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a b s t r a c t 

Traditional medicines contain natural products (NPs) as main ingredient which always give new direc- 

tion and paths to develop new advanced medicines. In the COVID-19 pandemic, NPs can be used or can 

help to find new compound against it. The SARS coronavirus-2 main protease (SARS CoV-2 M 

pro ) enzyme, 

arbitrate viral replication and transcription, is target here. The study show that, from the electronic fea- 

tures and binding affinity of all the NPs with the enzyme, the compounds with higher hydrophobicity 

and lower flexibility can be more favorable inhibitor. More than fifty NPs were screened for the target 

and one terpenoid (T3) from marine sponge Cacospongia mycofijiensis shows excellent SARS CoV-2 M 

pro 

inhibitory activity in comparison with known peptide based inhibitors. The molecular dynamics simula- 

tion studies of the terpenoids with the protein indicates that the complex is stable and hydrogen bonds 

are involved during the complexation. Considering binding affinity, bioavailability, pharmacokinetics and 

toxicity of the compounds, it is proposed that the NP T3 can act as a potential drug candidate against 

COVID-19 virus. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Rapidly changing world is stopped now due to COVID-19 epi- 

emic in more than 212 countries of all the seven continents. At 

his moment, scientific community of various countries are try- 

ng to develop vaccine for the virus [ 1 , 2 ]. However, preparation of

accine for RNA viruses is very difficult work which can be un- 

erstand from case of HIV, Influenza, Hepatitis C etc. [ 3 , 4 ]. The

orld is suffering from the crisis of clinically effective anti-COVID- 

9 vaccines or medicines for prevention and treatment. Previously 

nown medicines (Lopinavir/Ritonavir and Remdesivir) for virus or 
u have been used as a different combinations but the success rate 

Abbreviations: sars, severe acute respiratory syndrome; Dili, hepatotoxicity car- 

ino carcinogenicity; Mutagen, mutagenicity; Cyto, cytotoxicity; Ahr, aryl hydrocar- 

on receptor; Ar, androgen receptor; Ar-lbd, androgen receptor ligand binding do- 

ain; Er, estrogen receptor alpha; Er-lbd, estrogen receptor ligand binding domain; 

PAR-Gamma, Peroxisome Proliferator Activated Receptor Gamma; nrf2/ARE, Nu- 

lear factor (erythroid-derived 2)-like 2/antioxidant responsive element; HSE, Heat 

hock factor response element; MMP, Mitochondrial Membrane Potential; ATAD5, 

TPase family AAA domain-containing protein 5. 
∗ Corresponding authors. . 

E-mail addresses: nayimsepay@yahoo.com (N. Sepay), uhalder2002@yahoo.com 

U.C. Halder). 
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s very low with toxicity [ 5 , 6 ]. A safe and efficient drug to fight

gainst COVID-19 is on demand. 

Natural products (NPs) are the main ingredients in the tradi- 

ional medicines. They are undoubtedly a major source of key com- 

ounds required for the development of new therapeutic agents. 

lmost top one third of the drugs in the market is NP derivatives 

7] . However, their use has decreased in the last twenty five years 

ue to the practical hurdles to investigate them in the molecular 

argets specific assays [7] . Now a days, these technical barriers for 

P screening decreases with evolution of new advanced strategies 

7] . Medicinal value of a NP is directly related to the mechanism of 

ction with its target in the cell. The search of the target of a NP is

ne of the biggest challenges. In drug discovery it is most rational 

nd important step. In the treatment of retrovirus (e.g. HIV), there 

re a number of drug targets to inhibit like viral envelope pro- 

ein, RNA, reverse transcriptase, integrase and main protease en- 

yme (M 

pro or 3CL pro ) [8] . 

In silico identification of target for a NP is an efficient low-cost, 

ime-economic and useful virtual screening tool [9] . There are two 

ost widely accepted in silico techniques viz. quantitative struc- 

ure activity relationship (QSAR) and molecular docking [9] . The 

ast one can be easily utilized to recognize the target biomacro- 

olecules (DNA, RNA and proteins) for synthetic compounds and 

Ps [10–13] . The method also helps to understand the mechanism 

https://doi.org/10.1016/j.molstruc.2020.129433
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2020.129433&domain=pdf
mailto:nayimsepay@yahoo.com
mailto:uhalder2002@yahoo.com
https://doi.org/10.1016/j.molstruc.2020.129433


N. Sepay, A. Sekar, U.C. Halder et al. Journal of Molecular Structure 1228 (2021) 129433 

o

t

d

t

2

p

n

p

c

s

p

t

p

f

C

I

t

a

(

c

C

t

2

2

5

i

u

e

2

w

t

a  

f

W

2

w

l

T

c

M

N

f

t

a

w

fl

r

t

p

c

6

2

e

5

s

c

h

c

p

t

2

w

u

s

m

A

G

2

c

S

p

l

c

2

b

w

i  

p

I

i

s

2

s

M

a

G

2

a

o

e

a

(

b

u

t

t

t

b

3

P

2

l

f action of NPs with its target proteins and provide a strategy for 

he development of new NP derived drugs [9] . The ligand-protein 

ocking have been used to develop several NP based drugs [9] . 

Coronovirus is mainly a RNA viruse and genetically belongs 

o Betacoronavirus [14] . The genomic RNA of CoVs contains such 

 out of 6 open reading frames (ORFs) that translate into two 

olyproteins which produce four structural proteins and sixteen 

on-structural proteins. The main protease (M 

pro ) and papain-like 

roteases (PLPs) are the structural polyproteins of CoVs. All other 

onstitutional and accessory CoV proteins comes from the non- 

tructural proteins [ 15 , 16 ]. In the life-cycle of the virus, CoV M 

pro 

lays an important role in viral replication. At this time, the pro- 

ein of COVID-19 is mostly characterized [17] . Therefore, this can 

rovide a lead to design decoy ligands or neutralizing antibodies 

or conquering of this viral epidemic. 

Recently, some synthetic compounds having activities against 

OVID-19 were also developed and proposed by our group [18] . 

n this work, we screened 50 NPs, some of them already passed 

hrough high-throughput clinical assays for viruses, mainly HIV, 

gainst COVID-19 targeting SARS coronavirus-2 main protease 

SARS CoV-2 M 

pro ) enzyme. We have also developed a strategy for 

hoice of NPs on the basis of their structural similarity with SARS 

oV-2 M 

pro inhibitors, flexibility, hydrophilic and hydrophobic na- 

ure of NPs. 

. Computational section 

.1. Methods 

The study focused on the SARC 

–CoV-2 M 

pro , i.e. PDB ID: 5r7y, 

r7z, 5r80, 5r81, 5r82, 5r83, 5r84, 6lu7 and 6y7m for in silico stud- 

es to find some SARC 

–CoV-2 M 

pro inhibitors from a library of nat- 

ral products. The three dimensional structure of SARC 

–CoV-2 M 

pro 

nzymes were collected from the RCSB website [19] . 

.2. Density functional theory 

The energy minimized structures of all the NPs were obtained 

ith the help of the density functional theory (DFT). The optimiza- 

ion of ground state geometries of the NPs with B3LYP functional 

t 6–311 G level of theory in gaseous state. The job have been per-

ormed with the Gaussian 09 W Revision D.01 program [20] on the 

indows platform. 

.3. Molecular docking 

Energy minimized structure of all the investigated NPs which 

as obtained from DFT optimization were used for docking simu- 

ations with the SARC 

–CoV-2 M 

pro (PDB ID: 6lu7) protein structure. 

he docking studies was performed using AutoDock 4.2.0 appli- 

ations through Autodock tools at the Windows platform [21] .The 

GL Tools was utilized in the preparation of the structure of the 

Ps and the proteins in appropriate formats which were required 

or the calculations. In the case of SARC 

–CoV-2 M 

pro enzyme with 

he NPs, the partial atomic charges (Gasteiger charges) have been 

llocate after putting hydrogens to all the atoms of the protein as 

ell as the NPs, separately. Here, the NPs structures allowed as 

exible moiety and the SARC 

–CoV-2 M 

pro enzyme structure kept as 

igid during the docking studies. The ten conformers of NPs inside 

he active site of the SARC 

–CoV-2 M 

pro enzyme having minimum 

otential energy were obtained through subsequent 20 0 0 0 pre- 

ise docking step with 10 0 0 exhaustiveness parameter inside the 

0 ×60 ×60 Å 

3 grid box using a Lamarckian genetic algorithm. 
2 
.4. Protein structure modeling 

The protein crystal structure data of all the SARC 

–CoV-2 M 

pro 

nzymes were downloaded from Protein Data Bank (PDB ID: 5r7y, 

r7z, 5r80, 5r81, 5r82, 5r83, 5r84, 6lu7 and 6y7m). The protein 

tructures utilized in all the further studies were prepared by Dis- 

overy studio 2017 R2 client. The pictures of the protein used 

ere was made with MolSoft-ICM browser, Meastro 11.1, Samson 

ore and Discovery studio 2017 R2 client. The SARC 

–CoV-2 M 

pro 

rotein-NPs docked complex with lowest potential energy struc- 

ures also analyzed by the aforesaid software. 

.5. Molecular electrostatic potential (MEP) analysis 

The energy minimized structures of the NPs gained from DFT 

ere further utilized for MEP calculations. The same functional 

sed for DFT has also been employed to generate the electro- 

tatic potential map throughout the atomic framework of the NPs 

olecules. Here, the basis set was 6–31 g with the 0.03 isovalues. 

ll these calculations were performed on the Windows version of 

aussian 09 W software with D1 revision [22] . 

.6. ADME study 

The SwissADME web server was utilized for all the ADME cal- 

ulations [23] of the NPs showed top most binding affinity toward 

ARC 

–CoV-2 M 

pro . The server have a strong data base to predict 

hysicochemical properties like lipophilicity, water solubility, drug 

ikeness, pharmacokinetics and medicinal properties with high ac- 

uracy. 

.7. Toxicity 

The probability of Cardiac toxicity for all the NPs having high 

inding score in docking studies were calculated by Pred-hERG 

hich is the only web-accessible computational server for this tox- 

city [24] . All the other type of toxicity of these NPs and FDA ap-

roved anti-viral drugs have been predicted using PROTOX-II [25] . 

n this case, we have considered the acute toxicity, organ toxic- 

ty, toxicological endpoint, nuclear receptor signaling pathways and 

tress response pathway. 

.8. Molecular dynamics simulation 

Understanding the stability of protein upon ligand binding is 

ignificantly improved by molecular dynamics simulation studies. 

olecular dynamics simulation of the SARS CoV2 Main Protease 

nd the ligand T3 (from marine sponges) was performed with 

roningen Machine for Chemical Simulation (GROMACS) version 

020.2. Topology parameters for protein and ligand were gener- 

ted With GROMOS96 54a7 force field and Ligand topology was 

btained from the PRODRG2 server. The protein -ligand system was 

mbedded in a cubic box of approximate size with periodic bound- 

ry conditions using a simple point charge water solvation model 

38,012 water molecules) [26] . The overall system was neutralized 

y adding 4 Na + ions in solution and the SHAKE algorithm was 

sed to constrain all bond lengths involving hydrogen atoms. Par- 

icle Mesh Ewald method with a cutoff of 12 Å was applied to 

reat the long range electrostatic interactions. The processed sys- 

em was suitably minimized followed by the NPT and NVT ensem- 

le equilibration steps at a uniform temperature and pressure of 

00 K and 1 bar, respectively maintained for each system with 

arrinello −Rahman barostat. The trajectories were saved at every 

 fs time step and the production MD simulation of the protein- 

igand complex was performed for 95 nanoseconds [27] . 
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Table 1 

Docking score of different types of NPs and the SARC –CoV-2 M 

pro co-crystallized 

peptides with the enzyme. 

t

n

e

c

h

. Results and discussion 

.1. NPs selections 

Chemically, the CoV M 

pro is a cysteine proteases enzyme which 

an hydrolyze proteins with the help of its Cys-amino acid residues 

resent in the active site [16] . Generally, this type of proteases en- 

ymes are very much prone to suicide inhibitors which bind cova- 

ently to the cysteine residue [28] . Such inhibitors also found in the 

atural sources, containing functional groups like aldehyde, active 

etones, α, β-unsaturated carbonyls, epoxide etc. [28] . In the active 

ite of the SARC 

–CoV-2 M 

pro , it have His41 and Cys145 amino acid

esidues (Fig. S1). The amino acid residue His-behave as common 

cid base and Cys-is very well known for its neucleophilic char- 

cter. The Cys-is responsible for Michael addition reactions to the 

, β-unsaturated ketones and neucleophilic attack to the ketones 

n biological reactions [28] . The crystal structure of first isolated 

ARC 

–CoV-2 M 

pro revealed that the peptide based N3 ligand was 

ttached inside its active site through a covalent bond by Cys145 

Fig. S2a). It was also important to note that the ligand with ketone 

roups can possess nucleophilic attack by C145 residue (compound 

 , Fig. S2b). 

At this point of time, we have several crystal structures of 

ARC 

–CoV-2 M 

pro with different type of small ligands including N3 

some of them are shown in Fig. S3) [ 17 , 19 , 29 , 30 ]. All these ligands

re able to stabilize the protein through strong binding interactions 

nd crystallize with it. This means that these ligands can show in- 

ibitory effect to the target proteins. We examine all the crystal 

tructures of SARC 

–CoV-2 M 

pro critically to find the degree of hy- 

rophilicity and hydrophobicity required for strong binding. In this 

tudy, we found that the hydrophobic interactions of ligands with 

roteins is main though ligand contain sufficient hydrogen bonding 

cceptor and donor groups (Fig. S4). Therefore, a good SARC 

–CoV- 

 M 

pro inhibitor should contain either conjugated ketone (type-I) 

r active carbonyls (aldehydes or ketones; type-II) with sufficient 

ydrophobic parts for non-covalent interactions ( Fig. 1 ). 

Considering all this structural characteristics, we have chosen 

ore than fifty NPs and some of which have been qualified high- 

hroughput assays for different protein targets of different virus. In 

his study, NPs from the source of medicinal plant, marine orig- 

nes and microbes have been considered. Chemically they are al- 

aloids (Fig. S5), terpenoid (Fig. S6), phenolic compounds (Fig. S7) 

nd peptides (Fig. S8). Here, pyrrole, pyridine, indole, carbazole, 

uinoline, isoquinoline alkaloids with alcohol, phenolic, aldehyde, 

onjugated ketones, amide, ester functional groups was considered. 

or terpenes, macrocyclic α, β-unsaturated ketones, amides and es- 
ig. 1. The required structural features for a good covalent as well as non-covalent 

ARC –CoV-2 M 

pro inhibitor. 

t

3

l  

a

t

t

c

i

a

c

u

e

D

r

t

3 
ers and bridged compounds have been used. Most of them do 

ot contain any aromatic groups but hydrophobic due to the pres- 

nce of alkene groups. However, polyphenols are polar though they 

ontain multiple aromatic rings. In all these sets of NPs, rigid to 

ighly flexible compounds coexist. Although, the investigating pep- 

ide NPs are highly flexible and polar. 

.2. Docking studies 

The previously known peptide based SARC 

–CoV-2 M 

pro cova- 

ent inhibitor [ 17 , 29 , 30 ] N3 and Pep0 are docked into the protein

nd found that −4.47 and −5.34 are the docking score, respec- 

ively ( Table 1 ). Interestingly, very few selected NPs are below of 

hese values. The superposition of their docked structures with the 

orresponding X-ray crystallographic structure show that the dock- 

ng is very efficient since there is well fitting of the experimental 

nd theoretical structures (Fig. S9). Therefore, these docking scores 

an be considered as the control values and higher negative val- 

es from it will indicate the better inhibitor of SARC 

–CoV-2 M 

pro 

nzyme. 

The molecular docking generally utilized to identify the target 

NA, RNA and proteins for compounds from synthetic and natu- 

al sources. However, docking of all the selected anti-virals with 

he SARC 

–CoV-2 M 

pro protein used to find the inhibitor molecule 
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Fig. 2. The stereochemical features of inhibitor NPs show high binding affinity with SARC –CoV-2 M 

pro . 
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f coronavirus. The summarized docking results in Table 1 shows 

hat, in comparison with the alkaloids, polyphenols and peptides, 

erpinoids have greater binding ability with SARC 

–CoV-2 M 

pro . 

he terpinoids T3 have showed the highest docking score (i.e. 

G 

o = −9.10) and the compound with the 15% of this value is 

lso considered as good inhibitor of the compound. The only alka- 

oid compound A7 and terpinoids T1, T2, T3, T4, T10, T14 and T16 

 Fig. 2 ) are able to qualify the conditions. The compound T14 also 

ave similar binding ability like T3 . It is interesting to note that 

olyphenols and peptides are low scoring. 

The alkaloid A7 was isolated from root bark of decarine 

lant Zanthoxylum ailanthoides having potent anti-HIV, (EC50 

 0.1 mg/mL) [31] . The terpinoids T1 to T4 are geometrical iso- 

ers of each other and obtained from the marine source Cacospon- 

ia mycofijiensis [32] . The oleanane triterpene T10 is anti-tumor 

gent (EC50: 17.9–20.6 μM on HepG2) found in apple peel [33] . 

he triterpene T14 , isolated from a fungal source (mushroom) Gan- 

derma colossum , showed inhibition activity against HIV-1 protease 

nzyme (EC50 = 15.3 μM) [33] . The diterpenoids T16 , micafungin, 

ound in fungal cell walls, is available in market as the intravenous 

ntifungal drug [34] . The source and activities of all other NPs are 

iven in the Table S1. 

The successful compounds contain at least one α, β-unsaturated 

arbonyl functionality except A7 ( Fig. 2 ). The geometry of NPs 

1 - T4 are influence enough to the binding of them. They have 

hree different types of α, β-unsaturated carbonyls, i.e., ketone, es- 

er and amide with E/Z geometry. Inside the active site of the 

nzyme the α, β-unsaturated group was found to be covalently 

ound to the Cys145 residue. The DFT based energy calculations 

how that Z geometry of conjugated ketone ( T2 ) destabilize the 

olecule ( �G 

0 ( T1-T2 ) = 152.28 kJ/mol). However, this destabi- 

ization is lower for the Z geometry of conjugated ester part ( �G 

0 

 T1 - T4 ) = 126.024 kJ/mol) whereas the Z geometry of conjugated 

mide part stabilize the system ( �G 

0 ( T4 - T3 ) = 23.89 kJ/mol) and

estabilize overall ( �G 

0 ( T1 - T3 ) = 102.39 kJ/mol). Therefore, the
4 
ocking and DFT studies show that the unstable molecule with 

 configuration favor the probability of Michael addition reaction. 

he rigid E,Z combination of double bonds also found in T14 like 

3 and favor their binding. 

To understand the behavior of these four classes of NPs in terms 

f the docking results ( Table 1 ), we need to take their hydrophilic-

ty, hydrophobicity and the flexibility in account. The first two pa- 

ameters of NPs were interpreted with the help of the electro- 

tatic potential at the molecular surface [35] and the last one by 

he number of rotatable bonds (Fig. S10). The alkaloids A7 , having 

ighest �G 

o value in their class, is planar aromatic system with 

nly one rotatable bond. However, the compound A4 shows low- 

st value, have large hydrophobic surface and highest number of 

otatable bond. Similar observation also found in the case of ter- 

enoids with highest and lowest �G 

o values ( T3 and T12 , respec- 

ively). Although all the chosen phenolic NPs have lower number of 

otatable bonds than the aforesaid classes but their comparatively 

igher hydrophilic parts are responsible for their overall binding 

ffinity. Interestingly, peptides are high hydrophilic as well as most 

exible and show lest binding affinity. Therefore, this combined 

onformation ability, molecular electrostatic potential and dock- 

ng study indicates that higher hydrophobicity and less flexible 

Ps molecule required for the anti-SARC 

–CoV-2 M 

pro , ultimately 

nti-COVID-19. 

The CoV M 

pro , a Cys-His-dyad containing three-domain protease 

nzyme, cleave polyprotein to produce mature proteins. The non- 

anonical dyad is situated at a groove connecting the domain I 

nd II, is the active site which is structurally most conserved re- 

ion among all the CoV M 

pro with various common characteris- 

ics [36] . The active site is consists of four sites (i.e. S1, S1 ′ , S2

nd S4; Fig. S11) and the S1 ′ site, having the Cys-residue can get 

ttached to the inhibitor NPs containing aldehyde, active ketone 

nd α, β-unsaturated carbonyl groups by the covalent bond forma- 

ion. This covalent attachment is essential to maintain irreversible 

nti-viral activities. The CoV M 

pro is functionally and structurally 
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Fig. 3. Docking pose and binding interactions of NPs (a) T3 and (b) T14 inside the 

SARC CoV-2 M 

pro binding site. 
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Fig. 4. Predicted lipophilicity (log P values) and water solubility (log S values) of 

NPs by different calculation models. 
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on-homologous of the human protease enzyme and this is the 

eason why it is the ideal target for antiviral [37] . 

In the investigating NPs, all the high score compounds ( T3, T14, 

1, T2, T4, T10 and T16 ) are the α, β-unsaturated lactones which 

ay anchor through covalent bond with C145. The docking results 

lucidate the SARC 

–CoV-2 M 

pro inhibition mechanism of them. The 

ocking pose clearly showed that all these compounds bind at the 

ubstrate binding pocket of the enzyme in elongated conformation 

Fig. S12). The non-covalent docking reveals that the β-carbon of 

he α, β-unsaturated ester of T3 and the S atom of the C145 are

ust 3.5 Å apart from each other and corresponding ester carbonyl 

orm 2.7 Å hydrogen bond with amide hydrogen of G143 ( Fig. 3 a).

t is 1.9 time higher distance of standard C-S bond. Therefore, the 

ichael addition reactions can be facilitated by the activation of 

ster carbonyl. The only amide H of T3 is hydrogen-bonded with 

eptide N of N142 (3.2 Å). The molecule have seven double bonds 

nd long carbon chains which is also covered by the amino acid 

41, M49, L141, N142, G143, E166, R188, Q189 and T190 through 
5 
 

–H… π and hydrophobic interactions. The compound T14 , sec- 

nd highest and very close binding score to the T3 , bind mainly 

hrough extensive hydrophobic interactions with H41, M49, L141, 

142, M165, H172 and Q189. In this case, the Michael addition at 

he δ position of extended conjugated ester by the SH group of 

145 can also be facile as they are just 3.0 Å apart from each other

 Fig. 3 b). 

.3. Bioavailability studies 

In order to elucidate drug-likeness of strong binders, we esti- 

ate their bioavailability (absorption, distribution, metabolism and 

xcretion) which is an important criteria to approve any synthetic 

r NPs for clinical trial [23] . Lipophilicity and water solubility is 

ne of the most important for absorption, distribution and excre- 

ion of the NPs. The ilogP o/w 

and consensus logP o/w 

(it is an av- 

rage logP o/w 

values given in Table S2) values of all the NPs is in

etween + 3 to + 6 except T10 ( Fig. 4 ). Such lipophilic NPs display

ood gastro intestinal absorption as well as distribution in tissues 

nd thereby fulfill very essential criteria for drug molecules. All the 

Ps other than T10, have negative values from −5 to −7 of ESOL 

og S and Ali log S ( Fig. 4 ). Therefore, they are moderate to poorly

ater soluble. This advises that the molecules can be body admin- 

strable through the oral or parenteral route. 

.4. Pharmacokinetics 

The pharmacokinetics study indicates that all the selected 

Ps from docking have high gastro intestinal absorption except 

10 . Only A7 and T16 can cross blood-brain barrier (Table S3). 

ence, the lead NPs T3 and T14 have potential as a periph- 

ral medicines. The liver and intestine cytochrome P450 enzymes 

CYP1A2, CYP3A4, CYP2C19, CYP2D6, and CYP2C9) interact with 

rugs and are responsible for their metabolism. In this way the 

alance of drug concentration in blood is maintained. Inhibition of 

hese enzymes can increase the drug concentration in the blood 

nd some time it may causes adverse effect. Both the NPs T3 and 

14 is predicted as capable to inhibit CYP1A2, CYP2D6 and CYP3A4 

nzyme (Table S3). Therefore, the toxicity of NPs may a major con- 

ern and their toxicity have been discussed later. 

.5. Toxicity studies 

The primary job in drug discovery is to find a least toxic or non- 

oxic compound as the limit of wide adequate usefulness of drugs 

s their toxicity in the body which have complicated relation with 
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Fig. 5. (a) Root mean square deviation (RMSD) of backbone atoms of SARS-CoV2 M 

pro (M 

pro ) protein (red) and with T3 ligand (blue), (b) Root Mean Square fluctuations of 

M 

pro in complex with T3 , (c) Number of hydrogen bonds between M 

pro and the natural compound T3 . 
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he patients. The toxicity of drugs very much connected with the 

tage of infection, the chemical nature of used drugs, its doses and 

heir interaction with some important proteins. As for example, the 

arketing of terfenadine, sertindole and cisapride drugs have been 

topped due to their inhibition ability of the human ether-á-go- 

o related gene (hERG) K 

+ channels which is the cause of heart 

rrhythmia and ultimately death [24] . Therefore, the toxicity pre- 

iction of these NPs in different toxicity parameters is now an es- 

ential part of this study. 

In this study, we have considered hERG K 

+ channel, cardiotox- 

city, organ toxicity (dili), toxicity endpoints (carcino., immune., 

utagen. and cyto.), nuclear receptor signaling pathways (AhR, 

R, AR-LBD, aromatase, ER, ER-LBD and PPAR-Gamma) and stress 

esponse pathways (nrf2/ARE, HSE, MMP, phosphoprotein (tumor 

uppressor) p53 and ATAD5) [25] . The prediction indicate that the 

Ps T10, T14 and T16 display potent cardiac toxic by the inhibition 

f hERG K 

+ channel and eliminated from the lead compound list 

f the anti-SARC 

–CoV-2 M 

pro though NP T14 showed second high- 

st binding toward the protein (Table S4). The NPs A7, T14 as well 

s T16 can exhibit several toxic effect like carcino., immune., mu- 

agenicity and AR inhibition (Table S5). The toxicity prediction also 

how that the NPs T3, T1, T2 and T4 are nontoxic in all aspects

xcept immunotoxicity which was also observed in FDA approved 

rugs like paritaprevir, rilpivirine, glecaprevir, dolutegravir and gra- 

oprevir (Table S6). Therefore, considering all the studies, it is our 

onclusion that the compound T3 is the lead for the inhibition of 

ARC 

–CoV-2 M 

pro enzyme. 

.6. Molecular dynamics (MD) 

MD simulations of 95 nanoseconds for the SARC 

–CoV-2 M 

pro in 

omplex with T3 revealed significant results about the stability of 

heir binding [22] . The Root mean square deviations of the back- 

one atoms of SARC 

–CoV-2 M 

pro and the ligand T3 are shown in 

ig. 5 a. The protein backbone atoms exhibited an average RMSD 

f 0.46 nm and a higher fluctuation after 20 ns. The protein with 

igand T3, as a complex was stable internally with fluctuatios less 

han 0.35 nm [38] . The RMSF fluctuations of Mpro in complex with 

3 . The average RMSF is 0.3 nm and represents the stability of 

he protein even after the ligand binding ( Fig. 5 b). Hydrogen bond 

nalysis as seen in Fig. 5 c, reveals there are at least two hydrogen
6 
onds on an average and the minimum number of hydrogen bonds 

ere found to be 0 and the maximum of 5 within 10 ns [39] . 

From the results of MD simulations it is inferred that the bind- 

ng of T3 with SARC 

–CoV-2 M 

pro is stable throughout the simula- 

ion. The number of hydrogen bonds are favourable indicating bet- 

er interactions of the ligand with protein. It is understood that 

he compound T3 with negligible fluctuations around the active 

ite, exhibited good conformational changes and maintained close 

ffinity with the protein target and hence it is capable of inhibiting 

ARC 

–CoV-2 M 

pro with significant Hydrogen bond interactions. 

. Conclusion 

In summary, we investigate the inhibitory activity of fifty NPs 

rom different type of sources with structural and stereochemi- 

al diversity. The NPs have been chosen by finding the structural, 

tereochemical and electronic similarities with the inhibitors co- 

rystalized in SARS CoV-2 M 

pro . The screening of all the NPs to the 

arget protein shows that the terpenoid ( T3 ) from marine sponge 

acospongia mycofijiensis can bind SARS CoV-2 M 

pro excellently. Its 

nhibitory activity is almost twice in comparison with the known 

eptide based inhibitors. Observing the electronic features and the 

ffinity towards SARS CoV-2 M 

pro of all the NPs, we found that 

he higher hydrophobicity and lower flexibility favors the inhibi- 

ion. The binding affinity, bioavailability, pharmacokinetics and tox- 

city of the NPs indicates T3 can act as a potential drug candidate 

gainst COVID-19 virus. 
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