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In the present work, we have designed three molecules, acyclovir (A), ganciclovir (G) and derivative of
hydroxymethyl derivative of ganciclovir (CH;0OH of G, that is D) and investigated their biological potential
against the Mpro of nCoV via in silico studies. Further, density functional theory (DFT) calculations of A, G and D
were performed using Gaussian 16 on applying B3LYP under default condition to collect the information for the
delocalization of electron density in their optimized geometry. Authors have also calculated various energies
including free energy of A, G and D in Hartree per particle. It can be seen that D has the least free energy. As
mentioned, the molecular docking of the A, G and D against the Mpro of nCoV was performed using iGemdock,
an acceptable computational tool and the interaction has been studied in the form of physical data, that is,
binding energy for A, G and D were calculated in kcal/mol. It can be seen the D showed effective binding, that is,
maximum inhibition that A and G. For a better understanding for the inhibition of the Mpro of nCoV by A, G and
D, temperature dependent molecular dynamics simulations were performed. Different trajectories like RMSD,
RMSF, Rg and hydrogen bond were extracted and analyzed. The results of molecular docking of A, G and D
corroborate with the td-MD simulations and hypothesized that D could be a promising candidate to inhibit the
activity of Mpro of nCoV.

1. Introduction

Drug repurposing is the concept of utilising the FDA-approved drugs
for a new problem, infection or illness other than the one for which it
was originally approved. These repurposing drugs save the time and
money, accelerated their admittance into experimental clinical trials
against other diseases. This process involved the activity based on an
experimental or computational approach to develop the new employ of a
drug for its biological potency [1-3]. COVID-19 is named for corona-
virus disease-19 and it can cause a range of illness from common cold to
severe respiratory syndrome and also infects other organs of the body.
Coronaviruses (CoV) are a family of encapsulated viruses with
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single-strained RNA and pathogen. In comparison of previously identi-
fied SARS-CoV (2002) and MERS-CoV (2013), SARS-CoV-2 or nCoV is a
more virulent variant [4-7]. New SARS-CoV has recently received huge
attention worldwide and has been declared as a public health emergency
of global concern. Repurposing drug like acyclovir is a well-known
antiviral drug and was approved for the treatment of infections due to
herpes viruses and zoster virus. A clinical research report has been
published, showing the acyclovir as a promising drug against the
infection due to SARS-CoV-2 [8]. Heidary et al. has reported a study for
acyclovir to be a potential candidate against COVID-19 [9]. Acyclo-GTP
is a more efficient inhibitor of viral DNA. Ganciclovir and acyclovir have
shown good efficacy against cytomegalovirus infection [10]. A case has
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Fig. 1. Structures of A, G and D

reported that ganciclovir may act as an effective antiviral drug even
against SARS-CoV-2 [11].

Molecular docking provide the preliminary information for the
interaction of small molecules with the receptors. Various tools are
available to perform molecular docking. Molecular dynamics (MD)
simulations in drug development played an important role. The behav-
iour of proteins and other biomolecules is captured in atomic resolution
in the presence or absence of small molecules. Khan et al. has performed
MD simulation of drugs to cure HIV as a potent inhibitor for Mpro of
nCoV [12]. DFT calculations helps in predicting stability of the com-
pound via calcuating energies of the optimized geometry. With the help
of DFT calculations, the dipole moment and enthalpy of formation can
be calculated and these would help us to conclude about the molecule’s
polarity and behaviour. If the dipole moment of molecule is high then it
is considered to be polar, means it could be more water-soluble and may
be considered as probable candidate for oral delivery [13,14]. Pre-
liminary information for the binding affinity between the Mpro of nCoV
and ligands can be determined using iGemdock 2.1, an acceptable
computational tool [15]. There is a possibility of various interaction
mainly van der Waals interaction, hydrogen bonding. Our research
group has performed preliminary information about the molecular
docking of acyclovir and its derivatives with Mpro of nCoV; are based on
the standard docking as a preprint [16]. The molecular docking of
acyclovir and its derivative against the Mpro of nCoV and their binding
energy are —89.64 and —96.21 kcal/mol respectively [17]. Absorption,
Distribution, Metabolism and Excretion (ADME) is important for every
chemist to know the suitability of a molecule as a promisng candidate.
ADME is used to filter the compounds to get the leading molecule. In this
work, acyclovir (A), ganciclovir, (G) and hydroxymethyl derivative of
ganciclovir (D) are taken for study to inhibit the activity of main pro-
tease (Mpro) of novel corona virus (CoV) using molecular docking and
DFT calculations is performed to know the electronic behaviour of
molecules. Further to make the information obtained based on molec-
ular docking reliable, molecular dynamics (MD) simulations of Mpro of
nCoV with designed molecules at different temperature.

Journal of the Indian Chemical Society 99 (2022) 100433

Table 1
Binding energy of different docked poses of acyclovir (A), ganciclovir (G) and
hydroxymethyl-ganciclovir (D).

S. Ligand  Total Ligand  Total Ligand  Total

No Energy Energy Energy

1 A-0 —104.785 G-0 —109.324 D-0 —118.124
2 A-1 —103.521 G-1 —110.567 D-1 —-118

3 A -2 —104.53 G-2 -107.279 D-2 —112.417
4 A-3 —103.388 G-3 —110.605 D-3 —113.368
5 A-4 —103.05 G-4 —109.548 D-4 —119.226
6 A-5 -103.917 G-5 —109.292 D-5 —113.106
7 A-6 —105.054 G-6 —109.132 D-6 —114.796
8 A-7 —105.068 G-7 —108.602 D-7 —116.265
9 A-8 —104.73 G-8 —107.609 D-8 —114.076
10 A-9 —103.084 G-9 -107.915 D-9 —109.424

515 368
318 254
: Gy

A:143

D

Fig. 2. Three dimensional and two-dimensional docked view of A, G and D
with Mpro of nCoV.

2. Theoretical calculations
2.1. Designing of ligands

Structures of acyclovir, ganciclovir and hydroxymethyl-ganciclovir
are drawn using chemdraw as in Fig. 1.
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Table 2
Different types of interaction of A, G and D with the amino-acids of Mpro of
nCoV.

Ligand  H-Bond Hydrophobic
Classical Non-classical
Amino Distance Amino Distance Amino Distance
Acid A Acid A Acid @A)
A PHE- 2.60 HIS- 2.37 MET- 2.50
140 163 165
GLU- 2.05,
166 2.70, 3.22
CYS- 2.96
145
G ASN- 3.10, 3.32 HIS- 1.76
142 172
SER- 2.67 MET- 2.91
144 165
CYS- 1.79 HIS-41 2.74
145
D SER- 2.43 GLY- 2.54
144 143
ASN- 3.18 HIS- 1.62
142 172
HIS-41 2.80 ASN- 3.68
142
HIS- 2.99
163

HIS-41 3.05

2.2. Molecular docking

The crystal structure for Mpro of nCoV is taken from the RCSB
(PDB:6LU7). Before performing molecular docking and molecular dy-
namics simulations, the structure is prepared using chimera. For this, the
structure of the said protease was opened in chimera followed by
removal of ligand, water molecules and heteroatoms were deleted to
make docking successful and the structure was then saved in PDB format
for its further use [18-20]. The structures of all the three ligands were
optimized by applying MM2 forcefield before performing molecular
docking. The docking (very slow - 10 poses obtained for each ligand)
was performed using iGemdock 2.1 and gives interaction in physical
data, that is, binding energy in kcal/mol as in Table 1. BIOVIA Discovery
Studio Visualizer was used to examine the results ontained and the

C.No. HOMO
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docked views are given in Fig. 2 [21].
2.3. DFT calculation

DFT calculations of A, G and D were performed by using Gaussian
16.0 and Gaussview 6, act as an interface of gaussian to run the calcu-
lations on window [22,23]. The parameter applied to perform calcula-
tion are optimization plus frequency with B3LYP; the basis set selected
was 6-311G (d,p) at 298 K [24,25].

2.4. Molecular dynamics (MD) simulations

MD simulations of Mpro of nCoV with A, G and D are performed at
various temperatures (290, 300, 310 and 320 K) with the help of an
online web server, WebGro (https://simlab.uams.edu/) and it uses
GROMACS to perform the calculations [26-30]. This online server is
available for the academic people. Input parameters for performing the
calculations are: forcefield of GROMACS9643a, box type is triclinic,
water model is SPC and salt type is NaCl. Equilibration and MD simu-
lations run parameter used are pressure (1bar), number of frames per
simulation 1000 and simulation time (100 ns) [31,32]. The Glyco-
BioChem PRODRG?2 is an online server (http://davapcl.bioch.dundee.
ac.uk/cgi-bin/prodrg) was used to create topology of small molecules
for performing MD simulations [33].

2.5. Absorption, distribution, Metabolism and Excretion (ADME) of A, G
and D

It is reported that a molecule may be a considered as a drug if it has
the ability to reach its target with sufficient amount and should be active
in the body for the appropriate time. In the present work, a free and
acceptable online server, that is, swissADME (http://www.swissadme.
ch) has been used to calculate various physiochemical and pharmaco-
kinetic properties of the designed A, G and D.

3. Result and discussion
3.1. Molecular docking of A, D ang G
The docked poses of A, G and D with Mpro of nCoV in the two and

three-dimensional view to know different types of the molecular inter-
action are given in Fig. 2. 3D views generally focused on the fitting of the
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Fig. 3. HOMO, LUMO and Optimized geometry structures of A, G and D.
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Table 3
Thermodynamic parameters of A, G and D.
Compound  Sum of electronic and zero- Sum of electronic and Sum of electronic and Sum of electronic and Optimization energy Dipole
point Energies (Hartree per thermal Energies (Hartree thermal Enthalpies (Hartree  thermal Free Energies (Hartree per particle) moment (a.
particle) per particle) per particle) (Hartree per particle) u.)
A —810.66964 —810.65477 —810.65382 —810.65382 —810.880213 9.7791
G —925.16575 —925.14840 —925.14746 —925.21332 —925.40877 10.4241
D —1039.66047 —1039.6412 —1039.64026 —1039.7090 —1039.93684 8.9611
Table 4
Physio-chemical descriptors of A, G and D.
Compound Erumo Enomo Enomo-Lumo Erumo+ HOMO n X S H Q
A —0.0297 —0.2252 —0.1955 —0.2549 —0.0978 0.12745 —5.1154 —0.1275 —0.0831
D —0.0297 —0.2251 —0.1953 —0.2548 —0.0977 0.12740 —5.1201 -0.127 —0.0831
G —0.0294 —0.2245 —0.1951 —0.2538 —0.0975 0.12692 —5.1264 —0.1269 —0.0826

molecular in the cavity and conventional Hydrogen bonding while the
2D views explain various interactions like non-conventional hydrogen
bonding, hydrophobic interaction, electrostatic, etc. Interaction of the
A, D and G with different amino acids of Mpro of nCoV with the distance
are given in Table 2. Docking analysis shows that A forms classical
hydrogen bonding with PHE-140 (2.60), GLU-166 (3.22, 2.05, 2.70) and
with CYS-145 (2.96); D forms conventional hydrogen bonds with SER-
144 (2.43), CYS-145 (4.37), G forms hydrogen bonds with SER-144
(2.67), CYS-145 (4.22, 1.79) and ASN (3.22, 3.10).

3.2. DFT calculations

Using the DFT calculations, different thermodynamic parameters
like enthalpy, free energy, optimization energy, thermal energy and
zero-point energy have been calculated. HOMO determined can be used
to find electron rich site [34] and LUMO is the one indicate the electron
defficient site [35]. It is important to mention that higher the energy of
HOMO means has more ability to donate electron density. HUMO,
LUMO and optimized geometry of A, G and D are given in Fig. 3.

Further, different thermodynamics parameter such as zero-point
energy, thermal energy, Optimization energy and thermal enthalpy
are calculated in Jartree per particle and no significant changes is found
these enegies as in Table 3. Free energies of the molecules is an
important parameter to know the stability of a compound. It is consid-
ered that lesser the free energy of molecule indicates higher stability
[34,36-38]. Among all the designed compounds, D has the lowest free
energy, that is, —1039.7090 (Hartree per particle) and is considered to
be more stable. Dipole moment is also an important parameter for pre-
dicting the solubility in polar solvents. Table 3 shows that G has the
maximum dipole moment of 10.4241 a.u. in compounds taken.

Various physiochemical descriptors were also determined for the
above reported three molecules by DFT calculation as given in Table 4.
Erumo and Epppmo are significant chemical factors for determining a
molecules reactivity and are also applied to derive a range of important
chemical reactivity descriptors such as chemical hardness (n), chemical
potential (), softness(S), electronegativity () are reported in Table 4.
Energy gap of HOMO and LUMO is a useful parameter for determining
the reactivity of compound. The charge-transfer interaction between
the acceptor and donor groups is readily seen in the energy gap of the
molecule. The Eygomo-ELumo energy gap can be used to determine
whether a molecule is soft or hard. The existence of a significant energy-
gap identifies the molecule as a hard molecule, whereas less energy gap
defines the molecule as a soft molecule. Table 4 shows that A has min-
imum energy gap of —0.1955 and G has maximum of —0.1951. Soft
molecules have more polarizability than hard one because they need less
energy for excitation. Chemical hardness of A, D and G are found to be
—0.0978, —0.0977, —0.0975 respectively. As chemical hardness de-
creases the stability of compound decreases and polarizability increase.

—290KA ===300KA ===310KA ===320KA ===290KD ===300KD ===310KD ===320KD ~290KG ===300KG ===310KG ~—320KG
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Fig. 4. Trajectory of RMSD fit to backbone for the Mpro of nCoV with A, G and
D at 290, 300, 310 and 320 K.

Based on these data, D is considered to be less polarizable than G.
Electronegativity defines the tendency of compound to attract the
shared pair of electrons and it is the difference of electron affinity and
ionization potential. Obtained data shows that A has highest electro-
negativity value of —0.12745 and G has minimum of —0.12692.
Chemical potential refers to a substance’s capacity to generate a
chemical reaction in its environment as a result of its own chemical
energy or external energy as given in Table 4. Mathematically, chemical
potential is negative or reverse of the electronegativity of the compound.
The energies of HOMO and LUMO are directly related to the ionization
potential and electron affinity respectively.

3.3. Molecular dynamics simulations

MD simulations is used to analyze the dynamic of macromolecular
system in presence of small molecule. Various trajectories are obtained
from the results of MD simulations and gives useful information to
explore the protein-ligand interactions [39,40]. MD simulations of Mpro
of nCoV with A, G and D were performed for 100 ns at different tem-
perature. Root mean square deviation (RMSD) trajectory is the measure
of the average square root of deviation from the mean distance of the
complex, that is, protein-ligand complex [41,42]. It provides the
conformational stability of macromolecular system due to the binding of
ligand into the active cavity of rector. RMSD values ranges between
0.35 nm is considered to be acceptable. It was also found that on
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Fig. 5. Trajectory of RMSF for the Mpro of nCoV with A, G and D at 290, 300, 310 and 320 K.
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Fig. 6. Trajectory of radius of gyration for the Mpro of nCoV with A, G and D at 290, 300, 310 and 320 K.

increasing temperature the RMSD value increases. Lower temperature
favors stabilization of protein-ligand complex (Fig. 4).

Root mean square fluctuation (RMSD) is used to study the fluctuation
values of the atomic coordinates of the atoms of amino acids in presence
of ligand (A, D and G) [43]. Fluctuations values were used to analyze the
configurational changes of the protease at different temperature. RMSF
graphs for the protein with A, G and D were analyzed as in Fig. 5. From
the analysis, fluctuations were recorded in a range of 140-160, 40-60,
160-180, 240-260 amino acids.

Radius of gyration is the measure of the distance between center of
mass and axis of rotation of the protease -ligand complex. Lesser the
value of radius of gyration indicates higher the stability of the complex
[44,45]. Radius of gyration values was analyzed for the Mpro of nCoV in
presence of A, G and D at different temperature (Fig. 6). At low tem-
perature, radius of gyration is less and indicates higher stability. But an
increasing temperature for MD simulations, the value of Rg of the

complex increases and thus, the stability decreases. Results of molecular
docking corroborate with the results obtained by MD simulations.

Number of hydrogen bonds play a significant role to understand the
stability of the formed complex. The anchoring becomes tighter as the
number of hydrogen bonds increases and the length of hydrogen bond
decreases [46,47]. The number of hydrogen bonds and their persistency
were analyzed during simulation at different temperatures as given in
Fig. 7. Maximum number of hydrogen bonds found are six in case of A
while for D and G, the maximum hydrogen bonds are five. The number
of hydrogen bonds alone cannot decide the stability of the complex.

3.4. Absorption, distribution, Metabolism and Excretion (ADME) of A, G
and D

ADME characteristics are important in the drug development process
[48]. Generally, about 50% of the drugs like candidates fails due to
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Fig. 7. Trajectory of H-bond for the Mpro of nCoV with A, G and D at 290, 300, 310 and 320 K.

Table 5
Physiochemical properties of acyclovir (A), ganciclovir (G) and hydroxymethyl-
ganciclovir (D).

Physiochemical properties Acyclovir Ganciclovir Derivative of
A) @ acyclovir (D)

Log S —0.41 —0.42 0.37

Solubility Very Very soluble Highly soluble
soluble

Heavy atoms 16 18 20

Molecular weight (g/mol) 225.20 255.23 285.26

No. of rotational bonds 4 5 6

No. H-bond acceptors 5 6 7

Num. H-bond donors 3 4 5

Log P,/w (WLOGP) —1.48 -2.11 -2.75

Physiochemical space for oral
bioavailability

insufficient effectiveness like low bioavailability due to inadequate in-
testinal absorption and poor metabolic stability [49-52]. Lipophilicity is
the partition coefficient of a molecule between the n-octanol and water
(log Po,w) and used to understand the solubility of the molecules or
compounds in the water v/s organic solvent [53]. The partition coeffi-
cient is a significant indicator of a substance physical constitution and
determines its behavior in various situation. For an effective drug, the
value of log Po,w is less than or equal to 5 [54]. Solubility is an
important criterion in deciding a molecule to be drug, therefore, log S
should be less than 6. According to Lipinski’s rule of five, an orally active
drug must have: (i) hydrogen bond donor less than or equal to five (ii)
hydrogen bond acceptor less than or equal to ten (iii) molecular mass
less than 500 g/mol (iv) log P values less than 5 [55-58]. Table 5 shows
the physiochemical properties of A, G and D. All the studied molecules
obey the Lipinski rule of 5.

Drug likeness is an important criterion for evaluating the behavior of

molecule during early stage of drug development. This factor may be
regarded as a way to link physicochemical properties of a compound
with the biopharmaceutical properties in the human body for oral de-
livery. Despite the fact that there are several methods for delivery of
drugs, oral delivery approach is favored for patient. At various stages of
the discovery process, early assessment of oral bioavailability i.e. the
percentage of the dosage that reaches the blood following oral admin-
istration is a significant decision-making factor. Bioavailability of a
molecule is influenced by many factors and the gastrointestinal (GI)
absorption considered to play most significant role important. The BBB
(blood-brain barrier) may be regarded as a shield that protects the brain
through a “physical” barrier and a “biochemical” barrier (e.g. P glyco-
protein pumping out substrate from CNS tissues). BBB ensures the
consistency of central nervous system (CNS) on allowing brain tissues to
interchange nutrients with the outside world [59]. We uderstand the
importance of active transport but passive diffusion is the primary path
for a drug like candidate to reach the brain via blood. The approach to
evaluate the active efflux through biological membrane (GI wall) to the
brain. P-gp has many functions like protection of CNS from xenobiotics.
TPSA is a key characteristic for drug likeness and its value must be
smaller than 130 A. In Table 6, bioactivity and drug likeness score of A,
G and D are mentioned. A shows high GI absorption due to the TPSA
value of 119.06 A [60,61]. G and D have TPSA have TPSA value of more
than 130 A and less GI absorption [62].

4. Conclusion

Herein, the authors have designed three candidate and out of them,
acyclovir (A) and ganciclovir (G) are well know and a hydroxymethyl
derivative of ganciclovir (D) is created. Then, they were docked against
the Mpro of nCoV using iGemdock. The binding energy of A, G and D are
—105.068, —110.65 and —119.226 kcal/mol, respectively. D has a

Table 6
Bioactivity and drug likeness score of acyclovir, ganciclovir and hydroxymethyl-ganciclovir.
C. No. GI absorption BBB permeant Lipinski rule Log K, (skin permeation) TPSA (A) P-gp substrate
(cm/s)
A High No Yes; 0 violation -8.78 119.06 No
G Low No Yes; 0 violation —9.04 139.29 No
D Low No Yes; 0 violation -10.20 159.52 No
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minimum binding energy of —119.226 kcal/mol, means it could be a
promising inhibitor against Mpro of nCoV. For a better understanding
for the inhibition, authors have performed temperature dependent MD
simulation of Mpro of nCoV with A, G and D using WebGro at 290, 300,
310 and 320 K. MD simulations corroborates with docking results.
Further, DFT calculations of A, G and D are performed using Gaussian 16
to see the localization of electron density and stability. Result shows that
D has minimum free energy of —1039.7090 Hartree per particle.
Further, ADME properties of A, G and D were calculated using swis-
sADME to evaluate solubility, bioavailability and potential of the mol-
ecules to become an effective drugs. It has been found that A, G and D
followed the Lipinski rule with no violation and falls in an acceptable
range for their bioavailability.
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