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Introduction 

Coronaviruses are related to the family 

Coronaviridae, subfamily Coronavirinae, order 

Nidovirales, and are enclosed RNA viruses with a 

positive strand containing a helical protein shell, 

including genomes of 27–31 kb. They are 

categorised via four genera α, β, γ and δ. These 

viruses possess prominent spikes on their surface 

that give them structure like a crown, allowing them 

to bind to the respiratory systems and digestive 

tracts of birds and mammals, and they are restricted 

to one host species 1, 2.  

Three coronaviruses have been documented 

worldwide. In 2002-2003, Guangdong, China 

identified a zoonotic incident delivered by civet cats 

and bats, resulting in severe acute respiratory 

syndrome (SARS). The SARS-CoV infection 

caused over 700 deaths. The pandemic was ended 

by using proper cleanliness and quarantine 
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measures3, 4. Another zoonotic transition involving 

camels was noted in 2012 in Saudi Arabia, resulting 

in infections of the lower respiratory tract in 

humans. 640 people died as a result of Middle East 

respiratory syndrome (MERS-CoV) 5, 6. In 2019, a 

novel pandemic called novel coronavirus illness 

(nCoV) with symptoms similar to SARS was 

identified in China. SARS coronavirus 2 (SARS-

CoV-2) has been distinguished to be the root of 

COVID-19, an outbreak of respiratory diseases in 

humans that results in acute pneumonia 7. Despite 

numerous attempts and programs to contain the 

disease spread, it has spread rapidly throughout the 

world, with the related fatality rate increasing. 

According to the WHO, there have been over 1.6 

million deaths. Because of the pathogen’s novelty, 

no antiviral medicines or vaccines can lower the 

severity of the sickness or treat it. Furthermore, the 

acuteness of this virus has resulted in increased 

research on the sickness, resulting in a better 

perception of its aetiology, administration, and 

therapy 1.  

SARS-CoV-2 is the seventh familiar coronavirus in 

humans, following NL63, 229E, HKU1 and OC43, 

SARS and MERS-CoV. The majority of human 

coronaviruses originated from bat covids and were 

transferred to humans via a moderator host 8. 

The coronavirus genome is composed of 30,000 

nucleotides which express non-structural proteins 

and structural proteins. 15 nonstructural proteins, a 

nucleocapsid protein that participates in synthesis of 

viral RNA, that encode NSP3 and NSP5 (main 

proteases), NSP12 (RNA polymerase-dependent 

RNA), NSP13 (triphosphatase/helicase), NSP14 

(exoribonuclease), NSP15 (endonuclease) 9. Four 

structural proteins, that comprises E (envelope), S 

(spike), M (membrane) and N (nucleocapsid) 

proteins profession during the entry into a host cell 

and virion formulation and release 10-12. 

The main protease (MPro or NSP5), also called 3-

Chymotrypsin-like protease (3CLPro), has a cleavage 

range similar to the 3C protease of picornavirus 13. 

It is related to the cysteine protease group and 

cleaves polypeptides pp1ab at 11 locations with a 

sequence of Leu-Gln* (Ser, Ala, Gly) (*: cleavage 

site) 14, 15, a process started by the MPro auto-

cleavage from polyproteins pp1a/pp1ab. This 

cleavage process corresponds to MPro in SARS-CoV 
15-17. In addition, the protease catalytic site includes 

a dyad of Cys145 and His41. The protease has three 

domains and the catalysis lies among domains I and 

II 15, 18. In the P2 domain of SARS-CoV 

polyproteins, there are three MPro cleavage sites 

include Met, Phe, or Val. Other coronaviruses, 

otherwise, lack similar cleavage sites. The Zhang 

group published the X-ray structure of the COVID-

19 MPro complexed with a peptidomimetic α-

ketoamide ligand at 1.95 Å. This research gave the 

first structural knowledge of the 3CLPro complexed 

SARS-CoV-2, which is a viable target for drugs to 

limit and inhibit infection of SARS-CoV-2 in 

patients 15.  

Studies conducted recently have disclosed that 

chloroquine, hydroxychloroquine, ritonavir, 

lopinavir, remdesivir, azithromycin, 

dexamethansone, and ivermectin have the promise 

of inhibiting the severity of the disease in SARS-

CoV-2 carriers 19-22. Alternatively, numerous 

phytochemicals have been described in the literature 

to have potential antiviral action, which could be 

used as an alternative to limit coronavirus 

reproduction 23. Natural molecules have a great 

chemical variety, a cheaper production cost than 

biotechnological compounds or outcomes 

synthesized by combinatorial chemistry, and have 

milder or no adverse effects than chemical 

medications 24. 

In our study, after determining the crystal structure 

of MPro, we started searching for enzymes with a 

good identity ratio with this enzyme using FASTA 

alignment. We found two enzymes with a good 

identity ratio of 70 and 80%. These enzymes have 

been laboratory tested in vitro with some inhibitor 

classes that we chose to be studied theoretically 

with COVID-19 to find the best compounds and 

compared with other enzymes. In this context, the 

binding affinity of different inhibitor classes of 

phthalhydrazide-substituted ketoglutamine 

analogues, metal linked compounds, α, β-

unsaturated peptidomimetics, aescin, anilides, 

isatin, aryl boronic acids, and other compounds 

were studied on the viral proteases binding sites 

from CoV-2, CoV-1 and MERS using molecular 

docking investigations and testing their molecular 

interaction and binding energy.
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Materials and Methods 

Modelling of Ligands 

A library of 80 anti-SARS-CoV active inhibitors 

was created from scratch or based on reported X-ray 

structures for their locations. TL-3 and the known 

α-ketoamide ligands of SARS-CoV-2 MPro were 

obtained from their X-ray structures from protein 

data bank (https://www.rcsb.org) with PDB codes: 

4K4P and 6Y2F. The remaining 78 inhibitors, were 

either sketched in 2D using ChemBioDraw Ultra 13 

or retrieved from PubChem and saved in sdf format. 

MOE was also used to convert their 2D structures to 

3D structures and to minimise them. The tested 

inhibitors and complexed ligands were then 

transferred to a certain database and stored as a mdp 

file in preparation for use in the coronavirus 

docking investigation. MMFF: Amber 10 force field 

was employed to optimize the designed structures.  
 

Preparation of Viral Proteases 

The crystal structures were created using the 

detailed technique outlined previously 25, 26. The 

crystal structures of SRAS-CoV-2 MPro, SARS-CoV 

MPro and MERS-Cov CLPro were obtained from the 

PDB Database (https://www.rcsb.org). PDB codes: 

6Y2F, 6LU7, 6WTT, 7C8U, 7CA8 and 7JQ2 for 

CoV-2, 1UK4 and 3C3N for CoV-1, 4RSP for 

MERS-CoV with resolutions of 1.95, 2.16, 2.15, 

2.35, 2.45, 1.40, 2.50, 2.20 and 1.62 Å respectively. 

A typical structure of PDB may contain metal ions, 

water molecules, co-crystallised ligands and 

cofactors. In addition, multimeric structures may 

require a reduction to one unit.  All water molecules 

were removed except that existed in active site if 

existed, and all structures were preprepared for 

docking with the MOE module (Molecular 

Operating Environment) 

(http://www.chemcomp.com), which adds protons 

to structures where protons were absent and sets the 

force field at pH 7.0. Subsequently, the ligands 

complexed with these enzymes were chosen to 

create a radius sphere of 4.5 Å, which was dubbed 

the ligand binding site.  
 

Molecular Docking Investigations of Anti-SARS-

CoV Inhibitors with Main Protease Targets 

Molecular docking investigations of prepared anti-

SARS-CoV inhibitors on the active places of 

prepared SARS-CoV-2 MPro, SARS-CoV MPro and 

MERS-CoV CLPro were performed using the MOE 

software (Molecular Operating Environment) 

(http://www.chemcomp.com). To find a potent 

inhibitor with potential enzyme-inhibitory 

properties for treating CoV-2, we selected Mpro as a 

target enzyme. The chemical compositions of 

natural compounds and drugs employed in the 

docking study are shown in Fig. 1. To apply charges 

and parameters, the MMFF94x force field was used. 

After creating and isolating the active site with 

MOEs surface and mapping module, the ligands 

were docked on the inside surface of the target 

receptor employing the Dock module of MOE. To 

perform docking studies, triangle matcher and 

refinement approaches were used. For each trialed 

ligand, the rigid receptor was used as the refining 

protocol and the GBVI/WSA dG as the scoring 

protocol to choose the best pose from 100 varied 

poses. The active site was used as ligand atoms, and 

automatic rotational bonds were permitted. To their 

default rates, the scoring methodologies were 

adopted. After the docking processes were 

completed, the poses acquired were analysed, and 

the top ones with the best suited docking score 

values in the active site were picked. 

https://doi.org/10.21123/bsj.2024.9091
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Figure 1. Chemical compositions of natural compounds and drugs tested against MPro of SARS and 

MERS-CoV 
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Results and discussion 

Molecular docking or other computer-aided 

techniques are effective tools for studying the 

molecular features of bindings between protein and 

ligand through drug development for a number of 

previously prominent and lethal diseases, involving 

the coronavirus (SARS) 27-29. In this research, MOE 

software was used to conduct a computational 

analysis of many natural products against 

coronavirus target main proteases in order to 

discover the top hits from each family among 80 

compounds, depending on their docking scores. The 

superior-ranked compounds had higher negative 

docking score rates and higher MPro linking 

affinities. Consequently, in two stages, twelve hits 

that could potentially be CoV-2 MPro inhibitors were 

identified. First, a doc was run on all enzymes with 

PDB codes: 6Y2F, 6LU7, 6WTT, 7C8U, 7CA8 and 

7JQ2 for CoV-2, 1UK4 and 3C3N for CoV-1, 4RSP 

for MERS-CoV for compounds known as CoV-1 

and MERS inhibitors, and 790 compounds emerged 

as the best pose for each compound with the 

enzymes already indicated Table 1.  

In the second stage, we selected the best docking 

score related to each family of compounds with 

CoV-2 and compared it to CoV-1 and MERS Table 

2. The docking investigation of chosen compounds 

to MPro of COVID19 yielded binding affinities 

ranging from -6.53 to -9.80 kcal/mol, which were 

compared to CoV-1 and MERS docking scores 

Table 2. These compounds include the top scores of 

TL-3, reserpine, α-ketoamide, leupeptin, loxistatin, 

and other inhibitors from each class listed in Table 

1. Compounds 7, 46, 79 and 80 were found to have 

docking score values against CoV-2 lower than 

CoV-1 but higher than MERS, whereas compound 

46 had the top linking affinity to those viral 

proteases. As a result, compound 46 was the tightest 

docked molecule to MPro that embedded the 

coronavirus target protein. Compound 12 was in the 

second place in the list, docking at -9.57, with CoV-

2 3CLPro, a docking score surpassing CoV-1 and 

MERS. Compounds 9, 10, 50, 62, 66 and 78 

followed a similar pattern. The TL-3 ranked third 

against CoV-2, with a docking score of -9.48 

kcal/mol, compared to -8.24 kcal/mol for CoV-1 

and -9.60 kcal/mol for MERS 3CLPro. The 

interactions of the best inhibitors with amino acid 

units of 3CLPro of CoV-2 Table 3 revealed that these 

molecules mostly engaged with the units via H-

bonding and hydrophobic effects. The outcomes of 

the finest molecular docking inhibitors in the 3CLPro 

active site of CoV-2 are shown by their individual 

2D interaction graphs discovered by MOE Fig. 2. 

These findings clearly reveal that each of the 

molecules binds to the proteases active sites and 

hence may be predicted to decrease enzyme activity 

and thus limit viral multiplication. 

Furthermore, ADME-Toxicity investigated the 

physiochemical features of these ligands using the 

filter Lipinski’s rule of 5 criteria for determining 

drug identity. The molecular features that are 

significant for a drug pharmacokinetics within a 

human body are established by Lipinski's rule. 

Lipinski’s five criteria for a typical drug 1) a 

molecular mass of fewer than 500 g/mol, 2) no 

more than 5 hydrogen-bond donors, 3) no more than 

10 hydrogen-bond acceptors, 4) a partition factor 

(log P) for octanol/water not larger than 5. 

Violations of three or more of the criteria does not 

meet drug-likeness criteria when administered 

through the oral track 30. Based on physiochemical 

features of the top twelve docked ligands and by 

matching to Lipinski's criteria, we concluded nine 

compounds fit totally and three others partially for 

containing violations Table 4.  

As a result, computational investigations resulted in 

the identification of certain molecules as possible 

inhibitors of MPro of CoV-2, which demonstrated the 

top binding scores and affinities. Furthermore, our 

computational studies reveal that these substances 

could prohibit other viral proteases as SARS-CoV-1 

3CLPro and MERS-CoV CLPro, and by comparing 

the results, we can assume that molecules with 

higher docking scores than CoV-1 and/or MERS 

may show higher inhibitory activity than SARS-

CoV-1 and MERS at lower concentrations when 

tested in the lab, and thus could be developed into 

potential pharmaceutical candidates for COVID-19. 
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Table 1. Details of the adopted natural compounds and drugs docking scores to COVID proteases, 

6Y2F, 6LU7, 6WTT, 7C8U, 7CA8, 7JQ2, 1UK4, 3C3N and 4RSP. Also, considering their activity 

against SARS-CoV. 

    CoV-2    CoV-

1 

 MERS

-CoV 

  

Grou

ps of 

ligan

ds 

No 6y2f 6lu7 6wtt 7c8u 7ca8 7jq2 1uk4 3c3n 4rsp Kia or 

IC50
b 

(µM) 

Ref. 

      Dock 

scores 

kcal/m

ol 

      

TL-3 1 -

9.4850

4 

-

9.0455

9 

-

9.3396

8 

-

8.8289

3 

-

8.3349

8 

-

9.2731

3 

-

8.248

04 

-

7.953

73 

-

9.6004

5 

0.6a 31 

Misc

ellan

eous 

2 -

5.0979 

-

5.3714

7 

-

5.3978

2 

-

5.2835

6 

-

5.1832

2 

-

5.3752

1 

-

4.813

99 

-

6.160

08 

-

5.4381

4 

0.5b 32 

 3 -

5.9195

1 

-

6.3740

5 

-

6.1015

8 

-

6.2432

8 

-

5.9408

1 

-

6.4819

6 

-

5.400

74 

-

6.307

66 

-

6.6552

2 

4.3b 32 

 4 -

5.0894

8 

-

4.9991

3 

-

4.8248

9 

-

5.1409

5 

-

4.5385

1 

-

5.1068

6 

-

4.449

97 

-

5.518

88 

-

4.9005

3 

7b 32 

 5 -

4.6398

7 

-

4.7811 

-

4.7145

7 

-

4.7967

4 

-

4.4019 

-

5.0018

7 

-

4.858

57 

-

5.351

86 

-

4.8777

4 

2.6b 32 

 6 -

5.9901

8 

-5.902 -5.947 -

6.0756

1 

-

5.4992

7 

-

6.1344

7 

-

5.405

55 

-

7.376

83 

-

6.2565

8 

7b 32 

 7 -

6.4485

7 

-

6.8054

5 

-

6.7078

4 

-

6.9877 

-

6.3522

1 

-

6.8177

7 

-

6.170

3 

-

8.277

66 

-

6.9145

4 

2.5b 33 

 8 -

5.7129 

-

5.9795

3 

-

6.0144

1 

-

5.7735

4 

-

5.9996

7 

-

5.6489

9 

-

4.946

84 

-

6.407

36 

-

6.0990

5 

13.7a 34 

Reser

pine 

9 -

7.7400

8 

-

7.8828

2 

-

7.5835

8 

-

7.3687

7 

-

6.7703 

-

7.3644

7 

-

6.796

52 

-

7.336

56 

-

7.4939

4 

3.4b 31 

α-

Keto

amid

e 

10 -

7.9298

8 

-

8.1746 

-

8.2285 

-

8.6130

1 

-

7.2098

6 

-

8.9715 

-

7.152

13 

-

6.680

94 

-8.4924 0.67b 15 

α, β-

Unsa

turat

ed 

ester 

11 -

7.9672

8 

-

8.3746

5 

-

7.9100

3 

-

8.4967 

-

7.5114

2 

-

8.2095

6 

-

6.860

82 

-

8.198

1 

-

8.6028

8 

>100b 35 

 12 -

8.4736

1 

-

9.0768

3 

-

9.5723

2 

-

8.6945

7 

-

7.6209

1 

-

8.3374 

-

7.417

89 

-

7.482

23 

-

9.4505

8 

>100b 35 

 13 -

8.9980

2 

-

8.1287

5 

-

8.2466

4 

-

8.3303

6 

-

7.4110

2 

-

8.0620

7 

-

6.977

78 

-

7.685

85 

-

9.1895

2 

>100b 35 

 14 -

8.6962

-

8.6758

-

8.1628

-

8.0738

-

7.5995

-

8.5884

-

7.339

-

7.737

-

9.0575

>100b 35 
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3 6 2 9 1 2 91 99 6 

 15 -

8.8164

2 

-

8.4363

1 

-

8.3413

2 

-

8.0233

3 

-

7.4971

4 

-

8.4590

9 

-

7.442

78 

-

8.138

21 

-

8.6558

9 

>100b 35 

 16 -

8.2570

8 

-

8.6974

2 

-

8.4743

8 

-

8.4843

7 

-

7.7984

4 

-

8.4195

2 

-

7.063

1 

-

8.302

34 

-

9.1234

2 

>100b 35 

 17 -

8.6764

2 

-

9.0043

6 

-

9.1454 

-

8.1364

1 

-

7.9475

2 

-

8.4399

5 

-

7.319

32 

-

7.657

04 

-

8.8946

5 

80b 35 

 18 -

8.8906

4 

-

8.3436 

-

8.2999

6 

-

8.7595

8 

-

7.3685

8 

-

8.5316

2 

-

7.478

41 

-

7.370

75 

-

8.7246

5 

85b 35 

 19 -

7.6295

9 

-

8.1952

8 

-

8.2151

6 

-

8.0722

1 

-

7.9588

7 

-

8.0642

3 

-

7.362

83 

-

8.763

26 

-

8.7972

8 

39b 35 

 20 -

8.1556

4 

-

9.0424

4 

-

8.9996 

-

8.3831

1 

-

7.9750

6 

-

8.8195

9 

-

7.601

4 

-

7.505

71 

-

10.044

3 

31b 35 

 21 -

8.7073

3 

-

8.3761

5 

-

8.2999

9 

-

8.6498

3 

-

7.7915 

-

8.2895

6 

-

7.351

29 

-

7.395

2 

-

8.5681

6 

13b 35 

 22 -

8.4428

8 

-

9.0219

9 

-

8.5902

7 

-

8.4533

1 

-

7.7647

4 

-

8.6738

5 

-

7.661

99 

-

8.311

88 

-8.9156 38b 35 

 23 -

8.0432

5 

-

8.3064

9 

-

8.4869

9 

-

8.0693

5 

-

7.4469

7 

-

8.6018

1 

-

7.516

33 

-

8.122

71 

-

8.4655

6 

21b 35 

 24 -

8.3147

7 

-

9.0049

3 

-

8.5680

3 

-

8.1921

4 

-

8.0641

3 

-

9.2991

2 

-

7.165

75 

-

8.639

62 

-

8.9806

7 

11b 35 

 25 -

8.4850

5 

-

8.2802

6 

-

8.0105

2 

-

8.3439

5 

-

7.4685

6 

-

8.2291

5 

-

6.948

93 

-

8.115

48 

-

8.3325

1 

30b 35 

 26 -

8.4199

3 

-

8.0283 

-

9.3768

1 

-

8.5029

5 

-

8.1223

9 

-

9.1264 

-

7.440

49 

-

7.681

98 

-

9.6946

7 

11b 35 

 27 -

8.0142

4 

-

7.9800

6 

-

8.0725

7 

-

8.3311

2 

-

7.7283

1 

-

9.0895

8 

-

7.468

3 

-

7.755

36 

-

8.5675

5 

0.5a 35 

Anili

de 

28 -

6.9369

3 

-

7.2571

6 

-

7.1441

9 

-

7.1654 

-

6.4637 

-

7.6566

7 

-

6.811

21 

-

7.558

8 

-

7.5782

9 

>50b 36 

 29 -

6.8480

6 

-

7.3894

8 

-

6.9526 

-

7.1729

3 

-

7.2400

9 

-

7.8947

6 

-

6.406

25 

-

7.908

69 

-

7.4117

5 

0.06b 36 

 30 -

7.9755

1 

-7.928 -

7.9349

3 

-

7.7809 

-

8.0454

8 

-

8.4652

4 

-

7.294

29 

-

8.996

97 

-

8.2043

6 

3b 36 

 31 -

7.1901

4 

-

7.5714

5 

-

7.0379

6 

-

7.0593

8 

-

7.2656 

-

7.4039 

-

6.276

25 

-

8.007

34 

-

7.5330

2 

2b 36 

 32 -

7.1731 

-

7.4944

4 

-

7.2512

1 

-

7.3379

7 

-

7.0717

8 

-

7.7318

9 

-

6.448

24 

-

8.834

22 

-

7.5418

1 

3b 36 

 33 -

7.2958

6 

-

7.6595

9 

-

7.5752 

-

7.6502

5 

-

7.8035

1 

-

7.8530

9 

-

6.527

2 

-

7.686

14 

-

7.6860

7 

7b 36 
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 34 -

7.2091

4 

-

7.1733

7 

-

7.0186

1 

-

7.4556

5 

-

6.8871

5 

-

7.2992

4 

-

6.378

21 

-

8.509

28 

-

7.5182

4 

0.03a 36 

Tripe

ptide 

anilid

e 

35 -

8.3543

4 

-

8.4145

2 

-

8.8508

9 

-

8.4166

4 

-

7.1247

1 

-

8.1680

4 

-

6.858

45 

-

8.785

53 

-8.7041 7b 36 

 36 -

8.2494

2 

-

8.7448

5 

-

8.6340

9 

-

8.2851

8 

-

8.0896

4 

-

9.0799

9 

-

7.406

94 

-

9.060

39 

-

9.5330

1 

4b 36 

 37 -

8.2536

9 

-

8.3537

4 

-

8.5878

4 

-7.906 -

7.5108

1 

-

8.2803

4 

-

7.328

95 

-

9.876

28 

-

8.6830

5 

>10b 36 

 38 -

8.6560

8 

-

9.4486

2 

-

8.5192

5 

-

8.0720

6 

-

8.0828

9 

-

8.5591

9 

-

7.273

96 

-

8.201

99 

-

8.8637

1 

19b 36 

 39 -

8.6930

7 

-

8.7875 

-9 -

8.0890

9 

-

8.0085

3 

-

8.8691

3 

-

7.490

59 

-

8.207

44 

-

8.6881

1 

5b 36 

 40 -

8.4286

9 

-

8.3990

7 

-

8.5999 

-

8.6859

1 

-

8.1100

9 

-

8.6444

1 

-

7.462

18 

-

8.584

31 

-

9.1828

9 

5b 36 

 41 -

8.2568

6 

-

8.1247 

-

7.8196

6 

-

8.0526

3 

-

8.3686

8 

-

8.2248

4 

-7.05 -

8.690

19 

-

8.4087

9 

7b 36 

Tetra

pepti

de 

anilid

e 

42 -

8.5777

9 

-

8.5467 

-

8.7350

3 

-

8.3482

1 

-

7.5481

9 

-

8.5891

7 

-

8.049

49 

-

9.078

49 

-

9.3264

7 

7b 36 

 43 -

8.4940

1 

-

8.6631

1 

-

8.3814

3 

-

8.7264

1 

-

8.3190

9 

-

9.1344

1 

-

7.830

77 

-

8.664

35 

-

8.9972

1 

16b 36 

 44 -

8.8533

2 

-

9.0342

2 

-

9.2793

1 

-

8.5278

4 

-

8.4111 

-

9.5844 

-

7.686

42 

-

8.503

07 

-

9.0009

2 

2b 36 

 45 -

8.5738

3 

-

8.4468

1 

-

9.2952

2 

-

8.7152

2 

-

7.8090

2 

-

9.7761

7 

-

7.701

02 

-

9.733

31 

-

8.9410

5 

5b 36 

 46 -

9.8085

1 

-

9.0255

2 

-

9.2265

6 

-

8.8429

7 

-

8.1892

2 

-

8.4711

9 

-

7.628

3 

-

10.30

86 

-

9.7013

9 

6b 36 

 47 -

8.8454

5 

-

8.0496 

-

8.7129

3 

-

8.8022

5 

-

7.9169

6 

-

9.7140

9 

-

8.095

8 

-

9.013

85 

-

8.8331

4 

5b 36 

 48 -

8.4682

3 

-

9.1345

3 

-

8.4120

6 

-

8.8514

3 

-

8.1166

5 

-

8.3855

1 

-

7.708

04 

-

8.700

27 

-

9.7970

4 

2b 36 

Keto-

gluta

mine 

analo

gue 

49 -

6.9845

3 

-

7.1291

5 

-

6.7376

4 

-

7.1936

6 

-

6.1903

6 

-

7.4876 

-

6.565

06 

-

7.523

78 

-

7.7213

7 

9±2a 37 

 50 -

8.7519

5 

-

8.3305

7 

-

9.2713

1 

-

9.4043

8 

-

7.7793

2 

-

7.9564

4 

-

7.581

15 

-

8.424

51 

-

9.3821

1 

0.6b 37 

 51 -

8.5388

-

8.3308

-

8.8192

-

8.2296

-

7.7978

-

8.3521

-

7.485

-

8.716

-

9.8401

2.9b 37 
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 52 -

8.4515 

-

8.6342 

-

8.5275

7 

-

8.7988

5 

-

7.7377 

-

9.2532

8 

-

5.576

87 

-

7.949

73 

-

9.5357

7 

3.4b 37 

Meta

l-

conju

gated 

53 -

4.3919

4 

-

4.4726 

-

4.2720

4 

-

4.3841

4 

-

4.2644

6 

-

4.3602

9 

-

4.119

38 

-

4.677

12 

-

4.4744

1 

0.7a 34 

 54          2.4a 34 

 55 -

4.0768

7 

-

4.2723

3 

-

4.1948 

-

4.0911 

-

3.8580

4 

-

4.2143

6 

-

3.947

35 

-

4.294

84 

-

4.3454

4 

0.3a 34 

 56 -

5.4363

4 

-

5.7426

6 

-

5.5748

6 

-

5.5968 

-

5.5510

8 

-

5.6257

9 

-

5.089

32 

-

6.753

17 

-

5.6416

4 

0.17a 34 

 57 -

6.4080

4 

-

6.2813

6 

-

6.4930

3 

-

6.2967

4 

-

6.2428

6 

-

6.2542

6 

-

5.820

71 

-

7.021

01 

-

6.2083

9 

1.0a 34 

 58 -

4.2927

8 

-

4.4849

7 

-

4.3503

2 

-

4.4409

1 

-

4.6067

2 

-

4.4569

5 

-

3.903

63 

-

4.883

46 

-

4.3911

6 

1.4a 34 

Isatin 59 -

5.8688 

-

5.5343

6 

-

6.0243

8 

-

5.8196

2 

-

5.1565

2 

-

5.7526

6 

-

5.287

18 

-

6.054

47 

-

5.9611

5 

0.95b 38 

 60 -

5.9318

6 

-

5.5432

6 

-

6.0310

2 

-

5.8218

6 

-

5.4950

7 

-

5.7493

3 

-

5.286 

-

6.052

8 

-

5.9667

6 

0.9b 38 

 61 -

6.3789

1 

-

5.8068

9 

-

6.1290

8 

-

6.2616

1 

-

5.8166

6 

-

5.9191

5 

-

5.489

93 

-

6.674

8 

-

6.3365

8 

0.002
b 

38 

 62 -

5.7787

8 

-

6.5361

9 

-

6.1972 

-

5.8433

7 

-

5.8782

5 

-

6.0914

5 

-

5.030

29 

-

5.742

18 

-

6.0674

3 

0.98b 38 

Aryl 

Boro

nic 

Com

poun

ds 

63 -

7.7389

5 

-

8.1470

8 

-

7.8561

7 

-

7.2944

6 

-

7.4251

3 

-

7.5704

4 

-

7.281

38 

-

8.661

07 

-7.8019 4.5a 39 

 64 -

7.1568

1 

-

7.4824

8 

-

7.8087

2 

-

7.5508

6 

-

7.0808

6 

-

7.4163

7 

-

6.760

19 

-

8.785

92 

-

7.6229

4 

16a 39 

 65 -

7.6966

4 

-

7.9093 

-

8.1265

8 

-

7.9316

1 

-

7.4721

4 

-

8.1304

6 

-

7.532

14 

-

8.980

9 

-

8.4521

8 

6a 39 

 66 -

8.9219

9 

-

8.2273

8 

-

8.6060

9 

-

8.4437

3 

-

7.7951

3 

-

8.2505

4 

-

7.814

88 

-

8.697

16 

-

8.8257

4 

6a 39 

 67 -

7.2662

7 

-

7.5362

9 

-

7.3020

4 

-

7.0864

3 

-

7.0424

3 

-

7.7059

3 

-

6.954

18 

-

7.789

84 

-7.3308 0.04a 39 

Aesci

n 

68 -

7.9494

4 

-

8.1859

4 

-

7.4746

3 

-

7.3972

5 

-

7.0378

3 

-

6.9950

6 

-

7.671

73 

-

6.422

42 

-

7.4729

7 

6.0b 31 

 69  -

5.2848

7 

        40 

 70 - - - - - - - - -  40 
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6.6023

5 

6.6775 6.3098

1 

6.4649

8 

5.9110

4 

5.9223

4 

6.044

75 

3.955

53 

6.3380

4 

 71 -

6.8431

8 

-

7.4057 

-

6.9100

1 

-

6.9225

1 

-

6.0040

3 

-

6.7606

2 

-

6.676

63 

-

6.690

71 

-7.9121  40 

 72 -

3.6918

1 

-

5.0125

9 

-

4.9850

1 

-

4.5686 

-

4.2587

1 

-

3.0931 

    40 

 73           40 

 74        -

4.807

84 

  40 

 75 -

8.1509

9 

-

7.8944

2 

-

7.3930

3 

-

7.7279

2 

-

6.8410

1 

-

7.0573

3 

-

7.237

08 

-

5.163

69 

-

7.5178

9 

 40 

 76 -

8.3251

8 

-

8.1438

8 

-

7.1278

5 

-7.188 -

6.7066

2 

-

7.5600

5 

-

7.084

49 

-

3.464

48 

-

7.0087

1 

 40 

 77  -

7.4600

5 

-

5.5438 

 -

5.3177

2 

 -

6.448

77 

-

1.072

41 

  40 

 78 -

8.4258

5 

-

8.1420

2 

-

7.5841

5 

-

7.0490

8 

-

6.5818

4 

-

7.1448

6 

-

7.497

93 

-

4.795

42 

-

7.5837

4 

 40 

Leup

eptin 

79 -

7.2117

3 

-

8.0474

9 

-

7.6578

6 

-

7.9912 

-

7.0479

5 

-

7.8282

6 

-

6.558

91 

-

8.324

2 

-7.5992 127.2
b 

41 

Loxis

tatin 

80 -

7.0976

6 

-

7.5765

9 

-

7.3090

1 

-

6.9879

1 

-

6.6406 

-

7.4564 

-

5.762

98 

-

8.729

6 

-

7.1324

9 

  

 

Table 2. The natural compounds and drugs docking scores with 3CLPro of coronaviruses (PDB 

code=6Y2F, 6LU7, 6WTT, 7C8U, 7CA8, 7JQ2, 1UK4, 3C3N and 4RSP) 
Cpd. No. 

 

Compound Name Binding 

affinity 

 

CoV-2 CoV-1 MERS-CoV 

46 Tetrapeptide anilide -9.80/6Y2F -10.30/3C3N -9.70/4RSP  

12 α, β-Unsaturated ester -9.57/6WTT -7.48/3C3N -9.45/4RSP  

1 TL-3 -9.48/6Y2F -8.24/1UK4 -9.60/4RSP  

50 Ketoglutamine -9.40/7C8U -8.42/3C3N -9.38/4RSP  

10 α-ketoamide -8.97/7JQ2 -7.15/1UK4 -8.49/4RSP  

66 Aryl Boronic -8.92/6Y2F -8.69/3C3N -8.82/4RSP  

78 Aescin -8.42/6Y2F -7.49/1UK4 -7.58/4RSP  

79 Leupeptin -8.04/6LU7 -8.32/3C3N -7.59/4RSP  

9 Reserpine -7.88/6LU7 -7.33/1UK4 -7.49/4RSP  

80 Loxistatin -7.57/6LU7 -8.72/3C3N -7.13/4RSP  

7 MP576 -6.98/7C8U -8.27/3C3N -6.91/4RSP  

62 Isatin -6.53/6LU7 -5.74/3C3N -6.06/4RSP  
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Table 3. Interaction of natural molecules and drugs with amino acid units of 3CLPro of coronaviruses 

(*PDB code) 

Cpd. 

No. 

 

Binding Affinity Ligand Receptor Interaction Distance E 

(kcal/mol) CoV-2 

46 -9.80/6Y2F* O 44 

6-ring 

N GLY 143 (A) 

NE2 HIS 163 (A) 

H-acceptor 

pi-H 

3.04 

4.69 

-2.0 

-1.0 

12 -9.57/6WTT* N 68 

O 86 

OE1 GLN 189 (A) 

N GLU 166 (A) 

H-donor 

H-acceptor 

2.91 

2.95 

-2.4 

-4.1 

1 -9.48/6Y2F* O 23 

C 34 

6-ring 

6-ring 

6-ring 

N GLU 166 (A) 

5-ring HIS 41 (A) 

CA THR 24 (A) 

CG2 THR 24 (A) 

NE2 GLN 189 (A) 

H-acceptor 

H-pi 

pi-H 

pi-H 

pi-H 

3.54 

3.71 

4.35 

4.55 

4.27 

-0.6 

-0.6 

-0.8 

-0.6 

-0.7 

50 -9.40/7C8U* O 87 

O 102 

N GLU 166 (A) 

OG SER 144 (A) 

H-acceptor 

H-acceptor 

3.12 

2.93 

-3.2 

-1.0 

10 -8.97/7JQ2* N 3 

C 20 

O 39 

SG CYS 145 (A) 

O GLU 166 (A) 

N GLU 166 (A) 

H-donor 

H-donor 

H-acceptor 

3.56 

3.28 

2.89 

-3.3 

-1.1 

-2.6 

66 -8.92/6Y2F* O 36 

O 39 

O 48 

N GLY 143 (A) 

N GLU 166 (A) 

GLN 192 (A) 

H-acceptor 

H-acceptor 

H-acceptor 

2.96 

3.16 

3.10 

-2.4 

-3.1 

-2.6 

78 -8.42/6Y2F* O 12 

O 63 

O 67 

O THR 24 (A) 

OD1 ASN 142 (A) 

SG CYS 145 (A) 

H-donor 

H-donor 

H-donor 

3.04 

2.83 

3.59 

-1.2 

-1.7 

-0.8 

79 -8.04/6LU7* N 26 

N 45 

N 61 

O 23 

SG CYS 145 (A) 

OE1 GLN 189 (A) 

O PHE 140 (A) 

N SER 144 (A) 

H-donor 

H-donor 

H-donor 

H-acceptor 

4.36 

2.82 

3.06 

2.95 

-1.7 

-0.8 

-2.0 

-1.4 

9 -7.88/6LU7* C 5 OE1 GLN 189 (A) H-donor 3.27 -0.9 

80 -7.57/6LU7* N 18 

O 10 

C 42 

SG CYS 145 (A) 

NE2 HIS 163 (A) 

5-ring HIS 41 (A) 

H-donor 

H-acceptor 

H-pi 

4.00 

2.94 

3.81 

-2.4 

-4.5 

-0.6 

7 -6.98/7C8U* O 43 

6-ring 

N GLU 166 (A) 

CB ASN 142 (A) 

H-acceptor 

pi-H 

3.13 

4.01 

-0.9 

-0.9 

62 -6.53/6LU7* O 32 

5-ring 

OG SER 144 (A) 

CA ASN 142 (A) 

H-acceptor 

pi-H 

2.94 

4.13 

-1.3 

-0.6 
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Table 4. Physiochemical evaluation of twelve natural compounds as effectual SARS-CoV-2 3CLPro 

inhibitors 

Cpd. No. 

                     

Lip-druglike  weight logP(o/w)   ASA a-acc a-don violation 

46 0.0  801.2970 5.6580 1147.1008 6.0 6.0 3 

12 1.0 623.7220 4.2740 1021.0816 5.0 3.0 1 

1 0.0 909.0940 6.0920 1276.1167 8.0 8.0 3 

50 0.0 777.8760 3.2750 1059.6309 8.0 5.0 2 

10 0.0 595.6970 1.5720 923.0005 6.0 5.0 2 

66 0.0 524.0100 3.4840 808.8318 6.0 4.0 2 

78 0.0 1131.2689 -1.7775 1362.2352 22.0 14.0 4 

79 1.0 426.5620 1.6270 784.4965 5.0 6.0 0 

9 0.0 608.6880 3.6812 946.0501 8.0 1.0 2 

80 1.0 342.4360 2.0930 678.4503 4.0 2.0 0 

7 1.0 432.4760 4.3740 688,0418 2.0 1.0 0 

62 1.0 372.2420 4.2260 512.9424 2.0 0.0 1 

 

 

     
Figure 2. D images of CoV-2 3CLPro amino acid interactions with Tetrapeptide anilide, α, β-

Unsaturated ester, TL-3, Ketoglutamine, α-ketoamide, Aryl Boronic, Aescin, Leupeptin, Reserpine, 

Loxistatin, MP576 and Isatin 
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Conclusion 

Main proteinase is an intriguing target for inhibiting 

the viral reproduction cycle and treating infection 

with COVID-19. The goal of this work was to use 

in silico techniques to analyse the antiviral ability of 

a set of previously known inhibitors against 3CLPro 

of coronavirus. The 3CLPro of coronaviruses may be 

significantly inhibited by these inhibitors. Between 

the studied 80 compounds, compounds number 7, 9, 

10, 12, 50, 62, 66, 79, and 80 showed binding 

interactions higher than those of 3CLPro of CoV-1 

and/or MERS-CoV and successfully avoided 

detection during drug-likeness tests. These findings 

imply that we have explored good hits nominee for 

the improvement of therapeutic medicines against 

COVID-19. Animal investigations and proper 

clinical trials will eventually be required to prove 

the possible preventative and therapeutic impact of 

these substances. 
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 من الفيروسات التاجيةمثبطات انزيم البروتينيز لانواع مختلفة لمقارنة دراسة نظرية 

 غسان قاسم اسماعيل ،محمد عدنان محمد ن،هيفاء يونس حسي ،تهاني وليد جهاد

 .العراق موصل، الموصل، جامعة العلوم، كليةقسم الكيمياء،  

 

 ةالخلاص

فيروسات الحمض النووي الريبي الموجبة مع نتوءات بروتينية شوكية تسمح للفيروس بالاختراق والتأثير على  تضمفيروسات كورونا 

( ومتلازمة الشرق الأوسط التنفسية SARS-CoVظهور فيروس كورونا المتلازمة التنفسية الحادة الوخيمة )ان الخلايا المضيفة. 

التفشي السريع ن ونا البشري، مم اثار اهتمامًا كبيرًا في المجتمع الطبي. ا( ، كأمراض مميتة بفيروس كورMERS-CoVالتاجية )

( ادى إلى تعزيز الحاجة لايجاد CoV-2) 2والعالمي لفيروس كورونا البشري الجديد الناتج عن سلالة جديدة من الفيروس التاجي 

، وهو المسؤول عن النسخ والنسخ المتماثلة برز كهدف علاجي جذاب لفيروسات كورونا ProM. ان انزيم COVID-19فعال ل علاج

لفيروسات كورونا. ان تشخيص ادوية محتملة هي حاجة ملحة وحاسمة للمجتمع الطبي. تم استخدام الالتحام الجزيئي استعمل لوصف 

ستة وسبعين مركباً طبيعيًا الطبيعية المعروفة والمختبرة مختبريا. تم اختيار  ProMانزيم البروتيز وتقييم قدرة العديد من مثبطات انزيم 

اختيرت في دراسة الالتحام الجزيئي. كشفت دراساتنا النظرية أن العديد  CoV-1ذو فعالية مثبطة معروفة وأربعة أدوية مختبرة ضد  

ير . يشMERSو  CoV-1مع انزيمات  ة المفضلة منهاومقارن CoV-2من هذه الجزيئات تظهر الفة ارتباط عالية للعديد من انزيمات 

مضادة كمركبات . مما يدل على إمكانية إعادة توصيفها Pro2 M-CoVبحثنا إلى أن هذه الجزيئات يمكن أن تكون مثبطة لانزيم 

  .للفيروسات على نطاق واسع

 .المركبات الطبيعية ،الالتحام الجزيئي، انزيم البروتينيز ،سستين بروتيز، 19-كوفيد الكلمات المفتاحية:

https://doi.org/10.21123/bsj.2024.9091

