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Abstract 
 

Asian rock bream aquaculture is challenged by iridovirus, a pathogen with no effective 
vaccines or antiviral agents. The present study aimed to identify natural antiviral 
compounds from Trapa natans, an aquatic plant, with potential to target the activities 
of major capsid protein in rock bream iridovirus (RBIVmcp). The investigation 
commenced by constructing a novel 3D homology structure for RBIVmcp using I-TASSER 
server, followed by refinement and validation through galaxy refiner, ModRefiner, 
PDBSum, ProSA, and ERRAT servers. Active binding regions of refined protein 
structures were employed for molecular docking simulations using PyRx and AutoDock 
Vina tools. Leveraging IMPPAT and PubChem servers, a total of 13 phytochemical 
compounds from Trapa natans were identified in silico and subjected to docking 
analysis against RBIVmcp. Among them, Ellagic acid, Galactoarabinan, and Thiamine 
exhibited the most favorable docking scores of -5.1 kcal/mol, -6.4 kcal/mol, and -5.9 
kcal/mol, respectively. Assessment of compounds' toxicity and ADME properties by 
Swiss-ADME and ProTox-II servers indicated their non-hepatotoxic, non-carcinogenic, 
non-immunotoxic, and non-mutagenic nature within environments. These findings 
suggest aforementioned compounds might act as promising antiviral agents against 
RBIV by interacting with its major capsid protein. However, in vitro and in vivo studies 
are essential to validate their efficacy.  

Introduction 
 

Modern-day aquaculture practices play a key role 
to fulfill the growing demand for proteins. Various fish 
species have been cultured commercially around the 
world, whereas the marine captures slowly started to 
shrink (Brander, 2010; Naylor et al., 2021). The 
commercialization of aquaculture has led to the 
emergence of various fish diseases which heavily 
impacts its sustainable production. Among different 
disease-causing organisms, Viruses are considered a 
major threat to both farmed and marine fishes (Walker 
& Winton, 2010; Mugimba et al., 2021; Fernández 
Sánchez et al., 2022). The iridovirus (IRV) is one of them 

with the capability to infect a dynamic range of fishes 
including groupers, barramundi, and amberjack 
regardless of their age (Ito et al., 2013; Wu et al., 2013; 
Chuang et al., 2022). Moreover, in the Asian region, 
common aquaculture species such as Rock bream, Olive 
flounder, and Red seabream have been widely infected 
with iridovirus and that causes 100% cumulative 
mortality at high water temperatures (Sohn et al., 2000; 
Jung et al., 2017; Seo et al., 2020) . This double-stranded 
DNA virus belongs to the irdoviridae family and has the 
potential to survive even in adverse environmental 
conditions, which makes them ideal pathogens against 
marine organisms (Whittington et al., 2010; 
Subramaniam et al., 2014; Canuti et al., 2022). Apart 
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from the general clinical signs such as anemia, petechiae 
in the gills, and enlarged spleen, prolonged infections of 
iridovirus cause chronic lethargy, and cessation of 
feeding which alternatively leads to emaciation, 
secondary pathogenic infections and high mortalities in 
fish (Kurita & Nakajima, 2012). Due to the lack of 
evidence on vectors and disease patterns, currently, 
there is no effective therapeutics drug treatment to 
control the spread of the fish iridovirus. 

In general, the structure-associated proteins are a 
vital part of the survival of viruses by assisting in genome 
assembly, encapsulation, adoption to the host 
environment, maturation, and also to stimulate 
reinfection (Ahammad et al., 2019; Galluzzi et al., 2008; 
Kurita & Nakajima, 2012). The Rock bream iridovirus 
(RBIV) genomic structure is composed of 118 open 
reading frames (ORF) and among them at least 14 
proteins are involved in the protein modifications and 
host-related functions (Do et al., 2004). The RBIV major 
capsid protein (MCP) is the primary structural 
component that accounts for 45% of the total 
polypeptide, which helps the viral particles during the 
modulation of specific viral replication complexes, to the 
establishment of entry and exit pathways in hosts and 
promotes the expansion and colonization within host 
cells (Tidona et al., 1998; Zhou et al., 2017). The majority 
of fish-related iridovirus have evolutionary conserved 
MCP which makes it a suitable target to design drug 
candidates (Tidona et al., 1998; Do et al., 2004).  

In recent times research has been conducted 
utilizing aquatic plants and their constituents to develop 
effective drug candidates against emerging human 
pathogenic viruses such as SARS CoV, HIV, and HRV 
(Dwevedi et al., 2016; Nag, Banerjee, et al., 2021; Rani 
et al., 2023). Moreover, many phytochemical 
compounds isolated from aquatic plants have shown 
drug-like properties with the potential to control viral 
diseases in farm animals including fish (Aljahdali et al., 
2021; Islam et al., 2022). The composition of 
phytochemical compounds in most aquatic plants 
depends on their environment and, the analysis of these 
different plant extracts has led to the invention of 
successful drug compounds which are being used in 
different biomedical sectors today (Guo, 2017; Saxena 
et al., 2021; Arya et al., 2022). The Trapa natans (Water 
caltrop) is a floating aquatic plant of the genus Trapa, 
that belongs to the family Lythraceae and native to 
temperate and tropical Asian regions. Even though, the 
members of the genus Tarpa have been utilized in 
traditional and modern medicine (particularly against 
pathogenic infections, diarrhea, and diabetics) it is now 
considered a predominant invasive species in most 
countries due to its extensive establishment in 
freshwater habitats (Adkar et al., 2014; Monacelli & 
Wilcox, 2021). Nevertheless, in recent research, the leaf 
extract of Trapa natans has shown antibacterial and 
antifungal activity against Pseudomonas spp and 
candida spp as well as, shown antiviral activity against 
SARS-CoV-2 infection (Parekh & Chanda, 2007; Stoicescu 

et al., 2012; Farooq et al., 2023). 
The identification of targeted therapeutics for the 

fish industries requires the selection of small bioactive 
molecules by investigating the activity of the targeted 
protein (Ziegler et al., 2013). The computational or 
insilico approaches to designing drug candidates are 
generally inexpensive and low time-consuming. Most of 
these insilico analysis methods can give accurate 
predictions against drug target proteins ( Yin et al., 2015; 
Aljahdali et al., 2021). Ideal phytochemical compounds 
against a specific target protein can be identified based 
on molecular docking, molecular dynamic simulations, 
and by assessing their interactions in different docking 
poses. Moreover, computational analysis of the 
absorption, distribution, metabolism, excretion (ADME), 
and toxicology properties provide data on 
environmental impacts and convenient application of 
chemical compounds (Aljahdali et al., 2021). So far, the 
utilization of phytochemical compounds against RBIV 
has not been studied, which is a necessary requirement 
to widen the possibility of developing effective drugs. 
Therefore, the present study conveys a computer-aided 
methodology to investigate the phytochemical 
compounds of Trapa natans as potential drug 
candidates against the RBIV by targeting its major capsid 
protein. 
 

Material and methods 
 

Sequence Retrieval and Homology Modeling Rock 
Bream Iridovirus Major Capsid Protein 

 
In the present study, the representative sequence 

of MCP of Rock bream iridovirus (UniProt: Q6QNG4) was 
retrieved from the UniProtKB (https://www.uniprot. 
org/uniprotkb/Q6QNG4/) database accessed on 01 
December 2022 (Do et al., 2005; Bateman et al., 2021). 
However, given that the three-dimensional (3D) 
structure of the MCP protein is not fully elucidated in the 
database, we predicted the 3D structure by a popular 
online web server called I-TASSER (Iterative Threading 
Assembly Refinement) on 02 December 2022 (Zhang, 
2008). The I- TASSER server predicted five models for the 
Rock bream iridovirus major capsid protein sequence 
(hereafter RBIVmcp) and provided values associated with 
the C score, Root-mean-square deviation (RMSD), and 
TM-score. Based on the server suggestion higher C-score 
indicate a protein model has the highest confidence 
from positive to negative values. Hence, among the 
produced models, the top 3D model was selected and 
downloaded in PDB format considering its C-score value.  
 
Model Refinement and Validation 
 

The primary and secondary refinements of the 
constructed 3D model were carried out by ModRefiner 
(https://zhanggroup.org/ModRefiner/) and Galaxy 
refine (https://galaxy.seoklab.org/cgi-bin/submit.cgi? 
type=REFINE) servers on 04 December 2022 respectively 
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(Xu & Zhang, 2011; Heo et al., 2013). The refined 
structures were downloaded and among them, the most 
suitable 3D structure was selected based on maximum 
and minimum RMSD values, the average distance 
between atoms, the energy score, GDT-HA, MolProbity, 
clash scores, and poor rotamer values. The 3D model 
visualization software PyMol v2.3.4 was used to 
visualize the final refined structure and the validation of 
the refined RBIVmcp was carried out by Ramachandran 
plots developed through PDBsum (http://www.ebi. 
ac.uk/thornton-srv/databases/pdbsum/Generate.html) 
web server (Laskowski et al., 2018; Aljahdali et al., 2021). 
Furthermore, the quality of the protein model was 
assessed using Z-score and quality score values by 
submitting it to ProSA- (https://prosa.services.came. 
sbg.ac.at/prosa.php) and ERRAT (https://www.doe-
mbi.ucla.edu/errat/) web servers on 7 December 2022 
(Colovos & Yeates, 1993; Wiederstein & Sippl, 2007).  

 
Protein and Ligand Preparation 

 
Before the establishment of a docking protocol, 

validated protein structures need to be modified using 
various bioinformatics tools. Therefore, in the present 
study, the RBIVmcp 3D structure was modified using 
AutoDockTools (ADT). As the Initial step gasteiger 
charges were calculated and non-polar hydrogen was 
added to the RBIVmcp. To obtain the phytochemical 
compounds of interest (ligands), the Indian Medicinal 
Plants, Phytochemistry, and Therapeutics (IMPPAT) 
(https://cb.imsc.res.in/imppat/home) database was 
searched using the keyword “Trapa natans” followed by 
the validation with PubChem (https://pubchem. 
ncbi.nlm.nih.gov/) database (Mohanraj et al., 2018; Kim 
et al., 2021). Based on both databases a total of 13 
natural chemical compounds were downloaded on 6 
December 2022.  

 
The Protein Active site Identification and Receptor 
Grid Generation  

 
The refined RBIVmcp structure was submitted to 

CASTp 3.0 (Computed Atlas of Surface Topography of 
proteins) web server (http://sts.bioe.uic.edu/) accessed 
on 07 December 2022 (Tian et al., 2018). This server can 
predict different active pocket regions for a given 
protein with its pocket surface area (SA). In the present 
study, based on the active pocket surface area, the first 
active pocket of RBIVmcp was selected as the potential 
site for molecular docking. Moreover, the binding site 
residues of the active pocket region of RBIVmcp were 
visualized through BIOVIA discovery studio visualizer 
tool 16.1.0.  

 
Docking Simulation 

 
The popular software called “PyRx” was utilized for 

molecular docking simulation between RBIVmcp and the 
selected ligand compounds (Dallakyan & Olson, 2015). 

In modern scientific research, this software is widely 
applied for the virtual screening of molecular 
compounds-protein interaction studies, and, numerous 
potential drugs have been identified against veterinary 
diseases through various in-house protocols. The 
software contains both AutoDock and AutoDock Vina 
plugins for molecular docking along with the Lamarckian 
genetic algorithm (LGA) as the scoring function. In the 
present study, molecular docking simulations were 
conducted by utilizing AutoDock Vina plugin embedded 
in PyRx tools. The molecular complex binding poses for 
RBIVmcp-ligands were visualized by BIOVIA discovery 
studio visualizer Tool 16.1.0. 

 
ADME Analysis  

 
If a molecular compound is to be used as a 

successful drug candidate it should possess different key 
features. These key features are called ADME or 
Absorption, Distribution, Metabolism, and Excretion 
properties, which investigates how a chemical behaves 
inside a living organism (Lin et al., 2003). Early 
confirmation of ADME properties is an indispensable 
part of modern drug design process research to 
overcome the failures of drug development and 
preclinical stages. When considering the application of 
drug candidates to Fish, the most important internal 
impacts are associated with physiochemical properties, 
hydrophobicity, gastrointestinal environment (GI), and 
lipophilicity (Hadni & Elhallaoui, 2020; Aljahdali et al., 
2021). Hence in the present study, The ADME profiles 
for ligand compounds such as solubility profile, 
bioavailability, and GI absorption were evaluated using 
a free accessible server at Swiss-ADME 
(http://www.swissadme.ch/) for the selected 
compounds accessed on 11 December 2022 (Daina et 
al., 2017). 

 
Toxicity Analysis 

 
Before using any chemical compound, its safety 

needs to be evaluated and, these evaluations carry the 
utmost importance in preventing harmful effects on 
humans and animals. In recent times insilico 
computational approaches have been utilized by 
researchers to measure the potential toxicities of 
chemical compounds to develop optimum usage 
protocols. In the present study, ProTox-II (https://tox-
new.charite.de/for) webserver was utilized to assess the 
toxicity of selected ligand compounds accessed on 12 
December 2022 (Banerjee et al., 2018). Based on the 
server prediction, qualitative and qualitative 
approaches were used to develop a toxicity profile along 
with carcinogenicity, mutagenicity, and immunotoxicity 
values. 
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Results  
 

Homology Modeling, Refinement, and Validation of 
the Tertiary Structure 

 
The retrieved RBIVmcp (453 amino acid length) was 

submitted to I TASSER protein modeling server. Among 
the top 5 protein models produced, the 3D model which 
had highest C score (0.28), TM-score (0.75±0.10), and 
RMSD (6.5±3.9Å) was selected as the potential 
candidate and downloaded in PDB format. Before the 
refinement, Ramachandran plot produced through 
PDBsum server showed a total of 86.2%, 12.5%, and 
1.3% residues in the favorable, allowed, and disallowed 
regions (Supplementary file 1). To improve the quality of 
the model, 2-step refinement was carried out by using 
Galaxy refiner and ModRefiner servers. The initial and 
secondary refinements through these servers provided 
a total of 5 models with GDT-HA, RMSD, MolProbity, 
Clash scores, and poor rotamer values ranging from 
0.9801-0.9857, 0.31-0.334, 1.906-2.613, 14.7-16.5 and 
0-0.5 for each parameter respectively (Supplementary 
file 2). Among them, model-2 was selected as the best 
model, indicated by the following parameters: GDT-HA 
(0.9857), RMSD (0.334), MolProbity (1.916), clash score 
(14.7), poor rotamers (0.5), and Rama favored region 
(97.8). Again, the validation of this refined model was 
conducted with PDBsum server and it showed the 
improved 3D model had a total of 90%, 8.6%, and 1.4% 
residues in the favorable, allowed, and disallowed 
regions in the Ramachandran plots (Figure 1). To further 
ensure the quality of the refined model, ProSA server 
and ERRAT servers were utilized. The results showed a 
Z-score of -6.26 and a total quality factor of 90.21 for 
ProSA and ERRAT server analysis, indicating it has high 
structural properties.   

Ligands and Protein Preparation 
 
The phytochemical compounds (as ligands) 

representing Trapa natans were retrieved from the 
IMPPAT database in 2D (SDF) format (Supplementary 
file 3). The selected compounds were optimized during 
the ligand preparation steps and converted to pdbqt 
format. The designed models were processed for the 
molecular docking studies using Auto dock tools and 
saved in pdbqt format for further evaluation as 
described elsewhere (Aljahdali et al., 2021). 

 
Determination of Active Pocket Site, Its Homogeneity, 
and Receptor Grid Box Generation 

 
The active pocket site (APS) of a certain protein is 

formed by the combination of different amino acid 
residues into a binding site region that has the capacity 
to make temporary bonds with the other molecules. In 
general, these type of APS in a protein also helps to 
stabilize the reaction intermediates. In this study, APS of 
the RBIVmcp was identified from CASTp server and the 
first binding pocket with a 484Å2 was selected as the 
potential site for the ligand binding (Figure 2). Following, 
a blast search was conducted using the RBIVmcp to 
decipher the homogeneity of the active pocket region. 
The first 10 aligned sequences with 0 E-value and a 
length of 453 residues were then visualized using the 
MEGA software (Supplementary file 4). The data 
suggested that the active pock region residues of ALA7, 
ASN8, SER11, GLY12, VAL41, ARG42, SER43, SER44, 
TYR46, TYR76, ASP181, THR182, GLY183, LEU184, 
ALA185, ALA245, GLU251, VAL254, VAL255, SER258, 
SER259, ARG260, ARG261, MET262, LEU263, and ILE385 
are highly conserved in other iridovirus major capsid 
proteins (Figure 3). Following this confirmation, a grid 

 

Figure 1. Validation of the 3D structure of the RBIVmcp. (A) The Ramachandran plot statistics represent the most favorable, allowed, 
disallowed regions with a percentage of 90%, 8.6% and 1.4%, respectively, and (B) the ProSA plot with Z-score (−6.29) of refined 
RBIVmcp. 
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box was generated with the dimensions of X=91.39, 
Y=48.45, and Z=53.14 in angstrom (Å) by utilizing the 
conserved active pocket region. 

 
Molecular Docking Simulation 

 
To identify the possible relationships between 

ligand compounds and the RBIVmcp, a molecular docking 
process was established. A total of 13 ligand compounds 
were docked using the PyRx tools plugin AutoDock Vina 
wizard. Upon molecular docking, ligand compounds 
showed binding affinities ranging from -7.7 kcal/mol to 
-4 kcal/mol. Among them, the compounds which had 
binding affinities above -5 kcal/mol were considered 
potential drug candidates for further analysis 
(Supplementary file 5). However, some of the ligand 
compounds had unacceptable donor-donor 
relationships and a low number of bonds with RBIVmcp. 
After shortlisting all the above, 3 ligands namely 
CCID1130 (IMPHY000005), CCID5281855 
(IMPHY005537), and CCID24847856 (IMPHY003230) 
with binding affinities of -5.1, -6.4, and -5.9 kcal/mol 
were extracted. Additionally, the redocking was 
conducted for 3 selected ligand compounds in the same 
binding pose which provided the almost similar binding 
score to the previous values (CCID1130, CCID5281855, 
and CCID24847856 with binding affinities -5.1.9, -6.5 
and -5.9 kcal/mol).  

Protein-ligand Interaction Analysis 
 
The RBIVmcp along with the 3 docked ligand 

compounds were retrieved using the PyRx tools in 
PDBQT format. The first investigated docked ligand 
compound was a pyridine alkaloid called “thiamine” 
(CCID1130) and it had a single hydrogen bond in the 
residual position of GLU251 and 5 hydrophobic bonds in 
TYR46, TYR76, ALA245 and LEU247 of RBIVmcp. 
Moreover, the binding positions, bond types, and 
relative distances are shown in Figure 4 and Table 1. 

The second selected ligand compound was a 
phenolic acid called “Ellagic acid” (CCID5281855). The 
docking analysis showed a total of 3 hydrogen bonding 
interactions in the ALA185 and SER44 amino acid 
residues. There were 2 electrostatic bonds in GLU251 
and 3 hydrophobic bonds in TYR76, and TYR46 residual 
positions as indicated in Figure 5. Moreover, the specific 
bond types and relative distances between the 
CCID24847856 and RBIVmcp are shown in Table 1. 

The final ligand compound was a polysaccharide 
called galactoarabinan (CCID24847856). Interestingly all 
the bonds formed by this compound with RBIVmcp were 
hydrogen bonds in the GLU251, ARG260, GLY183, and 
THR182 residual positions. This polysaccharide 
compound had the highest number of binding 
relativeness compared to the other selected ligands in 
the study. Moreover, the specific interaction types and 
relative distances between the CCID24847856 and 
RBIVmcp are shown in Figure 6 and Table 1. 

 
Figure 2. The active pocket site (APS) of RBIVmcp 3D structure. There was a total of 26 amino acids in the APS as indicated in black 
color. 
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Figure 3. MEGA alignment of the conserved active pocket site (APS) among fish iridovirus (Rock bream iridovirus-AAS44554.1, 
Barramundi perch iridovirus-ACF54642.1, Grouper sleepy disease iridovirus-AAP37443.1, Infectious spleen and kidney necrosis 
virus-ADU25255.1, Red seabream iridovirus-AAP74204.1, Stone flounder iridovirus-ADZ72844.1, Large yellow croaker iridovirus-
AAX93516.1, Giant seaperch iridovirus-AEI85905.1, Seabass iridovirus-QBL98278.1) The red color indicates the APS region in the 
alignment. 
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Figure 4. The interaction between the ligand CCID1130 and RBIVmcp. Left side indicate 3D interaction and the right portion indicates 
2D interaction of the protein -ligand complex. 

 
 
 

Table 1. List of bonding interactions between selected ligand compounds with RBIVmcp 

LIGAND NAME DISTANCE CATEGORY TYPE 

THIAMINE (CCID1130) GLU251 2.57301 Hydrogen bond Conventional hydrogen bond 
 TYR46 3.93112 Hydrophobic Pi-Sigma 
 TYR76 4.35635 Hydrophobic Pi-Pi Stacked 
 ALA245 3.8838 Hydrophobic Alkyl 
 LEU247 4.94253 Hydrophobic Alkyl 
 TYR76 4.52535 Hydrophobic Pi-Alkyl 

GALACTOARABINAN 
(CCID24847856) 

ARG260 2.60062 Hydrogen bond Conventional hydrogen bond 

 ARG260 1.83892 Hydrogen bond Conventional hydrogen bond 
 ARG260 3.07328 Hydrogen bond Conventional hydrogen bond 
 THR182 2.6741 Hydrogen bond Conventional hydrogen bond 
 GLU251 2.24243 Hydrogen bond Conventional hydrogen bond 
 GLU251 2.37183 Hydrogen bond Conventional hydrogen bond 
 GLY183 3.49454 Hydrogen bond Carbon hydrogen bond 
 GLY183 3.58282 Hydrogen bond Carbon hydrogen bond 
 GLY183 3.55175 Hydrogen bond Carbon hydrogen bond 
 GLY183 3.53438 Hydrogen bond Carbon hydrogen bond 

ELLAGIC ACID 
(CCID5281855) 

ALA185 3.09456 Hydrogen bond Conventional hydrogen bond 

 ALA185 2.93086 Hydrogen bond Conventional hydrogen bond 
 SER44 2.44617 Hydrogen bond Conventional hydrogen bond 
 GLU251 4.91833 Electrostatic Pi-Anion 
 GLU251 4.22184 Electrostatic Pi-Anion 
 TYR76 5.41715 Hydrophobic Pi-Pi Stacked 
 TYR76 4.41488 Hydrophobic Pi-Pi Stacked 
 TYR46 4.92922 Hydrophobic Pi-Pi T-shaped 

 
 
 

 

Figure 5. The interaction between the ligand compound CCID5281855 and RBIVmcp. Left side indicate 3D interaction and the right 
portion indicates 2D interaction of the protein -ligands complex. 
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ADME Analysis  
 
The ADME analysis is an integral part of modern 

drug design and development processes which provides 
data associated with pharmacokinetics (PK). The 
analysis is capable of predicting the movement of drugs 
along with other physiochemical properties including 
water solubility, lipophilicity, medicinal chemistry, and 
medication likeness which is important in terms of 
developing a possible hypothesis for the selection of 
best drug candidates (Aljahdali et al., 2021). Moreover, 
before initiating preclinical studies on drugs, elucidating 
their pharmacophore features insilico can help to 
determine the xenobiotic properties of a compound. For 
this purpose, the Swiss-ADME server has been applied 
for the 3 selected ligand compounds. All of them had 
lipophilicity features, which suggested their potential to 
dissolve in oil, fat, and other non-polar solvents. 
Furthermore, the CCID5281855 and CCID1130 had high 
GI absorption rates. Other associated pharmacophore 
features also suggested that these 3 ligands can be 
“effective drug compounds” as illustrated in Table 2. 

 
Toxicity Prediction 
 

In general, before the application of drug 
compounds their adverse effect on humans, other 
animals, plants, or to the outside environments need to 
be evaluated. Hence “toxicity prediction” has become 
an utmost important step for confirming a drug as safe-
to-use compound (Raies & Bajic, 2016). The evaluation 
of a drug compound on an animal model requires 
massive time and effort, which is also an expensive 
process. However, on the other hand, predicting toxicity 
by computational approaches does not require an 
animal model, which is inexpensive and does not need a 
massive amount of time. In the present study, an insilico 
toxicity test conducted by ProTox-II tool revealed that 3 
ligand compounds were non-toxic toward organisms 
which were further confirmed by hepatotoxicity, 
carcinogenicity, immunotoxicity, mutagenicity, and 
cytotoxicity values as described below in Table 3. 

Discussion 
 

In recent times computer-aided drug design 
methods (CADDM) have been widely utilized to develop 
various products to accelerate the research associated 
with synthetic and biological fields (Yu & Mackerell, 
2017). A well-established CADDMs can play an 
indispensable part in scientific research because they 
require low cost and time with a minimum amount of 
labor. Many synthetic compounds and natural 
phytochemical compounds have been identified as 
potential drug candidates against human and animal 
diseases such as Sars CoV, dengue, and WSSV by 
applying these well-established CADDMs (Qaddir et al., 
2020; Nag, Paul, et al., 2021; Molla & Aljahdali, 2022). 
Selecting a highly suitable biologically active drug 
candidate against a specific disease-causing pathogen 
need to be validated through molecular docking and 
ADMET (chemical absorption, distribution, metabolism, 
excretion, and toxicity) analysis. Molecular docking 
helps to understand the mechanisms of the pathogenic 
molecule and how a particular drug candidate (ligand) 
interacts with pathogen-associated proteins (Aljahdali 
et al., 2021). Moreover, it clarifies the probable binding 
poses of a ligand and the protein which allows to 
identification most suitable drug candidates against the 
disease. Upon identification, conducting an ADMET 
analysis can further clarify the safe applicability of those 
drug candidates in the environment (Hadni & Elhallaoui, 
2020). 

The present study utilized a comprehensive 
computational drug design methodology to screen the 
Trapa natans phytochemicals against the Rock bream 
iridovirus major capsid protein (RBIVmcp). A total of 13 
phytochemicals compounds have been docked with the 
conserved active site region of the RBIVmcp that has the 
capacity to form diverse types of bonds and, depending 
on the binding affinity score three ligand-protein models 
were selected. The highest binding potentials have been 
observed for CCID5281855 (ellagic acid), CCID24847856 
(galactoarabinan), and CCID1130 (thiamine) molecules 
with -5.1 kcal/mol, -6.4 kcal/mol, and -5.9 kcal/mol 

 

Figure 6. The interaction between the compound CCID24847856 and RBIVmcp. Left side indicate 3D interaction and the right 
portion indicates 2D interaction of the protein -ligands complex. 
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respectively. The metabolite kinetics of these selected 
ligand compounds were analyzed insilico using the 
ADME, which is a straightforward method compared to 
the time-consuming conventional animal models (Yin et 
al., 2015; Aljahdali et al., 2021). Generally, ADME-
associated pharmacokinetic properties need to be 
optimized before it is transferred to the standard pre-
clinical trial as a suitable drug candidate (Wu et al., 
2020). In the present study, 3 assessed phytochemical 
compounds had molecular weights and lipophilicities 
ranging from 265g/mol-500g/mol and 1.31-2.54 
respectively. These two parameters are very important 
because having appropriate molecular weight can 
increase the permeability of a drug candidate whereas 
lipophilicity is the dissolving ability of a chemical 
compound in polar and non-polar solvents (Doak et al., 
2014). Furthermore, having a high number of rotatable 
bonds and donor-acceptor hydrogen bonds are very 
important for the stimulation of membrane bilayer in-
between crossing and to increase the oral bioavailability 
of a drug candidate (Veber et al., 2002). In the present 
study, galactoarabinan, ellagic acid, and thiamine had 2, 
8, and 4 conventional and/or carbon-hydrogen bonds. 
Also, the amino acid 251 (GLU) in the acceptor showed 
to form bonds with all analyzed ligand compounds. 
Hence, these phytochemicals with low molecular 
weights, lipophilicities, and a high number of hydrogen 
bonds carry the potential to act as drug candidates 
against the RBIVmcp.  

Due to the development of technology, now 
researchers are capable of developing many drugs 
rapidly against diseases. However, it was suggested that 
around 40% of these drugs have been failed during the 
trials due to the positive ranges of toxicity (Doak et al., 
2014; Kimmelman & Federico, 2017). A drug with high 

toxicity can generate adverse effects that can harm the 
organisms. Hence in the present study, insilico toxicity 
tests have been applied by utilizing the ProTox-II server 
to generate hepatotoxicity (possibility of chemical-
driven liver damage), Carcinogenicity (potential of a 
substance that causes cancer), Immunotoxicity 
(possibility of causing adverse effects on the structure 
and/or function of the immune system), Mutagenicity 
(possibility of causing a mutation such as a change in the 
cell DNAs) and Cytotoxicity (possibility of chemical 
driven cell toxicity) parameters (Raies & Bajic, 2016; 
Banerjee et al., 2018). Among the ligand compounds, 
only ellagic acid and thiamine had low values than the 
required threshold in all toxicity parameters. Thiamine 
and their derivates previously proved to have beneficial 
effects against SARS-CoV and HIV with no side effects 
even when exposed to high doses whereas, ellagic acid 
has shown high inhibitory effects against human 
rhinoviruses ( Lu’o’ng & Ngyễn, 2013; Park et al., 2014; 
Al Sulaiman et al., 2021). The galactoarabinan 
compound in the present study had light immune 
toxicity.  However, previous research suggested that this 
polysaccharide might have the potential to induce 
anticoagulative and immunomodulatory activities in 
organisms (Chang et al., 2021).  Given this background, 
the present study suggests these 3 compounds can be 
assigned as potential antiviral drug candidates against 
the RBIV.  

 

Conclusion 
 

Iridovirus in Rock bream aquaculture is a serious 
concern that has been affecting sustainable production 
in the Asian region during the past decade. The 
development of new antiviral candidates leading to the 

Table 2. The pharmacokinetics and ADME properties of the 3 ligand compounds 

PROPERTIES  CCID5281855 CCID24847856 CCID1130 

PHYSICOCHEMICAL 
ATTRIBUTE 

 
 
 
 
 
 

Formula C14H6O8 C20H36O14 C12H17N4OS+ 
MW (g/mol) 302.19 g/mol 500.49 g/mol 265.35 g/mol 
Heavy atoms 22 34 18 

Aromatic heavy atoms 16 0 11 
Rotatable bonds 2 8 4 

H-bond acceptors 8 14 3 

H-bond donors 4 7 2 

LIPOPHILICITY Log Po/w 1.31 1.99 2.54 
WATER SOLUBILITY Log S (ESOL) Soluble Highly soluble Soluble 

PHARMACOKINETICS GI absorption High Low High 
DRUG-LIKENESS Lipinski Yes No Yes 

MEDI. CHEMISTRY Synth. accessibility Easy Easy Easy 
 
 
 

Table 3. List of the drug-induced toxicity properties includes hepatotoxicity, carcinogenicity, immunotoxicity, mutagenicity, 
cytotoxicity of 3 phytochemical compounds. 

PUBCHEM ID HEPATOTOXICITY CARCINOGENICITY IMMUNOTOXICITY MUTAGENICITY CYTOTOXICITY 

CCID5281855 Inactive (0.83) Inactive (0.84) Inactive (0.81) Inactive (0.84) Inactive (0.9) 
CCID24847856 Inactive (0.93) Inactive (0.81) Lightly active (0.79) Inactive (0.81) Inactive (0.71) 

CCID1130 Inactive (0.89) Inactive (0.52) Inactive (0.95) Inactive (0.87) Inactive (0.64) 
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control of RBIV is of adverse need to minimize the 
frequency of the virus infection. Therefore, the current 
study analyzed the binding mode of natural 
phytochemical compounds from Trapa natans against 
the major capsid protein of RBIV. This study combined 
CADDMs with homology modeling, molecular docking, 
ADME, and toxicity analysis, which revealed three 
potential antiviral drug candidates namely ellagic acid, 
galactoarabinan, and thiamine against the virus that 
might be able to prevent the activities of the RBIVmcp. 
The orientation of the drug candidates in the active 
pocket region associated with their low binding energy 
against RBIVmcp makes them a preferential antiviral 
therapeutic agent against RBIV. 
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