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Abstract 

 

2019-nCoV Coronavirus spread all over the world and obliged one billion people in open 

confinement, no treatments or vaccine have been yet found against this pandemic. The Main 

Protease (Mpro) is an attractive drug target, because it is the essential protein for the virus 

invasion. This study aims to test in silico the effect of five vitamins and a natural antioxidant 

against Mpro, using molecular docking study, with Autodock Vina and Discovery Studio 

visualizer softwares. The used inhibitors were chosen based on their beneficial properties such 

as Tocopherol (vitamin E), Thiamine (vitamin B1), Pantothenic acid (vitamin B5), 

Pyridoxine (vitamin B6), Biotin (vitamin B7), and Glutathione (GSH), the best inhibitor pose 

was chosen based on the repetition ratio (RR) and the minimum affinity energy value (MEV). 

The results show that Glutathione is the best inhibitor model among the other tested vitamins 

in the active site of Mpro with a RR value of 94% and MEV of - 5.5 kcal/mol, the compatibility 

of Glutathione structure inside the binding pocket as a tripeptide model found to be similar to 

the native ligand of Mpro. Moreover, Thiamine, Biotin, and Tocopherol are saved as satisfied 

inhibitors to Mpro, Pyridoxine was the weakest inhibitor. Depending on this result, we 

recommend the use of Glutathione and vitamin B family as a supportive strategy for the 

treatment of COVID-19. 
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1. Introduction 

The novel coronavirus disease (abbreviated “COVID-19 or nCoV-19”) is the pandemic of the 

21st century caused by a new mutate family of viruses belongs to clade β of the genus 

Betacoronavirus [1], infects the lungs and causes the severe acute respiratory syndrome (SARS) 

[2]. Recorded the first time in Wuhan, China in December 2019 [3]. It spreads quickly through 

any near contact with an infected person or surface [4]. It causes within the first contact, fever 

(37.5°C or higher), cough, dry cough, and tiredness. After a period of incubation of less than 

one to fourteen days [5], the virus can be very serious and even fatal for older people or those 

having chronic diseases like diabetes, cardiovascular, and cancer. It can be recovered without 

needing any treatment for most normal people [5, 6]. When the virus enters the body, it rapidly 

infects the respiratory system and causes illness which can lead to breathing difficulties, in 

severe cases needs emergency care for breathing. The lung appears to be the most vulnerable 

target organ [7] because of the vast surface area of the lung, which makes the lung highly 

susceptible to inhaled viruses. The lining of the respiratory tree becomes injured, causing 

inflammation, this, in turn, irritates the nerves in the lining of the airway [8]. 

There is currently no vaccine to prevent coronavirus disease (COVID-19). Today the situation 

is on the rise, more than 2,392,166 coronavirus cases are confirmed with 164,391 deaths and 

614,756 recovered in 185 countries.  United States of America, Spain, Italy, and Germany are 

the most touched countries in the world [9]. Earlier in the year 2020, the World Health 

Organization (WHO) announced an emergency state due to non-treatment available and obliged 

people to stay in their homes and apply confinement for months in an attempt to containment 

the pandemic [10].  

The present in silico study focused on the main protease (Mpro) which is an essential component 

for the proteolytic maturation of the virus and has been proved as a potential target viral protein 

[11, 12]. We have done molecular docking study by Autodock vina and Discovery Studio 
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Visualizer (DSV) packages. we used five vitamins and known antioxidant as potential inhibitors 

against Mpro, according to their properties in boosting immunity and maintaining the 

neurological system like in HIV Disease such as vitamins B Group including vitamin B1, B5, 

B6, and B7 [13, 14], in cardiovascular diseases vitamin E was proved effective [15], and 

Glutathione as an agent to reduce oxidative stress [16-18].  
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2. Materials and Methods 
 

2.1   Receptor and ligand data collection 

The crystal structure of the Main Protease (Mpro) (pdb ID: 6lu7) was obtained from the Protein 

Data Bank (PDB) [11] and used as a receptor (fig 1). The inhibitors used in the present study 

were Thiamine (vitamin B1), Pantothenic acid (vitamin B5), Pyridoxine (vitamin B6), Biotin 

(vitamin B7), α_tocopherol (vitamin E), and Glutathione (GSH) (fig 2). The three-

dimensional structure (3D) of the six inhibitors were obtained from PubChem database in .sdf 

format [19]. 

2.2  Molecular docking settings 

The Molecular Docking (MD) was run using Autodock vina program [20]  in eight CPU station 

used to perform MD and set to given full flexibility to the ligand (inhibitor), the MD was 

preformed using blind docking. The MD consists of three main steps the first (one); consist of 

removing the ligands, heteroatoms, co-crystallized solvent and the unnecessary water 

molecules except the involved in the active site defined by Autodock vina, in this case three 

water molecules was kept inside the binding pocket of Mpro. The second step (two), consists of 

adding hydrogens and partial charges using Autodock Tools (ADT) (version 1.5.4). The third 

step (three), consists of setting the grid box (GB) center and size of the binding pocket by the 

grid coordinates x, y and z. The chosen setting for the GB center and size were (x = -26.28, y = 

12.60, and z = 58.96), and (x = 52, y = 68, and z = 68), respectively, with one Å separated grid 

points positioned in the middle of the protein using ADT. The default settings were used, except 

that the number of output conformations was set to one. The number of docking conformations 

was set at 50 poses. The "random seed" is random. The best poses were chosen based on their 

minimum binding energy values (MEV) in kcal/mol and the ratio of the most repeated poses 

(RR) in percent (%) besides polar hydrogens, and hydrophobics interactions inside the binding 
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pocket of Mpro. The obtained MD results were analyzed using Discovery Studio Visualizer 

DSV), v 4.0 [21][22].  

3. Results and discussion 

The results show that the SARS-CoV-2 Mpro is a medium-size proteases protein with two chains 

named A: composed  of 306 residues and C: composed of 6 residues represent the peptide 

inhibitor named: 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 [11] with 

total residue count of 312 amino acids and a molecular weight of 34 KDa (fig 1). Based on the 

Repetition Ratio (RR) and the Minimum Energy Value (MEV) inside the binding pocket of 

Mpro, the results show that Glutathione is the best inhibitor among the other five vitamins with 

RR of 94% and with MEV of -5.5 Kcal/mol, in the other side Pyridoxine reported as the 

weakest inhibitor model with RR of 4% and MEV of - 4.8 Kcal/mol. All results are summarized 

in table 1.  

To better understand the mechanisms related to our inhibitors, we focus on the binding site 

analysis of the Mpro active site, from a structural view, the active site forms an I shape and 

located in a deep tunnel within the enzyme in the upper side of chain A and formed by the 

Binding Pockets (BP) amino acids. We defined the BP depending on the native inhibitor 

captured in an active catalysis moment. The BP amino acids identified were HIS41, CYS44, 

MET49, PRO52, TYR54, TYR118, PHE140, LEU141, ASN142, GLY143, SER144, CYS145, 

HIS163, HIS164, MET165, GLU166, LEU167, PRO168, HIS172, PHE181, VAL186, 

ASP187, ARG188, GLN189, THR190, ALA191, GLN192. We propose that all the inhibitors 

tested in this study bind covalently to the residue CYS145 or LEU141 in the Mpro active site 

through the determined interatomic distances. That’s elucidating the high reactivity of thiol 

group and the importance of these two amino acids in the active site. To study the interactions 

formed with our inhibitors, we defined the Catalytic Amino Acids (CAA) in every inhibitor 
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model inside the active site of Mpro, the CAA recorded toward the vitamin B family (fig 2) 

including Thiamine (vitamin B1), Pantothenic acid (vitamin B5), Biotin (vitamin B7), and 

Pyridoxine (vitamins B6) were (HIS41, MET49, TYR54, LEU141, ASN142, CYS145, 

HIS163, HIS164, MET165, GLU166, HIS172, ASP187, LEU141, GLY143, SER144), 

(LEU141, HIS163, HIS164, ASP187), (LEU141, GLY143, SER144, CYS145), and (CYS145), 

respectively. We defined that the nucleophilic atoms reacting are the hydroxyl functions of the 

CAA represented by the oxygen atom as  the  most negatively charged atom toward the vitamin 

B family hydrogens, which presented as the electrophilic atoms, the CAA responsible for the 

nucleophilic attack is ASN142 with 1.95 Å, CYS145 with 3.71 Å, for thiamine, pyridoxine 

respectively, and HIS164 for both biotin with 1.80 Å, and with pantothenic acid with 1.83 Å. 

All the interactions saved were conventional hydrogen bonds type. The Thiamine (fig 3) was 

saved as the most preferred inhibitor in the active site of Mpro, among the other vitamin B family 

according to the RR and MEV values (table 1). We explain that by the structure flexibility, 

shape, and various chemical function properties, thus, assure its reactivity and stability which 

explain the high affinity to Mpro active site stabilized by 14 interaction such as, conventional 

hydrogen bond, carbon-hydrogen bond, and π-Sulfur bond, this interaction were saved in all 

obtained confirmations, and the preferred bonds were saved in both sides of aminopyrimidine 

and thiazolium ring linked by a methylene bridge with ASN142, CYS145, and TYR54. 

The second-best inhibitor model to Mpro was the Biotin (fig 3) with lower RR and MEV 

comparing to Thiamine (table 1), this is resulting from the heterobicyclic form that consists of 

2-oxohexahydro-1H-thieno[3,4-d]imidazole having a valeric acid substituent attached to the 

tetrahydrothiophene ring which minimizes the chances of flexibility inside the active site of 

Mpro and that was confirmed by the recorded interactions (table1) comparing to the thiamine. 

All the interactions bind to the lactone group attached to the 2-oxohexahydro-1H-thieno[3,4-

d]imidazole ring, which is explained by the electronegative filed powered by the oxygen atom 
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as the greatest localized negative charge in the biotin. Thus, the perfect hydrogen bond in all 

the inhibitors was saved with HIS164, at atomic level, this amino acid could be very important 

in stabilizing the biotin in the active site. 

The third best inhibitor model to Mpro was the Pantothenic acid (fig 3) with lower RR 

comparing to thiamine and biotin, however, Pantothenic acid shares the same MEV with biotin, 

and also the same hydrogen bond was saved with HIS164 with a length of 1.83 Å. In the other 

side, the number of interactions saved was lower comparing to the biotin, resulting in his lower 

affinity to Mpro when reacting alone, that explains the importance of a potential association 

between the biotin and the pantothenic acid, and that could be important in the inhibition 

mechanisms against Mpro. 

The last ranked inhibitor was the Pyridoxine (fig 4) as the weakest inhibitor among the vitamin 

B family and all tested inhibitors in this study with RR of 4% and MEV of - 4.8 kcal/mol  (table 

1), we recorded only one interaction with CYS145 type hydrophobic,  this interaction elucidate 

the environment between Pyridoxine functional groups and BP amino acids which have a very 

little affinity, the interacting groups will be positioned in a manner to have the smallest contact 

surface with the active site. 

The CAA recorded in Tocopherols (fig 4) were HIS41, MET49, CYS145, HIS163, MET165, 

PRO168, ARG188, THR190, and GLN192, the nucleophilic atom reacting was in favor of the 

ketone function side of ARG188 and the hydroxyl function of the tocopherols represented by 

the hydrogen as the electrophilic atom, only one hydrogen bond was recorded in this context 

and that clarifies the native structure of the ARG since the other side of it ends with a 

guanidinium group which enables the formation of hydrogen bonds due to the delocalization of 

the positive charge of the nitrogen atom in the ARG bone structure. The RR of tocopherols 

recorded in table 1 was very low compared with his MEV as the greatest value saved among 

all other inhibitors, and that is due to his high affinity with other sites since the most saved 

https://en.wikipedia.org/wiki/Guanidine
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interactions were a hydrophobic type, that minimizes the chances of getting the exact 

conformation in the catalytic site of the Mpro. 

The best inhibitor model to Mpro active site was the Glutathione or γ-L-glutamyl-L-cysteinyl-

glycine (fig 3), with the best saved RR and MEV (table 1). Where the CAA recorded were 

HIS41, LEU141, GLY143, SER144, CYS145, GLU166, ARG188, and GLN189, according to 

our results, Glutathione present the highest affinity to Mpro, this affinity is confirmed by various 

elements such as interactions type, stereochemical properties, functional groups, and 

compatibility with the active site volume. The Glutathione is located deeply in the active site 

tunnel. All the internal interactions were conventional hydrogen bond type, this assures its 

flexibility and stability since it formed by triple amino acids (cysteine, glutamic acid, and 

glycine) attached via peptide linkage and already presented in the active site which increase the 

reactivity and effectiveness, this factor favorize covalently the fixation of Glutathione. We 

propose a mechanism action of the Glutathione inside the active site of Mpro depending on the 

greatest localized negative charge as indicated by the most intense red color (fig 5) and the 

proton being transferred has the most intense positive charge character indicated by the most 

intense blue color (fig 5) and the best hydrogen bond saved with LEU141. The 4-steps 

mechanism proposed in fig 5 elucidate the formation of glutathione and leucine complex. In 

step1, the oxygen atom of LEU141 is the electron source and the hydroxide atom of the 

glutathione is the electron sink, to avoid overfilling the valence of the hydrogen atom the 

hydroxide bond must be broken to form the glutathione ion, this ion is often stabilized by 

resonance delocalization. In step 2, the π bond will transfer as indicated by red arrow (fig 5) to 

satisfy the valence in the oxygen atom of LEU141. In step 3, we obtained satisfied oxygen atom 

and a positive charge carbon atom with only three bonds, which lead us to step 4, ester linkage 

bond will be formed to stabilizing the new complex consequently, blocking the active site of 

Mpro. 
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4. Conclusion 

Through this work, we presented the Glutathione, vitamin B family, and vitamin E as a potential 

inhibitor to the main protease of the novel coronavirus which can reduce the invasion of the 

virus. Clearly, the suggested treatment strategy help enhance and improve immunity system 

and block the main proteases, Glutathione used as treatment in many diseases such as 

Pulmonary disease, asthma, and acute respiratory distress syndrome, in immune diseases like 

HIV, and liver disease. The origin peptide structure of the glutathione gives him the 

advantageous among other inhibitors, according to our study, we recommend highly the use of 

the Glutathione as a double beneficial effects for preventive action and in the other side as an 

effective treatment besides anti-symptomatic viral drugs in case of a severe virus invasion. The 

consumption of glutathione and vitamin B family daily as a supplement can be a solution to 

limit the virus transmission. 
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Fig 1. The 3D structure of the main protease protein (pdb ID: 6lu7) colored in bleu and zooming on 

the active site colored in pink and complexed with Glutathione (presented in ball and stick) 
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Fig 2. The two-dimensional (2D) structure of the tested inhibitors 
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Glutathione Thiamine 

 
 

Biotin Pantothenic acid 

  

Fig  3. The best inhibitor pose captured in the active site of Mpro presented in surface and colored in 

yellow, inhibitors are presented in ball and stick, the catalytic amino acids are presented in stiks and 

colored in green 
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α-tocopherol Pyridoxine 

  

Fig 4. The weakest inhibitors pose captured in the active site of Mpro presented in surface 

and colored in purple, inhibitors are presented in ball and stick, the catalytic amino acids 

are presented in sticks and colored in green 
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Fig 5. Proposed mechanism of the glutathione with LEU141 in the active site of Mpro  
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Table 1. The receptor-ligand complex interaction results 

Rank Inhibitors 
RR  
(%) 

MEV 
(kcal/mol) 

Nucleophilic 

residues 

Interactions  

type 
Length 

(Å) 

3 

Biotin  

(vit B7) 

(C10H16N2O3S) 

56 -5.5 HIS164 Hydrogen Bond 1.80 

1 
Glutathione 

C10H17N3O6S 
94 -5.5 LEU141 

Hydrogen Bond 

Pi-Sulfur 

1.82 

3.78 

4 

Pantothenic acid 

(vit B5) 

(C9H17NO5) 

36 -5.5 HIS164 Hydrogen Bond 1.83 

2 

Thiamine 

(vit B1) 

(C12H17N4OS+) 
82 -5.7 ASN142 

Hydrogen Bond 

Amide-Pi Stacked 

Alkyl 

Pi-Sulfur 

 

1.95 

4.70 

4.82 

4.75 

 

6 

Pyridoxine 

(vit B6) 

(C8H11NO3) 

4 -4.8 CYS145 
Alkyl 

Pi-Alkyl 

3.71 

4.77 

5 

α_tocopherol 

(vit E) 

(C29H50O2) 
6 -6.5 ARG188 

Hydrogen Bond 

Alkyl 

Pi-Alkyl 

2.81 

3.95 

4.30 

 RR:  repetition ration  MEV: minimum energy value Vit : vitamin 


