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Abstract 
Corona virus SARS-CoV-2, otherwise known as COVID-19 has created a pandemic from which as of 

June 13, 2020 the virus has infected 7,778,242 people throughout 213 countries of the world and caused 

deaths of 429,014 persons. COVID-19 is not the only virus troubling humans. Prior to SARS-CoV-2, 

there was SARS and MERS. Also according to the World Health Organization (WHO), rotaviruses are 

the most common causes of diarrheal episodes in children under 5 years of age and about 215,000 

children die each year from rotavirus infections. Thus far there has been no discovery of therapeutics like 

drugs or vaccines effective against COVID-19. Four oral live attenuated rotavirus vaccines are available, 

but are less efficacious in low income countries. COVID treatments are costly and place a heavy 

financial burden on the society and the infected individual. Drugs like Ivermectin and Remdesivir are 

effective against only a fraction of the COVID patients; the drugs are yet to undergo full clinical trials 

against COVID-19. Against this backdrop, it is of utmost importance to explore the plant kingdom for 

phytochemical(s), which may be effective against multiple types of viruses. In this study we report the 

high binding affinities of several javanicolides (quassinoid group of compounds) to SARS and SARS-

CoV-2 (COVID-19) C3-like protease (or 3CLpro), and VP8* domain of the outer capsid protein VP4 of 

rotavirus A. The results suggest that the javanicins can turn out to be lead compounds for developing 

effective therapeutics against SARS, SARS-CoV-2 and rotavirus A. 
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Introduction 

It has been hypothesized that interaction between human beings and viral agents was possibly 

a key factor in shaping human evolution and culture [1]. It is very much possible that although 

viral diseases have emerged much earlier, there were not enough human hosts in those periods 

to create a pandemic. However, the situation has changed; the humans are now densely 

populating the planet, which enables previously innocuous viruses to start a global pandemic. 

Many viral infections like human immunodeficiency virus (HIV), dengue, Nipah and Ebola 

now pose a direct threat to human existence. Other viral diseases, which are emerging as 

serious threats include rotaviruses and various types of corona viruses. The latter includes 

SARS (Severe Acute Respiratory Syndrome), MERS (Middle East Respiratory Syndrome), 

and SARS-CoV-2, the latter being the cause of the current pandemic. According to the World 

Health Organization (WHO), as of June 13, 2020 the virus (COVID-19) has infected 

7,778,242 people throughout 213 countries of the world and caused deaths of 429,014 persons. 

Also according to WHO, rotaviruses are the most common causes of diarrheal episodes in 

children under 5 years of age and about 215,000 children die each year from rotavirus 

infections [2]. 

Rotaviruses are non-enveloped RNA viruses belonging to the Reoviridae family. The 

nucleocapsid is composed of three concentric shells; the outer layer contains two structural 

viral proteins (VP), namely VP4 and VP7 [3]. The VP8* domain of the VP4 protein (spike 

protein) mediates attachment of rotavirus to specific cell surface glycans [4]. 
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Although VP8* is the least conserved among rotavirus 

structural proteins of the 37 P genotypes, VP8* is structurally 

conserved with a galectin-like fold [5]. The C3-like protease or 

3CLpro of both SARS and SARS-CoV-2 play a major role in 

the viral replication and have a highly similar 96% identity [6]. 

Thus this protease can be a prime target for designing 

inhibitors or testing potential inhibitor(s) in virtual screening 

approaches and the same principle applies for the VP8* 

domain of the VP4 protein of rotavirus A. 

Existing rotavirus vaccine(s) efficacy ranges from 50 to less 

than 90% in severe diarrhea with moderate efficacy in lower 

socioeconomic countries [2]; the vaccines are prone to slightly 

elevated risk of a rare, serious condition called 

intussusception, which can result in potentially fatal bowel 

obstruction. Any vaccines or drugs to SARS and SARS-CoV-

2 are yet to be discovered. As such, recent scientific attention 

has turned to the plant kingdom in an effort to discover plants 

and/or phytochemicals, which can be effective against SARS, 

SARS-CoV-2 and rotavirus. The in vitro anti-rotavirus 

activity of several medicinal plants has been reported from 

Brazil [7].  

Scientific attention has also turned to plants and associated 

phytochemicals for COVID-19 treatment. Baicalein, 

isorhamnetin, kaempferol, luteolin, and naringenin were some 

phytochemicals among the 10 plant-based compounds 

reported to be of possible therapeutic use against COVID-19 

on the basis of molecular docking studies with COVID-19 

proteins like the 3CLpro [8]. A total of 253 compounds from 

Mongolian medicinal plants were screened for their 

effectiveness in binding to 3C-like protease of COVID-19 

through the molecular docking method; of them, two 

compounds, phillyrin and chlorogenic acid were found to 

have potential therapeutic uses based on their binding to 

3CLpro [9].  

Simaroubaceae family plants can be found in Indonesia, India 

and other tropical countries. Besides other ethnic uses, some 

of the plants like Picrasma javanica Blume have indigenous 

uses as an antiviral [10], making their phytochemicals an 

interesting object to study against viral diseases. For a 

comparative analysis we assessed through molecular docking 

studies whether the same phytochemicals can bind to specific 

targets of SARS, SARS-CoV-2 and rotavirus A. For purposes 

of this paper we selected 7 quassinoid compounds from plants 

belonging to this family, namely javanicolides A-F and H. 

Javanicolides A-F and H have been reported from seeds of 

Brucea javanica Merr. [11-14]. All phytochemicals were 

assessed for their binding energies and docking interactions 

with C3-like protease (or 3CLpro) of SARS and SARS-C0V-2 

(COVID-19) and VP8* domain of the outer capsid protein 

VP4 of rotavirus A. 

 

Methods 

A. Molecular docking studies with SARS and SARS-

CoV-2 C3-like protease 

Three-dimensional structure of COVID-19 and SARS 

major protease (3C-like protease) 

The pdb file (6LU7) of the main protease of SARS-CoV-2 

3C-like protease or SARS-CoV-2 3CLpro as previously 

published by Professor Zihe Rao and his colleagues [15] was 

used in the present study. An inhibitor (called N3) was 

removed from the pdb file before using the protein’s structure 

in our molecular docking studies. The active residues of 

SARS-CoV-2 3C-like protease are His41 and Cys145. 

Monomeric form of protein was used for molecular docking. 

The same protease from SARS (pdb: 3M3V) was used for 

docking studies with the same javanicolide phytochemicals. 

The two proteases (SARS-CoV 3CLpro and SARS-CoV-2 

3CLpro) share a 96% sequence identity and have a highly 

similar three dimensional structure [16]. Binding of some 

selected javanicolides to SARS-CoV-2 3CLpro have been 

shown to illustrate the binding site of the phytochemicals to 

the protease binding domain and the amino acids involved in 

the binding. 

 

Compounds used in docking studies 

We have studied javanicolides (quassinoid type of 

phytochemicals) known to occur in Brucea javanica. Ligand 

molecules were downloaded from Pubchem [17] in sdf format. 

They were optimized with the force field type MMFF94 using 

Openbable softwares and saved as pdbqt format. 

 

Ligand molecular docking studies 

We have conducted molecular docking (blind) using 

AutoDock Vina [18]. We report ΔG values as an average of 

five values from the docking program. In our figures, we 

show the pose of phytochemicals bound to SARS-CoV-2 

main protease as obtained from PyMOL and displayed in 

Discovery Studio [19]. 

 

Phytochemicals 

The structures of the javanicolides are shown in Figure 1. 

 

B. Molecular docking studies with VP8* domain of the 

outer capsid protein VP4 of rotavirus A 

Three-dimensional structure of receptor 

We have used the pdb file (4YFW) of the VP8* domain of the 

outer capsid protein VP4 of human rotavirus A [20]. We have 

added polar hydrogen and removed water from the pdb 

structure. Monomeric form of the protein was used for 

molecular docking. 

 

Compounds used in docking studies 

We have studied the phytochemicals as described before in 

Section A of Methods. 

 

Molecular docking 

We have conducted molecular docking using AutoDock Vina 

in its blind mode where the GRID box used was large enough 

to cover the entire protein structure. An exhaustiveness of 16 

was used. Poses were ranked on the basis of estimated free 

energy of interaction (ΔG, kcal/mol) and only the highest rank 

(that is with the lowest ΔG) pose for each ligand was 

considered. Also for each phytochemical, three independent 

docking runs were performed and the ΔG values were 

reported as average. Figures showing possible mode of 

interaction with the protein were made using PyMOL 

(https://pymol.org/2/) whilst the 2D ligand interaction 

diagrams were made using Discovery Studio as described 

above. 

 

Results and Discussion 
The binding energies of javanicolides A-F and H are shown in 

Table 1. All the javanicolides tested demonstrated good 

binding affinities to not only the C3-like protease of SARS 

and SARS-CoV-2 but also (with the exception of javanicolide 

A) to the VP8* domain of the outer capsid protein VP4 of 

human rotavirus A. The results suggest that these quassinoid 

compounds can possibly act as inhibitors to various viral 

proteases, assuming that their binding would inhibit the 

respective viruses. To our knowledge, this is the first study of 
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javanicolide binding studies (through molecular docking) to 

key proteins of three virus species, which play a major role in 

replication of the respective viruses. Thus this group of 

compounds can potentially play simultaneous therapeutic 

roles in multi-viral diseases.  

 
Table 1. 

 

Phytochemical 
Binding energy (G, kcal/mol) 

COVID-19 SARS Rotavirus 

Javanicolide A -7.7 -7.7 -6.7 

Javanicolide B -7.3 -7.9 -7.3 

Javanicolide C -7.1 -7.4 -7.4 

Javanicolide D -7.5 -7.5 -7.6 

Javanicolide E -7.2 -7.7 -7.6 

Javanicolide F -7.0 -7.3 -7.7 

Javanicolide H -7.4 -7.7 -7.7 

 

The highest binding energy (-7.7 kcal/mol) with the C3-like 

protease of SARS-CoV-2 was obtained with javanicolide A, 

and the lowest binding energy of -7.0 kcal/mol with the same 

protease was obtained with javanicolide F. With C3-like 

protease of SARS, the highest binding energy (-7.9 kcal/mol) 

was obtained with javanicolide B, and the lowest (-7.3 

kcal/mol) with javanicolide F. Against the VP8* domain of 

the outer capsid protein VP4 of human rotavirus A, the 

highest binding energies of -7.7 kcal/mol each were obtained 

with javanicolides F and H, and the lowest (-6.7 kcal/mol) 

was obtained with javanicolide A. The interacting residues of 

the inhibitor N3 with the C3-like protease of SARS-CoV-2 

include amino acids His41, Met49, Phe140, Leu141, Asn142, 

Gly143, His163, His164, Glu166, Leu167, Pro168, Gln189, 

Thr190, and Ala191. However, possibly binding of both the 

active amino acid residues His41 and Cys145 of the C3-like 

protease to the same ligand position enhances binding affinity 

of the protease to the ligand, as can be seen in comparing 

javanicolides A, F and D interactions with the protease 

(Figures 2-4) and their binding energies (Table 1). 

In rotaviruses, initial cell attachment occurs following 

recognition of specific cellular glycans; this is mediated by 

the distally located VP8* domain of the spike protein VP4 [20-

22]. VP8* of human rotavirus recognizes histo-blood group 

antigens (HBGAs) in a type-specific manner [23]. Rotavirus 

strains may or may not (depending on the strain) recognize 

the terminal N-acetyl neuraminic (sialic) acid residues of 

carbohydrates on the host cells for attachment. As a result, 

neuraminidase treatment leads to decrease in interaction 

between host cell and virus. Even virus resistant to 

neuraminidase treatment might react with sialic acids located 

in a different context [24]. For inhibition of viral attachment, an 

emerging strategy is to develop multivalent sialic acid-based 

inhibitors [25]. Thus javanicolides may be acting through 

substitution of sialic acid as an attachment to VP8* domain of 

the spike protein VP4. 

 

javanicolide A javanicolide B javanicolide C

javanicolide D javanicolide E

javanicolide F javanicolide H
 

 

Fig 1: Structure of the javanicolides. 
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Fig 2: Depiction of javanicolide A interactions with C3-like protease of SARS-CoV-2. To be noted is that the compound binds to both active 

amino acid residues of the binding pocket of the protease, namely His41 and Cys145. Also His41 and Cys145 bind to the same site, which 

would strengthen the binding. 

 

 
 

Fig 3: Depiction of javanicolide F interactions with C3-like protease of SARS-CoV-2. To be noted is that the compound binds to both active 

amino acid residues of the binding pocket of the protease, namely His41 and Cys145. However, unlike javanicolide A, javanicolide F does not 

interact with Ser144, thus making hydrogen bonding weaker. 
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Fig 4: Depiction of javanicolide D interactions with C3-like protease of SARS-CoV-2. To be noted is that the compound binds to both active 

amino acid residues of the binding pocket of the protease, namely His41 and Cys145. Also His41 and Cys145 bind to the same site, which 

would strengthen the binding more than say javanicolide F. 

 

Conclusions 

Molecular docking analysis of binding of various 

javanicolides with C3-like protease (or 3CLpro) of SARS and 

SARS-C0V-2 (COVID-19) and VP8* domain of the outer 

capsid protein VP4 of rotavirus A suggest that these 

compounds merit potential for further anti-viral laboratory 

experiments towards potential use as anti-viral drugs. 
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