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Background: Currently, an increase in the number of new cases of Covid-19 caused by the severe acute
respiratory syndrome virus (SARS-CoV-2) is recorded in Ukraine and the world. SARS-CoV-2 provokes
exacerbation of chronic diseases and activates inflammatory and allergic reactions. A severe course of
Covid-19 increases the duration of hospitalization and the mortality rate among the population. Pathogenetic
therapy is carried out with systemic corticosteroids, which suppress the cytokine storm by mitigating the
SARS-CoV-2-induced systemic inflammatory response and inhibit SARS-CoV-2 main protease Mpro, a
key component of viral replication.

Objectives: The aim of this study is to identify the potential corticosteroid binding sites on SARS CoV-2
main protease Mpro based on the analysis of the energetic and topological characteristics of the
complexes as well as to investigate the inhibitory activity of selected corticosteroids against Mpro.
Material and Methods: The crystal structure of Mpro (ID: 6LU7 from Protein Data Bank)
(www.rcsh.org) was chosen as a docking target. Molecular docking methods (AutoDock Tools 1.5.7,
AutoDock Vina 1.1.2) were used to gain insight into the binding affinity Mpro with systemic
corticosteroids such as dexamethasone (DEX), prednisone (PRED), prednisolone (PNL),
methylprednisolone (Medrol), triamcinolone (TAC), and hydrocortisone (HCT). Visualization of docking
results was done in PyMol 2.5. The protein-ligand interaction profiler (PLIP) and the LigPlot+ web tool
were used to identify non-covalent interactions between Mpro and ligands (https://plip-tool.biotec.tu-
dresden.de).

Results: In silico docking study demonstrated that all selected corticosteroids bound with amino acid
residues of Il and Il domains of Mpro with binding energy in the range -7.8...-6.6 kcal/mol. The high
binding affinity is found for dexamethasone-Mpro (-7.8 kcal/mol); for prednisone, prednisolone,
methylprednisolone, triamcinolone, and hydrocortisone the binding energies were -7.4, -7.0, -7.5, -7.6 and
-6.6 kcal/mol, respectively. It was shown that hydrogen bonds and hydrophobic interactions were
involved in the formation of ligand-protein complexes mainly through residues such as Arg131, Lys137,
Thrl99, Asp289, Leu272, Leu286, Leu287, Tyr239, and Gly275, which formed the catalytic and distal
sites for ligand binding. The inhibition constant of corticosteroids has ranged from 1.90 x 10 to
14.4 x 108 M.

Conclusion: Our results showed that the favorable binding sites for dexamethasone, prednisone,
methylprednisolone, and triamcinolone are located in the catalytic site of domain Il and the distal site of
domain 11l of SARS-CoV-2 main protease Mpro with high binding affinities confirming the stability of
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the complexes. The low inhibition constants values for dexamethasone, prednisone, methylprednisolone,
and triamcinolone further confirm the effectiveness of the selected corticosteroids as inhibitors of Mpro
activity. Based on the binding energy as well as inhibition constants values dexamethasone, prednisone,
methylprednisolone, and triamcinolone were identified as potential inhibitors for Mpro.

KEY WORDS: Covid-19; SARS CoV-2 main protease Mpro; systemic corticosteroids; molecular
docking; human health.

Since the summer of 2023, COVID-19 infections and hospitalizations have been on the
rise worldwide. While they have remained below previous peaks, the World Health
Organization has reported over 1.4 million new COVID-19 cases and over 1800 deaths. The
Omicron variant is responsible for the recent rise in infection cases; its several subvariants
such as BA.2.86 (Pirola), EG.5 (Eris), FL.1.5.1 (Fornax) are spreading significantly faster
than the Delta variant B.1.617.2 [1].

Severe acute respiratory syndrome-related coronavirus-2 (SARS-CoV-2) is the
etiological agent of COVID-19 that causes respiratory illness ranging in severity from the
common cold to fatal pneumonia. SARS-CoV-2 is a positive-sense single-stranded genomic
RNA virus (+ssRNA) that uses +ssSRNA to store and replicate its genetic information [2]. The
SARS-CoV-2 genome comprises about 30,000 nucleotides flanked by two untranslated
regions (UTR) at the 5'- and 3'- ends. The 5" UTR contains the 5" cap structure as well as 3’
UTR consists of the poly(A) tail. SARS-CoV-2 RNA genome contains at least 14 open
reading frames (ORFs) and encodes 29 viral proteins, among which sixteen non-structural
proteins (NSPs), four structural proteins including spike glycoprotein (S), envelope protein
(E), membrane protein (M), nucleocapsid (N) protein, and eight accessory proteins [3]. The
+ssRNA genome expression starts with the 5’ cap end of two ORFs (ORFla and ORF1b)
which comprise about two-thirds of the genome [4]. As a result, the synthesis of two large
overlapping precursor polyproteins ppla and pplab (molecular weights of 486 kDa and 790
kDa, respectively), is realized on cellular ribosomes. Differences exist in the translation of the
SARS-CoV-2 +ssRNA due to a programmed —1 ribosomal frameshifting (—1 PRF) between
ORF1la and ORF1b [5]. Thereby, an overexpression of ORFla-encoded ppla protein relative
to ORF1b-encoded pplab protein occurs.

Then polyproteins ppla and pplab undergo the proteolytic processing into 16 NSPs by
two viral proteases — a papain-like protease (PLpro) and a 3-chymotrypsin-like cysteine
protease (3CLpro) also known as main protease Mpro. Among the two, the main protease
Mpro is a key protease of SARS-CoV-2 involved in viral RNA replication and transcription
and is important in the life cycle of COVID-19. The crystal structures revealed that Mpro is a
dimer, formed by two monomers. Each monomer consists of three domains — domain |
(amino acid residues 8-101) and domain Il (amino acid residues 102-184) have an
antiparallel B-barrel structure. Domain 11l (amino acid residues 201-303) contains five -
helices connected to domain Il by a long loop (amino acid residues 185-200) [6, 7]. The
Mpro is highly conserved in its amino acid sequence and three-dimensional structure, making
it a suitable drug target, especially for small molecules that have an inhibitory effect [8]. Most
inhibitors targeted the enzyme catalytic site, which has four sub-pockets (S1, S1', S2, S3) and
located in a cleft between domain | (amino acid residues 10-99) and domain Il (amino acid
residues 102-182). Cysteine (Cys145) and histidine (His41) compose the catalytic dyad and
are two key residues of the catalytic site. In addition, in stabilizing the catalytic site of the
SARS-CoV-2 Mpro and in the binding of ligands are involved amino acid residues such as
Serl0, Glyll, Glul4, Thr24, Asn28, Serl39, Phel40, Ser147, His163, Metl65, Glul66,
Hisl72, GIn189, and GIn192. However, there are distal sites on the SARS CoV-2 Mpro for
inhibitors binding through an allosteric mechanism, especially non-covalent inhibitors with
high selectivity for Mpro [9, 10].
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Corticosteroids have been considered the effective inhibitors of the replication of
influenza A and B viruses, herpes simplex virus as well as SARS-CoV-2 by binding and
inhibiting the catalytic activity of Mpro [11]. In the case of COVID-19, pathogenetic therapy
is carried out in the middle and severe course of the disease with systemic corticosteroids,
which suppress the cytokine storm by mitigating the SARS-CoV-2-induced systemic
inflammatory response. At the same time, systemic corticosteroids inhibit SARS-CoV-2 main
protease Mpro, which is a key component of viral replication. The cytokine storm has been
suggested to be associated with high levels of several key pro-inflammatory cytokines, such
as IL-1, IL-2, IL-6, TNF-a, IFN-y, IP-10, GM-CSF, MCP-1, IL-10, and chemokines (CCL2,
CCL3, CCL5, CXCLS8, CXCL9, CXC [12, 13, 14]. However, the mechanism of corticosteroid
inhibitory action against Mpro is currently unclear due to insufficient study of ligand-binding
sites of the main protease Mpro.

The aim of this study is to identify the potential corticosteroid binding sites on SARS
CoV-2 main protease Mpro based on the analysis of the energetic and topological
characteristics of the complexes as well as to investigate the inhibitory activity of selected
corticosteroids against Mpro.

MATERIALS AND METHODS

As a docking target was the SARS-CoV-2 main protease Mpro. The 3-dimensional (3D)
structure of Mpro was downloaded from the Protein Data Bank (www.rcsb.org ) (ID: 6LU7),
which is the result of X-ray diffraction at 2.16 A resolution. After deleting water molecules
and adding missing hydrogens, the protein in PDB format was converted to PDBQT format
using AutoDock Tools 1.5.7. Six well-known corticosteroids — dexamethasone (DEX),
prednisone (PRED), prednisolone (PNL), methylprednisolone (Medrol), triamcinolone
(TAC), and hydrocortisone (HCT) were downloaded in SDF format from an open chemistry
database PubChem at the National Institutes of Health and were subjected for molecular
docking studies as ligands. The ligands in SDF format were converted to PDB format using
the Open Babel 3.1.1 computer program. The structures of corticosteroids were optimized
using the Open Babel 3.1.1. The Gasteiger-Marsili partial charges were computed using the
UFF force field [15]. Protonation of amino acid residues at pH=7 was checked using Propka
3.1 [16]. First, the blind docking with the grid box dimensions set of 126 A x 126 A x 126 A
was performed. The center grid box had fixed coordinates x = -25.995, y = 12.591, and z =
59.151. The exhaustiveness parameter was 50; the distance between the grid points was 0.503
A. Following this, sequential docking was performed to explore whether any allosteric
mechanism of inhibition of the main protease among the considered ligands. AutoDock Vina
(version 1.1.2) was used to calculate the predicted docking poses and binding energies [17].
For the identification of non-covalent interactions between Mpro and ligands, the protein-
ligand interaction profiler (PLIP) and the LigPlot+ web tool were applied (https://plip-
tool.biotec.tu-dresden.de) [18]. DoGSiteScorer from Proteins Plus was used to detect some
characteristics of potential binding pockets such as the surface area, volume, and depth of
binding pocket [19]. Visualization of docking results was done in PyMol 2.5 [20]. To convert
PyMol files to PDB format, the interactive converter MichelaNGLo was used
(https://michelanglo.sgc.ox.ac.uk/pymol).

RESULTS AND DISCUSSION
The molecular docking methods are being used to predict energetically favorable
conformations and the orientations of ligands within the binding site of the protein as well as
to assess the binding affinity at the molecular level. The AutoDock Vina program searches the
topological space of the ligand relative to the receptor until a scoring function is minimized.
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The result is an affinity score. Then an affinity score is used to rank ligand poses; the top-
ranked conformation is selected as the predicted ligand-protein complex. In our recent work,
we have demonstrated the efficiency and accuracy of the AutoDock Vina tool to determine
the binding energies and amino acid residues involved in the interaction of penicillin G
determinants with human serum albumin [21].

In this study, corticosteroids — DEX, PRED, PNL, Medrol, TAC, and HCT were
subjected to docking studies. Autodock results demonstrated that DEX, PRED, PNL, Medrol,
TAC, and HCT can dock SARS-CoV-2 main protease Mpro by AutoDock Vina scores of -
7.8,-7.4,-7.0,-7.5, -7.6, -6.6 kcal/mol, respectively (Tabl. 1). The inhibition constant (ki) was
calculated to evaluate the inhibition potency of systemic corticosteroids toward Mpro using
Van’t Hoff equation:

L = AG
i = eXp(RT)

where AG is the binding energy in kcal/mol; R is the universal gas constant (1.987 cal- K -mol™);
T is the temperature (298 K).

It has been shown that the inhibition constants of six corticosteroids ranged from 1.9 x 10°®
to 14.4 x 10% M (Table 1).

The highest affinity was reported for DEX-Mpro with AutoDock Vina score of
-7.8 kcal/mol and interacting amino acids of Argl31, Lys137, Thr199, and Asp289 through
hydrogen bonds and Leu272, Leu286, Leu287, Tyr239, and Gly275 through hydrophobic
interactions. For DEX is predicted to sit in the domains Il and 111 of Mpro (Fig. 1). Therefore,
DEX showed favorable interactions with several residues of the catalytic pocket of domain Il
and several residues of the distal site of domain I11.

Recently Ghosh R. and colleagues have reported that dexamethasone exhibits a high
binding affinity of -7.9 kcal/mol toward Mpro; ki value at 298 K was 1.6 x 10° M [22].
Therefore, it can be considered as a high-quality drug to reduce the mortality rate of COVID-
19 patients [23]. According to our calculations, the inhibition constant for DEX was 1.9 x 10
M. It was evidenced that DEX efficiently interacted with different amino acid residues of
domain | as well as domain Il of Mpro. Ghosh R. et al. [22] showed that DEX formed
hydrogen bonds with His163, His164, and Cys145 of domain Il of Mpro. In contrast to R.
Ghosh's findings, our results suggested that DEX was docked to the distal active site of Mpro
with high binding energy (-7.8 kcal/mol). Our results align with the general trend identified in
[22], although with some notable distinctions that are primarily connected to the different
preparation and optimization of corticosteroids. While there are similarities between our
results and those of R. Ghosh, concerning the binding energy, it's important to note that high
binding energy can indicate the importance of the involvement of the distal domain in
dexamethasone binding to inhibit Mpro through an allosteric regulation.

From our molecular docking simulation, Medrol also demonstrated strong interactions
with Mpro. The binding energy of Medrol was found to be -7.5 kcal/mol, which was lower
compared to Ghosh R. et al. data which ranged from -5.1 to -5.5 kcal/mol [22]. The Medrol
formed hydrogen bonds and had hydrophobic interaction with the identical residues of the
catalytic pocket of domain Il and the distal site of domain 11l of Mpro as DEX. In addition, in
the case of Medrol, the carbonyl oxygen of Leu287 was involved in the interaction through
the hydrogen bond.

In general, the binding energies of different amino acid residues that bind the same ligand
can vary due to specific interactions and contributions of each residue in the binding site.
However, if the binding energies are observed to be relatively similar for different residues
binding the same ligand, it might be attributed to the following factors.



57
Identification of potential corticosteroid binding sites on the SARS CoV-2 main protease. ..

- Conservation of binding motifs: proteins often exhibit conservation in their binding sites
or motifs. If different amino acid residues are part of a conserved motif that interacts with a
specific ligand, the overall binding energy may be similar because the essential interactions
are maintained.

Table 1. List of the potential inhibitors against the main protease SARS-CoV-2 Mpro with their binding energy
and inhibition constant

Corticosteroids 2D corticosteroid structure | Binding energy, Inhibition
interacting with AG, kcal/mol | constant, ki x 10,
Mpro M
Dexamethasone -7.8 1.90
Prednisone -1.4 3.74
Prednisolone -7.0 7.35
Methylprednisolone -1.5 3.16
Triamcinolone -7.6 2.66
Hydrocortisone -6.6 14.4
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Medrol

4

Fig. 1. The predicted docking poses of different corticosteroids in cyan cartoons rendering (coloring by
element, all C atoms of ligands are in green, red — O, gray — H, dark gray — F). Cyan ribbons represent
SARS-CoV-2 main protease Mpro; yellow-orange sticks are interacting amino acid residues (coloring by
element, all C atoms of Mpro are in yellow-orange, red — O, blue — N, gray — H). The amino acid residues
of Mpro forming hydrogen bonds with the ligand are colored in yellow-orange.
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- Structural constraints: the three-dimensional structure of the binding site can impose
constraints on the types of interactions that can occur. If the ligand interacts with a protein's
specific region, the available amino acid side chains in this region may be limited, leading to
similar binding energies.

- Functional requirements: different amino acids can have similar physicochemical
properties. If the binding site requires specific characteristics, such as a particular charge or
hydrophobicity, different residues with similar properties may contribute similarly to the
binding energy.

- Adaptability of proteins: proteins can exhibit a degree of adaptability in their structures.
This adaptability allows different amino acids to fulfill similar roles in terms of ligand
binding, resulting in comparable binding energies.

- Compensatory changes: even if individual amino acid residues change in the binding
site, compensatory changes in neighboring residues may occur to maintain overall binding
energy. This compensation can lead to similar net effects on ligand binding. It's important to
note that while the binding energies may be similar, the specific contributions and details of
the interactions can still differ among different amino acids. Additionally, experimental
techniques, such as site-directed mutagenesis combined with biophysical methods, are often
used to study and quantify the contributions of individual residues to binding affinity.

Among all ligands, TAC showed a sufficient binding affinity energy of -7.6 kcal/mol and
an inhibition constant of ki = 2.66 x 10°® M. These data are consistent with the findings about
the binding affinity and stability reported by Mishra A. et al. [24]. The high affinity of TAC
with Mpro is associated with the presence of hydrogen bonds with Arg131, Lys137, Thr199,
Leu287, and Asp289. There are also hydrophobic interactions with Tyr239, Leu272, and
Leu286, which are responsible for the conformational stability of TAC-Mpro complex.

The prednisone interacts with the Mpro with a binding energy of -7.4 kcal/mol and an
inhibition constant of 3.74 x 10°® M. In the case of PRED, the molecular binding stabilized
through hydrogen bonds with Lys137, Met276, and Leu287 as well as hydrophobic
interactions through four residues such as Leu286, Tyr239, Leu27l1, Gly275. The
prednisolone interacts with SARS-CoV-2 Mpro with a binding energy of -7.0 kcal/mol and an
inhibition constant of 7.35 x 10 M. The molecular interaction is facilitated through hydrogen
bonds with Arg131, Tyr239, Met276, Asp289, Leu287, and hydrophobic interactions through
residues (Gly286, Leu286, and Thr199).

Mpro showed the least binding affinity with HCT at -6.6 kcal/mol. For HCT is predicted
to sit in the domain Il of Mpro; there is a hydrogen bond with Trp218, Glu270, Gly275,
Leu220 and Arg279. Tiwari G. et al. [25] performed screening of several anti-inflammatory
drugs, including hydrocortisone and dexamethasone as the SARS-CoV-2 inhibitors, and
reported higher binding energy compared to our study. At the same time, Fadaka A. O. et al.
[26] reported that three amino acid residues (Asn142, Glul66, and Cys44) in the Mpro active
site were involved in the formation of hydrogen bonds with DEX atoms with a binding energy
of -6.7 kcal/mol.

Our study offers additional insights beyond the scope of publication [22] work by
estimating the surface area, volume, and depth of the ligand binding pockets that have high
binding affinity, such as dexamethasone, prednisone, methylprednisolone, and triamcinolone
(Fig. 2).

In general, the difference in binding pocket surface area, volume, and depth is due to
several factors. The first is steric hindrance, as even minor structural differences can lead to
variations in how the ligand fits into the binding pocket. Differences in the arrangement of
functional groups can result in steric hindrance, where certain parts of one ligand may come
into contact with residues lining the pocket, influencing its effective surface area and volume.
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Second, ligands with similar structures may interact differently with residues within the
binding pocket due to hydrogen bonding or hydrophobic interactions. These differences can
lead to alterations in the conformation of the ligand or the surrounding protein residues,
affecting the overall shape and size of the binding pocket. In addition, ligands may exhibit
inherent flexibility, allowing them to adopt different conformations upon binding to the
protein. Small structural differences can influence the preferred conformation of the ligand
within the binding pocket, leading to variations in the surface area and volume occupied by
the ligand-protein complex.

Fig. 2. The Mpro-ligand complexes. The ligand binding pocket of Mpro is marked in pale purple. The
structure of Mpro is represented by ribbons; the ligand is represented as balls. The Mpro-dexamethasone
ligand binding pocket has a depth of 20.59 A, the surface area and volume of the binding site are 595.23 A?
and 416.19 A3, respectively. The Mpro-prednisone ligand binding pocket has a depth of 19.86 A, the surface
area and volume of the binding site are 582.67 A% and 425.15 A2, respectively. The Mpro-methylprednisolone
ligand binding pocket has a depth of 19.45 A, the surface area and volume of the binding site are 578.47 A2
and 439.25 A3, respectively. The Mpro-triamcinolone ligand binding pocket has a depth of 20.45 A, the
surface area and volume of the binding site are 586.77 A2 and 420.34 A3, respectively.

Our results show the significance of distal sites in the ligand—Mpro affinity, especially
domain 1lI, through an allosteric mechanism. Domain Il (Aspl53-Aspl55 and Leul67-
Vall71) and 111 (Asn277-Thr292) exhibit high flexibility and elasticity compared to the stable
catalytic residues, His41l (from domain 1) and Cys145 (from domain I1) as was found by
Weng Y.L. et al. [27]. We showed that the amino acid residue such as Thr199 is included in
the Phel85-Thr201 linker loop (domain IlI-111) and can also cover the catalytic site in Mpro
beside the Cys44-Pro52 loop. Dexamethasone, prednisone, methylprednisolone, and
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triamcinolone were more stable due to the favorable packing and hydrophobic interaction
with Thy239, Leu272, and Leu286. Hydrocortisone was quite stable in domain Il with a
well-packed hydrophobic structure formed by Phe223, Phe219, Val227, and Gly275.

CONCLUSIONS

In this study, the potential binding sites of systemic corticosteroids on SARS CoV-2 main
protease Mpro were investigated. In silico docking studies were performed in the blind and
sequential docking mode using the AutoDock Vina program. Screening of six systemic
corticosteroids revealed that dexamethasone, prednisone, methylprednisolone, and
triamcinolone had the best interaction with the Mpro among all others. Dexamethasone,
prednisone, methylprednisolone, and triamcinolone showed promising results with binding
affinities -7.8, -7.4, -7.5, and -7.6 kcal/mol, respectively, confirming the stability of the
complexes. The low inhibition constants values for dexamethasone, prednisone,
methylprednisolone, and triamcinolone confirm the effectiveness of the selected
corticosteroids as inhibitors of Mpro activity. Considering the findings in [22], our research
provides further evidence that the favorable binding sites for dexamethasone, prednisone,
methylprednisolone, and triamcinolone may be located in the catalytic site of domain Il and
especially in the distal site of domain 111 of the SARS-CoV-2 main protease Mpro. The results
of our study complement R. Ghosh's conclusions that dexamethasone, prednisone,
methylprednisolone, and triamcinolone are promising inhibitors of the main protease Mpro
and can be potential candidates for the treatment of COVID-19 or drug development against
SARS-CoV-2.
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BU3HAYEHHSI IIOTEHLlIfIHMX MICLb 3B’S13YBAHHSI KOPTUKOCTEPOIIIB
HA OCHOBHIM ITPOTEA3I SARS COV-2 MPRO — IN SILICO JOKIHI" JOCJLI>KEHHS
H. B. Xmiasl?2', A. B. lllecronanosa®™’, B. I'. Konecnikop?, A. O. Boeuko-HemoBua®
Xapxiscokuii nayionansnuil ynisepcumem padioenexmpounixu, np. Hayxu, 14, Xapxis, 61166, Ypaina,
2Iucmumym paodiogpizuxu ma enexmponixu in. O. A Yeuxoea HAH Ypainu, eyn. Ax. Ipockypu, 12, Xapxie, 61085, Vipaiua
Hani#imna no penaxuii 14 rpyans 2023 p. Iepernsauyra 19 motoro 2024 p.
[puiinsra no apyky 1 tpasus 2024 p.

AxtyaabnicTs. Hapasi B YkpaiHi Ta cBiTi QikcyeTbcs 3pocTaHHs KiNbKOCTI HOBUX BHIaakiB Covid-19,
CIIPUYMHEHHUX BIPYCOM TSXKKOTO TOCTPOro pecmiparoproro cuuapomy (SARS-CoV-2). SARS-CoV-2
MPOBOKYE 3aroCTPEHHs XPOHIYHMX 3aXBOPIOBaHb Ta aKTHBI3ye 3amalibHi W anepriyfi peakuii. Baxkuit
nepeGir Covid-19 30iibL1ye TPUBaNICTh TOCHITANI3ALIT T CMEPTHICTH cepe]] HacesneHHs. [laTroreneTnyny
Teparilo MPOBOAATh CUCTEMHMMH KOPTHUKOCTEPOINaMH, SIKi NPUTHIYYIOTh HUTOKIHOBUH LITOPM LUISIXOM
MOM’SIKIIIEHHST CHCTEMHOI 3amanbHOi BigmoBimi, cupuamHeHOi SARS-COV-2, a TakoX NpHUTHIYYIOTH
ocHOBHY npotea3y Mpro SARS-CoV-2, sika € KIIF090BUM KOMIIOHEHTOM peIlTiKallii Bipycy.

Mera poGoru. MeTO0 [BOTO MOCHI/KCHHS € BH3HAYCHHSA IIOTCHIIHHUX CaiTiB 3B’SI3yBaHHS
KOPTHUKOCTEpOiniB Ha TonoBHiM mpoteasi SARS CoV-2 Mpro Ha OCHOBI aHali3zy EHEPreTUYHHX 1
TOTIOJIOTIYHAX XapaKTEPUCTHK KOMIUIEKCIB, a TAKOX JOCHIHKEHHS 1HTIOITOPHOI aKTUBHOCTI BHOpaHUX
KOPTHKOCTEPOiiB MpoT Mpro.

Marepiaan Ta meromu. Kpucramiuna ctpykrypa Mpro (ID: 6LU7 3 Protein Data Bank) (www.rcsb.org)
Oyna oOpaHa B SKOCTi JAOK-MiieHi. Metoau MojekyisipHoro aokinry (AutoDock Tools 1.5.7, AutoDock
Vina 1.1.2) Oynu 3acrocoBaHi 1yl oTpuMaHHs iHQoOpMalii Npo cropimHeHicTh 3B’s3yBaHHS Mpro 3
CHUCTEeMHUMH  KOPTHKOCTEpOiZaMu, TaKUMHU  SK  JEKCaMeTa3oH, IPEAHI30H,  MNpEeIHI30JI0H,
METHJITIPEIHI30N0H, TPIAMIIMHOJIOH 1 TiIPOKOPTH30H. Bisyamizamis pe3ynabTaTiB JOKIHTY Oyna
peamizoBana B PyMol 2.5. [Ing Bu3HaueHHS HEKOBAJICHTHHX B3aeMOJiil Mixk Mpro Ta jiranmamMu Oyiw
3actocoBati Be0-3acobu PLIP Ta LigPlot+ (https://plip-tool.biotec.tu-dresden.de).

PesyabraTu. PesynbraT MOJIENIOBAaHHS METOJOM MOJEKyisipHoro mokinry (in silico) mokasamu, o
BHOpaHi KOPTHKOCTEPOimu 3B’s3yBaiucs 3 amiHOKUCIHOTHUMH 3ammmkamu 11 1 I momeniB Mpro 3
eHepriero 3B’s13yBaHHs -7,8...-6,6 kkan/Monb. byna BusBneHa BUcOka aiHHICTD 3B'I3yBaHHI KOMILICKCY
nekcamerazon-Mpro  (-7,8  kkan/Monb); IS OPEAHI30HY, TPEIHI30JO0HY, METHIIPEAHI30I0HY,
TPIaMIIMHOJIOHY ¥ TiIPOKOPTU30HY eHeprii 3B's3ky craHoBwiu -7,4, -7,0, -7,5, -7,6 i -6,6 KKaJ/MOJIb,
BIIMOBIZHO. Byno mokasaHo, 110 BOJHEBI 3B’s3KH Ta TiApOoQPOOHI B3aeMOIi TOJIOBHUM YHHOM OEpYTh
yyacTh B YTBOPEHHI JIiraHA-OlJIKOBUX KOMIUIEKCIB uepe3 Taki 3amuinku, sk Argl31, Lys137, Thr199,
Asp289, Leu272, Leu286, Leu287, Tyr239 i Gly275, siki yTBOPIOIOTh KaTaTiTUYHI Ta AUCTAIbHI cailTu
IS 3B's3yBaHHs Jlirany. KoHcTaHTa iHTiOyBaHHS KOPTUKOCTEPOI/iB KoMBanacs B Mexax Big 1,90 x 107
1o 14,4 x 10 M.

BucnoBkH. PesynbraT ociikeHHs OKA3a/u, 0 CHPUSATINBI CAlTH 3B I3yBaHHS JJIs IEKCAMETa30HY,
MPeIHI30HY, METHIIIPEIHI30JI0HY Ta TPIaMIIMHOJIOHY PO3TAIIOBaHI B KaTATITHYHOMY caiTi gomeHy |l Ta
muctanbHOMY caiiti momeny |lI ocHoBHOi mporteasm SARS-CoV-2 Mpro; BOHH MarmTh BHCOKY
CHOPiMHEHICTh 3B’SI3yBaHHS, MO MiATBEPKYe CTaOUIBHICTH KOMIUIEKCiB. HH3bKI 3HaYeHHS KOHCTAaHT
iHTIOyBaHHS JUIT JIeKCAaMETa30HY, NPEAHI30HY, METHIIPEIHI30J0HYy Ta TPIaMIMHOJIOHY JOJATKOBO
MiATBEPIIKYIOTh €PEKTHBHICTh BHOPAHUX KOPTUKOCTEPOIAiB SK iHTiOiTOpiB akTrBHOCTI Mpro. Ha ocHoBi
eHeprid 3B’sA3yBaHHSA, a TakoX 3HA4YeHb KOHCTAaHT I1HTIOYBaHHS, JEKCAMETa30H, TPEAHI30H,
METHJITIPETHI30MIO0H 1 TPIaMI[MHOJIOH Oy/M BU3HAYEHI SIK MMOTEHIIiiHi iHTi6iTopu Mpro.

KJIFOUOBI CJIOBA: Covid-19; romoBra mnporeasa SARS CoV-2 Mpro; cHCTEMHI KOPTHKOCTEPOiau;
MOJICKYJISIPHUAHN JTOKIHT; 3I0POB'S JIIOAWHH.
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