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Abstract: The emergence of the SARS-CoV-2 virus in the latter part of 2019 initiated 

a worldwide pandemic, exerting major impacts on both public health and the global 

economy. Researchers from across the globe have been actively engaged in conducting 

thorough investigations on possible therapeutic interventions and vaccines aimed at 

mitigating the impact of the virus. This work aimed to comprehensively investigate the 

antiviral efficacy of several methyl α-D-mannopyranoside compounds and their 

derivatives against six distinct strains of SARS-CoV-2, including the alpha, beta, 

gamma, delta, and omicron variants. The present study was undertaken to investigate 

the computational properties of methyl α-D-mannopyranoside and its designed 

derivatives to assess their thermophysical and biochemical parameters. The PASS 

prediction score was reported to be 0.233<Pa<0.403 for antiviral, 0.473<Pa<0.569 for 

antibacterial, 0.628<Pa<0.680 for antifungal, and 0.242<Pa<0.349 for antibiotic. For 

this purpose, previously synthesized potential derivatives of methyl α-D-

mannopyranoside were assessed with six different variants of the COVID-19 protein 

and docking studies by AutoDock. Molecular docking experiments were performed in 

order to assess the binding affinity between α-D-mannopyranoside derivatives and the 

spike glycoprotein of SARS-CoV-2, as well as its variations. The ligand L06 exhibited 

superior binding affinity compared to the FDA-approved Molnupiravir, across all 

variations. The stability of the docked complexes was validated using molecular 

dynamics simulations, indicating that L06 has the potential to be an efficacious 

therapy for different types of SARS-CoV-2. The substances under investigation had 

favorable pharmacokinetic features as determined by ADMET (absorption, 

distribution, metabolism, excretion, and toxicity) study. Therefore, this methyl-α-D-

mannopyranoside and its derivatives might be useful to inhibit the mentioned COVID-

19 variants as a potential drug(s) candidate. 

Keywords: Spike glycoprotein alpha, beta and delta variant; Docking; Molecular 

dynamics; PASS; ADMET 
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1. Introduction 

 The epidemic of respiratory disease was diagnosed in a cluster of pneumonia patients in Wuhan, 

China, in December 2019 (Shuxian et al., 2020). Within a few days, the virus spread throughout the 

city of Wuhan, infecting a large number of people and killing many more (Touzani et al., 2020; 

Bendaif et al., 2020). As time goes on, the spread of the virus increases, and in a very short period, 

the virus spreads all over the world, and many people have died except on the continent of Antarctica 

(Hosen et al., 2022). The World Health Organization (WHO) issued a red alert as an epidemic on 

March 11, 2020 (Islam et al., 2022). This has resulted in the collapse of the world economy (Zhang et 

al., 2020; Cucinotta et al., 2020) and is considered a significant health concern from a global 

perspective (Amin et al., 2021a). Since then, scientists in different countries have identified various 

features of this tiny pathogenic virus. For example, the transmembrane spike glycoproteins of this 

coronavirus are responsible for allowing it to penetrate the human host (Amin et al., 2021b), and the 

size of this virus is approximately 50-200 nanometers (Huang et al., 2020). It is an RNA virus that 

has four different proteins: S (spike), E (envelope), M (main protease) and N (nucleocapsid) 

(Paraskevis et al., 2020). In addition, the first variant of the virus was detected in Wuhan Province 

(Tang et al., 2020), and the virus has become increasingly pathogenic by a mutant of its genomic 

character and spread very quickly (Zucman et al., 2021). Among them, some of the notable variants 

that affect most people and kill most people are the alpha variant (Xia et al., 2021), beta variant, 

gamma variant, delta variant (Li et al., 2021) and Omicron variant (Karim et al., 2021), and some 

studies have shown that the new delta variant is 70-80% more aggressive than the other coronavirus 

strains (Adrian et al., 2021). 

 Scientists are now trying to investigate and develop an effective therapeutic target to fight against 

this infection by identifying a particular medicine or vaccine that may block viral replication as soon 

as feasible (Arifuzzaman et al., 2018; Farhana et al., 2021; Kabir et al., 2009a). Simultaneously, 

computational technologies such as molecular docking and molecular dynamics (MD), 

pharmacokinetic profiling and Lipinski rule parameters, and absorption, distribution, metabolism, 

excretion and toxicity (ADMET) have gained prominence as key prospects for investigating possible 

inhibitors against SARS-CoV-2 (Aanouz et al., 2021; Saputra et al., 2022; Diass et al., 2023). 

 Carbohydrates are a kind of natural substance that refers to the bioorganic chemical class present 

in all biological species on the planet, and they are engaged in a variety of biological activities 

(Kawsar et al., 2009), including glycolysis and glycogenesis (Kawsar et al., 2021a, 2015; Misbah et 

al., 2020; Shagir et al., 2016), along with providing energy. They also play a significant role in a 

variety of biochemical signaling pathways and recognize activities such as the immunological 

response to inflammation (Weymouth-Wilson et al., 1997; Fujii et al., 2011; Kabir et al., 2004, 

2008). 

 Methyl α-D-mannopyranoside is one of the most significant and potent classes of carbohydrates 

due to the numerous biological applications of its derivatives. Methyl α-D-mannopyranoside and its 

derivatives have demonstrated multiple bioactivities, such as antibacterial, antifungal, antitumor, 

antiviral, antidiabetic, and anti-inflammatory activities (Kawsar et al., 2011, 2014; Alam et al., 2021; 

Bulbul et al. 2021a). Hence, a series of methyl α-D-mannopyranosides and their derivatives was 

developed to explore its antiviral activity using biological prediction, molecular docking engagement, 

pharmacokinetic and toxicity analysis. These derivatives were then subjected to a molecular docking 

simulation to determine the binding affinity and nonbonding interaction of the receptor protein of six 

different variants of the SARS-CoV-2 virus, spike glycoprotein, alpha, beta, gamma, delta, and 

Omicron variants. Then, molecular dynamics simulations were carried out for 100 ns to validate the 
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stability of the docked complexes. Moreover, pharmacokinetic modeling has been used to investigate 

the absorption, metabolism, and toxicity of the substances. 

2. Methodology 

2.1 Ligand optimization and DFT calculation frequency 

Six chemically synthesized methyl α-D-mannopyranoside compounds were developed, and 

geometry optimization was accomplished with the application of Material Studio 8.0 (Kumar et al., 

2021). The B3LYP of the DMol3 code program was utilized to optimize the ligands and compute the 

chemical reactivity markers by the DFT program. DFT frequency calculations were implemented to 

evaluate the chemical reactivity parameters (Becke et al., 1988; Parr et al., 1980). Then, the 

molecular frontier orbital schematic of the highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) was redrawn using analytical techniques, and the electrostatic 

potential map was generated. Finally, the optimized structure was exported in PDB format and 

uploaded in PyRx AutoDock Vina for molecular docking against the targeted protein. 

2.2 PASS prediction 

The online machine learning web tool PASS (http://www.pharmaexpert.ru/passonline/) was 

implemented to measure the antibacterial, antiviral, antifungal, and antineoplastic activity spectra of 

reported derivatives of the mentioned compounds (Kawsar et al., 2021b). Antibacterial, antiviral, 

antifungal, and antineoplastic activity spectra could be generated using the PASS server by drawing 

substances and then converting them to SMILES format using SwissADME online tools. There are 

two types of PASS results: the probability of active molecules (Pa) and the probability of inactive 

molecules (Pi). From 0.00 to 1.00, the Pa and Pi scores are generally not equal to one (Pa + Pi ≠1). 

Pass prediction has been applied to select a suitable drug target. 

 

2.3 Pharmacokinetics and drug-likeness investigation 

 Lipinski's rule is used to measure the drug-likeness characteristics of small molecular 

compounds (Lipinski et al., 2001). Due to many unwanted reasons, a large number of prospective 

therapeutic candidates could not reach the final stages. Therefore, before conducting a laboratory 

experiment, Lipinski's rule was used to determine the likely pharmacokinetic characteristics of a 

possible medication candidate. Numerous potential candidates could not be capable of becoming 

successful for a multitude of reasons. Therefore, Lipinski's rule was used to identify the probable 

pharmacokinetic features of a potential drug candidate before going to a laboratory experiment. The 

online web tool SwisADME (http://www.swissadme.ch/index.php) was used (Daina et al., 2017) and 

takes required pharmacokinetic data, including topological polar surface area, the logarithm of 

partition coefficient between n-octanol and water, number of rotatable bonds, hydrogen bond 

acceptor, hydrogen bond donor, molecular weight, gastrointestinal absorption, etc. 

 

2.4 Protein preparation and molecular mocking study and visualization 

 The initial three-dimensional (3D) configuration of SARS-CoV-2, six different variant proteins 

such as SARS-CoV-2 spike glycoprotein, alpha, beta, gamma, delta, and omicron variant, was 

acquired from the Protein Data Bank (PDB), which has been found at the URL following 

"https://www.rcsb.org/structure/". All three-dimensional protein structures were viewed using 

PyMOL, V2.3, a version of the PyMOL modeling program (https://pymol.org/2/) (Delano et 

https://pymol.org/2/
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al., 2002). To generate a clean structure of the proteins, all water molecules and unwanted 

compounds or substituents were eliminated by PyMOL application, and their energy was minimized 

with the help of Swisspdbviwer and saved in PDB format. PyRx software was implemented for 

molecular docking as part of AutoDock Vina. In view of molecular docking, the fresh three-

dimensional protein and optimized structures were uploaded in the PyRx application and converted 

into macromolecules. Finally, molecular docking was performed, and the binding energy was 

calculated. Notably, the spike protein of SARS-CoV-2 variants was used in this current investigation 

(El Aissouq et al., 2023; Khatabi et al., 2022). The main reason for selecting the spike protein is that 

the spike protein plays an essential role in viral infection and pathogenicity. The host receptor is 

recognized and bound by the spike protein, and then conformations in the spike protein allow the 

viral envelope to fuse with the host cell membrane. Following the molecular docking procedure, the 

docked complex was imported into Discovery Studio version 2021 for further analysis and 

visualization (A. S Inc.). The grid center points were set to wrap the protein substrate-binding site, 

and the grid box measurements are displayed in Table 1. The targeted protein information is also 

listed in Table 2. 

 
Table 1. Grid box parameters used for docking analysis in this study for different SARS-CoV-2 

variants 

Protein name Grid box size 

Center Dimension (Å) 

SARS-CoV-2 spike glycoprotein X = 210 X = 119 

Y = 210 Y = 125 

Z = 207 Z = 158 

SARS-CoV-2 Alpha variant X = 27 X = 62 

Y = 18 Y = 71 

Z = 14 Z = 111 

SARS-CoV-2 Beta variant X = 27 X = 63 

Y = 18 Y = 70 

Z = 14 Z =111 

SARS-CoV-2 Gamma variant X = 212 X=89 

Y = 196 Y =61 

Z = 171 Z=112 

SARS-CoV-2 Delta variant X = 210 X = 131 

Y = 211 Y = 131 

Z = 215 Z = 185 

SARS-CoV-2 Omicron variant X = 200 X = 64 

Y = 160 Y = 73 

Z = 266 Z = 108 
 

Table 2. Three-dimensional protein structure of the targeted protein (different SARS-CoV-2 variants) 

Title SARS-CoV-2 spike 

glycoprotein (PDB ID: 6vxx) 

SARS-CoV-2 Alpha variant 

(PDB ID: 7EKF) 

SARS-CoV-2 Beta variant 

(PDB ID: 7ekg) 

Organism 
Severe acute respiratory 

syndrome coronavirus 
Homo sapiens Homo sapiens 

Resolution 2.80 Å 2.85 Å  2.63 Å 
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2.6 Molecular dynamics 

 NAMD software was used to execute interactive molecular dynamics of the best three docking 

scores on a high-configuration laptop computer (Phillips et al., 2005). To analyze the docking 

findings obtained for the top ligand-SARS-CoV-2 binding proteins. MD simulations were performed 

up to 100 ns using the AMBER14 force field (Case et al., 2005). The whole unit was evenly balanced 

with 0.9% NaCl at 298 K in the presence of a liquid medium. To simulate the procedure and the 

boundary conditions, a cubic cell was cycled within a 20 Å range on either side of the process and the 

boundaries. Then, the root-mean-square deviation (RMSD) and root mean square fluctuation (RMSF) 

were calculated using the VMD program once the simulations had been completed (Chtita et al., 2022; 

Soudani et al., 2023). 

2.7 ADMET prediction 

 Biological absorption, distribution, metabolism, excretion, and toxicity (ADMET) plays 

significant roles in new bioactive molecule discovery and development (Guan et al., 2019). Many 

drugs cannot reach the commercial stage due to the failure of suitable ADMET features. Therefore, in 

this study, the ADMET features were investigated by implementing the online databases pkCSM 

(http://biosig.unimelb.edu.au/pkcsm/prediction_single/adme_1643643729.19) and SwissADME 

(Kumar et al., 2021). Water solubility Log S, Caco-2 permeability, P-glycoprotein substrate, P-I 
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glycoprotein inhibitor VDss (human), BBB permeability, CYP450 1A2, inhibitor CYP450 2C9 

substrate, total clearance, renal OCT2 substrate, maximum tolerated dose, etc., are the primary 

concerns. 

3. Results and Discussion 

 Some well-known carbohydrates with a glucose group, including methyl-α-D-mannopyranoside 

(Figure 1), are efficient against a broad spectrum of microorganisms. Consequently, this investigation 

was recognized, and computer modeling was carried out against different variants of SARS-CoV-2. 

This study's main objective is to identify a potent medication against SARS-CoV-2’s different 

variants. 

O

H

HO

H

HO

OH

HH
H

OH

OMe

O

H

HO

H

HO

OH

OMe

HH
H

OOCCH2CH3

1

O

H

O

H

O

O

OMe

HH
H

OOCCH2CH3

2

CH3(CH2)10CO-

CH3(CH2)10CO-

OC(CH2)10CH3

3

O

H

O

H

O

O

OMe

HH
H

OOCCH2CH3

CH3(CH2)12CO-

CH3(CH2)12CO-

OC(CH2)12CH3

4

O

H

O

H

O

O

OMe

HH
H

OOCCH2CH3

CH3(CH2)14CO-

CH3(CH2)14CO-

OC(CH2)14CH3

5

O

H

O

H

O

O

OMe

HH
H

OOCCH2CH3

OCC6H4Cl

6

ClC6H4CO-

ClC6H4CO-

 

Figure 1. Chemical structure of methyl α-D-mannopyranoside derivatives 
 

3.1 Optimized structure of the tested ligand 

DFT functions were implemented for the equilibrium and ligand geometry optimization of the 

six methyl-α-D-mannopyranosides and their modified structures at B3LYP/6-31G. The optimized 

chemical structures of these derivatives are highlighted in Figure 2, which depicts the completely 

optimized compound that was considered to be the most consistent and stable. 
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L01 L02 L03 L04 

   

L05 L06 Molnupiravir 
 

Figure 2. Optimized structures 

 

3.1 Pharmacokinetics and drug-likeness investigation 

 Therapeutic likeness is a qualitative evaluation of the biochemical responsiveness of a certain 

small molecular molecule or scientifically developed prospective drug target. Improved efficiency 

and efficacy in the conception of novel drugs are dependent on the development of reliable computer 

models for the detection of prospective substances in computational chemistry. From the viewpoint 

of the Lipinski rule, only ligands L01 and L02 can maintain the five rules, and the other molecules 

cannot fulfill them due to extensive molecular weight (Table 3).  

Table 3. Data on the Lipinski rule, pharmacokinetics and drug-likeness 

Entry 
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L01 02 06 04 99.38 -1.64 -9.37 Yes 00 194.18 0.55 Low 

L02 05 07 03 97.61 -0.47 -8.47 Yes 00 250.25 0.55 High 

L03 42 10 00 107.98 11.28 0.71 No 02 799.17 0.17 Low 

L04 46 10 00 123.66 13.00 1.44 No 02 867.29 0.17 Low 

L05 52 10 00 123.66 15.00 3.23 No 02 951.45 0.17 Low 

L06 14 10 00 115.82 5.60 -4.91 No 02 665.90 0.17 Low 

Molnupiravir 06 08 04 143.14 -1.16 -9.26 Yes 00 329.31 0.55 Low 

[Abbreviations: TPSA: topological polar surface area, consensus log: logarithm of partition coefficient between n-octanol 

and water, NBR: number of rotatable bonds, HBA: hydrogen bond acceptor, HBD: hydrogen bond donor, M.: molecular 

weight, G.I. Absorption: gastrointestinal absorption]. 
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Therefore, the molecular weight has been denied, and further studies have been carried out. Second, 

almost all the drugs have a minimum GI absorption rate, with only ligands L01 and L02 having 

higher oral bioavailability, which indicated that all of these drugs could take a long time to absorb in 

the gastrointestinal tract. 

3.2 PASS prediction 

 Pa and Pi have been used to represent the PASS findings, which are noted in Table 4. The 

predicted Pa scores were 0.233 < 0.408 for antiviral, 0.473< 0.569 for antibacterial, 0.632 < 0.680 for 

antifungal and 0.242 < 0.349 for antibiotic (Table 4). The PASS outcomes indicate that the Pa value 

is very low for antiviral targets compared to antibacterial, antifungal and antibiotic targets. However, 

the experimental data that have been previously obtained in the laboratory described that these 

molecules could be effective against viral pathogens. Therefore, although the Pa score is lower for 

antiviral therapy, this study has been continued for further investigation based on experimental 

values. 

Table 4. Data of pass prediction 

 

Entry Antiviral Antibacterial Antifungal Antibiotic 

Pa Pi Pa Pi Pa Pi Pa Pi 

L01 0.403 0.014 0.541 0.013 0.628 0.016 0.349 0.010 

L02 0.366 0.020 0.542 0.013 0.649 0.013 0.343 0.011 

L03 0.233 0.071 0.473 0.019 0.632 0.015 0.271 0.017 

L04 0.293 0.039 0.569 0.011 0.680 0.011 0.344 0.010 

L05 0.293 0.039 0.569 0.011 0.680 0.011 0.344 0.010 

L06 0.308 0.034 0.475 0.019 0.648 0.014 0.242 0.021 

Molnupiravir 0.599 0.05 0.241 0.088 0.257 0.102 0.134 0.057 

 

3.2 Molecular orbitals and chemical reactivity descriptor 

 Table 5 shows the computationally calculated highest occupied molecular orbital (HOMO), lowest 

unoccupied molecular orbital (LUMO), E gap, chemical potential, electronegativity, hardness, 

softness (s) and electrophilicity of methyl α-D-mannopyranoside. The B3LYP operation was used to 

generate the values of the reported molecule. According to the LUMO, the HOMO energy gap and 

chemical permeability may be assessed. Substantial LUMO and HOMO gaps indicate high mobility 

and poor chemical stability (Kawsar et al., 2021c; Kawasr et al., 2020a). The range of the energy gap 

was reported at 6<9 eV for all investigated medicines, with ligand L02 showing the lowest HOMO–

LUMO distance and the greatest softness value (-0.3039). The maximum hardness is approximately 4 

in ligand L05, where the best softness was reported for ligand L02 (-0.2099). The chemical descriptor 

data indicate that they should be used as potent and bioactive molecules for future use (El Hadki et al., 

2021). 

3.2 Frontier molecular orbitals (FMOs) 

 The frontier molecular orbitals of HOMO and LUMO are symbolized in Figure 3 by various 

colors for clear understanding, which are assumed to differentiate between chemical reactivity and 

kinetic stability (Kawsar et al. 2020b). The smaller energy gap aids in the formation of an 
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engagement between medicines and the SARS-2 protein. Positive nodes are represented by the 

greenish color in the HOMO, whereas negative nodes are represented by the deep violet hue. Thus, 

the HOMO is the portion of bioactive metabolites in which the electrophilic attracting group may be 

joined to produce the chemical interaction, and the LUMO is the positive domain of the structure in 

which the nucleophilic group can be introduced. The negative part of the orbital is represented by 

lime green, while the positive part is represented by deep radish. Generally, it is stated that the 

protein may be coupled to the LUMO portion of the molecule. The FMO values for the mentioned 

molecules are differentiated by different colors and displayed in Figure 3. 

Table 5. Data of chemical descriptors 

 

3.2 Virtual screening, molecular docking, and noncovalent interactions 

 Molecular docking findings are generally reported in terms of how well drugs can attach to 

receptors as well as how many hydrogen bonds, hydrophobic bonds, and polar and nonpolar bonds 

are formed between them when they are docked. For the most part, the partial charge is used to form 

"polar bonding." between molecules and proteins. Table 6 shows the multiple numbers of hydrogen 

and hydrophobic bonds as well as the frameworks of amino acids with polar bonds. The standard 

drug-protein affinities have been regarded as -6.00 kcal/mol for potential drug molecules (Nath et al., 

2021; Shamsuddin et al., 2021; Mirajul et al., 2019). In this study, six distinct SARS-CoV-2 variants 

were selected, and docking simulations were performed. The binding affinities ranged from -4.4 

kcal/mol to 8.5 kcal/mol for the substances tested. Table 6 presents the docking score with bond 

types against the SARS-CoV-2 spike glycoprotein, alpha variant (PDB ID: 7EKF) and beta variant 

(PDB ID: 7ekg). The largest binding energy was found at -8.0 kcal/mol in L06 against the SARS-

CoV-2 spike glycoprotein at the same time. The SARS-CoV-2 alpha variant consists of -8.5 kcal/mol 

in L06, and the beta variant (PDB ID: 7ekg) of SARS-CoV-2 has been highlighted as -7.5 kcal/mol in 

ligand 06. The ligand 06 has been opposed to the FDA-approved Molnupiravir in spike glycoprotein, 

Alpha variant (PDB ID: 7EKF) and Beta variant (PDB ID: 7ekg). In addition, it is stated that the 

other ligands have lower binding energy compared to standard Molnupiravir. 
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L01 -2.15 -10.18 8.03 6.16 -6.16 -4.01 -0.24 -4.73 

L02 -2.13 -8.58 6.45 5.35 -5.35 -3.22 -0.30 -4.44 

L03 -0.59 -10.12 9.52 5.35 -5.35 -4.76 -0.20 -3.01 
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Molnupiravir -0.29 -9.37 9.08 4.83 -4.83 -4.54 -0.22 -2.57 



Kawsar et al., Mor. J. Chem., 2023, 11(4), pp. 1266-1286 1275 

 

 

Figure 3. HOMO and LUMO diagram 
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L01 -5.6 5 0 -5.3 4 0 -4.8 2 0 

L02 -6.1 4 1 -5.6 2 4 -5.3 5 0 

L03 -6.2 7 7 -4.6 7 5 -5.8 2 11 

L04 -5.8 4 8 -6.0 4 11 -5.3 2 11 

L05 -6.3 4 12 -4.4 8 8 -5.3 13 5 

L06 -8.0 4 8 -8.5 0 5 -7.5 3 6 

Molnupiravir -7.9 5 2 -6.6 2 5 -7.3 5 6 
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 In this paper, the SARS-CoV-2 spike glycoprotein, alpha variant (PDB ID: 7EKF) and beta 

variant (PDB ID: 7ekg) were first studied. The efficacy of the reported drug has been found to have 

potential against spike glycoprotein, alpha variant (PDB ID: 7EKF) and beta variant (PDB ID: 7ekg). 

Then, three more SARS-CoV-2 variants were selected for further investigation. After that, it has been 

seen that in all cases, L06 is more active and forms the highest range of binding energy (Table 7). In 

all cases, ligand L06 has been opposed to the standard FDA-approved drug affinities. Therefore, this 

potential medication will be effective for targeting the abovementioned SARS-CoV-2 variants. 

Table 7. Docking score with bond types 

SARS-CoV-2 Gamma variant 

(PDB ID: 7V84) 

 SARS-CoV-2 Delta variant 
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L01 -5.6 3 0 -4.8 3 0 -5.0 4 0 

L02 -5.5 3 1 -5.3 4 2 -5.4 6 1 

L03 -4.9 7 9 -5.8 4 13 -5.3 4 7 

L04 -4.6 8 4 -5.3 7 7 -5.0 10 3 

L05 -4.5 4 14 -5.3 5 7 -5.2 10 6 

L06 -7.3 3 6 -7.5 9 8 -7.6 4 7 

Molnupiravir -6.5 8 1 -6.9 6 5 -7.3 4 3 
 

3.2 Molecular docking poses of SARS-CoV-2 with different variants 

 Active amino acid residues, molecular docking poses and hydrogen bond donors/acceptors are 

illustrated graphically in Figure 4. This illustration was designed with the help of PyMOL and Biovia 

Discovery Studio 2021. The molecular docking pose provided information on how the reported 

ligand bonded to the targeted protein or how engaged the drug-protein was with each. 

 

 
 

Molecular docking poses of SARS-CoV-2 spike glycoprotein (PDB ID: 6vxx) with ligand 06 
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Molecular docking poses of SARS-CoV-2 Alpha variant (PDB ID: 7EKF) with ligand 06 

 

 

 

Molecular docking poses of SARS-CoV-2 Beta variant (PDB ID: 7ekg) with ligand 06 

 
 

 

Molecular docking poses of SARS-CoV-2 Gamma variant (PDB ID: 7V84) with ligand 06 

 
 

 

Molecular docking poses of SARS-CoV-2 Delta variant (PDB ID: 7V8B) with ligand 06 
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Molecular docking poses of SARS-CoV-2 Omicron variant (PDB ID: 7T9J) with ligand 06 

 

Figure 4. Molecular docking pose and 2D structures of protein‒ligand interactions 

 

3.2 Molecular dynamics simulation 

 The atomic and molecular movements of a protein‒ligand docked complex have been evaluated 

using molecular dynamics computations. The root-mean-square deviation (RMSD) is a known 

equation of mechanical displacement that is abbreviated as RMSD. In other words, the RMSD is 

described across different pairs of molecular atoms, which reveals how the protein configuration has 

altered between the two points. Root mean square fluctuation (RMSF), on the other hand, is an 

abbreviation for root mean square fluctuation, and it is a representation of how much a residual shift 

(fluctuates) occurs during the period of molecular dynamics simulation. These are all included in 

molecular dynamics, which ensure stability and docking authentication by the two terms RMSD and 

RMSF (Kawsar et al., 2022; Version ADS, 2017). The RMSD and the RMSF of ligand L06 with the 

reported protein were employed to determine the stabilization of docked compounds of the binding 

protein, small molecule engagement, and hydrogen bonding. In this work, the RMSD and the 

coupling of protein amino acid residues were determined at 0-100 ns. The RMSD becomes less than 

2.0, as shown in Figures 5-10 (without bonds or interactions), suggesting that they perfectly match 

the different SARS-CoV-2 variant protein structures. 

However, the RMSD shifts with the development of a backbone of amino acid residue or the 

development of a hydrogen bond, increasing very little following the construction of these structures. 

Hydrogen bonds have minimal influence on molecular docking affinity and stability and their 

RMSD. Hydrophobic bonds in protein‒ligand interactions, on the other hand, have a significant 

impact on docking score and stability. In a preliminary investigation of RMSD, the SARS-CoV-2 

spike glycoprotein has been seen at 1.1 Å, and it is constant after the formation of amino acid 

residues, while the RMSF score is very low at 0.8 Å. For the SARS-CoV-2 alpha variant (PDB ID: 

7EKF), the RMSD has been found in Figure 6 in both cases before the development of the amino 

acid residue and after the formation of the amino acid residue, while it is decreased at RMSF. In 

Figure 7, the RMSD and RMSF of the SARS-CoV-2 beta variant increased by 0.8 Å before the 

formation of amino acid residues and shifted to 0.9 Å after the formation of amino acid residues. 

Similarly, the RMSF score has to decrease slightly more and is approximately 0.7 Å. The RMSD and 

RMSF of the SARS-CoV-2 gamma variant were 1.1 Å before and 1.2 Å after the development of the 

amino acid residue, while the RMSF has little impact and decreases by 0.6 Å. The RMSD and RMSF 

of the SARS-CoV-2 delta variant have been reported to be similar before and after the development 

of the amino acid residue, which is approximately 0.9 Å and slightly decreases at the point of RMSF 

(0.7 Å). 
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Figure 5. Various RMSD and RMSF SARS-CoV-2 spike glycoproteins (PDB ID: 6vxx) 
 

   

Figure 6. Various RMSD and RMSF SARS-CoV-2 alpha variants (PDB ID: 7EKF) 

   

Figure 7. Various RMSD and RMSF values of the SARS-CoV-2 beta variant (PDB ID: 7ekg) 
 

 

 
 

Figure 8. Various RMSD and RMSF values of the SARS-CoV-2 gamma variant (PDB ID: 7V84) 
 

Finally, the RMSD and RMSF of the SARS-CoV-2 Omicron variant were analyzed and are 

graphically shown in Figure 10. Given this time, the RMSD is 0.8 Å, and the RMSF is 0.6 Å. 

Therefore, in the conclusion of molecular dynamics simulations, it is clear that the reported 
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molecule's stability is much better than the standard and may be applied as an alternative and 

effective treatment against different SARS-CoV-2 variants, such as spike glycoprotein, alpha variant, 

beta variant, gamma variant, delta variant and omicron variant. 
 

 
  

Figure 9. Various RMSD and RMSF values of the SARS-CoV-2 Delta variant (PDB ID: 7V8B) 
 

   

Figure 10. Various RMSD and RMSF values of the SARS-CoV-2 Omicron variant (PDB ID: 7T9J) 
 

3.2 ADMET properties 

The results of ADMET calculations, as reported in Table 8, were performed using the pkCSM 

online server (Pires et al., 2015). ADMET is a designation for absorption, distribution, metabolism, 

excretion, and toxicity. ADMET capabilities play a crucial role in the initial phases of drug design. 

Since high-quality drug molecules must have adequate efficacies, potential therapeutic effects and 

suitable ADMET characteristics at therapeutic dosages. Initially, the standard aqueous solubility 

range of a drug molecule was considered to be -1 to -5 (Abdul-Hammed et al., 2021). The water 

solubility range is reported to be between 0.087 and -3.456. Therefore, the Log S values of all of the 

recommended compounds and standard Log S values are within the range, suggesting that the 

preferred potent drugs have excellent absorption and distribution capability. Another parameter for 

the Caco-2 permeability values ranged from approximately -0.136 to 1.05. The volume of 

distribution is the hypothetical volume across which the complete dosage of medication would have 

to be evenly distributed to achieve the same amount as that present in blood plasma. Log VDss <-

0.15 is considered VDss, whereas Log VDss <0.45 is considered high VDss (Pires et al., 2015). In 

the prediction, only ligand L01 had Log VDss < -0.227, and the other bioactive molecules had Log 

VDss predicted to be higher than <0.45. Therefore, it is clear that all the drugs have been highly 

distributed in plasma, which is an essential pharmacokinetic feature in new drug discovery, and no 

drugs can reach or distribute through the BBB. The metabolic activities of the suggested 

pharmacological candidates were also predicted using microsomal enzymes (CYP450 1A2 inhibitor 

and CYP450 2C9 substrate). All of the listed medications are noninhibitors or nonsubstrates of all 

cytochrome P450 enzymes, which allows them to be used as possible treatments since they improve 

their metabolism. The total clearance rate is approximately 0.333 ml/min/kg to 2.189 ml/min/kg, 
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which indicates that a maximum of 2.189 ml/min/kg of drug excreted from the body and a minimum 

of 0.333 ml/min/kg could be excreted from the body (Rana et al., 2021). 

Table 8. ADME properties 
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L01 0.087 -0.227 -0.139 No No No 0.686 No 

L02 -0.413 -0.136 -0.19 No No No 0.333 No 

L03 -2.908 0.89 -0.689 No No No 2.299 No 

L04 -2.894 0.781 -1.07 No No No 2.089 No 

L05 -2.892 0.709 -1.387 No No No 2.189 No 

L06 -3.456 1.05 -0.511 No No Yes 0.436 No 

Molnupiravir -2.852 2.484 0.011 No Yes No -1.493 No 
 

3.2 Aquatic and nonaquatic toxicity 

The pharmaceutical industry and regulatory bodies are increasingly relying on in silico 

approaches to meet the growing demand for quick safety evaluation of pharmaceuticals or medicinal 

products. These approaches are now being employed worldwide during the development of new drug 

molecules. All methyl-α-D-mannopyranoside derivatives (L01-L06) are non-AMES-toxic, 

nonhepatotoxic and nonskin sensitizers when their carcinogenic properties are analyzed, except 

Molnupiravir, which shows AMES toxicity effects. The oral rat acute toxicity level was measured at 

1.457 mol/kg -2.945 mol/kg when the oral rat chronic toxicity level was found to be -1.218 

kg_bw/day to 3.729 kg_bw/day (Table 9). Above all, they are regarded as suitable drug candidates. 

Table 9. Aquatic and nonaquatic toxicity 
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L01 No 1.858 1.457 3.729 No No 0.285 

L02 No 1.356 1.969 3.252 No No 0.279 

L03 No 0.518 2.45 -1.218 No No 0.285 

L04 No 0.482 2.470 -1.137 No No 0.285 

L05 No 0.457 2.679 -1.451 No No 0.285 

L06 No 0.558 2.945 1.422 No No 0.285 

Molnupiravir Yes 0.507 2.482 3.976 No No 0.285 
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Conclusion 

This research work has explained the results of a computational investigation aimed at the 

discovery and development of new SARS-CoV-2 antagonists against six different variants of SARS-

CoV-2. Molecular docking, molecular dynamics, and DFT calculation studies were conducted on D-

mannopyranoside derivatives (L01-L06), which could potentially inhibit the SARS-CoV-2 viral 

pathogen. To make them good and effective therapeutic compounds, pharmacokinetics, ADMET, 

drug-likeness, HOMO/LUMO, gap, and molecular electrostatic potential and pass prediction 

investigation studies were also conducted. It has been reported that almost all synthesized bioactive 

molecules are non-AMES-toxic, nonhepatotoxic and nonskin sensitizers and have much lower 

HOMO-LUMO energy gaps. When modifying their structure with different aliphatic and aromatic 

groups, it is conceivable to produce a significant mode of biological activity. The most potent and 

vital study is molecular docking, which has provided significant docking scores in L06 against 

SARS-CoV-2 spike glycoprotein, alpha variant, beta variant, gamma variant, delta variant and 

Omicron variant. All the above docking scores were better than those of the standard Molnupiravir. 

When docking studies were completed, they were kicked for molecular dynamic simulation, which 

verified the binding stability of the docked complex. At the end of this research, it is clearly 

understood that toxicity prediction, in silico ADMET prediction, PASS prediction, and drug-likeness 

all satisfactorily inhibited and reduced the growth of SARS-CoV-2. 
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