL202, MET206

embedded
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Table 2 (End)

1 22 3 4 5 6
4-aminobutyric 9GHN 4.990 Inner CYS128, GLN127, ARG4, | The ligand is positioned
acid o pocket HOH672, LYS5 inside the inner pocket
4-aminobutyric TYR166, GLY303, On the surface, slightly
acid 2Q6D | -3.742 | Surface GLU164, TYR116 embedded
4-aminobutyric | ,vo7 | 3557 | Surface | SER143, ASN160, HIS164 | On the surface, slightly
acid embedded
Methyl SER284, LEU282,
6-aminocaproate 9GHN -3.675 Pocket TRP207, LYS5, PHES, Moderate affinity
hydrochloride ILE281, GLU288
Moderate affinit
6.aminomeroate | 0CSY | -3.504 | Pocket LEU125, TYR136, Y
pr : LEU120, GLN121
hydrochloride
Methyl TYR116, GLY141, Moderate affinity
6-aminocaproate 2Q6D -3.554 Pocket GLU164, GLN307,
hydrochloride HOH438
Methyl .
6-aminocaproate | 4X27 | -3.204 | Surface | pyqi64 GLY66, SER143 | On thesurface, ina
. pocket small depression
hydrochloride

Note. Surface binding — ligand interaction with the external protein surface without significant invasion
into shallow pockets. Peripheral pocket — a shallow local depression near the protein surface allowing partial
ligand accommodation. Catalytic center (active site) — the region comprising the catalytic dyad His41 and
Cys145 (SARS-CoV-2 Mpro numbering) and spatially associated catalytic residues.

Mpro, the strongest scores were obtained for
5-aminovaleric acid and 8-aminocaprylic acid
(Fig. 2). Although their predicted affinities
were close, 8-aminocaprylic acid was notable
because its top pose included contacts in the
active-site region (His41/Cys143 in the main
protease IBV numbering), which is more
suggestive of functionally relevant binding
than broadly distributed surface adsorption.

Most of the remaining ligands clustered
in the intermediate range and were typically
positioned in surface or peripheral pockets,
consistent with stabilization driven by
mixed polar and weak hydrophobic contacts
rather than a tightly locked catalytic-site
pose. In contrast, the hydrochloride salt
form (6-aminocaproic acid hydrochloride)
consistently produced poor docking scores
for both IBV proteases. It was frequently
annotated as occupying an “inside the
protein” location, a pattern commonly
interpreted as non-productive binding under
standard docking assumptions. This supports
the conclusion that strong ionization is
unfavorable in this system, likely reducing
compatibility with hydrophobic subpockets
and penalizing desolvation.

For IBV PLpro, the highest-scoring
ligands were 7-aminoheptanoic acid and

5-aminovaleric acid, which repeatedly localized
to a preferred surface-pocket region centered
on ASN160/HIS164. The recurrence of this
contact environment—often accompanied
by an aromatic contribution (e.g., TRP156
in top poses)—suggests a dominant binding
region in PLpro that anchors ligands through
a combination of polar interactions and local
hydrophobic/aromatic stabilization. Overall,
these results nominate 5-aminovaleric acid and
8-aminocaprylic acid as the most supported
candidates for IBV Mpro (with 8-aminocaprylic
acid showing the most active-site—proximal
pattern), and 7-aminoheptanoic acid and
5-aminovaleric acid as the most consistent
binders for IBV PLpro, while strongly ionized
salt forms remain the least favorable under the
applied docking conditions.

Physicochemical profiling of the ligand
series

All investigated compounds fully comply
with Lipinski’s rule of five and do not exhibit
physicochemical outliers, indicating their
overall drug-like character and allowing the
exclusion of trivial factors, such as excessive
molecular size, polarity, or lipophilicity,
as drivers of the observed docking and
cellular assay results (Table 3). Under these
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conditions, differences in target binding
and biological activity can be reasonably
attributed to molecular structural features
rather than to fundamental limitations of their
physicochemical profiles.

The TPSA values for most ligands fall
within a narrow range (~63 A?), indicating
a high degree of chemical homogeneity
within the series and enabling a reliable
comparative analysis of molecular docking
results. At the same time, TPSA values of
this magnitude are characteristic of relatively
polar molecules, which favors predominantly
surface or peripheral docking poses dominated
by hydrogen bonding and electrostatic
interactions, rather than deep insertion into
hydrophobic subpockets of the protein.

The most informative distinction within
the series is the gradual increase in iLOGP
with elongation of the aliphatic chain,
reflecting enhanced hydrophobic packing
within target binding sites and correlating
with more favorable binding energies for
7-aminoheptanoic acid and 8-aminocaprylic
acid. In this context, 6-aminocaproic acid
hydrochloride stands out due to its highly
hydrophilic profile, which may limit its
compatibility with hydrophobic pockets.
In contrast, methyl 6-aminocaproate
hydrochloride exhibits an intermediate
interaction profile, combining sufficient
polarity with moderate lipophilicity but
lacking the maximal contribution of
hydrophobic contacts observed for the longer-
chain derivatives.

To place the docking results in a broader
biological context, we performed a comparative
analysis with experimental in vitro data
obtained from cell-based assays. Overall,
the in silico and in vitro datasets exhibit
partial, target- and compound-dependent
concordance rather than a simple rank-order
correlation. Docking against IBV proteases

(Mpro and PLpro) yielded predominantly
moderate predicted affinities across the
ligand series, whereas the cellular readouts
reflect a composite outcome of intrinsic
antiviral activity, effective cellular exposure,
and cytotoxicity, quantified by CD50 and
CTI under different treatment regimens.
Consequently, several compounds displaying
only moderate docking scores nevertheless
demonstrated measurable antiviral effects
in vitro, while others with comparatively
favorable docking profiles did not translate
into meaningful antiviral indices within non-
toxic concentration ranges.

Importantly, molecular docking in the
present study is applied as a mechanistic,
hypothesis-generating approach intended
to identify plausible ligand binding modes,
interaction patterns, and protein interaction
hot spots. In this context, the observed
discrepancies between docking outcomes
and in vitro performance underscore the
multifactorial nature of cellular antiviral
activity and highlight the limitations of
docking as a standalone predictor of in vitro
efficacy.

Interpretation of the cell-based results
also benefits from basic ADME context.
SwissADME predictions indicate that all
tested molecules show zero Lipinski violations
and broadly similar TPSA values, reducing
the likelihood that differences in CTI are
driven by gross physicochemical constraints
such as excessive size or polarity. At the same
time, ionization state and lipophilicity can
strongly influence the behavior of amino-
acid—like compounds in cellular systems,
which is consistent with the poorest overall
profiles observed for hydrochloride salt
forms. Interpretation of the cell-based results
also benefits from basic ADME context.
SwissADME predictions indicate that all
tested molecules show zero Lipinski violations

Fig. 2. Ligand localization in IBV Mpro
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Table 3. Physicochemical properties of the studied ligands

Ligand Lipinski’s rules Togl(:ggé(;a;rlgglal‘ Lpg Po/w
(TPSA, A?) (iLOGP)
4-aminobutyric acid Yes, 0 violations 63.32 0.72
5-aminovaleric acid Yes, 0 violations 63.32 0.98
6-aminocaproic acid hydrochloride Yes, 0 violations 63.32 0.00
7-aminoheptanoic acid Yes, 0 violations 63.32 1.41
8-aminocaprylic acid Yes, 0 violations 63.32 1.47
6-aminocaproic acid Yes, 0 violations 63.32 1.20
methyl 6-aminocaproate hydrochloride Yes, 0 violations 52.32 0.75

and broadly similar TPSA values, reducing
the likelihood that differences in CTI are
driven by gross physicochemical constraints
such as excessive size or polarity. At the same
time, ionization state and lipophilicity can
strongly influence the behavior of amino-
acid-like compounds in cellular systems,
which is consistent with the poorest overall
profiles observed for hydrochloride salt
forms Interpretation of the cell-based results
also benefits from basic ADME context.
SwissADME predictions indicate that all tested
molecules show zero Lipinski violations and
broadly similar TPSA values, reducing the
likelihood that differences in CTI are driven
by gross physicochemical constraints such as
excessive size or polarity. At the same time,
ionization state and lipophilicity can strongly
influence the behavior of amino-acid—-like
compounds in cellular systems, which is
consistent with the poorest overall profiles
observed for hydrochloride salt forms. In
this sense, ADME assessment supports the
conclusion that docking is most reliable for
negative selection (discarding forms unlikely
to achieve productive binding or a usable
therapeutic window), while positive in vitro
performance depends strongly on exposure and
tolerability.

Two compounds— 4-aminobutyric acid
and 6-aminocaproic acid —were the most
consistent performers in the cell model,
combining high CD50 values with reproducible
CTI positivity in the therapeutic and treatment
modes. In docking, both compounds showed
only moderate, predominantly surface/
peripheral placements against IBV Mpro/
PLpro, suggesting that their cellular antiviral
signal is unlikely to be explained solely by
a tightly locked, deeply buried active-site
complex with the viral proteases. This pattern
is consistent with either weak-to-moderate
protease engagement that becomes detectable

in vitro because of a favorable exposure/
toxicity window, and/or additional host-
mediated contributions not captured by
docking.

By contrast, 8-aminocaprylic acid
illustrates a common disconnect in early
antiviral screening: it ranked among the
better docking solutions (including contacts
in the active-site region of IBV Mpro in the
Mpro numbering), yet produced only a limited
in vitro signal that was mainly apparent
as a late treatment effect. 5-aminovaleric
acid showed a similar delayed profile,
where strong docking to IBV Mpro did not
translate into broad CTI positivity. Finally,
the hydrochloride salt forms—most clearly
6-aminocaproic acid hydrochloride and
methyl 6-aminocaproate hydrochloride —
showed the most straightforward agreement
between approaches: docking yielded very
weak energies and frequently non-productive
placements, while in vitro they exhibited
high cytotoxicity that likely collapsed the
therapeutic window and prevented measurable
antiviral indices. Taken together, these
findings support prioritizing 4-aminobutyric
acid and 6-aminocaproic acid as the most
reliable in vitro leads, while treating docking
primarily as a mechanistic hypothesis
generator rather than a standalone predictor
of cellular antiviral efficacy.

Conclusions

Aliphatic amino-containing compounds
investigated in this study generally exhibit
moderate affinity toward coronavirus
proteases (approximately AG —3.0 to —4.3 kcal/
mol) and reproducibly localize to a limited
number of dominant binding regions. For
most ligands, peripheral or surface binding
within hydrophobic pockets or shallow
surface depressions is characteristic, whereas
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stable positioning directly within the Mpro
catalytic center (His41—-Cys145) is not typical.
Accordingly, docking data alone do not
provide sufficient grounds to claim reliable
competitive inhibition of the catalytic sites
across the entire compound series.

The results also establish a practical
rationale for prioritization: elongation
of the aliphatic chain is accompanied by
an increase in iLOGP and, consequently,
improved hydrophobic packing within
binding pockets, which is consistent with
more favorable docking energies observed
for 7T-aminoheptanoic and 8-aminocaprylic
acids. In contrast, comparison of 6ACA
forms demonstrated that strong ionization
is unfavorable: the non-ionized (free) form
shows superior binding capacity, whereas
hydrochloride salts are characterized by a
pronounced reduction in affinity, reflecting
limited compatibility with hydrophobic
subpockets and reduced stability of docking
poses. All compounds remain within the drug-
like chemical space (zero Lipinski’s rule-of-
five violations); therefore, differences in
the behavior of the series are more plausibly
explained by structural nuances (chain
length, ionization state) rather than by gross
physicochemical outliers.

Although PLpro docking revealed
recurring surface-binding regions, the
resulting binding modes and energies were less
indicative of stable catalytic-site engagement
than those for Mpro. Therefore, PLpro results
are considered complementary to the primary
focus on Mpro. Structural conservation of
Mpro between SARS-CoV-2 and IBV supports
IBV as a safe model for primary antiviral
screening and mechanistic analysis of protease
interactions.

At the same time, comparison of in silico
and in vitro data underscores that docking-
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In silico TOCJIOSKEHHS AHTUKOPOHABIPYCHOI AKTUBHOCTI
AJIOPATHYHUX AMIHOKAPBOHOBHX CIIOJIYK

Cmemiox M.IT.Y 2, Coanosiios C.0.2

'KuiBchruit mosiTexHiUHMIH imcturyT im. Iropsa CikopebKkoro, YKpaina
*Hanjonanbanit yHiBepcuTeT oxopoHu 310poB’a YKpainu imeni I1. JI. llynuka, Kuis

E-mail: msmetiuh@gmail.com

Mema. OUinUTU TOTEHITIWHI B3aeMOAil KOPOTKOJJAHIIIOTOBUX aJi(aTUMUHUX aMiHOKapOOHOBUX
CIIOJIYK i3 KJIIOUOBMMU IIPOTea3aMM KOPOHABipyciB — 0CHOBHOIO mpoTeas3oro (Mpro) Ta mamaiHnoai0Ho0
npoteas3oio (PLpro) SARS-CoV2- i IBV — meTo0M MOJIEKYJIAPHOTO JOKIiHTY.

Memoodu. SIK niraHay BUKOPHCTAHO KOPOTKOJIAHIIIOTOBI aMiHOKapOOHOBiI cmoayku. Buxigmi
cTpyKkTypu orpumyBaiau 3 PubChem a6o O0ymyBanum B Avogadro/MarvinSketch, BukonyBaau
3D-onTuMmizaliito, mepeBipky mporonyBaHHs npu pH 7,4, KopeKIliio 3apAg0BUX CTaHiB i KOHBepTaIliio
B popmart .mol2 (OpenBabel) s cymicaocTi 3i SwissDock. JIOKiHT TPOBOAMIIN 3 eKCIIEPIMEHTAIbHIMUI
3D-crpykTypamu Mpro i PLpro SARS-CoV2- ta IBV i3 PDB; miarotroBxy # aHajid CTPYKTYP
smiticutoBanu B Avogadro, MarvinSketch, OpenBabel, PubChem 3D Conformer Generator, SwissDock
(EADock DSS/AutoDock Vina) ra PyMOL.

Pesynvmamu. Anidparruni amiHokapboHOBi CIONYKU AeMOHCTPYBaJIX IOMipHY CIOpifHEHiCTH
no Mpro (AG Bix 3,0 1o 4,3 KKajJa/M0Jb), IPUUOMY iXHi 03U AJOKIHTY mepeBaKHO JIOKAJIi3yBaJaucsd B
nepudepifinux rizpododHNX KUIeHAX, a He cTabiJIbHO B KaTaJiTuuHii giaauii. Jlirauau 3 foBIium
JIAaHITIOTOM, 30KpeMa T7-aMiHoTemTaHOBa Ta 8-aMiHOKaIIpuUJ0Ba KHCJOTHU, ITOKAa3ajau cTabijbHille
3B’a3yBaHHA. AsmidaTnuHi aMiHOKapOOHOBI CIIOJNYKY BUABUJIM MTIOMipHY criopimHeHicTs 70 Mpro (AG —
3,0—4,3 KKaJy/M0JIb), IPUYOMY TO3U TIEePEBaAYKHO JIOKaTi3yBasincA B nepudepiiiuux rigpododbuamx
KutieHax. [TlogoB:KeHHA BYTIJIeIeBOT0 JaHIIoTa MOCUII0BAJIO TiapododbHe MaKyBaHHA Ta cTadiIizyBaio
3B’A3yBaHHA B KuiieHi Mpro. [lokasaHo, 110 HeioHiBoBaHa 6-aMiHOKAIIpoOHOBa KUCJIOTA 3B’ A3yBaJiacs
Kpallie 3a TiApOXJIOPU/I, 1110 Y3TOAKYETHCS 31 BHMMKEHHAM aiHHOCTI TPy CUIbHiN ioHizamil

Bucnosexu. JIokiHT TTOKa3aB IMOMipHe 3B’sa3yBaHHS Ta IepeBakHO mepudepiiiHy JioKaJisalliio
KoMmJyeKciB. I[oBIIi JlaHITIOTM MMOKpAaIlyBaJan AOKIiHT-OIiHKM, a cUJbHA ioHiBaIia moripmryBaja
3B asyBanud. KoncepBaruBHicTs Mpro mizk SARS-CoV-2 ta IBV migrTpumyBaio Bukopucranusa IBV
AK OesmeuHiimoi cKpuHiHrosoi momeni. Hafibinpin HagifiHuMu in vitro KaHZugaTaMU BU3HAUEHO
4-amiHOMAacCJAHY Ta 6-aMiHOKAIIPOHOBY KUCJIOTH.

Karmuosi cnrosa: SARS-CoV-2, Bipyc indexrmiiinoro 6pouxiTy, KOpoHaBipyC, MOJEKYIAPHUNA JOKiHT,

aMiHOKapOoOHOBIi cioayku, Mpro, IpoTUBiIPYCHI cnoxyKu, in silico.

Received 2025/12/30
Revised 2026,/01/28
Accepted 2026/02/12

64





