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Prospective Hybrid Molecules with Dual Anti-Viral
and Anti-Thrombotic Activity Against the SARS- CoV-2 Infection
and Its Associated Complications Employing in Silico Studies
Covid-19, a SARS-CoV virus-based disease, was identified in Wuhan, China, in December 2019. Initially, it
was considered just an infection of the respiratory system, but due to its transmittable nature, it was declared
a pandemic. A variety of treatment options were implemented, including antivirals like remdesvir, favipiravir
along with vitamins and antioxidants. Further investigations revealed that the Covid-19 infection results in
thrombotic cardiovascular complications, which are the major concern for the increased mortality associated
with this disease. This study investigates the in Silico design of hybrid molecules with antiviral and antithrombotic properties. A docking study was performed using Autodock Vina software, and binding energies
of the designed compounds were determined for papain-like protease (PDB: 3E9S) and 3-chymotrypsin-like
cysteine protease (PDB: 6LU7). The docked poses and amino acids interactions were verified using Biovia
Discovery studio 4.5. The binding energies of all designed compounds were compared with the standards,
Compound RL1 (2-(5-(3-carbamoyl-1H-1,2,4-triazol-1-yl)-3,4-dihydroxytetrahydrofuran-2-yl)methoxy)carbonyl)amino)(hydroxy)methyl)carbamoyl)phenyl acetate) and Compound FL2 (8-hydroxy-2-(3-hydroxy4-methoxyphenyl)-4-oxochroman-6-yl(2-(6-flouro-3-oxo-3,4-dihydropyrazine-2-carboxamido)-1-hydroxy-3phenylpropyl)carbamate) proved to be promising agents with strong binding interactions. Hybrid molecules
that inhibit viral replication, possibly as transition state inhibitors, may be investigated further for use in the
treatment of SARS-Co-V infection and its associated complications.
Keywords: COVID-19; CL-pro, PL-pro, antiviral, antithrombotic, molecular docking, in Silico, hybrid molecule.

Introduction
The Covid-19 pandemic caused by Severe acute respiratory syndrome coronavirus (SARS-CoV-2) virus
has affected majority of population around the globe and has resulted in significant mortality and morbidity.
It has been initially identified as a respiratory illness, but has now demonstrated extreme individual variability in its symptoms, and severity of infection [1, 2]. This highly infectious virus has undergone rapid mutations with “the double mutant” strain leading to the second wave in almost all countries worldwide. This
double mutant Covid strain has been found to be more infectious and lethal and has increased the health risk
in patients with high mortality rate [3]. The SARS-CoV-2 belongs to β-coronavirus family and is SS RNA
enveloped protein with 9860 amino acids. SARS-CoV-2 gene fragment consists of structural and nonstructural proteins encoded from S, E, M and N gene and ORF region, respectively [4, 5]. Spike glycoprotein
(S protein) present on the virus surface is the key component for viral entry into the host cell through recognition and binding with ACE2 (angiotensin-converting enzyme 2) receptor. S1 subunit of S protein recognizes the binding site and binds to the host receptor and S2 subunit forms six-helical bundle with the help of
heptad repeat (HR1 and HR2) and mediates fusion cell membrane. Fusion of host and viral membrane is
achieved by host protease, which cleaves site at the border of S1 and S2. Sixteen nonstructural proteins perform different function and carry out processing and replication of RNA [6, 7].
Angiotensin-converting enzyme 2 (ACE2) protein, target for coronavirus is found in alveolar epithelial
cells of lungs and in small intestines enterocyctes. Breakdown of ACE2 finally causes systemic inflammation
in the host cell leading to critical illness and multiorgan dysfunction. Covid-19 patients with cardiovascular
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disease have been severely affected and an increase in mortality rate has been observed. Adverse outcomes
have been observed due to systemic inflammation, which destabilizes vascular plaques finally demanding
increased cardiac activity. Increased levels of IL6, D-dimer and troponins (cardiac specific) direct the patient
towards increased risk of pulmonary embolism and thrombosis [8–12].
Currently the treatment line of SARS-CoV-2 infection involves use of anti-virals like remdesivir, favipiravir, ritonavir to address the pulmonary infection phase; while for suppressing the inflammatory/coagulopathy phase, drugs like Tocilizumab, Anakinra, Baricitinib, Eculizumab, Emapalumab and Heparin, including low molecular weight heparins (e.g enoxaprin) are utilized [13, 14]. Several vaccine candidates
have received approval for emergency use across the globe [15] and mass immunization drives are under
progress [16]. However until a considerable mass of population is vaccinated and herd immunity is achieved,
therapeutic interventions will be required to combat the situation.
Latest developments show that SARS-CoV-2 infection precipitates variety of haematological complications associated with increase in D-Dimer and blood thickening. Mortality occurs either due to respiratory
failure or thromobotic cardiovascular complications, which requires the management of multiple associated
pathways [17–19].
Development of hybrid molecules is an attractive strategy of drug design to achieve multiple targeting,
enhance biological activity and improve kinetics [21, 22]. In the past decades, several researchers have utilized this concept to develop agents with antimicrobial [23–25], anti-malarial [26–28] and anti-cancer activity [29, 30]. Researchers have developed multifunctional drugs comprising of two or more pharmacophores
with benefits in treatment of multi-factorial diseases [31–35].
So an attempt was made to design hybrids with dual action, namely antiviral and anti-coagulant activity,
which would prove advantageous in treatment of the multiple complications occurring during SARS-CoV-2
infection. The strategy involved designing of hybrids of reported anti-viral agents with anti-coagulant molecules through suitable linkers converting them into potentially active molecules, which were studied against
suitable anti-viral targets. The hybrids were generated by linking antiviral molecules [36–38], namely ribavirin, favipiravir, oseltimivir and acyclovir with established anti-platelet drugs [39–43] viz. hesperitin, resveratrol and aspirin as test compounds. The selected anti-coagulants are reported to possess dual anti-thrombotic
and anti-viral action. The criteria for selection of these agents are summarized in Table 1. The linkers selected for the design of molecules included hydrolysable and cleavable linkers like 2-amino 2-hydroxy ethyl amide, malonic acid and succinic acid.
Table 1
Selection of anti-viral and anti-platelet molecules for design of hybrid molecules
Selected Anti-viral molecules
Ribavirin

Favipiravir
Oseltimivir
Acyclovir

Broad activity toward conventional and novel viruses of DNA and RNA types; Multiple mechanisms
of direct antiviral action; Random mutagenesis of viruses to promote T cell response; Tolerable and
well‐characterized side effect profile; Mature clinical experience & comprehensive demographic characterization; Accessibility & affordability
Employed for clinical intervention of COVID-19 treatment; Exhibits faster viral clearance and better
chest CT changes; Adverse events are rare and tolerable
Clinical study suggests that Remdesivir treatment among all of antivirals such as Ribavirin, Favipiravir
and Oseltamivir proved promising therapeutics in COVID treatment
Similar clinical target as approved drug Remdesivir
Selected Anti-platelet agents

Hesperitin

Resveratrol

Aspirin

2

Anti-platelet, anticoagulant, antioxidant, radical scavenging activity and anti-inflammatory activities;
Demonstrated antiviral activity by altering the immune system mainly via regulating interferons in the
influenza A virus
Inhibits platelet aggregation and platelet membrane-bound fibrinogen (Pfig) induced by adenosine diphosphate (ADP through decreased activity of PLC beta of platelets; Antioxidant-promote nitric oxide
production, Cardioprotective agent, Antiinflammatory, Neuroprotective, Antiviral properties
Proven anticoagulant action, considerable dose‐dependent antiviral activity (CA9, HRV1A, HRV2 and
substantial activity against FluA H1N1, HRV14 and HRV39); Possible MOA-involvement of the
NF‐κB‐pathway, Differential regulation of influenza virus RNA synthesis by NF‐κB, iNOS expression
by down regulating the promoter activity, mRNA and protein expression levels involvement of p38
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Experimental
Selection of Protein
COVID-19 papain-like protease (PL-pro) (PDB ID- 3E9S) and 3-chymotrypsin-like cysteine protease
(CL-pro) (PDB ID- 6LU7) were selected as the protein targets for the present study. The crystal structure of
desired proteins was downloaded from RCSB Protein data bank in.pdb format. The native ligand present in
protein 6LU7 is n-[(5-methylisoxazol-3-yl)carbonyl]alanyl-l-valyl-n~1~-((1r,2z)-4-(benzyloxy)-4-oxo-1{[(3r)-2-oxopyrrolidin-3-yl]methyl}but-2-enyl)-l-leucinamide and in 3E9S is 5-amino-2-methyl-N-[(1R)-1naphthalen-1-ylethyl]benzamide.
Selection of Ligands
Hybrid ligands that can exhibit dual action, anti-viral activity against the SARS-CoV-2 along with antithrombotic activity with improved affinity and efficacy in combination were designed. Promising anti-viral
agents that are currently recommended in treatment of the SARS-CoV-2 infection like oseltamavir, ribavirin,
fevipiravir and acyclovir (Figure 1A) with molecules like salicylic acid, resveratrol and hespiritin with potent
anti-viral and well-established anti-thrombosis profile (Figure 1B) were selected to design the hybrid molecules using appropriate linkers (Figure 1C).
The 3D structures of hybrid type ligands were drawn using Chem Draw in.mol file with all possible
combinations and Open Babel (http://openbabel.org/wiki/Main_Page) was used to convert. mol to. pdbqt
files. Drug-like properties of the ligands were computed using ADME Schrodinger software QikProp
(https://www.schrodinger.com/QikProp).
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Figure 1C. 2-D Structure of the selected linkers

Molecular Docking studies
Molecular docking studies were carried out using Autodock Vina software. Optimisation of the ligands
and proteins and grid box creation were carried out using Graphical User Interface program Autodock Tools.
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Target proteins were optimised using Autodock Tools by adding polar hydrogen groups, removing water
molecules, adding kollman and Gasteiger charges and prepared file was saved as.pdbqt file. Ligands were
optimised and converted into.pdbqt file using Open Babel software.
The amino acids making up the active site of the target proteins were established by visualization of the
binding of native ligands using Biovia Discovery Studio 2016. Grid box was generated by arranging the grid
coordinates (X, Y and Z) about the proteins active site. The grid size was set to 40×40×40 xyz points for
both targets with grid centre designated at dimensions (x, y and z): –10.891, 16.159 and 66.647 for CL-pro
and –30.52, 22.402, 30.288 for PL-pro. During the docking procedure, both the proteins and ligands were
considered as rigid structures. The root-mean-square deviation (RMSD) was observed, the pose with the
most favourable free binding energy was considered (RMSD value less than 0.1Å). Then with the help of
Biovia discovery studio, the pose with lowest energy of binding was aligned with receptor structure for further analysis.
Validation of Target Proteins
Target validation was performed to understand the accuracy and reproducibility of the docking process
and targets selected for the study. The native ligands n-[(5-methylisoxazol-3-yl)carbonyl]alanyl-l-valyln~1~-((1r,2z)-4-(benzyloxy)-4-oxo-1-{[(3r)-2-oxopyrrolidin-3-yl]methyl}but-2-enyl)-l-leucinamide and 5amino-2-methyl-N-[(1R)-1-naphthalen-1-ylethyl]benzamide present in target proteins 6LU7 and 3E9S, respectively, were removed from the protein structures and were re-docked into the active sites using Autodock Vina software. The procedure was performed on both the target proteins in Biovia Discovery software;
the native ligands were removed from the co-crystallized complexes and saved in PDB file format. Grids
were generated about the active sites of the target proteins and the docked complexes were superimposed on
their respective reference co-crystallized complexes and the root mean square deviation (RMSD) was computed.
Prediction of ADME properties
Along with the biological activity, the pharmacokinetic properties of compounds are critical for selection of good drug candidates. In our study we used ADME Schrodinger online software to predict ADME
properties i.e. Absorption, Distribution, Metabolism, and Excretion/Elimination using Lipinski Rule of druglikeness.
Results and Dıscussıon
Target validation
Target validation studies using the selected targets and native co-crystallized ligands indicated low
RMSD values within runs confirming the accuracy and repeatability of the docking procedure. The docking
results of native ligands with targets are shown in Figure 2.

Figure 2: a) Papain-like protease with native ligand; b) 3-chymotrypsin-like cysteine protease with native ligand

Molecular Docking studies
For the docking studies, 24 hybrid ligands were designed using suitable combinations of the anti-viral
and anti-thrombosis agents with selected linkers. Among these hybrids, six ligands demonstrated favourable
affinity for the selected target proteins (PL-pro and CL-pro) with low binding energy comparable to the selected standards (Remdesivir, Acyclovir, Ribavirin, Oseltamavir and Fevipiravir). The results of the docking
4

Bulletin of the Karaganda University

Prospective Hybrid Molecules with Dual Anti-Viral …

studies of standards and with interacting amino acid residues and type of interactions are summarized in Table 2.
Table 2
Docking analysis of Standards with target proteins
Compound Name

Remdesivir

Acyclovir

Ribavirin

Oseltamavir

Fevipiravir

Remdesivir

Binding Energy (kcal/mol)
Interacting Amino acids
Target: Papain-like protease (PDB ID- 3E9S)
–6.0

Tyr 269, Tyr 265
Ala 250, Tyr 269 Tyr 274

Gln 270, Gly164
Tyr269
–6.3
Tyr274
Asp165
Tyr 265
Asp 165
–6.8
Tyr274
Gly164, Gly267
Tyr 269
Asp165
–5.8
Tyr 265
Tyr274
Tyr 265
Asp 165
–5.7
Tyr274
Thr 302, Arg 167
Tyr 274
Target: 3-chymotrypsin-like cysteine protease (PDB ID- 6LU7)
–8.2

Acyclovir

–5.8

Ribavirin

–6.3

Oseltamavir

–6.0

Fevipiravir

–6.3

His 163, Phe 140 Gly 143
His 41,
Met49,165
Leu 141
Ser 144
Cys 145, Glu 166
His 163
Cys 145
His 163
Thr 26
Gly 143
Glu 166
Met 49, Met165
His 41
Asp 187, Tyr 54
His 41
Met 165
Arg 188

Bond type
H- bond
π-π stacking
π-π stacking
π- π stacking
H-bond
H-bond
H-bond
π-π stacking
π-π stacking
H-bond
H-bond
H-bond
H-bond
π-alkyl stacking
π-alkyl stacking
π-π stacking
π-π stacking
H-bond
H-bond
H-bond
H-bond
H-bond
π-π stacking
π-π stacking
H-bond
H-bond
H-bond
π-π stacking
H-bond,π-π stacking
H-bond
H-bond
H-bond
H-bond
π-alkyl stacking
π-alkyl stacking
H-bond
H-bond
π-π stacking
Halogen interaction

The best six hybrid ligands with low binding energies were selected for further docking interaction
analysis. Figure 3 displays the 2-D structure of these hybrid ligands. The best-docked complexes of these
ligands with their interacting amino acid residues are shown in Figures 4 and 5, respectively.
Based on the docking results, among the six hybrid ligands, compound RL1 exhibited high binding affinity with both the target proteins (PDB:3E9S and PDB: 6LU7) with dock score of –8.1 and –8.0, respectively. In the interaction study with PL-pro, the hydrogen bonds were observed with Tyr 269, Gln 270, Tyr
274 and Asp 165, π–π interactions with Gly 164, Leu 163 (Figure 4A). With 3CL-pro, compound RL1
formed hydrogen bonds with Thr 24, 25, 26, Thr 45, Ser 46, Ser 144, Gly 143 and π–π interactions with Met
165, 49, His 41(Figure 5A).
CHEMISTRY Series. 2022
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Compound FL2 exhibited the highest binding affinity with both the target proteins (PDB:3E9S and
PDB: 6LU7) with dock score of –9.1 and –9.0, respectively. With PL-pro, compound FL2 formed hydrogen
bonds with Arg 167, Asp 165 and π–π interactions with Tyr 264 and Lys 158 (Figure 4B). In interaction with
3CL-pro, the hydrogen bonds were observed with Thr 24,25,45, Asn 14 and His 164, π–π interactions with
His 41, Met 49, Thr 24 (Figure 5B).
Also, ligand FL3 (Figure 4C) showed greater binding affinity (dock score -8.1) to PL-pro compared to
the standards, which exhibited dock score between –5.7 to –6.3. However, it exhibited lower affinity (Dock
score –7.9) with 3-CLpro protease compared to the other docked ligands, but with greater affinity when
compared to the standards (Dock score –5.7 to –6.3) with the exception of Remdisivir, which showed improved affinity with dock score of –8.2. With PL-pro (PDB:3E9S), ligand FL3 formed hydrogen bond interaction with Thr 266 and π–π interactions of phenyl rings with Tyr 265, Thr 302, Tyr 269, Arg 167 and Pro
249. In interaction with 3-CLpro, the hydrogen bonds were observed with Gly 143, Ser 144, Thr 26, Cys
145, Thr 190 and π–π interactions with Met 165, Met 49 (Figure 5C).

Figure 3. 2-D structures of selected hybrid ligands

Compound RM1 showed the interaction with PL-pro (PDB:3E9S) and formed hydrogen bond interaction with Tyr 269, Asn 268, Gly 267, Tyr 274 and π–π interactions of triazole rings with Asp 165, Tyr 265
(Figure 4D). Figure 5D shows interaction of RM1 with 3-CLpro, the hydrogen bonds were observed with
Gly 189, Glu 166, Met 49, Asp 187, Ser 144, Cys 145 and π–π interactions with His 41, Met 49 and Glu 166.
Figure 4E shows the interaction of RM2 with PL-pro (PDB:3E9S) and hydrogen bond interaction with
Tyr 274, Gly 164, Tyr 269, Asn 268, Gly 267 and π–π interactions with Asp 165, Tyr 265. In interaction
with 3-CLpro, the hydrogen bonds were observed with Gln 189, Met 49, Gly 143, Ser 144, Cys 145 and π–π
interactions with Met 49, His 41, Glu 166 (Figure 5E). Among the docked ligands, RM2 showed good affinity to CL-Pro with dock score of –8.6 when compared to the standard and other ligands.
In Figure 4F, compound RM3 showed the interaction with PL-pro (PDB:3E9S) and formed hydrogen
bond interaction with Tyr 274, Glu 251 and π–π interactions with Asp 165, Lys 158, Pro 249. Figure 5F
shows interaction of RM3 with 3-CLpro, the hydrogen bonds were observed with Thr 24,25,45, Ser 46, Cys
145 and π–π interactions of triazole ring with Met 49 and phenyl ring with Pro 168 AND Met 165.
Some of the common interacting amino acid residues involved in hydrogen bond formation, which play
a vital role in binding to the target, identified through our docking studies include residues Tyr 265, 269,
6
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274, Thr 266, Asn 268 with the papain-like protease and residues Thr 24,25,26, Cys 145, Ser 144 with the
3-chymotrypsin-like cysteine protease receptor.
The ADME prediction study of the best six molecules evaluated on QikProp ADME Schrodinger online
software, demonstrated relatively satisfactory drug like properties.

A

B

C

D

E

F

Figure 4. Docked poses in 3E9S receptor binding pocket A) Compound RL1 B) Compound FL2
C) Compound FL3 D) Compound RM1 E) Compound RM2 F) Compound RM3
(The figure shows the ligands docking within the active site. The hydrogen bonds are represented
by green dotted lines, π–π interactions with yellow/pink dotted lines
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A

B

C

D

E

F

Figure 5. Docked poses in 6LU7 receptor binding pocket A) Compound RL1 B) Compound FL2
C) Compound FL3 D) Compound RM1 E) Compound RM2. F) Compound RM3.
(The figure shows the ligands docking within the active site. The hydrogen bonds are represented
by green dotted lines, π–π interactions with yellow/pink dotted lines

Based on the docking and ADME prediction studies on papain-like protease (PL-pro) (PDB ID- 3E9S)
and 3-chymotrypsin-like cysteine protease (CL-pro), two cysteine proteases of the SARS-CoV-2 virus that
are vital for the replication and transcription of the viral genome, there was observed that FL2, which was a
hybrid of favipiravir and hesperitin through 2-amino 2-hydroxy ethyl amide linker seemed to be the most
promising hybrid designed to act with almost similar affinity to both the targets.
Also, RL1, a hybrid of ribavarin and salicyclic acid linked with the 2-amino 2-hydroxy ethyl amide
chain showed comparable efficacy against both the protease targets. Figure 6 represents the docking poses of
the most promising hybrids obtained through this in silico study. Both the identified hybrids contain the
8
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hydoxyethylamine linker that is an important structural component of currently clinically employed HIV protease inhibitors like Nelfinavir, Indinavir and other protease inhibitors used in the treatment of HIV infection.
The incorporation of this hydroxyethlyamine linker may help to mimic the transition state of the reactions
catalysed by the PL-pro and CL-pro enzymes in the viral replication cycle. These designed inhibitors may
serve as transition state inhibitors that may bind with greater affinity to the active site and may be less prone
to hydrolysis. Hence these hybrid molecules may represent a new class of anti-viral agents with improved
affinity than the individual substrates.
However it is anticipated that the likely hydrolysis of these hybrids may release the individual substrates that may also separately bind to the anti-viral targets and provide synergistic activity. Also as herperitin and salicyclic acid are well established anti-thrombotic agents, they may also elucidate this response,
thereby proving to be of great potential in treatment of the rising associated complications of the viral infection.

Figure 6. Docking Poses of RL1 in A) CL-pro and B) PL-pro; Docking Poses of FL2 in C) CL-pro and D) PL-pro

Conclusions
The present study focuses on the design of novel hybrids of antiviral and antithrombotic agents for synergistic use in the treatment of infections caused by the SARS-CoV-2 virus. Among the 24 compounds
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screened using Autodock vina software, Compound FL2 i.e., 8-hydroxy-2-(3-hydroxy-4-methoxyphenyl)-4oxochroman-6-yl(2-(6-flouro-3-oxo-3,4-dihydropyrazine-2 carboxamido)-1-hydroxy-3-phenylpropyl)carbamate and Compound RL1 i.e., 2-((((((5-(3-carbamoyl-1H-1,2,4-triazol-1-yl)-3,4-dihydroxytetrahydrofuran2-yl)methoxy)carbonyl)amino)(hydroxy)methyl)carbamoyl)phenyl acetate prove to be promising agents with
good affinity and strong binding interactions with both target proteins, papain-like protease (PDB:3E9S) and
3-chymotrypsin-like cysteine protease (PDB: 6LU7). The results of this study can prove to be useful to medicinal chemists involved in design of newer agents to fight the COVID pandemic. This novel class of hybrid
agents may help to address the coronavirus infection and its associated complications and may be further
explored for design of novel molecules in this field.
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SARS-CoV-2 инфекцияларына және онымен байланысты асқынуларға
қарсы қос антивирустық және антитромботикалық потенциалы бар
әлеуетті гибридті молекулалар силико зерттеулерінде қолданылады
Ковид-19, SARS-CoV вирусына негізделген ауру, 2019 жылдың желтоқсан айында Қытайдың Ухань
қаласында анықталды. Бастапқыда бұл жай ғана тыныс алу жүйесінің инфекциясы болып саналды,
бірақ оның таралу сипатына байланысты ол пандемия деп жарияланды. Емдеудің әртүрлі нұсқалары
жүзеге асырылды, соның ішінде ремдесвир, фавипиравир сияқты вирусқа қарсы препараттар, сонымен
қатар витаминдер мен антиоксиданттар. Кейінгі зерттеулер Ковид-19 инфекциясының тромбоздық
жүрек-қантамырлық асқынуларға әкелетінін анықтады, бұл осы инфекциямен байланысты өлімжітімнің артуына басты алаңдаушылық тудырады. Бұл зерттеу вирусқа қарсы және
антитромботикалық қасиеттері бар гибридті молекулалардың кремний ішіндегі дизайнын зерттейді.
Autodock Vina бағдарламалық құралын пайдалану арқылы қондыру зерттеуі орындалды және
жобаланған қосылыстардың байланысу энергиясы папаин тәрізді протеаза (PDB: 3E9S) және
3-химотрипсин тәрізді цистеин протеазасы (PDB: 6LU7) үшін анықталды. Бекітілген позалар мен
аминқышқылдарының өзара әрекеттесуі Biovia Discovery studio 4.5 көмегімен тексерілді. Барлық
жобаланған қосылыстардың байланыс энергиялары стандарттармен салыстырылды, қосылыс RL1
(2-(5-(3-карбамоил-1Н-1,2,4-триазол-1-ил)-3,4-дигидрокситетрагидрофуран-2ил)метокси)карбонил) амин)(гидрокси)метил)карбамоил)фенилацетат) және қосылыс FL2 (8-гидрокси-2-(3-гидрокси-4-метоксифенил)-4-оксохроман-6-ил-(2-(6-фтор)3-оксо-3,4-дигидропиразин-2-карбоксамидо)-1-гидрокси-3-фенилпропил)карбамат) күшті байланысуы бар перспективалы агенттер болып шықты. Вирустық
репликацияны тежейтін гибридті молекулалар, мүмкін өтпелі күй ингибиторлары ретінде, SARA-CoV инфекциясын және онымен байланысты асқынуларды емдеуде пайдалану үшін әрі қарай зерттелуі
мүмкін.
Кілт сөздер: COVID-19; CL-pro, PL-pro, вирусқа қарсы, антитромботикалық, молекулалық қондыру,
гибридті молекула.
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Потенциальные гибридные молекулы с двойным противовирусным
и антитромботическим действием против инфекции SARS-CoV-2
и связанных с ней осложнений с использованием исследования in silico
Covid-19, заболевание, вызванное вирусом SARS-CoV, было выявлено в Ухане, Китай, в декабре 2019
года. Первоначально оно считалось просто инфекцией дыхательной системы, но из-за его трансмиссивного характера оно было объявлено пандемией. Были реализованы различные варианты лечения,
включая противовирусные препараты, такие как ремдесвир, фавипиравир, а также витамины и антиоксиданты. Дальнейшие исследования показали, что инфекция Covid-19 приводит к тромботическим
сердечно-сосудистым осложнениям, что является основной причиной повышенной смертности, связанной с этой инфекцией. В этом исследовании изучается конструкция in-silico гибридных молекул с
противовирусными и антитромботическими свойствами. Исследование докинга проводили с использованием программного обеспечения Autodock Vina, а энергии связывания разработанных соединений
определяли для папаиноподобной протеазы (PDB: 3E9S) и 3-химотрипсиноподобной цистеиновой
протеазы (PDB: 6LU7). Состыкованные позы и взаимодействия аминокислот были проверены с использованием Biovia Discovery studio 4.5. Энергии связи всех разработанных соединений сравнивали
со стандартами, соединение RL1 (2-(5-(3-карбамоил-1H-1,2,4-триазол-1-ил)-3,4-дигидрокситетрагидрофуран-2-ил)метокси)карбонил)амино)(гидрокси)метил)карбамоил)фенилацетат) и соединение
FL2 (8-гидрокси-2-(3-гидрокси-4-метоксифенил)-4-оксохроман-6-ил-(2-(6-фтор-3-оксо-3,4-дигидропиразин-2-карбоксамидо)-1-гидрокси-3-фенилпропил)карбамат) оказались многообещающими агентами
с сильным связывающим взаимодействием. Гибридные молекулы, которые ингибируют репликацию
вируса, возможно, в качестве ингибиторов переходного состояния, могут быть дополнительно исследованы для использования в лечении инфекции SARS-Co-V и связанных с ней осложнений.
Ключевые слова: COVID-19; CL-pro, PL-pro, противовирусный, антитромботический, молекулярный
докинг, гибридная молекула.
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