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Abstract: The a-D-glucopyranoside and its derivatives were as the cardinal investigation for
developing an effective medication to treat the highest deadly white spot syndrome virus (WSSV)
diseases in Shrimp. In our forthcoming work, both computational tools, such as molecular docking,
quantum calculations, pharmaceutical kinetics, ADMET, and their molecular dynamics, as well as
the experimental trial against WSSV, were executed to develop novel inhibitors. In the beginning,
molecular docking was carried out to determine inhibitors of the four targeted proteins of WSSV
(PDB ID: 2ED6, 2G]J2, 2GJI, and 2EDM), and to determine the binding energies and interactions of
ligands and proteins after docking. The range of binding affinity was found to be between —5.40 and
~7.00 kcal/mol for the protein 2DEM, from -5.10 to 6.90 kcal/mol for the protein 2GJ2, from —4.70 to
—6.2 kcal/mol against 2GJI, and from -5.5 kcal/mol to —6.6 kcal/mol for the evolved protein 2ED6
whereas the LO1 and L03 display the highest binding energy in the protein 2EDM. After that, the
top-ranked compounds (L01, L02, L03, L04, and L05), based on their high binding energies, were
tested for molecular dynamics (MD) simulations of 100 ns to verify the docking validation and
stability of the docked complex by calculating the root mean square deviation (RMSD) and root
mean square fluctuation (RMSF). The molecules with the highest binding energy were then picked
and compared to the standard drugs that were been applied to fish experimentally to evaluate the
treatment at various doses. Consequently, approximately 40-45% cure rate was obtained by
applying the dose of oxytetracycline (OTC) 50% with vitamin C with the 10.0 g/kg feed for 10 days.
These drugs (L09 to L12) have also been executed for molecular docking to compare with a-D-
glucopyranoside and its derivatives (LO1 to LO08). Next, the evaluation of pharmacokinetic
parameters, such as drug-likeness and Lipinski's principles; absorption; distribution; metabolism;
excretion; and toxicity (ADMET) factors, were employed gradually to further evaluate their
suitability as inhibitors. It was discovered that all ligands (L01 to L12) were devoid of hepatotoxicity,
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and the AMES toxicity excluded L05. Additionally, all of the compounds convey a significant
aqueous solubility and cannot permeate the blood-brain barrier. Moreover, quantum calculations
based on density functional theory (DFT) provide the most solid evidence and testimony regarding
their chemical stability, chemical reactivity, biological relevance, reactive nature and specific part of
reactivity. The computational and virtual screenings for in silico study reveals that these chosen
compounds (L01 to L08) have conducted the inhibitory effect to convey as a possible medication
against the WSSV than existing drugs (L09, L10, L11 and L12) in the market. Next the drugs (L09,
L10, L11 and L12) have been used in trials.

Keywords: DFT; HOMO; LUMO; docking; molecular dynamic; WSSV; ADMET

1. Introduction

The fisheries sector has to play an essential role in filling the demand for proteins
from the large population of not only Bangladesh [1], but also the whole world with
ensuring food security [2], poverty alleviation [3,4], and the national economy [5,6]. In the
contemporary era, about 60% of animal proteins for human beings come from river fish
or sea fish [7], As well, as 3.50% of our Gross Domestic Product (GDP), (Bangladesh) [8].
In addition, the 25.71% of GDP in the agricultural sectors has been covered by the fisheries
sector [9]. Now, Bangladesh has attained self-sufficiency in the production of fishes with
respect to the various species, specially cultivated fishes, as well as developed storage
systems to exceed its demands [10]. Millions of people in our country, especially rural
people, are directly or indirectly involved in fish production [4,11], harvesting,
transportation, marketing, and processing, which have opened new employment doors
for more than 8.0 million people per year in Bangladesh [12]. The fisheries sector of
Bangladesh brought unparalleled success globally, placing fifth in the world of fish
production [13,14]. However, it may be revealed that Bangladesh is not only lagging the
exporting fish and fish products, but also earning foreign currency. According to the 2018-
2019 financial report, USD 455 million was earned by exporting 68,655.00 tons of fish and
fish products, and 43.38% (31158.0 tons) of this contribution came from shrimp [15]. That
is why shrimp (Penaeus monodon), called the "white gold" of Bangladesh in recent decades
[16], has turned the wheel for fortune of the people of the southern part of our country
[17]. Bangladesh has more than 58,000.0 marine shrimp farms; the average size ranges
between 3.50 and4.00 hectors for production, although single ponds as large as 45.0
hectors still exist. At present, the total area of shrimp and prawn farms is about 258553.0
hectares. Most farms are located in the Khulna, Satkhira, Bagerhat, Cox's Bazaar,
Chittagong, Barguna, and Bhola districts [18]. Shrimp production in Bangladesh has been
increasing day by day since the last couple of decades. Prior to 2018-2019, the total
production of shrimp/prawns was about 239855.0 metric tons, and 40,000.00 metric tons
of shrimp have been exported to different countries around the world. According to the
Export Promotion Bureau (EPB), Bangladesh earned USD 4.36 million by exporting
shrimp during the financial year 2019-20 [19].

Shrimp farming is a very lucrative and gratifying business for earning money, or
even foreign remittance in Bangladesh and worldwide, and it is considered the second
largest foreign exchange earning asset in our country [20]. However, this farming is going
the downward trend day by day due to poor management, environmental impact, cost
impact, over-salinity, unexpected flooding, and lack of scientific functions last few years
[17,21]. Additionally, certain pathogenic diseases caused by viruses, bacteria, and fungi
were found recently, which is considered the towering and cardinal threat for Shrimp
farming [22]. Among them, the white spot disease, detected in 2001 in Bangladesh [23],
was considered a warning to the shrimp farmers of Bangladesh. It may cause the full
destruction of Shrimp farming for accelerating the death of the host body [24,25]. White
spot disease is a viral disease of penaeid shrimp and is employed by the white spot
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syndrome virus (WSSV) [26,27], which is highly lethal and contagious, causing death in a
short time. Moreover, WSSV is a DNA virus recognized as the only member of the genus
Whispovirus (family Nimaviridae) [28]. Generally, the WSSV infects numerous cells from
shrimps’ ectodermal and mesodermal origin; pathogenesis involves widespread tissue
necrosis and disintegration, which can be diagnosed by quantitative analysis from a
polymer chain reaction (PCR) [29]. WSSV is the most deadly of the more than 20 viruses
that can affect penaeid shrimp worldwide. The first outbreak of the white spot disease
was reported in a shrimp farm in Taiwan in 1992, followed by other shrimp farms in
China, Thailand, Korea, Malaysia, and east and southeast Asia [30]. In India, WSSV was
first detected in tiger shrimp farms across a wide range from Andhra Pradesh to Sirkali in
Tamilnadu in 1994 [31,32]. In Bangladesh, white spot disease was found in 2007 and
gradually increasing day by day [22]. The disease can find on the Shrimp’s body at the
age of 30-60 days after the release of shrimp fry. During the first stage, there are no
external symptoms of the disease, but, 3 or 4 days later, the severity of the illness increases,
obtaining the symptoms, such as white spots on the skin and a reddened head. It acts as
the uncanny and devastating disease with 100% mortality within 3-10 days of the
appearance of clinical signs in tiger shrimp. Around the world, more than USD 1.0 billion
has been lost annually due to WSSV. With no treatment or prevention method with
clinical proof or an approved medicine, the white gold will disappear in the near future,
not only from Bangladesh but also from other countries. Now, it is the demand of time to
search a new remedy or treatment for WSSV; otherwise, Bangladesh will lose 5.0% of its
GDP from shrimp farming with the producing of unemployment vacancy about 8.0
million people in coastal areas.

No perfect cure or treatment drugs have ever been found for the WSSV disease of
shrimp, and poor scientific research and progress are also responsible for spreading this
disease. However, this research project has designed to search for a new potential drug to
treat the deadly WSSV disease through computational tools, such as molecular docking;
their molecular dynamic; drug-protein complex interactions; action mechanisms; and an
ADMET study, which have already established that the most acceptable method for
designing for new inhibitor by an in silico study. Sulfadiazine and its derivatives have
already used as an antibiotic for numerous viral disease treatments for fish and fisheries
farms [33,34]. Subsequently, the derivatives of a-D-glucopyranoside have been reported
in recent years acting as antimicrobial potential drugs, antifungal, antibacterial, and
antiviral drugs, as well as having an antifungal potential for white and black fungus. As
the WSSV disease of shrimp is a viral infection; sulfadiazine and its derivatives have been
selected, as well as derivatives of a-D-glucopyranoside, for an in silico study to convey
their antiviral activities. Firstly, the PASS prediction was performed to isolate initial
profiles of compounds. Next molecular docking was done to evaluate their binding
capacities. The molecular docking was validated by the molecular dynamic. Finally, this
study conveys the quantum properties and ADMET parameters.

2. Computational Details of Procedure
2.1. Optimization and Ligand Preparation

Material Studio 8.0 was utilized for computational models and hypothetical
investigation, whereas the DFT functional of the DMol3 code with DNP basis set was
applied for determination of the chemical descriptor, quantum properties and geometrical
optimization [35-37]. Making use of the DFT functional, the quantum properties, such as
eLUMO, eHOMO, energy gap (AE gap), ionization potential (I), electron affinity (A),
chemical potential (L), electro negativity (x), hardness (1)), softness (s) and electrophilicity
(o) were calculated by following equations (1)—(8):
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2.2. Protein Preparation and Collection

The four proteins (2ED6, 2GJ2, 2GJI, and 2EDM) with several entities of protease
structures for WSSV were taken from the protein data bank (PDB), (http://www.rcsb.org,
accessed on 21 February 2022). The 2ED6 is the envelope protein for WSSV, and other
three proteins are the main proteases of WSSV. All of these proteins were found in shrimp
evaluated through the X-ray diffraction method with high stable configuration
Ramachandran outliers listed Table 1. After taking the proteases from the PDB, these were
optimized in Discovery Studio via minimum energy. Water and heteroatoms were
removed, and saved in PDB form for further works.

Table 1. Protein information in shrimp white spot syndrome virus.

Title PDB ID: 2EDé6 PDB ID: 2G]J2 PDB ID: 2G]JI PDB ID: 2EDM
. Shrimp white spot Shrimp white spot Shrimp white spot Shrimp white spot
Organism . . . .
syndrome virus syndrome virus syndrome virus syndrome virus
Resolution 2.00 A 235 A N/A 220 A
R-Value Free 0.281 0.275 N/A 0.278
References [38] [39] [39] [38]

2.3. Molecular Docking and Visualization of Docking

PyRx software was employed to execute molecular docking, with the auto docking,
after acquiring the necessary parameters (listed in Table 2) to assess the binding affinity
of the ligand and protein to individual macromolecules. In the case of molecular docking,
the protein was loaded as a macromolecule, and the ligand was also loaded as a ligand.
After loading the ligand, this ligand was optimized with maximum energy and grid
surface area which consists of centre of grid and dimension of grid. Next, it is maintained
that the total surface area of ligand and protein were covered. The docking employment
was executed with the parameters of Table 2 from the PyRx software of auto dock option.
After the docking procedure, the Discovery Studio visualization was assessed for non-
covalent interactions of the ligand-protein docking complex [40].



Molecules 2022, 27, 3694

5 of 20

Table 2. Grid box parameters used for docking analysis in this study for white spot disease (WSD).

. . Grid Box Size
Protein Name with PDB ID Center Dimension (&)
X =28.2583 X=38.9011
Envelope Protein WSSV (PDB 2ED6) Y =106.048 Y = 67.0482
Z=929776 Z =45.525
X=-8.6514 X=32.888
White Spot Syndrome Virus (PDB 2GJI) Y =15.6227 Y =33.828
Z=-5.5754 Z =43.396
X=37.1819 X=39.3455
White Spot Syndrome Virus (PDB 2EDM) Y=35.3181 Y=44.655
Z=92.9466 Z=61.178
X =36.2550 X'=34.8480
White Spot Syndrome Virus (PDB 2G]J2) Y =1.4367 Y =37.8846
Z =-6.1508 Z=28.8952

2.4. .Pharmacokinetics and ADMET Studies

The absorption, distribution, metabolism, excretion and toxicity is expressed in
shortage by ADMET, which are valuable and necessary factors in the drug development
process [41,42]. The ADMET criterion was obtained by use of the SwissADME and pkCSM
online tool: http://biosig.unimelb.edu.au/pkcsm/prediction_single/adme_1643650057.59
(accessed from the 10 January 2022) [43]. The AMES toxicity, blood-brain barrier (BBB),
water solubility, total clearance, etc. are the primary key for development of a theoretical
comparison of derivatives.

2.5. Lipinski Rule and Pharmacokinetics

SwissADME was used to forecast the pharmacokinetics, drug-likeness metrics;
http://www.swissadme.ch/index.php [44], which is an online database accessed in 09
November 2021, is highly influential as well as adaptable properties of gaining access to
information. The pharmacokinetics, including the topological polar surface area (TPSA)
A2, molecular weight, hydrogen bond donors (HBD), hydrogen bond acceptors (HBA),
bond rotation numbers (NRB), lipophilicity were calculated for explain the drug likeness
properties of ligands.

2.6. Molecular Dynamic

On a desktop or a high configuration laptop computer, molecular dynamic (MD)
simulations were employed with the help of the NAMD application, which can be
conducted interactively via live view or in batch mode [45]. The MD simulation was
devoted to underpinning the docking results gained for the best drug proteins up to 100
ns for the holo-form (drug-protein) applying AMBER14 force field [46]. The whole process
was equilibrated using a concentration of 0.9 percent NaCl at 298 K temperature. During
the simulation, a cubic cell was propagated within 20 A on each side of the process and
under periodic boundary conditions. After the simulation, the RMSD and RMSF were
analyzed using the VMD software.

2.7. White Spot Trial Procedure

In the case of WSSV testing in the pond, 10 g of tablets was mixed with the shrimp
feed as daily meals. In this trial, 10 g of tablets in 1.0 kg of shrimp feed was mixed for
distribution in the ponds for seven days. Next, 10 g of vitamin C per kg of feed with 10 g
of drugs was with feed was put in ponds as daily meal for ten days.
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3. Results and Discussions
3.1. Optimized Structure

Optimized molecular structure is an important structural geometry for the study of
a computational procedure to determine the quantum calculations of any chemical species
[47]. In addition, the most stable configuration of any chemical structure possesses the
accurate calculation of computational parameters. All compounds in this study were
computationally optimized using the DFT functional, and their primary and most stable
configuration with the low energy required for optimization is observed. The Methyl-4,6-
O-benzylidene-2-O-(2,6-dichlorobenzoyl)- a-D-glucopyranoside (L01), Methyl-4,6-O-
benzylidene-2-O-(2,6-dichlorobenzoyl)-3-O-pivaloyl-a-D-glucopyranoside(L02),Methyl-
4,6-O-benzylidene-2-O-(2,6-dichlorobenzoyl)-3-O-(4-t-butylbenzoyl)-a-D-
glucopyranoside(L03),Methyl-4,6-O-benzylidene-2-O-(2,6-dichlorobenzoyl)-a-D-
glucopyranoside(L04),Methyl-4,6-O-benzylidene-2-O-(2,6-dichlorobezoyl)-3-O-
pentanoyl-a-D-glucopyranoside(L05),Methyl-4,6-O-benzylidene-2-O-(2,6-
dichlorobenzoyl)-3-O-hexanoyl-a-D-glucopyranoside(L06),Methyl-4,6-O-benzylidene-2-
O-(2,6-dichlorobenzoyl)-3-O-lauroyl-a-D-glucopyranoside(L07),4,6-O-benzylidene-2-O-
(2,6-dichlorobenzoyl)-3-O-myristoyl-a-D-glucopyranoside (L08), Sulfadiazine-d4 (L09),
p-Mercapto-sulfadiazine (L10), Oxytetracycline (L11), and Oxytetracycline Hydrate (L12)
are shown below in Figure 1.
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Figure 1. Optimized structure of inhibitors.

3.2. HOMO, LUMO, and Chemical Reactivity Descriptors

Calculations of eLUMO, eHOMO, AE gap, chemical potential (u), electronegativity
(x), hardness (), softness (s), and electrophilicity (o) for the compounds are listed in Table
3. The DFT functional was used to calculate these statistical profiles. The HOMO-LUMO
energy gap is used to measure the chemical susceptibility in molecules. A wider HOMO-
LUMO energy gap signifies that a molecule is highly unreactive and chemically unstable.
The main reason for this is that the electronic transition is hindered due to a large energy
gap from ground state to excited state. In general, a narrow HOMO-LUMO gap suggests
that a molecule is highly stable [48-54]. According to the results in Table 3, the HOMO-
LUMO gaps range between 6.630 eV and 7.990 eV for all of the studied chemicals, whereas
the L04, L08, and L09 have minor energy gaps and minimum softness values. In contrast,
the ligand L09 has the greatest hardness significance and the largest energy gap. It is
observed that the order of the energy gap is
L09>L08>L04>L05>L07>L11>L02>L06>L01>L03>L12>L10. Table 3 illustrates that the
softness value is approximately 0.228 or less than 0.30. It is important to note that if an
element's softness level is more remarkable of small value, it will take less time to
disintegrate and will degrade at a faster rate than others. Conversely, hardness is an
essential attribute of a material whose measurements reflect its stability [55-57]. In
general, the higher the hardness value of these compounds, the more strongly the
molecules resist changes in electron configuration.
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Table 3. Data of chemical descriptors.
hemical 1:
. A I Energy goteentical H(;:]r)dness El.ectronegati Softness Elec‘t;);)hlh
Ligand. LUMO HOMO _LUMO -HOMO Gap =I- (w) -4 vity 1+£X) = (6) = 1 u?
A I+4 =—— — 7 (w)=—
=—— 2 2 27
2
LO01 -1.685 —-8.445 1.685 8.445 6.760 -5.065 3.38 5.065 0.2959 3.7950
L02 -1.550 -8.528 1.550 8.528 6.978 -5.039 3.489 5.039 0.2866 3.6388
L03 -1.413 -8.159 1.413 8.159 6.746 -4.786 3.373 4.786 0.3965 3.3955
L04 -1.647 -8.896 1.647 8.896 7.249 -5.2715 3.6245 5.271 0.2759 3.8335
LO05 -1.594 -8.837 1.594 8.837 7.243 -5.2155 3.6215 5.215 0.2761 3.7555
L06 -1.701  -8.605 1.701 8.605 6.904 -5.1530 3.452 5.153 0.2897 3.8461
L07 -1.580 -8.573 1.580 8.573 6.993 -5.0765 3.4965 5.076 0.2860 3.6852
LO08 -1.624 -8.909 1.624 8.909 7.285 -5.2665 3.6425 5.266 0.2745 3.8073
L09 —0.68 -8.673 0.68 8.673 7.993 —4.6765 3.9965 4.6765 0.2503 2.7361
L10 -1.240 -7.877 1.240 7.877 6.637 —4.5585 3.3185 4.5585 0.3013 3.1309
L11 -2.163 -9.146 2.163 9.146 6.983 -5.6545 3.4915 5.6545 0.2864 4.5787
L12 -1.745 -8.464 1.745 8.464 6.719 -5.1045 3.3595 5.1045 0.2977 3.8779

3.3. Frontier Molecular Orbital: HOMO and LUMO

The frontier molecular orbital (FMO) was used to assess the kinetics, and the engaged
regions where the protein could be folded become the active pharmacophore or active
functional group. The dark lemon color indicates the positive terminal of the orbitals in
LUMO, while the pink color denotes the negative node. The more minor energy gap
assists in the development of drug interaction with a protein. Alternatively, the yellow
color for HOMO indicates the positive node of the orbital, and the light greenish color
expresses the negative node of the orbital. From the picture in Figure 2, the most important
fact obtained about the compounds is that the LUMO is located in the position of the
chlorine-containing benzene ring of these derivatives. Conversely, the HOMO is located
in the benzene ring in the end side and has no functional atoms or groups. That is why it
must be said that the chemical and biological activities are controlled by the benzene ring
and its functionalized atom as the side chain in this benzene ring.
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Figure 2. Frontier molecular orbitals diagram for HOMO and LUMO.

3.4. Molecular Docking

To authenticate the pharmacological findings obtained, molecular docking
simulations were carried out, and attest to the ligands’ binding of therapeutic compounds
with the associated peptide vs. The four most available white spot disease (WSD) proteins
[58,59]. The hydrogen and hydrophobic bonds are the primary cause of binding with
protein for WSSV and show the binding affinity by molecular docking, whereas protein-
ligand interaction is crucial in structurally oriented drug development. There is a general
consensus that docking scores of more than 6.00 kcal/mol indicate a standard drug [60,61].

In addition, the molecular docking is a tried-and-true approach for understanding
how two molecules engage and identifying the appropriate ligand configuration to create
a minimum energetic complex. Using in silico experiments, it was discovered that each of
the drug compounds in Table 4 can show the excellent binding affinity to the target
proteins for WSSV, with values in the range from —6.20 to —6.90 kcal/mol; whereas the
highest docking scores of the L03, the L04 for an envelope protein, and the L03 for a main
protein might be regarded as standard drugs, whereas these drugs(L01, L03, and L04) can
show much higher binding affinities than standardly used drugs (Sulfadiazine-d4, p-
Mercapto-sulfadiazine, Oxytetracycline, and Oxytetracycline Hydrate).
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Table 4. Data of binding energy and name of interacted ligand against WSSV in binding affinity
(kcal/mol).

Envelope Protein  Main Protease of WSSV Main Protease of WSSV~ Main Protease of WSSV

Ligands v (PDBID2EDE)  (PDB ID: 2GJ2) (PDB ID: 2GJI) (PDB ID: 2EDM)
LO01 -6.4 -6.20 -6.2 -7.0
L02 -5.6 -6.30 -6.0 -6.4
L03 -6.5 -6.90 -6.1 -6.6
L04 —6.6 -6.20 -5.7 -6.3
L05 -5.6 -6.20 -5.7 -6.0
L06 -6.2 -5.80 -5.5 -6.1
L07 -5.6 -5.80 -5.0 -5.7
L08 -5.5 -5.10 -4.7 -5.5
L09 -5.6 -6.54 -5.9 -5.7
L10 -5.7 -6.74 -5.6 -5.4
L11 -6.1 -6.4 —6.4 -6.4
L12 -5.5 -5.4 -5.1 -5.8
In Table 5, the inhibition constant and ligand efficiency are presented, which may be
extracted from the Auto Dock Vina module from MG-tools” software packet. In the case
of the inhibition constant, its the value is always below 80.0 micromolar (uM), which ranks
as the most acceptable molecule as drug. All compounds show a magnitude below 40.0
1M, which is a very small amount to activate their activity.
Table 5. Data of inhibition constant, binding energy, efficiency, and total energy of WSSV.
. Ligand Internal Electrostatic Total Internal Torsional Unbound
. Inhibitor .
Ligand Constant (M) Efficiency Energy Energy Energy Energy Energy
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)  (kcal/mol)
L01 40.00 -0.19 -7.37 -0.15 -2.60 1.79 -2.60
L02 36.00 -0.17 -8.44 -0.24 -2.73 2.39 -2.73
L03 10.28 -0.15 -9.06 -0.09 -4.49 2.68 -4.49
L04 16.21 -0.38 -7.43 -1.40 -1.58 0.89 -1.58
L05 11.43 -0.40 -7.64 -1.37 -0.27 0.89 -0.27
L06 17.18 -0.43 -6.88 -0.46 -3.71 2.45 -2.08
L07 17.25 -0.36 -6.69 -0.64 -4.10 2.32 -1.94
L08 18.66 -0.32 -6.51 -0.69 -3.98 211 -1.96
L09 22.23 -0.22 -6.34 -0.71 -3.78 2.67 -1.76
L10 21.23 -0.24 -6.10 -0.88 -3.67 3.20 -2.44
L11 20.01 -0.26 -5.90 -0.81 -4.20 2.45 -2.87
L12 18.56 -0.28 -6.10 -0.96 -4.36 2.98 2.62

3.5. Protein-Ligand Interaction

For the purpose of developing a novel medicine, the most vital component to
consider is the ligand-protein interaction through the forming of weak bonds or a covalent
bond, which offers approximate information regarding the binding affinity or energy of
substances with the proteins of micro pathogens. In order to better understand the
relationship between the molecule and the protein associated with white spot disease, the
bond distance was measured. According to substitute data, there are different sorts of
bonds: H-bonds, halogen bonds, hydrophilic bonds, Van dar Waal bonds and
hydrophobic bonds. Additionally, the sites bound by the ligand are identified in the
protein. According to the results, the ligand L02 has the most binding sides, with an H-
bond count of eight and six hydrophobic bonds against the PDB ID: 2GJ2 protein. The
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ligand, LO3, has the second-highest number of binding sides, with an H-bond count of of
four and a count of hydrophobic bonds of six. Alternatively, the second target protein
reported the highest number of binding sides in the ligand L08 with an H-bond count of
seven and a hydrophobic bond count of eight. Moreover, both 2GJI and 2EDM have the
H-bonds and hydrophobic bonds to the main protease of WSSV.

3.6. Pharmacokinetics and Drug-Likeness Study

Pharmacological drug-likeness is a groundbreaking evaluation of the potential of a
particular chemical used as an oral medicine with respect to bioavailability. It is estimated
that nine out of twelve targeted medicines are not transparently changed due to their
negative effect, resulting in significant medication costs, time, and human resources being
wasted [62]. This problem occurs due to failure to identify the actual drug characteristics.
However, by employing a new approach, Lipinski's five-rule, it is possible to readily test
the aspects of lead compounds, such as their bioavailability and G.I. absorption, among
other things [63]. In this section, our reported compounds had superior bioavailability, as
well as a high G.I. absorption score. However, the ligands L03, L07 and L08 had a lower
G.L absorptions and lower bioavailabilities. Finally, Lipinski's five-rule was satisfied for
L01, L04, L-05 and LO6, but L02, L03, L07, and LO8 were not satisfied due to large
molecular weights. Therefore, it is suggested that the ligands are safe to use. Table 6 shows
the final outcome of pharmacokinetics and drug likeness.

Table 6. Data of Lipinski rule, pharmacokinetics, and drug likeness.

. Lipinski Rule . .
. Consensus Log Kp (Skin Bioavaila GI
Ligands NBR HBA HBD TPSA, A2 Permeation), ) ) MW  bility Absorpti
Log Po/w Result Violation

cm/s Score on
L01 05 07 01 83.45 3.16 -6.69 Yes 00 45529 0.55 High
L02 08 08 0 89.52 4.23 -5.81 No 01 539.40 0.55 High
L03 09 08 0 89.52 5.64 -4.90 No 02 61550 0.17 Low
L04 07 08 00 89.52 3.37 -6.54 Yes 00 49732 0.55 High
L05 10 08 00 89.52 4.47 -5.83 Yes 01 539.40 0.55 High
L06 11 08 00 89.52 4.75 -5.53 Yes 01 553.43  0.55 High
L07 06 07 00 80.29 7.79 -2.93 No 02 649.65 0.17 Low
L08 19 08 00 89.52 7.56 -3.13 No 02 665.64 0.17 Low
L09 03 06 02 109.47 -0.26 -8.16 Yes 0 260.36  0.55 High
L10 03 04 01 119.13 1.18 -7.41 Yes 0 267.33  0.55 High
L11 02 10 07 201.85 -1.04 -9.62 No 02 46043 0.11 Low
L12 N/A N/A N/A N/A N/A N/A N/A N/A 528.16 N/A N/A

3.7. Pharmacokinetics and ADMET Studies

In silico pharmacokinetics and ADMET techniques are utilized to quantify
physicochemical properties in the early phases of the drug development process to decrease
costs, time, resources, and effort. The ADMET study on ligand (L01-L12) was performed with
the aid of In silico approaches by SwissADME: http://www.swissadme.ch/index.php
(database accessed in 09 November 2021) and pkCSM online tool:
http://biosig.unimelb.edu.au/pkcsm/prediction_single/adme_1643650057.59 (accessed from
the 10th January 2022) [43] which projected the components' absorptions, distributions,
metabolisms, excretions, and toxicities. Table 7 and 8 displays the results of the ADMET data
analysis. According to the results, these particular molecules (L01-L12) may not cross the
blood-brain barrier. The range of total clearance rate (renal and non renal) of all compounds
was within 0.424-0.873 and the highest clearance rate was reported for the ligand LO0S.
Furthermore, it has been reported that the ligand L03 and L06 may metabolized in the CYP2C9
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inhibitor at the same time, the ligand L05 and L06 were metabolized in the CYP1A2 inhibitor.
Alternatively, the Caco-2 permeability test is based on a well-established technique that
evaluates the rate of flux of a substance through polarized Caco-2 cell monolayers, and
wherein the evidence gathered may be helpful to forecast in vivo absorption of medications
in a different circumstances [64]. In this point, the range of Caco-2 Permeability has obtained
from 0.747 to 1.878, and it is clear that the ligand L03 has high Caco-2 Permeability capability.

Table 7. Data of the ADME properties.

, Caco-2  Blood Brain P b _glycoprotein  Total CYP2C9  CYP1A2
Ligands. Permeabilit = Barrier Glycoprotein vy s vy s

. Substrate Clearance Inhibitor Inhibitor

y Permeant Inhibitor

LO1 1.47 No Yes No 0.595 No No
L02 1.807 No Yes No 0.431 No No
L03 1.878 No Yes No 0.424 Yes No
L04 1.70 No Yes No 0.561 No No
L05 0.747 No No No 0.711 No Yes
L06 1.778 No Yes No 0.627 Yes Yes
L07 1.758 No Yes No 0.705 No No
L08 1.59 No Yes No 0.873 No No
L09 -0.018 No No No 0.642 No No
L10 1.296 No No No -0.112 No No
L11 -0.538 No No Yes 0.456 No No
L12 -0.595 N/A No Yes 0.225 No No

3.8. Aquatic and Non-Aquatic Toxicity

Table 8 demonstrates the aquatic and non-aquatic toxicities, which are also critical in
determining whether pharmaceuticals or materials are acceptable in the environment
before and after usages. Syntheses of molecules were identified with high water solubility,
showing a significant affinity for the aqueous phase. Chemical compounds (L06 and L08)
have the highest tendency to dissolve in water (LogS =-4.681) and compound L04 has the
lowest dissolving tendency of all of the compounds studied so far (Log S = -5.509 and
=5.021). All of the chemicals are devoid of hepatotoxicity, which implies that they will not
create liver toxicity in humans or experimental animals when used as directed. The
majority of medicines are free from AMES toxicity excluding compound L05. Moreover,
the oral rat chronic toxicity range was reported within 1.497-10.30, where the highest
chronic toxic compound was obtained for the ligand L05. Conversely, lethal doses ranging
from 2.234 to 3.264 mol/kg in non-aquatic animals, such as oral rat acute toxicity (LD50),
were found in Ligand L04 (3.264).
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Table 8. Aquatic and non-aquatic toxicity.

Oral Rat

Max Tolerated Water Oral Rat Acute T.Pyriformis

Chronic ~ Hepatotoxi AMES

Ligands Dose Toxicity city Toxicity Solubility, Toxicity (LD50) Toxicity (log

(mg/kg/day) (LOAEL) Log S (mol/kg) pug/L)
Lo1 0.581 1.556 No No -4.658 2.746 0.285
L02 0.674 1.530 No No —4.219 3.034 0.285
L03 0.590 1.113 No No -3.698 2.910 0.285
L04 0.822 1.522 No No —4.674 3.264 0.285
L05 0.438 10.30 No Yes -2.892 2482 0.285
L06 0.763 1.524 No No -5.509 3.148 0.285
LO07 0.525 1.396 No No —4.321 2.302 0.285
LO8 0.700 1.497 No No -5.021 2.621 0.285
L09 1.156 1.97 Yes No -2.954 2.234 0.285
L10 1.014 1.838 Yes No -3.076 2.348 0.285
L11 1.136 5.156 No No —2.528 5.156 0.285
L12 1.045 4.524 No No —2.497 2.456 0.285

3.9. Protein-Ligand Interaction

The ligand binding site with receptor was identified with the help of Discovery
Studio version 2020, and graphically represent on Figures 3-5. In this case, at first, auto
docking has been performed on the protein and ligand to identify the binding sites and
obstructing the active site, as well as determining the amino acid residue [65,66]. The
mostly present bond is hydrogen and hydrophobic bond, and they are responsible for
docking score variation.

Interactions

I conventional Hydrogen Bond
|:| Carbon Hydrogen Bond

[ Fi-Pi Stacked

H-Bonds

Donor

Acceptor

Figure 3. Molecular docking poses of envelope protein WSSV (PDB: 2ED6) with L04.
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Figure 5. Molecular docking poses of white spot syndrome virus (PDB 2EDM) with LO1.

3.10. Molecular Dynamics

The molecular dynamics create a platform for verifying the docking procedure's
correctness in terms of the average root-mean-square deviation (RMSD), and root-mean-
square fluctuation (RMSF), which reveal details regarding individual binding positions in
the corresponding crystal structures [67]. We discovered that the root means square
deviation (RMSD) of the docking refinement is less than 2.00 A to become a better fitting
pose of the ligand in the drug pocket and clearly demonstrates that the operating system
is capable of effectively docking molecules [68,69]. RMSD measures the accuracy and
reliability of a docking procedure by making the two docked poses parallel. Among the
four proteins, the highest binding affinity was found for 2EDM (main protein); thus the
molecular dynamic was performed against this protein.

The stability of these three docked complexes was evaluated using protein-ligand
RMSD, ligand-protein interaction, hydrogen bonding, and ligand RMSF. In our study, the
RMSD was calculated with respect to time (0-100 ns) and the interaction of amino acid
residues of the protein. Firstly, it is noted that the RMSD is illustrated in Figure 6a to (f)
in terms of time and amino acid residue where an innovative relationship is found for the
first three Figure 6a—c. The RMSD was obtained within less than 2.0 A, at 20 ns time, but
it increased 2.5 A at 50 ns time without any bond or interaction. However the RMSD did
change after the formation of the backbone or hydrogen bond. The RMSD decreased from
2.5 A to below 01 A in terms of backbone bond interaction after docking, indicating a high
accuracy and stability of docked complexes, but the hydrogen bonding shows aslight
reduction in the RMSD value from the bond. It can be said that hydrogen bonds show little
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response to the molecular docking and stability of the docked complex. The RMSD shows
at about 2.5 A, but the protein-ligand interaction plays a significant role, showing the
value at less than 1.0 A when compound L02 had less than 0.7 A. In the case of interaction
with the amino acid residue and the ligand, the same phenomenon for the RMSD was
obtained.

The RMSF of the docked complex indicates stability. A lower value of RMSF
mentions the higher strength. From Figure 6g, it has been found that the RMSF lays about
2.5 A when it has no bonding or interaction as Ligand- protein interaction. In the case of
hydrogen bond, it puts down 2.2 A, which means that hydrogen bonds are little response
for stability. But it has shifted down 01 A due to backbone interaction, while the L02, 104,

and L05 shows the minimum RMSF is about 0.7 A, meaning the highest stability of the
docked complex.
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Figure 6. Various pictures of RMSD and RMSF for main protein (Mp) of white spot disease. (a)
RMSD: time vs no bond. (b) RMSD: time vs protein skeleton. (c) RMSD: time vs hydrogen bond. (d)
RMSD: amino acid vs no bond. (e) RMSD: amino acid vs backbone. (f) RMSD: amino acid vs H
bond. (g) RMSF: amino acid vs no bond. (h) RMSF: amino acid vs backbone. (i) RMSF: amino acid
vs H bond.
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3.11. Trial Results

Different types of medication were applied, and their effectivenesses were checked.
The dose depended on the size and weight of the fish. The name, quantity and
performance of the drugs are listed in Table 9. In Table 9, the combination of OTC and
vitamin C had the best performance when, at OTC 10.0 g per kg feed for seven days and
vitamin C 10.0 g per kg feed for ten days, about 40.0-4.0% of the infected shrimp were
cured, and shown in Figure 7. Afterwards, sulfadiazine (SFD) 10.0 g per kg of fish was
administered for seven days, and it was noticed that about 5.0-7.0% of the fish were
restored. Following that, several other medications were introduced progressively to
broaden this study. The other medicines comprised oxytetracycline dehydrate (OTCD),
and p-Mercapto-Sulfadiazine (p-M-SFD), and it was determined that oxytetracycline
dehydrate had 10-15% effectiveness and p-Mercapto-Sulfadiazine (p-M-SFD) had 0.0%
percent efficacy. The two medications were picked because they demonstrated promising
outcomes separately, and, therefore, we wanted to test what would happen if they were
used in combination. Accordingly, a combination of oxytetracycline 50% + sulfadiazine
(OTC-5 g and SFD-5 g/kg feed for seven days) showed 30.0-35.0% effectiveness, and a
combination of sulfadiazine with vitamin C showed less effectiveness at 3.0-5.0%.

Figure 7. Trial results for the applied doses in WSD of shrimp.

Table 9. dose and performance of the drugs.

S.L. No. Name of the Drugs Dose Cure Rate
Oxytetracycline (OTC) 50% with OTC-10 g/kg feed for 7 days and VC 10 g/kg feed for
1 o 40-45%
vitamin C 10 days
2 Sulfadiazine (SFD) 10 g/kg feed for 7 days 5-7%
3 Oxytetracycline dehydrate (OTCD) 10 g/kg feed for 7 days 10-15%
4 p-Mercapto-Sulfadiazine (p-M-SFD) 10 g/kg feed for 7 days 00%
5 Oxytetracycline 50%+ sulfadiazine OTC-5 g and SFD-5 g/kg feed for 7 days 30-35%
6 Sulfadiazine with vitamin SFD-10 g/kg feed and VC 10 g/kg feed for 7 days 3-5%
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4. Conclusions

The goal of this research is to develop an effective medication or inhibitor against the
deadly white spot disease caused by WSSV. Both computational and experimental tools
performed as potential medication to treat WSSV. At the beginning of the study, some
common inhibitors orally evaluated the molecular docking by calculating the binding
affinity against four proteins. The highest molecular docking score was recorded for LO1
(-7.0 kcal/mol) against the main protein 2FDM of WSSV, whereas the binding affinity of
L01 in the evolved protein 2ED6 is at —6.4 kcal/mol, the highest was recorded as —6.6
kcal/mol for L04 against the evolved protein 2ED6. In the case of a drug’s existence in the
market, L09, L10, L11 and L12 are showed the lower binding affinities than the newly
designed drugs (LO1 to L08) against both the evolved protein and main proteins. That is
why, it is said that the eight derivatives of a-D-glucopyranoside (LO1 —L08) are more
highly active for inhibition against WSSV than four established drugs available in the
market (L09 to L12). Superior pharmacokinetic features, non-carcinogenicity, significant
solubility in water, compliance with the Lipinski rule (except for L02, L03, L07, and L08),
and drug-likeness features were also demonstrated for the potential drug candidates.
Finally, molecular dynamics testing was carried out in order to validate its long-term
persistence as a very promising medicinal candidate, and the results assessed the stability
of the docked complexand acceptability as prospective new drug candidates.
Furthermore, the rate of total drug clearance (renal and non-renal) was also excellent for
all derivatives. Finally, a 40-45% cure rate was recorded by using the oxytetracycline
(OTC) 50% with vitamin C for up to 10 days; the docking score as the binding affinity is
lower than the modified derivatives of a-D-glucopyranoside. That is why it can be said
that the WSSV is inhibited by modified derivatives of a-D-glucopyranoside than by
oxytetracycline (OTC) or other existing drugs.

Author Contributions: A K. designed and optimized the structural geometry, purchased software,
theorized and wrote the full manuscript; U.C. performed the molecular dynamics and calculation;
M.M.R. performed the trial of drugs; A.C. and S.A. (Shopnil Akash) performed the data analysis,
calculation and initial draft of data and data processing; A.M.E.-5., M\M.E. and S.A. (Sarah
Albogami) equally supervised, administrative responses and funded this project. All authors have
read and agreed to the published version of the manuscript.

Funding: The current work was funded by Taif University Researchers Supporting Project number
(TURSP —2020/75), Taif University, Taif, Saudi Arabia.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We acknowledge the Department of Biotechnology, Taif University, Taif, Saudi
Arabia, and the Department of Genetics, Faculty of Agriculture, University of Alexandria,
Alexandria 21545, Egypt, for their support.

Conflicts of Interest: The authors declare no conflict of interest.



Molecules 2022, 27, 3694 18 of 20

References

1.  Shamsuzzaman, M.; Mozumder, M.M.H.; Mitu, S.J.; Ahamad, A.F.; Bhyuian, S. The economic contribution of fish and fish trade
in Bangladesh. Aquac. Fish. 2020, 5, 174-181. https://doi.org/10.1016/j.aaf.2020.01.001.

2. Muir, ]J.E.J.A.F. Fish, feeds, and food security. Anim. Front. 2013, 3, 28-34.

3.  Thorpe, A.; Andrew, N.L.; Allison, E.H. Fisheries and poverty reduction. Nutr. Nat. Resour. 2007, 2, 85.

4. Hossain, MLAR. An overview of Fisheries sector of Bangladesh. Res. Agric. Livest. Fish. 2014, 1, 109-126.
https://doi.org/10.3329/ralf.v1i1.22375.

5. Craig, ]J. H; Barr, A. S; Bean, ]J. ]J. F; The Bangladesh floodplain fisheries, Fish. Res., 2004. 66, 271-286.
https://doi.org/10.1016/50165-7836(03)00196-6

6.  Islam, M.S. Perspectives of the coastal and marine fisheries of the Bay of Bengal, Bangladesh. Ocean. Coast. Manag. 2003, 46, 763~
796.

7.  Shamsuzzaman, M.M.; Islam, M.M.; Tania, N.J.; Abdullah Al-Mamun, M.; Barman, P.P.; Xu, X. Fisheries resources of
Bangladesh: Present status and future direction. Aquac. Fish. 2017, 2, 145-156. https://doi.org/10.1016/j.aaf.2017.03.006.

8.  Dey, S. Relationship between rice production, fisheries production and gross domestic product (gdp) in bangladesh: Co
integrating Regression Analysis (1971-2017). Int. ]. Econ. Financ. Issues 2020, 1, 201-216.

9.  Chakraborty, B.K. Status of Fish Diversity and Production in Bangladesh. Integr. Biol. Resour. Prosper. 2021, 1, 85-99.

10. Protom Alo Desk Report; Bangladesh attains self-sufficiency in fish production in terms of consumption against demand:
Minister. Prothom. Alo. 2021. Available online: https://en.prothomalo.com/bangladesh/parliament/bangladesh-attains-self-
sufficiency-in-fish-production-in-terms-of-consumption-against-demand-minister (accessed on 15 September 2021).

11. Hussain, M.G. Freshwater fishes of Bangladesh: Fisheries, biodiversity and habitat. Aquat. Ecosyst. Heal. Manag. 2010, 13, 85-93.
https://doi.org/10.1080/14634980903578233.

12. Hossain M. M. I.; Aminul, M.; Ridgway, S.; Matsuishi, T., Management of inland open water fisheries resources of Bangladesh:
issues and options, Fish. Res. 2006, 77, 275-284. https://doi.org/10.1016/j.fishres.2005.11.010

13.  Alam, M.F.T.; Kenneth, ]. Current constraints and future possibilities for Bangladesh fisheries. Food Policy 2001, 26, 297-313.

14. Habib, T.B. Bangladesh sees significant rise in fish production in a decade. Financ. Express 2021, 7. Available online:
https://thefinancialexpress.com.bd/trade/bangladesh-sees-significant-rise-in-fish-production-in-a-decade-1636256725 (7th
November 2021).

15. Toufique, K. A.; Belton, B.; Is aquaculture pro-poor? Empirical evidence of impacts on fish consumption in Bangladesh, Wol.
Dev. 2014, 64, 609-620. https://doi.org/10.1016/j.worlddev.2014.06.035

16. Ahmed, N; Diana, ].5.J.0.; Management, C. Threatening “white gold”: Impacts of climate change on shrimp farming in coastal
Bangladesh. Ocean. Coast. Manag. 2015, 114, 42-52.

17.  Ahmed, N. Linking prawn and shrimp farming towards a green economy in Bangladesh: Confronting climate change. Ocean
Coast. Manag. 2013, 75, 33-42. https://doi.org/10.1016/j.ocecoaman.2013.01.002.

18. Swapan, M.; Gavin, M. A desert in the delta: Participatory assessment of changing livelihoods induced by commercial shrimp
farming in Southwest Bangladesh. Ocean Coast. Manag. 2011, 54, 45-54. https://doi.org/10.1016/j.ocecoaman.2010.10.011.

19. Department of Fisheries, Ministry of Fisheries: Banglades, Yearbook of Fisheries Statistics of Bangladesh (July 2017—June 2018);
Fisheries Resources Survey System (FRSS): Dhaka, Bangladesh, 2018; Volume 35, pp. 1-129.

20. Rahman, M.; Hossain, M. Production and Export of Shrimp of Bangladesh : Problems and Prospects. Progress. Agric. 2013, 20,
163-171. https://doi.org/10.3329/pa.v20i1-2.16868.

21. Paul, B.G.; Vogl, C.R. Impacts of shrimp farming in Bangladesh: Challenges and alternatives. Ocean. Coast. Manag. 2009, 54, 201—
211.

22. Alam, S.M.; Pokrant, B.; Yakupitiyage, A.; Phillips, M.]. Economic returns of disease-affected extensive shrimp farming in
southwest Bangladesh. Aquac. Int. 2007, 15, 363-370.

23. Hossain, M.S.; Karunasagar, I.; Karunasagar, I. Detection of white spot syndrome virus (WSSV) in wild captured shrimp and
in non-cultured crustaceans from shrimp ponds in Bangladesh by polymerase chain reaction. Fish Pathol. 2001, 36, 93-95.

24. Talukder, A.S,; Punom, N.J.; Eshik, M.E.; Begum, M.K,; Islam, H.R.; Hossain, Z.; Rahman, M.S. Molecular identification of white
spot syndrome virus (WSSV) and associated risk factors for white spot disease (WSD) prevalence in shrimp (Penaeus monodon)
aquaculture in Bangladesh. |. Invertebr. Pathol. 2021, 179, 107535. https://doi.org/10.1016/.jip.2021.107535.

25. Hasan, N.A,; Haque, M.M.; Hinchliffe, S.J.; Guilder, J. A sequential assessment of WSD risk factors of shrimp farming in
Bangladesh: Looking for a sustainable farming system. Aquaculture 2020, 526, 735348.
https://doi.org/10.1016/j.aquaculture.2020.735348.

26. Colorni, A.; Burgess, P. Cryptocaryon irritans Brown 1951, the cause of ‘white spot disease’in marine fish: An update. Aquar.
Sci. Conserv. 1997, 1, 217-238.

27. Singh, L.S.B.; Manjusha, M.; Pai, S.; Philip, R. Fenneropenaeus indicus is protected from white spot disease by oral
administration of inactivated white spot syndrome virus. Dis. Aquat. Org. 2005, 66, 265-270. https://doi.org/10.3354/dao066265.

28. van Hulten, M.C.; Witteveldt, ].; Peters, S.; Kloosterboer, N.; Tarchini, R.; Fiers, M.; Sandbrink, H.; Lankhorst, R.K.; Vlak, J.M.
The white spot syndrome virus DNA genome sequence. Virology 2001, 286, 7-22.

29. Escobedo-Bonilla, C.M.; Alday-Sanz, V.; Wille, M.; Sorgeloos, P.; Pensaert, M.B.; Nauwynck, H.]. A review on the morphology,

molecular characterization, morphogenesis and pathogenesis of white spot syndrome virus. J. Fish Dis. 2008, 31, 1-18.



Molecules 2022, 27, 3694 19 of 20

30.

31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Graslund, S.; Bengtsson, E.B. Chemicals and biological products used in south-east Asian shrimp farming, and their potential
impact on the environment— A review. Sci. Total Environ. 2001, 280, 93-131. https://doi.org/10.1016/s0048-9697(01)00818-x.
Primavera, J.H. Socio-economic impacts of shrimp culture. Aquac. Res. 1997, 28, 815-827.

Rajasegar, M.; Srinivasan, M.; Rajaram, R. Phytoplankton diversity associated with the shrimp farm development in Vellar
estuary, south India. Seaweed Res. Utiln 2000, 22, 125-213.

Long, P.H. Sulfadiazine: The 2-Sulfanilamidopyrimidine Analogue of Sulfanilamide. J. Am. Med. Assoc. 1941, 116, 2399-2401.
Wheeler, C.; Plummer, N. Sulfadiazine and sodium sulfadiazine: A comparison of certain of their clinical and pharmacologic
values. Ann. Intern. Med. 1942, 16, 269. https://doi.org/10.7326/0003-4819-16-2-269.

Kohn, W.; Becke, A.D.; Parr, R.G. Density Functional Theory of Electronic Structure. J. Phys. Chem. 1996, 100, 12974-12980.
https://doi.org/10.1021/jp9606691.

Parr, R.G. Density functional theory of atoms and molecules. In Horizons of Quantum Chemistry; Springer: Berlin/Heidelberg,
Germany, 1980; pp. 5-15. https://doi.org/10.1007/978-94-009-9027-2_2.

Parr, R.G; Yang, W. Density functional approach to the frontier-electron theory of chemical reactivity. J. Am. Chem. Soc. 1984,
106, 4049-4050. https://doi.org/10.1021/ja00326a036.

Tang, X.; Wu, J.; Sivaraman, J.; Hew, C.L. Crystal Structures of Major Envelope Proteins VP26 and VP28 from White Spot
Syndrome Virus Shed Light on Their Evolutionary Relationship. J. Virol. 2007, 81, 6709-6717. https://doi.org/10.1128/jvi.02505-
06.

Liu, Y.; Wu, J.; Song, J.; Sivaraman, J.; Hew, C.L. Identification of a novel nonstructural protein, VP9, from white spot syndrome
virus: its structure reveals a ferredoxin fold with specific metal binding sites. ]. Virol. 2006, 80, 10419-10427.
https://doi.org/10.1128/JV1.02505-06.

Accelrys Software Inc. Discovery Studio Modeling Environment, 2013. Release 4. San Diego, CA.
https://research.csc.fi/documents/48467/72092/Discovery_Studio_4.0_Product_Release_Document.pdf/0e006e19-2e8f-45e8-
aad5-e10c744ee285(10th November, 2021).

Tsaioun, K.; Blaauboer, B.J.; Hartung, T. Evidence-based absorption, distribution, metabolism, excretion (ADME) and its
interplay with alternative toxicity methods. Altern. Anim. Exp. ALTEX 2016, 33, 343-358.

Chandrasekaran, B.; Abed, S.N.; Al-Attraqchi, O.; Kuche, K.; Tekade, R.K. Computer-aided prediction of pharmacokinetic
(ADMET) properties. In Dosage Form Design Parameters; Elsevier: Amsterdam, The Netherlands, 2018; pp. 731-755.

Pires, D.E.V.; Blundell, T.L.; Ascher, D.B. pkCSM: Predicting Small-Molecule Pharmacokinetic and Toxicity Properties Using
Graph-Based Signatures. |. Med. Chem. 2015, 58, 4066-4072. https://doi.org/10.1021/acs.jmedchem.5b00104.

Daina, A.; Michielin, O.; Zoete, V. SwissADME: A free web tool to evaluate pharmacokinetics, drug-likeness and medicinal
chemistry friendliness of small molecules. Sci. Rep. 2017, 7, 42717. https://doi.org/10.1038/srep42717.

Phillips, J.C.; Hardy, D.J.; Maia, J.D.C.; Stone, J.E.; Ribeiro, J.V.; Bernardi, R.C.; Buch, R.; Fiorin, G.; Hénin, J.; Jiang, W; et al.
Scalable molecular dynamics on CPU and GPU architectures with NAMD. ]. Chem. Phys. 2020, 153, 044130.
https://doi.org/10.1063/5.0014475.

Skjevik, A.; Madej, B.D.; Dickson, C.J.; Teigen, K.; Walker, R.C.; Gould, I.R. All-atom lipid bilayer self-assembly with the AMBER
and CHARMM lipid force fields. Chem. Commun. 2015, 51, 4402-4405. https://doi.org/10.1039/c4cc09584g.

Loépez, J.; Anitescu, C.; Valizadeh, N.; Rabczuk, T.; Alajlan, N. Structural shape optimization using Bézier triangles and a CAD-
compatible boundary representation. Eng. Comput. 2020, 36, 1657-1672. https://doi.org/10.1007/s00366-019-00788-z.

Kumer, A.; Ahmed, B.; Sharif, A.; Al-Mamun, A. A Theoretical Study of Aniline and Nitrobenzene by Computational Overview.
Asian ]. Phys. Chem. Sci. 2017, 4, 1-12. https://doi.org/10.9734/ajopacs/2017/38092.

Kumer, A.; Paul, S.; Sarker, N.; Islam, M.]. The Prediction of Thermo Physical, Vibrational Spectroscopy, Chemical Reactivity,
Biological Properties of Morpholinium Borate, Phosphate, Chloride and Bromide Ionic Liquid: A DFT Study. Int. ]. New Chem.
2019, 6, 236-253. https://doi.org/10.22034/]J]NC.2019.110412.1053.

Kumer, A.; Sarker, N.; Paul, S. The theoretical investigation of HOMO, LUMO, thermophysical properties and QSAR study of
some aromatic carboxylic acids using HyperChem programming. Int. ]. Chem. Technol. 2019, 3, 26-37.
https://doi.org/10.32571/ijct.478179.

Kumer, A; Sarker, N.; Paul, S.; Zannat, A. The Theoretical Prediction of Thermophysical properties, HOMO, LUMO, QSAR
and Biological Indics of Cannabinoids (CBD) and Tetrahhdrocannabinol (THC) by Computational Chemistry. Adv. J. Chem. A
2019, 2, 190-202. https://doi.org/10.33945/sami/ajca.2019.2.190202.

Kumer, A.; Sarker, M.N.; Paul, S. The thermo physical, HOMO, LUMO, Vibrational spectroscopy and QSAR study of
morphonium formate and acetate Ionic Liquid Salts using computational method. Turk. Comput. Theor. Chem. 2019, 3, 59-68.
https://dergipark.org.tr/tr/download/article-file/723558.

Kumer, A.; Sarker, M.N.; Sunanda, P. The Simulating Study of HOMO, LUMO, thermo physical and Quantitative Structure of
Activity Relationship (QSAR) of Some Anticancer Active Ionic Liquids. Eurasian ]. Environ. Res. 2019, 3, 1-10.
https://dergipark.org.tr/en/pub/ejere/issue/45416/478362.

Nath, A.; Kumer, A.; Zaben, F.; Khan, M. W.; Investigating the binding affinity, molecular dynamics, and ADMET properties
of 2, 3-dihydrobenzofuran derivatives as an inhibitor of fungi, bacteria, and virus protein. Beni-Suef. Univ. ]. Basic Appl. Sci. 2021.
10, 36, 1-13. https://doi.org/10.1186/s43088-021-00117-8

Kawsar, SM.A.; Kumer, A. Computational investigation of methyl a-D-glucopyranoside derivatives as inhibitor against
bacteria, fungi and COVID-19 (SARS-2). J. Chil. Chem. Soc. 2021, 66, 5206-5214. https://doi.org/10.4067/s0717-97072021000205206.



Molecules 2022, 27, 3694 20 of 20

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Kumer, A.; Khan M. W.; The effect of alkyl chain and electronegative atoms in anion on biological activity of anilinium
carboxylate bioactive ionic liquids and computational approaches by DFT functional and molecular docking. Heliyon 2021, 7,
€07509. https://doi.org/10.1016/j.heliyon.2021.e07509

Kumer, A.; Khan M. W.; Synthesis, characterization, antimicrobial activity and computational exploration of ortho toludinium
carboxylate ionic liquids. J. Mol. Struct. 2021, 1245, 131087. https://doi.org/10.1016/j.molstruc.2021.131087.

Hornig, H.; Woolley, P.; Lithrmann, R. Decoding at the ribosomal A site: Antibiotics, misreading and energy of aminoacyl-
tRNA binding. Biochimie 1987, 69, 803-813.

Babahedari, A.K.; Soureshjani, E.H.; Shamsabadi, M.K.; Kabiri, H. The Comprehensive Evaluation Docking of Methicillin Drug
Containing Isoxazole Derivatives, as Targeted Antibiotics to Staphylococcus Aureus. |. Bionanosci. 2013, 7, 288-291.
https://doi.org/10.1166/jbns.2013.1119.

Cheng, K.; Zheng, Q.Z.; Qian, Y.; Shi, L.; Zhao, J.; Zhu, H.L. Synthesis, antibacterial activities and molecular docking studies of
peptide and Schiff bases as targeted antibiotics. Bioorganic Med. Chem. 2009, 17, 7861-7871.

Hermann, T.; Westhof, E. Docking of Cationic Antibiotics to Negatively Charged Pockets in RNA Folds. ]. Med. Chem. 1999, 42,
1250-1261. https://doi.org/10.1021/jm981108g.

Athar, M.; Sona, A.N.; Bekono, B.D.; Ntie-Kang, F. Fundamental physical and chemical concepts behind “drug-likeness” and
“natural product-likeness”. In Fundamental Concepts; De Gruyter: Berlin/Boston, Germany, 2020; pp. 55-80.

Lipinski, C.A.; Lombardo, F.; Dominy, B.W.; Feeney, P.J. Experimental and computational approaches to estimate solubility
and permeability in drug discovery and development settings. Adv. Drug Deliv. Rev. 1997, 23, 3-25.
http://dx.doi.org/10.1016/S0169-409X(96)00423-1.

van Breemen, R.B.; Li, Y. Caco-2 cell permeability assays to measure drug absorption. Expert Opin. Drug Metab. Toxicol. 2005, 1,
175-185.

Kumer, A.; Chakma, U.; Matin, M.M.; Akash, S.; Howlader, D.; Chandro, A. The computational screening of inhibitor for black
fungus and white fungus by D-glucofuranose derivatives using in silico and SAR study. Org. Commun. 2021, 14, 305-322.
https://doi.org/10.25135/acg.0c.116.2108.2188.

Patel, HM.; Noolvi, M.N.; Sharma, P.; Jaiswal, V.; Bansal, S.; Lohan, S.; Kumar, S.S.; Abbot, V.; Dhiman, S.; Bhardwaj, V.
Quantitative structure-activity relationship (QSAR) studies as strategic approach in drug discovery. Med. Chem. Res. 2014, 23,
4991-5007. https://doi.org/10.1007/s00044-014-1072-3.

Trott, O.; Olson, A.J]. AutoDock Vina: Improving the speed and accuracy of docking with a new scoring function, efficient
optimization, and multithreading. . Comput. Chem. 2010, 31, 455-461. https://doi.org/10.1002/jcc.21334.

Rahman, M.A.; Matin, M.M.; Kumer, A.; Chakma, U.; Rahman, M. Modified D-Glucofuranoses as New Black Fungus Protease
Inhibitors: Computational Screening, Docking, Dynamics, and QSAR Study. Phys. Chem. Res. 2022, 10, 195-209.

Kumer, A.; Chakma, U.; Kawsar, SM.A. The Inhibitory Effect of Some Natural Bioactive D-Glucopyranoside Derivatives
against SARS-CoV-2 Main Protease (Mpro) and Spike Protease (Spro). ASM Sci. |. 2021, 16, 1-18.



