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ABSTRACT 

Within the span of a few months, the severe acute respiratory syndrome coronavirus, COVID-

19 (SARS-CoV-2), has proven to be a pandemic, affecting the world at an exponential rate. It 

is extremely pathogenic and causes communicable infection in humans. Viral infection causes 

difficulties in breathing, sore throat, cough, high fever, muscle pain, diarrhea, dyspnea, and 

may lead to death. Finding a proper drug and vaccines against this virus is the need of the hour. 

The RNA genome of COVID19 codes for the main protease Mpro, which is required for viral 

multiplication. To identify possible antiviral drug(s), we performed molecular docking studies. 

Our screen identified ten biomolecules naturally present in Aspergillus flavus and Aspergillus 

oryzae fungi. These molecules include Aspirochlorine, Aflatoxin B1, Alpha-Cyclopiazonic 

acid, Sporogen, Asperfuran, Aspergillomarasmine A, Maltoryzine, Kojic acid, Aflatrem and 

Ethyl 3-nitropropionic acid, arranged in the descending order of their docking score. 

Aspirochlorine exhibited the docking score of – 7.18 Kcal/mole, higher than presently used 

drug Chloroquine (-6.2930522 Kcal/mol) and out of ten ligands studied four has docking score 

higher than chloroquine. These natural bioactive compounds could be tested for their ability to 

inhibit viral growth in- vitro and in-vivo.  
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Introduction 

The year 2020 has brought along with itself a global tragedy in the form of a natural pandemic, 

named COVID-19. It has proven to be a highly pathogenic and transmittable viral infection 

causing the severe acute respiratory syndrome.  It started in Wuhan, China, and has rapidly 

spread throughout the world. Coronavirus belongs to the family of Coronaviridae and order 

Nidovirales. The name corona comes from its crown-like spikes present in the outer membrane 

of the virus. It has a tiny size of ~65-125mm diameter with a nucleic material of single-stranded 

RNA of 26-32kbs in length [1]. The coronavirus family has the subgroups alpha (α), beta (β), 

gamma (γ) and delta (δ) coronavirus [2]. COVID-19, belongs to the beta subgroup and similar 

viruses can cause acute lung injury accompanied by acute respiratory distress syndrome. This 

leads to pulmonary failure and finally, death. There are three domains in the COVID-19 main 

protease (2019-nCoV Mpro) that processes polypeptide with the help of a catalytic dyad. It 

consists of two amino acids histidine and cysteine, which act as catalytic residues. The active 

site of the protease is located between the two domains I and II. COVID-19 is a mutated form 

of SARS -CoV-1, and thus their proteases exhibit sequence similarity of about 96%, only one 

amino acid, Ser46 varies between the two proteases in the area of the active site. Nevertheless, 

distinct variations are seen in the surface structure of the active site, mainly in the surrounding 

area of the loop that is centered on Asn142. Moreover, there is a distinct subcavity in COVID-

19 main protease as opposite to SARS-CoV-1 enzyme. As a result, the inhibitors of SARS 

protease are likely to present varied binding strategies for COVID-19 main protease. The 

similarities of COVID-19 main protease to other proteases of Middle-East Respiratory 

Syndrome coronavirus (MERS-CoV) or HIV are relatively low [3]. The main protease in 

COVID 19 participates in assemble and multiplication of the virus. Disrupting this virus’s self-

replication machinery can be one of the ideal targets without causing any harm to the host. It 

has an active site for the inhibitors; compounds can interact at this active site of the enzyme 

and can interfere with the viral replication process at a different level. Due to interruption in 

viral transcription and the replication process, the virus cannot multiply itself (Fig.1). 

The spikes are responsible for the attachment of the viruses on the surface and their subsequent 

entry into the host cells. One of the major causes behind the virus infecting multiple hosts is 

because of its loosely bound receptor-binding domains (RBD) [4]. Viruses like SARS-CoV 

and MERS-CoV attack the exopeptidases, while other viruses recognize carbohydrates and 

aminopeptidases for their entry into the host cells. SARS-coronavirus use angiotensin-

converting enzyme 2 (ACE2) as the primary receptor [4, 5, 6, 7, 8, 9]. 



 

Thus, developing spike glycoprotein targeted drugs against SAR coronaviruses is an 

appropriate decision [10]. So far no specific drug against COVID 19 has been approved by the 

US Food and Drug Administration Agency. 

The world at the moment is in a dire need for new drugs against the wrath of COVID-19, one 

that combines efficiency with minimal side effects, which also has to be inexpensive and 

readily available. The conventional methods of drug discovery are laborious, time-consuming, 

and also very costly. An alternative approach to combat this problem is the use of computer-

assisted structure-based drug design (SBDD) or the computer‐aided drug design (CADD) 

In the current study, we used structure-based computational modeling of ligand-receptor 

interactions. The present study deals with the in-silico study of various fungal secondary 

metabolites as potential drugs against COVID-19 protease enzyme Mpro as the receptor. Our 

study identified aspirochlorine as a potential candidate drug for inhibiting the main protease of 

COVID19 followed by nine other compounds 

 

Method and material 

The in- silico study was carried out by using Schrodinger Maestro, including protein 

preparation (protein preparation wizard), ligand preparation (LigPrep), grid generation, and 

receptor-ligand docking (GlideSP docking). The Centos Linux operating system was used for 

the computational study.  

Protein and chemical compounds  

Ten fungal secondary metabolites (ligands) were downloaded from the NCBI 

(http://www.ncbi.nlm.nih.gov/pccompound). Fungal chemical compounds were taken from 

literature [11]. The X-ray crystal structure of COVID-19 main protease Mpro, PDB ID: 5R80 

having 1.93 Å resolution was retrieved from the Protein Data Bank (PDB) [12]. 

Protein Preparation  

The Mpro protein was prepared for a docking study by using in Schrodinger 2019-2 Maestro 

software. Protein preparation wizard has three steps, preprocess, optimization, and 

minimization. During the preprocessing step, water molecules were deleted, and hydrogens 

were added from the protein. Ramachandran plot was obtained after the protein preparation 

process. 

Ligand preparation  

http://www.ncbi.nlm.nih.gov/pccompound


 

All ten ligand compounds were prepared using LigPrep, which can produce low energy isomer 

of the ligand in optimization by using the OPLS_2005 force field. By the ligprep, molecule 

format was changed .sdf to .out.maegz format, and ligand structure was converted 2D to a 3D 

structure. The ligand was prepared by adding hydrogen atoms, removing unwanted molecules, 

generating ionization states at pH7, tautomers, geometric characteristics, and low-energy ring 

conformations. The ligfilter process was used for eliminating molecules which had molecular 

weight more than 1000, based on presence and absence of functional group. The obtained 

.out.maegz file was used for the docking analysis.  

Grid generation 

The OPLS_2005 force field was used for generating Grid on protein receptors [13]. During 

grid generation, Van der Waals radii of protein (1.00 Å) were adjusted with a 0.25 atomic 

charge. The grid generation process was provided square block at the active site of the protein 

for the accurate binding score with thermodynamic optimal energy. Protein- grid out file (glide-

grid_name.maegz) was used for the docking study of natural compounds or ligand with Mpro 

protein. 

Molecular docking  

Schrodinger 2019-2 version was used to predict the binding affinity, ligand competence, and 

inhibitory candidate to the protein [14] by performing rigid, flexible docking. Molecular 

docking was conducted with fungal secondary metabolites by using the Glide SP (standard 

precision) module of Schrodinger Maestro software (Schrödinger Release 2019-2). In the 

present study, we prepared ten ligands (fungal chemical compounds produced as secondary 

metabolites) obtained from the fungi Aspergillus flavus and A. oryzae, which were docked with 

generated Grid of receptor protein PDB ID: 5R80. The optimal ligand selection for the receptor 

was done based on the docking score. 

Results 

The Mpro is a ~306 amino acid long main protease, the crystal structure with a resolution of 

1.93 Å has been elucidated (11). The Mpro enzyme is best target for inhibiting the SARS CoV. 

[15, 16, 17]. These proteases break the spikes and further establish by penetration [18, 19]. 

 



 

 

Fig1: A. Viral spread into the lungs and its replication; B.Viral infection cycle and role of main 

protease Mpro inhibitor (aspirochlorine) in viral replication. 

  

This study was taken to identify possible compounds that can bind to the Mpro, which may be 

used as a potential drug for COVID 19. Among the different compounds tested, we found ten 

fungal-derived molecules that can bind with the Mpro with a docking score of-7.18 to -4.13 

(Table 1).  

We observed out of all the compounds studied, aspirochlorine had a higher docking score and 

the best binding affinity with main protease Mpro than the other ligands. Ligands used in this 

study are downloaded from NCBI, and they are secondary metabolites of fungus A. flavus and 

A. oryzae, which can be synthesized in submerged liquid media in aseptic conditions in a 

controlled environment in the fermenter [20]. Aspirochlorine (CID_13945563) belongs to the 

gleotoxin family and reported to have antibacterial [21] and antifungal activity [22]. 

Aspirochlorine had had a significantly higher docking score (-7.18 kcal/mol) than others. The 

other compounds (Table 1) also show a significant strength of interaction with the Mpro protein. 

There are few reports on the binding energy of COVID-19 protease enzyme, with a natural 

compound like Terpenoides [23].  Following the global outbreak of COVID 19, chloroquine is 

being used as a drug along with several antiviral molecules [24, 25].  The mode of action of 

chloroquine on COVID-19 is still not known. Our compounds, including aspirochlorine likely 

to inhibit the process of viral replication and translation and may have much significant impact 

on controlling the viral load in infected individuals.  Moreover, the docking score of 

chloroquine (-6.2930522 Kcal/mol) is lesser than aspirochlorine (-7.18) and three other ligands 

Aflatoxin B1 (-6.74), α-cyclopiazonic acid (-6.61), Sporogen AO1 (-6.23) enlisted in Table -1. 



 

 

 

Table 1: Ten fungal inhibitors of COVID-19 protease enzyme Mpro  

 

Sl 

No 

Compound 

Structure 

Name  

(Form

ula) 

CID Molec

ular 

Weig

ht 

(g/mo

l) 

Docki

ng 

Score 

(kcal/

mol) 

Interaction 

Residues 

3D Structure  

1 

 

Aspiroc

hlorine 

(C12H9

ClN2O5

S2) 

1394

5563 

360.8 -7.18 

 

CYS145, 

SER144, 

GLN189 

 

2 

 

Aflatox

in B1 

(C17H12

O8) 

1869

07 

312.2

7 

-6.74 

GLU166 

 

3 

 

α-

cyclopi

azonic 

acid 

(C20H20

N2O3) 

5467

5761 

336.4 -6.61 

GLU166 
 



 

4 

 

Sporog

en AO1 

(C15H20

O3) 

1771

75 

248.3

2 

-6.23 

GLY143 

 

5 

 

Asperfu

ran 

(C13H14

O3) 

1196

9970 

218.2

5 

-6.15 

SER46 
 

6 

 

Aspergi

llomara

smine 

A 

(C10H17

N3O8) 

1970

28 

307.2

6 

-5.83 

GLY143, 

GLU166, HID41 

(2) 

 

7 

 

Maltory

zine 

(C11H12

O4) 

9304

1 

208.2

1 

-5.16 

SER144, 

GLY143, 

GLU166 

 

8 

 

Kojic 

acid   

(C6H6O

4) 

3840 142.1

10 

-5.06 

GLU166, HID41 
 



 

9 

 

Aflatre

m 

(C32H39

NO4) 

2111

8293 

501.7 -4.90 

THR25, 

ASN142 

 

10 

 

Ethyl 3-

nitropro

pionic 

acid 

(C5H9N

O4) 

8670

3358 

147.1

30 

-4.13  

GLY143 

 

*Source: A. oryzae-1, 4,5,6,7,8 ;  A. flavus -2,3, 8,9,10   

 

Conclusions  

Our screen identified ten bioactive compounds of Aspergillus sps with the potentialities to bind 

the main protease enzyme (Mpro) of the COVID-19 virus. Aspirochlorine showed the best 

docking score compared to the other ligands against COVID-19 main protease enzyme. The 

different ligands, followed by Aspirochlorine, are Aflatoxin B1, Alpha-Cyclopiazonic acid, 

Sporogen, Asperfuran, Aspergillomarasmine A, Maltoryzine, Kojic acid, Aflatrem, and Ethyl 

3-nitropropionic acid. These molecules may have antiviral activities against COVID19.  
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