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Abstract 
 
Nervous necrosis virus (NNV) is a devastating infectious pathogen for fish species with 
100% mortality. To date, no specific drugs or vaccines have been developed that can 
prevent infections in aquaculture caused by NNV. It has been found that the NNV 
utilizes capsid protein to enter into the host cell in Asian sea bass and cause disease. 
In this study, we evaluated the inhibitory potential of Allium sativum compounds that 
have been reported to show antiviral activity against various pathogens. The capsid 
protein was modeled and the binding affinity of all the compounds was calculated with 
the docking approach and top 2 (PubChem CID: 122130381 and CID 12303662) 
inhibitory compounds were selected for further ADMET properties and DFT analysis. 
Both the geometry optimization and redocking of the two inhibitory compounds 
(PubChem CID: 122130381 and CID 12303662) showed a strong binding affinity of -8.2 
and -8.0 kcal/mol, respectively with the capsid protein. The molecular dynamic 
simulation approach further validated the capsid protein – CID: 122130381 and capsid 
protein- CID 12303662 complex stability.  In conclusion, this study deduces that these 
Allium sativum phytochemicals might act as significant inhibitors of the NNV in sea 
bass, which can be further validated experimentally.  

 

Introduction 
 

Viral Nervous Necrosis (VNN) disease, also called 
viral encephalopathy and retinopathy (VER), viral 
vacuolating, encephalopathy, and retinopathy or piscine 
neuropathy. Nervous Necrosis Virus (NNV) of the genus 
Betanodavirus (25-30 nm) is the causative agent of VNN 
and it consists of 4 genotypes: among them, the red-
spotted grouper nervous necrosis virus (RGNNV) 
genotype shows a comprehensive host range 
(Pakingking et al., 2018). All growth stages of fish are 
affected heavily by NNV but mass mortalities were 
reported in marine finfishes, especially among larvae 

less than 20 days old (Pakingking et al., 2018). The virus 
can be waterborne – transmitted from diseased to 
healthy fish and can infect fish from at least 5 orders, a 
total number of 16 families of fish species (Huang et al., 
2017). When the target organ of NNV was examined 
under light microscopy, it mainly indicated damage of 
the central nervous system of the infected fish (spinal 
cord) and marked vacuolations in the eye retina and 
brain of fish (Ziarati et al., 2020). 

During viral infection, NNV capsid protein binds to 
nucleolar phosphoprotein B23 and accumulates in the 
nucleus. Nuclear phosphoprotein Nucleophosmin (B23) 
plays multiple roles in cellular activities by being 
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phosphorylated, acetylated, ubiquitylated, and 
SUMOylated with its functional domains (Okuwaki et al., 
2002). During the infection, however, B23 is reallocated 
from the nucleoli to the nucleoplasm. B23-Capsid 
protein complex reduction by siRNA decreased viral 
propagation and cytopathic impact. As a result, B23 
directs capsid protein to the nucleus, making NNV 
replication easier (Mai et al., 2017). Our main goal was 
to inhibit this capsid protein through antiviral 
phytochemicals to weaken the role of the B23-Capsid 
protein complex in viral replication. 

Moreover, medicinal plants can play a critical role 
in the treatment of a variety of ailments, particularly in 
areas where resources are scarce. Traditional remedies 
are mostly advocated given the abundance of these 
plants all over the world (Jalil et al., 2013). Its 
importance has risen steadily in recent years around the 
world. Well over 100 effective chemical compounds 
have been reported and extracted from various 
components of this plant, which include leaves, flowers, 
seeds, roots, fruits, and bark have been used 
traditionally as a treatment for a variety of diseases, as 
shown in research. Garlic (Allium sativum) is one of the 
oldest cultivated plants on the planet. For over 4000 
years, it has been used as a spice, food, and traditional 
medicine, and it is the most extensively investigated 
medicinal plant.  

Garlic (Allium sativum L.) is a fragrant herbaceous 
plant that is used as a food and a traditional cure for a 
variety of ailments across the world (G. El-Saber Batiha 
et al., 2020; Sharma et al., 2021; Tesfaye, 2021). Its 
extracts and isolated chemicals have been tested for 
antibacterial, antiviral, antifungal, antiprotozoal, 
antioxidant, anti-inflammatory, and anticancer 
properties, among other biological activities (Gaber El-
Saber Batiha et al., 2020; Tesfaye, 2021).  

To introduce effective medicines in a conventional 
or standard manner can take a long time, be expensive, 
and require a significant amount of effort (Lim et al., 
2015). For example, high-throughput screening (HTS) is 
a technique that integrates multiple-well microplate 
with automated processing to improve drug 
development by assaying a large number of putative 
drug-like molecules (Hughes et al., 2011).  Additionally, 
HTS should have abundant resources, as processing a 
particular HTS program is expensive and involves the use 
of robotic devices (Szymański et al., 2012). On the 
contrary, computer-aided drug design, also known as in 
silico drug design, is a relatively new technology for 
screening a large database of compounds using a high-
throughput approach (Liang et al., 2006). The in silico 
virtual screening approach aids in the discovery of novel 
medicines by generating hits for lead compounds in a 
shorter period and at a cheaper cost (Wichapong et al., 
2013). As a result, improved in silico drug design reduces 
the time required to develop, design, and optimize a 
novel drug. The virtual screening approach has been 
used for decades to find the best lead compounds with 
various structural properties for use with a given 

biological target (J. Wu et al., 2020). Furthermore, 
computer-aided drug design has been used to find a 
wide variety of interesting drug applications and hits 
utilizing virtual screening, molecular docking, and 
dynamics simulation techniques (C. Wu et al., 2020). In 
light of the above-mentioned Allium sativum drugs, the 
goal of this study is to use molecular docking, geometry 
optimization of highest docked compounds, redocking, 
and molecular dynamics simulation to screen active 
compounds of Allium sativum against the capsid protein 
and investigate their interaction pattern. As a result, the 
goal of this work was to combine virtual screening, 
molecular docking, and ADMET (absorption, 
distribution, metabolism, excretion, and toxicity) 
features strategies to screen potential natural anti-fish 
drugs.  
 

Method and Materials 
 

Retrieving the Sequence 
 
The NCBI database was used to retrieve the amino 

acid (aa) sequence of the capsid protein (Accession No. 
G0Z249) found in Nervous necrosis virus (NNV) and 
downloaded in FASTA format. 
 
Assessment of Secondary Structure 

 
The secondary structural elements of the toll 

receptor protein were predicted through the SOPMA 
tool (Combet et al., 2000; Islam et al., 2022) using the 
default parameters (window width of 17, number of 
states of 4, and similarity threshold of 8).  
 
Prediction, Refinement, Validation of 3D Structures 

 
The three-dimensional structure of the target 

protein was predicted using the Raptorx server 
(http://raptorx.uchicago.edu/) (Islam & Jahan, 2022b; 
Xu et al., 2021). The protein 3D structure was refined by 
the GalaxyWeb server. The structure validity is a crucial 
stage in homology modeling, which is based on the 
experimentally validated structure of 3D proteins. The 
proposed capsid protein model was uploaded to ProSA-
web for basic confirmation (Wiederstein & Sippl, 2007). 
The server foresaw the overall character of the model, 
which is represented by the z-score. If the expected 
models’ z-scores are outside the scale of the property 
for local proteins, it indicates that the structure is 
erroneous (Wiederstein & Sippl, 2007). To determine 
the overall quality of the suggested drug, a 
Ramachandran plot analysis was performed using the 
PROCHECK Server (Morris et al., 1992). 
 
Protein Preparetion 

 
The 3D structure of the protein was modeled and 

developed using the following criteria: water, metal 
ions, and cofactors were removed, polar hydrogen 
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atoms were introduced, nonpolar hydrogen was 
combined, and gasteiger charges were calculated using 
AutoDockTools (Islam & Jahan, 2022a).  
 
Retrieval and Preparation of Compounds 

 
Natural phytochemicals from medicinal plants 

cover a wide range of chemical spaces that can be used 
in the discovery and development of new drugs. IMPPAT 
(Indian Medicinal Plants, Phytochemistry, and 
Therapeutics) is a manually curated database of over 
1742 Indian medicinal plants and over 9500 
phytochemical compounds that uses cheminformatic 
methodologies to improve natural product-based drug 
discovery (Islam & Jahan, 2022a; Mohanraj et al., 2018). 
Because of virtual screening, the phytochemical of 
Allium sativum has been discovered and obtained from 
the database. The compounds found in the database 
were created using accurate AutoDock 4 atom types, 
merging nonpolar hydrogens, detecting aromatic 
carbons, and creating a 'torsion tree'. It has been 
discovered that the AD4 atom type is the same as the 
elements of the compound for the majority of atoms. 
 
Molecular Docking and Receptor Grid Generation 

 
PyRx is an open-source virtual screening 

application that can screen libraries of compounds 
against a given therapeutic target and is primarily used 
in CADD techniques (Dallakyan & Olson, 2015). PyRx 
integrates AutoDock 4 and AutoDock Vina as docking 
wizards with an intuitive user interface, making it a more 
trustworthy CADD tool. This experiment used PyRx's 
AutoDock Vina wizard for molecular docking to find the 
optimum protein and ligand binding poses. For docking 
objectives, the default configuration parameters of the 
PyRx virtual screening tools were utilized, and the 
highest binding energy (kcal/mol) with the negative sign 
was chosen for further investigation. Subsequently, 
using the BIOVIA Discovery Studio Visualizer 
v19.1.0.18287, the binding interaction of the protein–
ligands complex was seen. 
 
Predictive Pharmacology 
 
Absorption, Distribution, Metabolism, Excretion (ADME) 

 
In the ADME of a material, the physicochemical, 

pharmacokinetics, metabolism, and excretion 
properties of molecules into feces and urine are all 
recorded. The Swiss-ADME server 
(http://www.swissadme.ch/) was used to forecast the 
various pharmacokinetic and pharmacodynamic 
parameters for the experiments (Daina et al., 2017).  
 
Toxicity Test 

 
In the area of drug discovery and development, 

initial analysis of a compound's toxicity is critical. 

Toxicology profiles of drug candidates provide 
information about the hazards to human health and the 
environment, as well as the safety and toxicity of 
chemical constituents. Chemical toxicity is now assessed 
using computer-assisted in-silico testing without the 
need for animal experiments. As a result, the ProTox-II 
(http://tox. charite.de/protox II) website was used to 
assess the early-stage toxicity of the chosen medication 
candidates (Banerjee et al., 2018). With ProTox-II, you 
can identify compounds that are acutely toxic, 
hepatotoxic, cytotoxic, carcinogenic, mutagenic, and 
immunotoxic. Using Quantitative Structure-Activity 
Relationships (QSARs) techniques, the software 
estimates the toxicity of specified compounds. 
 
Quantum Mechanics (QM)-Based Calculation  

 
An important element of identifying possible active 

conformation, binding affinity, and strain discipline 
related to the binding process is the conformation study 
of a ligand to the binding site of a protein. The 
computation of lowest energy conformation and 
structural optimization, which is based on the solution 
phase and related gas-phase energy, can be used to 
accomplish this sort of binding. Because metal ions are 
present in a ligand-protein complex system, 
conventional molecular mechanics (MM) cannot 
adequately describe the process (Friesner & Guallar, 
2005). As a result, the DFT methods-based QM 
calculations of two substances were done in this work. 
After optimizing bond lengths, bond angles, and 
dihedral angles for possible compounds, the DFT of the 
compounds was computed using the ORCA quantum 
chemistry software package (Version 4.1.1) (Hanwell et 
al., 2012; Maity et al., 2021). Becke's three parameters 
were combined with Lee-Yang-Parr functionals (B3LYP) 
and a dispersion correction energy term D3 to calculate 
DFT (B3LYP-D3). The usual combination of 
functionalities B3LYP-D3 was chosen for this 
investigation because it does not directly affect the 
wavefunction or any other molecular characteristic, and 
6-31G**, also known as 6-31G (d, p), was chosen as a 
basis set to describe all the molecules electronic wave 
function. 
 
HOMO/LUMO Calculation  

 
In nature, HOMO is primarily an electron donor 

(nucleophilic), whereas LUMO is primarily an electron 
acceptor (electrophilic), and the interaction between 
the electron donor and electron acceptor pair can 
govern a molecule's other chemical reactivity (Li & 
Evans, 1995). The HOMO-LUMO gap is the energy 
difference between two molecular orbitals, and it 
illustrates the photochemistry as well as the strength 
and balance of transition metal complexes in organic 
compounds. To comprehend the sensitivity of atoms 
against electrophilic and nucleophilic interactions, the 
HOMO and LUMO energy were computed by using the 
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Avogadro Software and visualized by Avogadro and 
Chemcraft software (Hanwell et al., 2012), and the 
following equation was used to determine the energy 
difference between two molecular orbital HOMO-LUMO 
gaps. (1).  

 

∆E(gap) = ELUMO – EHOMO         (1) 
 

here, EHOMO is the highest energy occupied 
molecular orbital energy, ELUMO is the lowest energy 
unoccupied molecular orbital energy, and ELUMO is the 
lowest energy unoccupied molecular orbital energy. 
 
Molecular Dynamics Simulation  

 

Molecular dynamics is a computer method for 
describing the behavior of molecules and determining 
the stability of protein-protein complexes (Pandey et al., 
2016). The iMODS server (http://imods.chaconlab. 
org/), which performs Normal Mode Analysis, was used 
to examine the protein and ligand complex's binding 
stability and flexibility. (NMA) in internal (dihedral) 
coordinates using an elastic network model (ENM) 
(López-Blanco et al., 2014). By measuring the 
deformability, eigenvalues, B-factors, and covariance of 
four major factors, this tool estimates the direction and 
range of basic motions of the protein-ligand complex. In 

general, high eigenvalues make deformation harder 
(López-Blanco et al., 2014). 

 
Results 

 
Sequence Retrieval and Secondary Structure Inquiry 

 
The amino acid (aa) sequence of the capsid protein 

(Accession No. G0Z249). was obtained from the NCBI 
database. There are 338 amino acids in the protein. The 
α-helix, extended strand (Ee), β-turn (Tt), and random 
coil (Cc) of the protein (A0A096VJY) were predicted by 
the SOPMA software to be 55 (16.27%), 83 (24.56%), 12 
(3.55%), and 188 (55.62%), respectively (Figure 1).  Most 
proteins contain the α-helix, which is a fundamental 
structural element. Α-helices are formed by hydrogen 
bonds between the carbonyl oxygen of one peptide 
bond and the amino acid located three amino acids 
away. β-strands are also important structural elements 
of proteins. The protein chains are predominantly linear 
when β-strands are present. Furthermore, some 
portions of the protein chain do not form a regular 
secondary structure or have a consistent hydrogen-
bonding pattern. These regions are known as random 
coils and are found in two locations in proteins (a) 
Terminal arms and (b) Loops. 

 

Figure 1. Secondary structural elements predicted by SOPMA server. 
 
 
 

 
Figure 2. (A) 3D structure of the crude model and (B) 3D structure of refining model. 
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3D Structure Prediction, Refinement, and Validation 
 
The Galaxy Refine server was used to refine the 

protein's projected tertiary structure, yielding five 
refined models and increasing the number of amino acid 
residues in the favored location. Crude model and refine 
model 1 with RMSD value .409 were chosen and 
visualized in Pymol (Figure 2). PROCHECK Server and 
ProSA-Web online server were used to validate the 
before and after refined capsid protein model. 
Ramachandran plot analysis of the before refined 
structure revealed that 88.3% of the structure was in the 
favorable zone. However, after refining, the server 
produced a better result, with 95.2% of residues in the 
most favored regions (Table 1). The validation quality 
and potential faults in a basic tertiary structure model 
are assessed using the ProSA-web server.  Validation of 
the final protein model reveals a Z-score of -7.57 (Table 
1). 
 
Retrieval and Preparation of Phytochemicals 

 
The IMPPAT database, an Indian natural, and the 

medicinal phytochemical compound library were used 
to find the accessible compounds of the required plant. 
The phytochemical components found in Allium sativum 
were extracted and recorded in a 2D (SDF) file format. 
During the ligand preparation procedures, the 
compounds were produced and optimized, then 
converted to pdbqt file format for further assessment. 
Molecular Docking Analysis 

 
A molecular docking study was first conducted to 

screen and identify the optimal intermolecular 
interaction among the desired protein and 
phytochemical substances. PyRx tools AutoDock Vina 
wizard were used to perform molecular docking 
between 48 phytochemical compounds and the protein 
of choice. The binding affinities discovered during 

molecular docking of the phytochemical molecule 
ranged from -3.1 kcal/mole to -7.7 kcal/mol. Based on 
the binding affinity top 2 of 48 phytochemical 
compounds have been chosen (Table 2). The docking 
methods predict PubChem CID: 12303662 and 
122130381 inhibitory compounds that bind strongly 
with the capsid protein with a binding affinity of -7.7 and 
-7.2 kcal/mol, respectively (Table 2). 
  
Predictive Pharmacology  

 
The SwissADME online tool was used to conduct an 

early-stage evaluation of Absorption, distribution, 
metabolism, and excretion (ADME) analysis 
characteristics for these two compounds. Focusing on 
hydrophilic nature, solubility, pharmacokinetics, 
medicinal chemistry, and drug-likeness characteristics, 
the server assessed the ADME qualities of two 
compounds (PubChem CID: 122130381 and 12303662). 
All the compounds have maintained an optimum 
pharmacokinetics property (Table 3). The study used the 
ProTox-II webserver to compute the toxicity of the 
chemical since it is quick, inexpensive, and does not 
need any ethical concerns. The two compounds 
PubChem CID: 12303662 and 122130381 were selected 
previously through different screening processes have 
been submitted in the ProTox-II web server that 
determines the oral toxicity, hepatotoxicity, 
cytotoxicity, carcinogenicity, and mutagenicity of the 
compounds listed in Table 4. All the compounds have 
shown no oral toxicity or organ toxicity effect. 
 
Theoretical Calculation  
 
Geometry Optimization  

 
By using the default basis set 6-31G (d,p) in 

Avogadro, the molecular geometry with the lowest 
energy value has been selected as the best-optimized 

Table 1. Validation of selected protein model by Ramachandran and z-score studies 

Parameters Initial Model Refine Model Remarks 

Ramachandran Most favored region 88.3% 95.2% Significant 
Additional allowed region 10.9% 4.8% Significant 
Disallowed region 0.0% 0.0% Significant 

ProSA Web Z-Score -7.3 -7.57 Significant 
 
 
 

Table 2. The top 3 compounds molecular docking score and ligand structure 

Ligand Molecule    Name Formula Binding Affinity (kcal/mol) Structure 

CID 12303662 Phytosterols C29H50O -7.7 

 

 

CID 122130381 Gibberellin A7 C19H22O5 -7.2 
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one for selected two compounds. The 2D structures and 
3D optimized geometries of the compounds PubChem 
CID: 12303662 and 122130381 have been plotted in 
Table 5.  
 
Frontier Molecular Orbital HOMO/LUMO Calculation  

 
Gap energy was derived from Equation (1) and 

illustrated in Figure 3 to evaluate the chemical reactivity 
and kinetic stability of the selected two compounds, the 
HOMO, LUMO, and HOMO-LUMO. The calculated FMO 
energy band gap values found for the compounds CID 
12303662 and CID 122130381 were 2.332 eV and 2.8821 
eV, respectively, which was considerably higher, 
indicating kinetic stability and low chemical reactivity of 
the molecules. 

 
Re-Docking and Interaction 
 
Redocking Score  

 
Re-docking has been performed using the proteins 

previously acquired binding sites to determine viable 
docking poses in a confined area. The geometry 
optimized structure has been docked and the score 
found for the selected three compounds CID 12303662 
and CID 122130381 were −8.0 kcal/mol and −8.2 
kcal/mol, which was better than the previously obtained 
binding score (Table 2). As a result, it can be assumed 
that the QM-based optimization of the compounds has 
been effective for the three compounds chosen. 

Protein–Ligands Interaction Interpretation 
 
With the desired capsid protein model, the 

compound CID:122130381 produced three Alkyl 
interactions with TYR:6 (4.29), VAL:217 (5.46), and 
ALA:257(4.74), where two pi-Alkyl bonds were 
discovered to form at the positions ALA: 216 (4.13) and 
PRO: 215 (5.41) in Figure 4A and Table 6.  

With the target protein, compound CID:123036662 
has been found to create a conventional hydrogen bon 
at the positions of ALA:216 (2.49), ALA:216 (4.42), 
ALA:216 (4.41), and ALA:216 (4.27), where Alkyl bonds 
have been noted at the positions of LEU:36 (5.03), ILE:7 
(5.0) and TYR:76 (4.25) Figure 4B and Table 6. Pi-Alkyl 
bonds were observed to form exclusively at the VAL:180 
(3.77) and PRO:180 (5.07) position of the molecule 
CID:12303662 as shown in Figure 4B and Table 6. 
 
Molecular Dynamic Simulation 

 
Molecular dynamic simulation results showed 

stable interactions between capsid protein-CID: 
122130381 complex and capsid protein - CID:123036662 
complex. The motion stiffness is represented by the 
eigenvalue associated with each normal mode. Its value 
is proportional to the amount of energy required to 
distort the structure. The easier the deformation, the 
lower the eigenvalue, while the B-factor column 
provides an averaged RMS (Root mean square) value. 
On the other hand, the eigenvalue is inversely related to 
the variance associated with each normal mode. The 

Table 3. List of absorption, distribution, metabolism, and excretion (ADME) and toxicity of compounds 

Properties  CID12303662 CID 122130381 

Physiochemical properties MW (g/mol) 414.72 330.38 
Heavy atoms 31 29 
Aro. atoms 11 14 
Rotable bonds 6 5 
H-bond acceptors 1 4 
H-bond donors 1 2 
TPSA (Å2) 75.99 20.23 

Lipophilicity Log Po/w (Cons) 5.11 6.88 
Water solubility Log S (ESOL) Soluble Soluble 
Pharmacokinetics GI absorption High Low 

BBB permeant No No 
P-GP substrate No No 

Drug likeness Lipinski violations 1 0 
Medi. chemistry Synth. accessibility Very Easy Easy 

 
 
 

Table 4. The toxicity endpoints of chosen two compounds 

Classification Target CID 12303662 CID 122130381 

Oral toxicity LD50 (mg/kg) 7641.20 841.50 
Toxicity Class 3 1 

Organ toxicity Hepatotoxicity Inactive Inactive 
Toxicity endpoints Carcinogenicity Inactive Inactive 

Mutagenicity Inactive Inactive 
Cytotoxicity Inactive Inactive 
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Table 5. Geometry optimization of compounds 

Compound ID Crude (2D) Optimized (3D) 

CID 12303662 

 

 

CID 122130381 

 

 
 
 
 
 
 

 
Figure 3. The molecular frontier orbital wave function is shown with negative and positive phases for selected two Allium sativum 
compounds, representing asymmetric HOMO, LUMO, and HOMO-LUMO gaps. 
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main-chain deformability of a molecule is a measure of 
its ability to deform at each of its residues. The elastic 
network model specifies which atom pairs are linked 
together by springs. The covariance matrix reveals 
whether two residues are coupled, i.e. whether they 
move in a correlated, uncorrelated, or anti-correlated 
manner. The correlation matrix is computed using the 
Cα Cartesian coordinates.  
 

Discussion 
 

Nervous necrosis virus (NNV) is a highly important 
fish virus that has caused severe economic losses to the 
aquaculture industry around the world. The viral 
polymerase and capsid protein (CP) are encoded by two 
single-stranded RNA segments in the NNV genome 
(Buonocore et al., 2019). CP is the only structural protein 
on the NNV surface, and it plays a role in viral invasion 
and encapsidation. According to previous studies, CP 
determines the host specificity and pathogenicity of 
NNV (Iwamoto et al., 2004; Moreno et al., 2019). 

Moreover, capsid protein along with heat shock protein 
(HSP) is the main cause of disease in sea bass as well as 
other marine fish species. According to several studies, 
Allium sativum is one of the most beneficial traditional 
medicinal plants on the planet (G. El-Saber Batiha et al., 
2020; Tesfaye, 2021). It is now regarded as a valuable 
source of unique natural compounds for the creation of 
immunostimulants to treat a variety of illnesses (Aly & 
Mohamed, 2010).  

Because it contains a variety of advanced features 
and approaches, Computer-Aided Drug Design (CADD) is 
one of the most promising tools for the selection of new 
compounds against a given protein (Sastry et al., 2013). 
The CADD approach has minimized the required time 
and costs involved in the entire drug discovery process 
that makes the virtual screening process includes 
molecular docking, molecular dynamic simulation, 
ADMET, etc. as integral parts of drug designing (S. 
Bharadwaj et al., 2021). 

In this study, a 3D structure prediction of capsid 
protein was performed (the lowest energy score was 

 
 

 

Figure 4. (A): The interaction between the capsid protein and CID 122130381 compound. The 3D interaction has represented the 
left side of the figure, whereas 2D interaction has depicted on the right side of figure (B): Capsid protein and CID 12303662 
compound interaction. The left side of the figure represents 3D interaction, while the right side shows 2D interaction. 
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used to choose the best model) and the result was the 
achievement of the best model among the discovered 
models. After refinement from the Galaxy Refine server, 
the model quality was improved and the final refined 
model showed 95.2% in the most favored region in the 
Ramachandran plot and 0.0% in the disallowed region 
which indicates good model quality (Rani & Pooja, 
2018).  While, before refinement, the Z-scores of the 
protein model was -7.2 and after refinement, this score 
increased to -7.57. For CADD analysis, we identified 
potential drugs like compounds from A. sativum by 
molecular docking and in-silico process. Initially, the 
molecular docking process has used to screen the 48 
compounds of A. sativum from the IMPPAT database, 
where the top 2 compounds PubChem CID: 12303662 
and 122130381 have been selected initially with the 
highest binding affinities of -7.7 to -7.2 kcal/mol, 
respectively for further validation. Lipinski’s rule of five 
(RO5) demonstrated the drug-like properties of the 
selected compounds (Lipinski, 2004; Pollastri, 2010). All 
two compounds were found to follow the five of 
Lipinski’s rules of drug-likeness properties. The toxicity 
qualities of the chemical with good ADME properties 
were used to quantify the detrimental impact on 
humans or animals (Aljahdali et al., 2021). After toxicity 
testing, we confirmed that the selected two compounds 
are non-toxic or low-toxic. 

Most computational biologists, chemists, 
academics, and researchers use geometry optimization, 
a quantum chemical technique, to find the configuration 
of minimum energy with the most stable form of a 
chemical structure. It is a technique for getting as close 
to accurate geometric measurements as feasible by 
using rough estimates (Shiv Bharadwaj et al., 2021). 
Because molecules in the lowest energy state 
spontaneously reduce their energy by emitting, the 
geometry with the lowest energy is the most stable. The 
importance of DFT in CADD-aided drug design is recently 
been studied also (Tandon et al., 2019). The compounds 

were investigated and optimized by a computational 
DFT-based QM simulation. We retrieved and re-docked 
the geometry optimized compounds by DFT with the 
desired protein, and the docking energy was 
significantly above >8.00 kcal / molecular. To determine 
the reactivity of the compounds, the HOMO-LUMO 
energy gap was calculated using an FMO model. The 
HOMO-LUMO gap energy found for compounds CID: 
122130381 and CID: 12303662 was high >2.0 eV which 
confirms the low reactivity correspondence to the 
bioactivity of the compound (Liu et al., 2020; Tandon et 
al., 2019). 

Using the MD simulation approach on the 
geometry-optimized re-docked complex structure, we 
have investigated the stability of the compound 
concerning the binding sites of the protein. Molecular 
dynamics simulation is used to confirm the stability of a 
protein in a complex with ligands (Aljahdali et al., 2021; 
S. Bharadwaj et al., 2021). It may also assess the stability 
and stiffness of protein-ligand complexes in a controlled 
context, such as the human body (S. Bharadwaj et al., 
2021). In this study, the MD simulation was carried out 
in the iMODS server, where NMA assessment was 
applied to the internal coordinates of the complex. The 
deformability represents the independent distortion of 
each residue as depicted by the chain hinge approach. 
The B-factor and main-chain deformability simulation of 
the selected capsid protein – CID: 122130381 and capsid 
protein- CID 12303662 complex systems indicate the 
best stability of the compounds. The eigenvalue 
determined for both complexes (capsid protein – CID: 
122130381 and capsid protein- CID 12303662) was 
found to be 1.69988e–04 and 1.54408e–04 respectively. 
Each typical complex's variance was gradually reduced. 
All of these findings point to stable binding interactions 
in both complexes with tight structure and negligible 
variations (López-Blanco et al., 2011; Samad et al., 
2022).  
 

Table 6. List of the interaction between the selected two compounds and capsid protein found during the complex structure analysis 
and generated through the docking simulation 

Compound Residues Bond Distance (Å) Category Bond Types 
CID:122130381 TYR:6 5.37 Hydrophobic Alkyl 

TYR:6 4.29 Hydrophobic Alkyl 
VAL:217 5.46 Hydrophobic Alkyl 
ALA:257 2.74 Hydrophobic Alkyl 
ALA: 216 4.13 Hydrophobic Pi-Alkyl 
ALA: 216 4.41 Hydrophobic Pi-Alkyl 
PRO: 215 5.41 Hydrophobic Pi-Alkyl 
GLN:264 2.75 Hydrogen Bond Conventional H-B 
SER:216 2.60 Hydrogen Bond Conventional H-B 

CID:12303662 ALA:216 2.49 Hydrogen Bond Conventional H-B 
ALA:216 4.42 Hydrogen Bond Conventional H-B 
ALA:216 4.41 Hydrogen Bond Conventional H-B 
ALA:216 4.27 Hydrogen Bond Conventional H-B 
LEU:36 5.03 Hydrophobic Alkyl 
ILE:7 5.0 Hydrophobic Alkyl 

TYR:76 4.25 Hydrophobic Alkyl 
VAL:180 3.77 Hydrophobic Pi-Alkyl 
VAL:180 3.91 Hydrophobic Pi-Alkyl 
PRO:183 5.07 Hydrophobic Pi-Alkyl 
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Figure 5. The molecular dynamics simulation of the capsid protein- CID: 122130381 docked complex and capsid protein- CID:12303662 
complex (A) The eigenvalue of the docked complex, showing the energy required to deform the structure; (B) Normal mode analysis 
generates B-factor values, which measure each atoms uncertainty. The experimental B-factor is taken from the corresponding PDB field 
and the calculated from NMA is obtained by multiplying the NMA mobility by (8pi2).; (C) The variance matrix between complex and 
residue. Colored bars show the individual (red) and cumulative (green) variances; (D) Deformability simulations on main chains show high 
deformability in hinges; (E) The Elastic Network model. Each dot in the graph represents one spring between the corresponding pair of 
atoms. Dots are colored according to their stiffness, the darker grays indicate stiffer springs and vice versa; and (F) The covariance matrix 
between pairs of residues (red: correlated, white: uncorrelated, blue: anti-correlated). 

 

      CID: 122130381              CID 12303662 

     CID: 122130381            CID 12303662 
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     Mode index                           Mode index 
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Conclusion 
 

The study is the first to identify potential antiviral 
drug candidates targeting capsid protein using 
compressed in-silico approaches, to the best of our 
knowledge. An integrative molecular modeling, virtual 
screening, molecular docking, ADMET, and MD 
simulation approaches revealed CID:12130381 as 
potential drug candidates that will help to inhibit the 
activity of the capsid protein to combat against NNV in 
Asian sea bass. By determining the activity of the 
compound through a variety of lab-based experiments, 
researchers will be able to identify alternative methods 
for the treatment of NNV infections.  
 

Ethical Statement 
 

Not applicable.  
 

Funding Information 
 

There is no any funding institution for this study.  
 

Author Contribution 
 

Conceptualization, M.M. and SK; methodology, SK. 
and M.M.; software, SK.; validation, M.M., and SK.; 
formal analysis, SK.; investigation, SK.; resources, SK.; 
data curation, M.M. and SK.; writing— original draft 
preparation, M.M.; writing—review and editing, SK. All 
authors have read and agreed to the published version 
of the manuscript  
 

Conflict of Interest 
 

The author(s) declare that they have no known 
competing financial or non-financial, professional, or 
personal conflicts that could have appeared to influence 
the work reported in this paper.  
 

Acknowledgements 
 

The first author sincerely grateful to the ASEAN and 
Non-ASEAN scholarship authority at Chulalongkorn 
University, Thailand as giving financial support for 
pursuing masters studies.  

 
References 
 
Aljahdali, M. O., Molla, M. H., & Ahammad, F. (2021). 

Compounds Identified from Marine Mangrove Plant 
(Avicennia alba) as Potential Antiviral Drug Candidates 
Against WDSV, an In-Silico Approach. Marine Drugs, 
19(5). https://doi.org/10.3390/md19050253  

Aly, S. M., & Mohamed, M. F. (2010). Echinacea purpurea and 
Allium sativum as immunostimulants in fish culture using 
Nile tilapia (Oreochromis niloticus). J Anim Physiol Anim 
Nutr (Berl), 94(5), e31-39. 

 https://doi.org/10.1111/j.1439-0396.2009.00971.x  
Banerjee, P., Eckert, A. O., Schrey, A. K., & Preissner, R. (2018). 

ProTox-II: a webserver for the prediction of toxicity of 
chemicals. Nucleic Acids Res, 46(W1), W257-w263. 
https://doi.org/10.1093/nar/gky318  

Bharadwaj, S., Dubey, A., Yadava, U., Mishra, S. K., Kang, S. G., 
& Dwivedi, V. D. (2021). Exploration of natural 
compounds with anti-SARS-CoV-2 activity via inhibition 
of SARS-CoV-2 Mpro. Brief Bioinform, 22(2), 1361-1377. 
https://doi.org/10.1093/bib/bbaa382  

Bharadwaj, S., Dubey, A., Yadava, U., Mishra, S. K., Kang, S. G., 
& Dwivedi, V. D. (2021). Exploration of natural 
compounds with anti-SARS-CoV-2 activity via inhibition 
of SARS-CoV-2 Mpro. Briefings in Bioinformatics, 22(2), 
1361-1377. https://doi.org/10.1093/bib/bbaa382  

Buonocore, F., Nuñez-Ortiz, N., Picchietti, S., Randelli, E., 
Stocchi, V., Guerra, L., Toffan, A., Pascoli, F., Fausto, A. 
M., Mazzini, M., & Scapigliati, G. (2019). Vaccination and 
immune responses of European sea bass (Dicentrarchus 
labrax L.) against betanodavirus. Fish Shellfish Immunol, 
85, 78-84. https://doi.org/10.1016/j.fsi.2017.11.039  

Combet, C., Blanchet, C., Geourjon, C., & Deléage, G. (2000). 
NPS@: Network Protein Sequence Analysis. Trends in 
Biochemical Sciences, 25(3), 147-150. 

 https://doi.org/10.1016/S0968-0004(99)01540-6  
Daina, A., Michielin, O., & Zoete, V. (2017). SwissADME: a free 

web tool to evaluate pharmacokinetics, drug-likeness 
and medicinal chemistry friendliness of small molecules. 
Scientific Reports, 7(1), 42717. 

 https://doi.org/10.1038/srep42717  
Dallakyan, S., & Olson, A. J. (2015). Small-molecule library 

screening by docking with PyRx. Methods Mol Biol, 1263, 
243-250. https://doi.org/10.1007/978-1-4939-2269-
7_19  

El-Saber Batiha, G., Magdy Beshbishy, A., G Wasef, L., Elewa, 
Y. H. A., A Al-Sagan, A., Abd El-Hack, M. E., Taha, A. E., M 
Abd-Elhakim, Y., & Prasad Devkota, H. (2020). Chemical 
Constituents and Pharmacological Activities of Garlic 
(Allium sativum L.): A Review. Nutrients, 12(3), 872. 
https://doi.org/10.3390/nu12030872  

El-Saber Batiha, G., Magdy Beshbishy, A., L, G. W., Elewa, Y. H. 
A., A, A. A.-S., Abd El-Hack, M. E., Taha, A. E., Y, M. A.-E., 
& Prasad Devkota, H. (2020). Chemical Constituents and 
Pharmacological Activities of Garlic (Allium sativum L.): A 
Review. Nutrients, 12(3). 

 https://doi.org/10.3390/nu12030872  
Friesner, R. A., & Guallar, V. (2005). Ab Initio Quantum 

Chemical and Mixed Quantum Mechanics/Molecular 
Mechanics (Qm/Mm) Methods for Studying Enzymatic 
Catalysis. Annual Review of Physical Chemistry, 56(1), 
389-427. 
https://doi.org/10.1146/annurev.physchem.55.091602.
094410  

Hanwell, M. D., Curtis, D. E., Lonie, D. C., Vandermeersch, T., 
Zurek, E., & Hutchison, G. R. (2012). Avogadro: an 
advanced semantic chemical editor, visualization, and 
analysis platform. Journal of Cheminformatics, 4(1), 17. 
https://doi.org/10.1186/1758-2946-4-17  

Huang, R., Zhu, G., Zhang, J., Lai, Y., Xu, Y., He, J., & Xie, J. 
(2017). Betanodavirus-like particles enter host cells via 
clathrin-mediated endocytosis in a cholesterol-, pH- and 
cytoskeleton-dependent manner. Vet Res, 48(1), 8. 
https://doi.org/10.1186/s13567-017-0412-y  

Hughes, J. P., Rees, S., Kalindjian, S. B., & Philpott, K. L. (2011). 
Principles of early drug discovery. Br J Pharmacol, 162(6), 
1239-1249. 

 https://doi.org/10.1111/j.1476-5381.2010.01127.x  



Genetics of Aquatic Organisms GA487 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Islam, S., & Jahan, M. (2022a). Functional Annotation of 
Uncharacterized Protein from Photobacterium damselae 
subsp. piscicida (Pasteurella piscicida) and Comparison 
of Drug Target Between Conventional Medicine and 
Phytochemical Compound Against Disease Treatment in 
Fish: An In-silico Approach. Genetics of Aquatic 
Organisms, 6, 453. https://doi.org/10.4194/GA453  

Islam, S., & Jahan, M. (2022b). An In-silico analysis of the 
molecular interactions between PmCBP-VP24 and 
PmCBP-VP28 protein complex to understand the initial 
initiating events of shrimp WSSV infection. International 
Journal of Life Sciences and Biotechnology. 

 https://doi.org/10.38001/ijlsb.1055840  
Islam, S., Jahan, M., Sanjida, S., & Mahfuj, M. s. E. (2022). 

Functional Annotation and Characterization of a 
Hypothetical Protein from Pseudoalteromonas spp. 
Identify Potential Biomarker: An In-silico Approach. 
Aquatic Food Studies, 2, 57. 

 https://doi.org/10.4194/AFS57  
Iwamoto, T., Okinaka, Y., Mise, K., Mori, K., Arimoto, M., 

Okuno, T., & Nakai, T. (2004). Identification of host-
specificity determinants in betanodaviruses by using 
reassortants between striped jack nervous necrosis virus 
and sevenband grouper nervous necrosis virus. J Virol, 
78(3), 1256-1262. 

 https://doi.org/10.1128/jvi.78.3.1256-1262.2004  
Jalil, A., Ashfaq, U. A., Shahzadi, S., Rasul, I., Rehman, S. U., 

Shah, M., & Javed, M. R. (2013). Screening and design of 
anti-diabetic compounds sourced from the leaves of 
neem (Azadirachta indica). Bioinformation, 9(20), 1031-
1035. https://doi.org/10.6026/97320630091031  

Li, Y., & Evans, J. N. S. (1995). The Fukui Function: A Key 
Concept Linking Frontier Molecular Orbital Theory and 
the Hard-Soft-Acid-Base Principle. Journal of the 
American Chemical Society, 117(29), 7756-7759. 
https://doi.org/10.1021/ja00134a021  

Liang, P. H., Cheng, W. C., Lee, Y. L., Yu, H. P., Wu, Y. T., Lin, Y. 
L., & Wong, C. H. (2006). Novel five-membered 
iminocyclitol derivatives as selective and potent 
glycosidase inhibitors: new structures for antivirals and 
osteoarthritis. Chembiochem, 7(1), 165-173. 

 https://doi.org/10.1002/cbic.200500321  
Lim, S. M., Xie, T., Westover, K. D., Ficarro, S. B., Tae, H. S., 

Gurbani, D., Sim, T., Marto, J. A., Jänne, P. A., Crews, C. 
M., & Gray, N. S. (2015). Development of small molecules 
targeting the pseudokinase Her3. Bioorg Med Chem Lett, 
25(16), 3382-3389. 

 https://doi.org/10.1016/j.bmcl.2015.04.103  
Lipinski, C. A. (2004). Lead- and drug-like compounds: the rule-

of-five revolution. Drug Discovery Today: Technologies, 
1(4), 337-341. 

 https://doi.org/https://doi.org/10.1016/j.ddtec.2004.1
1.007  

Liu, C., Yin, J., Yao, J., Xu, Z., Tao, Y., & Zhang, H. (2020). 
Pharmacophore-Based Virtual Screening Toward the 
Discovery of Novel Anti-echinococcal Compounds 
[Original Research]. Frontiers in Cellular and Infection 
Microbiology, 10. 

 https://doi.org/10.3389/fcimb.2020.00118  
López-Blanco, J., Garzon, J., & Chacon, P. (2011). IMod: 

multipurpose normal mode analysis in internal 
coordinates. Bioinformatics (Oxford, England), 27, 2843-
2850. https://doi.org/10.1093/bioinformatics/btr497  

López-Blanco, J. R., Aliaga, J. I., Quintana-Ortí, E. S., & Chacón, 
P. (2014). iMODS: internal coordinates normal mode 

analysis server. Nucleic Acids Research, 42(W1), W271-
W276.  

Mai, W., Huang, F., Chen, H., Zhou, Y., & Chen, Y. (2017). 
Nervous necrosis virus capsid protein exploits nucleolar 
phosphoprotein Nucleophosmin (B23) function for viral 
replication. Virus Res, 230, 1-6. 

 https://doi.org/10.1016/j.virusres.2016.12.015  
Maity, A., Samanta, S., Biswas, D., & Chakravorty, D. (2021). 

Studies on nanoconfinement effect of NiO-SiO2 spin 
glass within mesoporous Al2O3 template. Journal of 
Alloys and Compounds, 887, 161447. 

 https://doi.org/https://doi.org/10.1016/j.jallcom.2021.
161447  

Mohanraj, K., Karthikeyan, B. S., Vivek-Ananth, R. P., Chand, R. 
P. B., Aparna, S. R., Mangalapandi, P., & Samal, A. (2018). 
IMPPAT: A curated database of Indian Medicinal Plants, 
Phytochemistry and Therapeutics. Scientific Reports, 
8(1), 4329. https://doi.org/10.1038/s41598-018-22631-
z  

Moreno, P., Souto, S., Leiva-Rebollo, R., Borrego, J. J., Bandín, 
I., & Alonso, M. C. (2019). Capsid amino acids at positions 
247 and 270 are involved in the virulence of 
betanodaviruses to European sea bass. Scientific 
Reports, 9(1), 14068. https://doi.org/10.1038/s41598-
019-50622-1  

Morris, A. L., MacArthur, M. W., Hutchinson, E. G., & Thornton, 
J. M. (1992). Stereochemical quality of protein structure 
coordinates. Proteins, 12(4), 345-364. 

 https://doi.org/10.1002/prot.340120407  
Okuwaki, M., Tsujimoto, M., & Nagata, K. (2002). The RNA 

binding activity of a ribosome biogenesis factor, 
nucleophosmin/B23, is modulated by phosphorylation 
with a cell cycle-dependent kinase and by association 
with its subtype. Molecular biology of the cell, 13(6), 
2016-2030. https://doi.org/10.1091/mbc.02-03-0036  

Pakingking, R., Jr., de Jesus-Ayson, E. G., Reyes, O., & Brian 
Bautista, N. (2018). Immunization regimen in Asian sea 
bass (Lates calcarifer) broodfish: A practical strategy to 
control vertical transmission of nervous necrosis virus 
during seed production. Vaccine, 36(33), 5002-5009. 
https://doi.org/10.1016/j.vaccine.2018.07.015  

Pandey, R. K., Verma, P., Sharma, D., Bhatt, T. K., Sundar, S., & 
Prajapati, V. K. (2016). High-throughput virtual screening 
and quantum mechanics approach to develop 
imipramine analogues as leads against trypanothione 
reductase of leishmania. Biomedicine & 
Pharmacotherapy, 83, 141-152. 

 https://doi.org/https://doi.org/10.1016/j.biopha.2016.
06.010  

Pollastri, M. P. (2010). Overview on the Rule of Five. Current 
Protocols in Pharmacology, 49(1), 9.12.11-19.12.18. 
https://doi.org/https://doi.org/10.1002/0471141755.p
h0912s49  

Rani, S., & Pooja, K. (2018). Elucidation of structural and 
functional characteristics of collagenase from 
Pseudomonas aeruginosa. Process Biochemistry, 64, 
116-123. 
https://doi.org/https://doi.org/10.1016/j.procbio.2017.
09.029  

Samad, A., Ahammad, F., Nain, Z., Alam, R., Imon, R. R., Hasan, 
M., & Rahman, M. S. (2022). Designing a multi-epitope 
vaccine against SARS-CoV-2: an immunoinformatics 
approach. J Biomol Struct Dyn, 40(1), 14-30. 
https://doi.org/10.1080/07391102.2020.1792347  



Genetics of Aquatic Organisms GA487 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sastry, G. M., Adzhigirey, M., Day, T., Annabhimoju, R., & 
Sherman, W. (2013). Protein and ligand preparation: 
parameters, protocols, and influence on virtual 
screening enrichments. J Comput Aided Mol Des, 27(3), 
221-234. https://doi.org/10.1007/s10822-013-9644-8  

Sharma, S., Sharma, A., & Gupta, U. (2021). Molecular Docking 
Studies on the Anti-Fungal Activity of Allium Sativum 
(Garlic) Against Mucormycosis (Black Fungus) by BIOVIA 
Discovery Studio Visualizer 21.1.0.0. 

 https://doi.org/10.21203/rs.3.rs-888192/v1  
Szymański, P., Markowicz, M., & Mikiciuk-Olasik, E. (2012). 

Adaptation of high-throughput screening in drug 
discovery-toxicological screening tests. Int J Mol Sci, 
13(1), 427-452. https://doi.org/10.3390/ijms13010427  

Tandon, H., Chakraborty, T., & Suhag, V. (2019). A Brief Review 
on Importance of DFT In Drug Design. 7, RMES.000668. 
https://doi.org/10.31031/RMES.2019.07.00068  

Tesfaye, A. (2021). Revealing the Therapeutic Uses of Garlic 
(<i>Allium sativum</i>) and Its Potential for Drug 
Discovery. The Scientific World Journal, 2021, 8817288. 
https://doi.org/10.1155/2021/8817288  

Wichapong, K., Nueangaudom, A., Pianwanit, S., Sippl, W., & 
Kokpol, S. (2013). Identification of potential hit 
compounds for Dengue virus NS2B/NS3 protease 
inhibitors by combining virtual screening and binding 
free energy calculations. Trop Biomed, 30(3), 388-408.  

Wiederstein, M., & Sippl, M. J. (2007). ProSA-web: interactive 

web service for the recognition of errors in three-
dimensional structures of proteins. Nucleic acids 
research, 35(suppl_2), W407-W410. 

 https://doi.org/10.1093/nar/gkm290  
Wu, C., Liu, Y., Yang, Y., Zhang, P., Zhong, W., Wang, Y., Wang, 

Q., Xu, Y., Li, M., Li, X., Zheng, M., Chen, L., & Li, H. (2020). 
Analysis of therapeutic targets for SARS-CoV-2 and 
discovery of potential drugs by computational methods. 
Acta Pharm Sin B, 10(5), 766-788. 

 https://doi.org/10.1016/j.apsb.2020.02.008  
Wu, J., Hu, B., Sun, X., Wang, H., Huang, Y., Zhang, Y., Liu, M., 

Liu, Y., Zhao, Y., Wang, J., & Yu, Z. (2020). In silico study 
reveals existing drugs as α-glucosidase inhibitors: 
Structure-based virtual screening validated by 
experimental investigation. 1218, 128532. 
https://doi.org/10.1016/j.molstruc.2020.128532  

Xu, J., McPartlon, M., & Li, J. (2021). Improved protein 
structure prediction by deep learning irrespective of co-
evolution information. Nature Machine Intelligence, 
3(7), 601-609. https://doi.org/10.1038/s42256-021-
00348-5  

Ziarati, M., Zorriehzahra, M. J., Kafilzadeh, F., & Kargar, M. 
(2020). Molecular Monitoring and Phylogenetic Analysis 
of Betanodavirus in Groupers (Epinephelus spp.) and 
Asian Sea bass (Lates calcarifer) of Iranian Northern 
Waters of the Persian Gulf. Curr Microbiol, 77(12), 3919-
3926. https://doi.org/10.1007/s00284-020-02222-w 


