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HEORETICAL molecular modelling mimics the physical, chemical and biological

properties and the behavior of molecules using classical and quantum theoretical
methods. Egypt is considered the most infected region in the world with hepatitis C virus
(HCV) especially genotype 4a. The most important target enzyme for HCV inhibition is non-
structural 3 protease (NS3). Based on recent theoretical study, a possible potent inhibitor is a
dimer cellulose with hexapeptide at position 6. In the present study, the physical properties
and biological activity of suggested novel NS3 protease inhibitors for Egyptian genotype 4 are
calculated using Parametrization method 3(PM3). These inhibitors are divided into two series.
The first series is the dimer cellulose with hexapeptide modifications usingf-amino acids, mix
of a- and B-amino acids, a-ketoacids or phenyl acyl sulfonamide. The second series consists of
a monomer cellulose instead of dimer cellulose with the same modifications in the hexapeptide
sequences. Results show that, the two compounds with a-ketoacids in the first and second series
have better physical properties as well as nearly similar biological activity compared to the
recently studied inhibitor without any modifications.

Keywords: Biological activity, Docking, HCV, Molecular modelling, NS3 protease, Physical
properties, PM3.

Introduction

The physical, chemical and biological properties
of any compound, molecule or molecular
system can be simulated using the theoretical
methods of molecular modelling. Molecular
modelling is associated withcomputer modelling
and computer-based methods that depend on
experimental data and basic laws of physics
(classical or quantum laws) for understandingand
predicting the behavior of molecularsystems. This
technique enables calculation or predictionof the
geometry optimization, molecular energies and
structures, energies and structures of transition
states, bond energies, molecular orbitals,
thermodynamic properties, atomic charges and
electrostatic potential, vibrational frequencies,
UV, IR, Raman & NMR spectra, polarizabilities
and hyperpolarizabilities, magnetic properties,
ionization potential, electron affinity, proton
affinity, surface properties, reaction pathway,
chemical reactivity andmultipole moments.In
addition to the prediction of biological properties
to understand the structure-activity relationships
and rational drug design [1-6].Therefore,

theoretical molecular modeling helps in selecting
the possibly best molecule to synthesize, thus,
saving efforts, time and money.

Drug design is the most important part of the
development of drugs including protein-based
drugs. Drug design process is finding or creating a
molecule to give a specific activity on a biological
organism. Rational drug design is based on the
biological properties of molecules that are related
to their actual structural features. The discovery
and development of drug is a time - consuming,
expensive, and interdisciplinary  process.
Molecular modeling facilitates the way to the
discovery of lead structures by a rational approach
[2,7,8]. Computational molecular modelling
technology is becoming indispensable approach
to accelerate and decrease the costs of the drug
development. This helps in the design, selection,
and lead identification of novel inhibitors and
compounds. Computational approaches in
medicinal chemistry techniques used to study
the structure and predict the biological activity
of drug is called Computer-Aided Drug Design
(CADD) [9-11].

DOI :10.21608/ejphysics.2018.3725.1004

©2017 National Information and Documentation Center (NIDOC)



30

NOHA A. SALEH

Side by side, the CADD technologies and
drug discovery approaches in researches could
lead to a reduction of the drug design cost up to
50%. The applications of CADD cover two major
areas; structure-based drug design and ligand-
based drug design. The most essential process in
structure-based drug design is docking simulation.
Molecular docking involves a protein—ligand or
protein—protein complex simulation that is used to
predict the ligand’s orientation and conformations
inside a protein receptor or enzyme [8-15].
On the other hand, essential field in ligand-
based drug design is Quantitative Structure—
Activity Relationship (QSAR). The classical
QSARdescriptors are calculated by statistics and
by mathematical equationsthat give relationships
betweenthe biological property and structure
within a family of compounds [10,11,16,17].

One of the essential applications of CADD is
the development of inhibitorssuch as anti-hepatitis
C virus [18-27]. Hepeatitis C virus (HCV) is a third
type of hepatitis virus discovered after hepatitis A
and B in 1970. Its genome was identified in 1989
[28]. Hepatitis C virus is responsible for liver
disease reported worldwide (~3% of the world’s
population, 150-200 million people) especially
the high prevalence in Asia and North of Africa
[29,30]. Over 85% of HCV infected people will
develop chronic hepatitis which may progress
to liver cirrhosis and Hepatocellular Carcinoma
(HCC) [31,32].HCV is a single positive-strand
RNA and one member of the Flaviviridae family.
HCV genome encodes to 10 polypeptides, each
with a distinct function. These functional proteins
are four structural proteins (C, E1, E2 and p7)
and sixnon-structural proteins (NS2, NS3, NS4A,
NS4B, NS5A, and NS5B)[33-39].

The highest HCV infection percentage
worldwide is in Egypt (with almost 20% of the
population being infected). The most common
sub-genotype in Egypt is 4a [40-42].Up till now,
there is no vaccine for the prevention of HCV
infection. The current therapy is a combination of
Interferon alpha (IFN) with the antiviral ribavirin
which is effective in 50-80% of patients, expensive
and associated with many side effects [43-46].
However, recently some inhibitors targeting
HCV NS3 protease, NS5B or NS5A,have been
approved as HCV inhibitors [46-48]. Still there
is a need to investigate more effective anti-HCV
compounds.

Recently, structure-based drug design is
performed to study the inhibition activity of novel
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compounds such as HCV NS3 protease inhibitors
[24]. These inhibitors consist of dimmer cellulose
and hexa-peptide sequences at different positions
on cellulose. The hexa-peptide sequences is the
NSS5A/NS5B junction for the Egyptian genotype
4 (Glu-Asp-Val-Val-Cys-Cys) consequently, it
represents a natural substrate [41,42]. According
to this study, the compound with hexa-peptide
sequences attached to dimmer cellulose at position
6 has good inhibition activity against HCV NS3
protease [24].

Based on some previous experimental and
theoretical studies, the modification of peptide
chain of HCV NS3 protease with -amino acid [49]
or mix of a- and f-amino acids[49] or a-ketoacids
[50-52] orphenyl acyl sulfonamide [53,54]
provides an impressive increase in the potencyof
HCV inhibition activity. Therefore, this work
introduces a redesigningof such compoundsby
performing two main modifications. The first
modification is in the hexapeptide sequences
by replacing the o aminoacids sequences with
B-amino acids, mix of o- and B-amino acids,
a-ketoacids instead of the thiol group (SH) of
cysteine residues or phenyl acyl sulfonamide
instead of the C-terminal carboxylic acid.
The second modification is replacing dimmer
cellulose with monomer cellulose (Table 1).In this
study combined methods of docking and QSAR
are used to evaluate the physical properties and
biological activity of suggested compounds, in
addition to improve the analysis andselection of
good compoundsworking as HCV NS3 protease
inhibitors.

Computational details:

SCIGRESS 3.0 software [55] is used to build
the suggested compounds as well as to calculate
the physical properties(QSAR  descriptors)
and biological activity (molecular docking
simulation).

The physical properties.

The geometry of studied compounds are
optimized at lowest total energy by calculation
using PM3 method [56]. Then geometries having
the lowest energies are confirmed by calculating the
vibrational modes of compounds at the same level
of the calculation method (PM3). After confirming
that the optimized geometries of the suggested
compounds are located inthe global minimum,
not in transition state, the physical properties are
calculated at PM3 level. Thephysical properties of
introduced compounds are represented by QSAR
descriptors. The included physical descriptors (or
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properties) in this study are:total energy, electron
affinity, ionization potential, frontier molecular
orbital energy gap (AE), heat of formation, dipole
moment, log P, solvent accessible surface area,
surface area and volume.

The biological activity

The Dbiological activity of proposed
compounds arepredicted by docking simulation
between the compounds or ligands and the HCV
NS3 protease. The HCV NS3 protease used in
docking calculation is PDB code:3LOX from the
Protein Data Bank [57]. The optimized geometry
of protease is calculated at MM3 level of
calculation after adding hydrogen atoms [58]. The
His57, Asp81 and Serl39 (conserved catalytic
triad residues of HCV NS3 protease active site)
and Gly137 are selected as an active site group.
FASTDOCK and PMF04 [59] scoring functions
utilizing a genetic algorithm are used in order
tofind the best score for inhibition activity among
the studied compounds.Both, ligands and selected
HCV NS3 protease active site residues are flexible
during the molecular docking calculations. The
best scores docking systems are re-optimized via
MM3 method to calculate the binding free energy.
The binding energy is calculated according to the
following equation[24]:

Results and Discussion

The previous study in 2017 had suggested
dimer cellulose attached to natural substrate
(Glu-Asp-Val-Val-Cys-Cys) at position 6 as a
promising HCV NS3 protease inhibitor (Fig.1)
[24]. In this study, some potent modifications
are introduced to this promising inhibitors
(parent compound). These modifications target
to improve the inhibition activity against HCV
NS3 protease activity.This is elucidated by
calculating the physical properties and biological
activity of suggested compounds. The suggested

on no 4

modifications are divided into two series. The first
series is the modification in sequence of the natural
substrate to form compounds 1, 2, 3 and 4 (Fig.2).
Compound 1 has B-amino acids, compound 2
hasmix of a- and B-amino acids, while compound
3 has a-ketoacids instead of the thiol group (SH) of
cysteine residues and compound 4 has phenyl acyl
sulfonamide instead of the C-terminal carboxylic
acid (Table 1). The second series represents a
decrease inthe dimension of suggested compounds
by introducing only monomer cellulose instead
of dimer cellulose with the same modification in
natural substrate sequences (Fig.2).These form
compounds 5, 6, 7, 8 and 9 as shown in table 1.
The second modification is a trial to decrease the
area of compounds since the HCV NS3 protease
is shallow, so small molecules may produce
good inhibition activity. Figure 3 represents the
geometrical structure of optimized parent and
suggested compounds at PM3 method.

The physical properties

Some physical properties of the parent
compound at position 6 and its modified
compoundsare listed in Table 2 and calculated
at semi-empirical theoretical level; PM3
method. These physical descriptors aretotal
energy, electron affinity,ionizationpotential,
frontier molecular orbital energy gap(AE), heat
of formation, dipole moment, log P, solvent
accessible surface area, surface area and volume.
The stability of the compounds are determined
by the value of total energy. As the total energy
decreases, the compound stability increases.
Total energy values vary from the lowest value;
-411014.94 kcal/mol for compound 3 with
a-ketoacids; to the highest value;-299082.55 kcal/
mol for compound 5 with a-amino acids. The
compound 3 with a-ketoacids and compound 4
with phenyl acyl sulfonamide are the most stable
based on their total energies of -411014.94 kcal/

Fig. 1. The general structure of the previous studied compound at position 6 (cellulose dimer binding with
hexapeptide[Gul-Asp-Val-Val-Cys-Cys] at position 6)
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Fig.2. The general structure of the modified compounds. a) The first series. b) The second series.

TABLE 1. the description structure of studied compounds

Compound  The description structure

T series

dimer cellulose + B-amino acids.

AW N -

dimer cellulose + mix of a- and f-amino acids.
dimer cellulose + a-ketoacids instead of the thiol group (SH) of cysteine residues.
dimer cellulose + phenyl acyl sulfonamide instead of the C-terminal carboxylic acid.

2"series

monomer cellulose + a-amino acids.
monomer cellulose + B-amino acids.

o 0 a3 & W

monomer cellulose + mix of a- and f-amino acids.
monomer cellulose + a-ketoacids instead of the thiol group (SH) of cysteine residues.
monomer cellulose + phenyl acyl sulfonamide instead of the C-terminal carboxylic acid.

mol and -405473.66 kcal/mol, respectively. The
modified compounds with dimer cellulose (first
series) are more stable than the parent compound
at position 6. On the other hand, the compounds
with monomer cellulose (second series) are less
stable than the parent compound at position 6
(Table 2). The physical properties that determines
the amount of changed total energy when neutral
molecule gains an electron to form negative ion is
called the electron affinity. The electron affinity of
studied compounds areshown in Table 2 having
values from -0.031 eV to 1.032 eV. All studied
compounds except parent compound (at position
6) have positive sign of electron affinity values
which point to the endothermic process associated
with the additionof an electron to the modified
compounds. The parent compound (at position 6)
has negative sign which indicates that formation
of negative ion of this compound is an exothermic
process. Also,Table 2 lists the ionization potential
which represents; the reverse of electron affinity;
the energy required to remove an electron
from the neutral molecule. Among the studied
compounds, compounds 3 and 8 with a-ketoacids
need the lowest energy to lose an electron (-10
eV), while the parent compound at position 6
and compound 5 with o-amino acids need the
highest energy to remove an electron (-8.6 eV).
Frontier molecular orbital energy gap (AE) is
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equal to LUMO — HOMO and is represented in
Table 2 for introduced compounds. LUMO is
lowest unoccupied molecular orbital and HOMO
is highest occupied molecular orbital. The AE
value of parent compound at position 6 is 8.62 eV.
Compounds 4, 5 and 9 have lower AE value than
that ofthe parent compound. That makes these
compounds more reactive with other surrounding
molecules than for parent compound. The rest of
compounds have AE more than that of the parent
compound.Table 2 shows the heat of format of
suggested compounds. The heat of formation
represents the change in enthalpy during the
formation of one mole of a compoundunder
standard condition of one atmosphere at a given
temperature.Compound 3 with o-ketoacids has
the lowest heat of formation (-1164.86 kcal/mol).
This indicates thelowest change in enthalpy during
the formation of its one mole and also indicates
the stability of this compound. Compound
5 with o-amino acids has the highest heat of
formation value(-671.73 kcal/mol).The dipole
moment represents the strength of interaction
of themolecule with the electromagnetic wave
due to the partial charge distribution within the
molecule. From Table 2, the dipole moment of
parent compound at position 6 is 4.31 Debye.
The current modification of parent compounds in
this study causes increase in the dipole moment
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TABLE 2. The calculated some physical descriptors and properties of suggested compounds at PM3 method

Volume
[A%]

Surface area
(A7)

Solvent accessible
surface area
142

Log P

Dipole
moment
[debye]

Heat of
formation
[kecal/mol]

AE
[eV]

Tonization
potential
[eV]

Electron

affinity [eV]

Total energy
[kcal/mol]

Compound

Position 6

862.86

922.40

848.52

-5.17

431

8.624 -879.44

-0.031 -8.593

-363320.76

(parent)

1* series (dimer)

980.21

1027.00
967.93

954.28

4.95
4.99
-6.94
-4.44

8.72
2.94
6.40
4.94

-943.48
-924.69
-1164.86

9.095

-9.408
-9.361
-10.075
-9.332

0.313

-390287.70
-376812.42

918.05

867.82

9.334
9.681

0.027

881.95

955.59

900.81

0.394
1.019

-411014.94
-405473.66

978.37

1034.29

964.23

-907.88
2" series (monomer)

8.313

733.6
845.51

791.74

755.28

-3.96
-3.73
-3.77
-5.72
-3.23

4.37
7.50
6.60
4.72
1.67

-671.73
-741.33

8.587
8.990
9.173
9.645

-8.589
-9.289
-9.264
-10.03
-9.347

0.002

-299082.55

874.72

805.40

0.299

-326059.64
-312570.41
-346776.06

797.8

845.22

768.94

-719.80
-955.33
-699.88

0.091

757.7
847.67

822.37

799.27

0.385

909.22

867.04

8.315

1.032

-341233.99

values except for compound 2 with mix of a- and
B-amino acids and compound 9 with phenyl acyl
sulfonamide; these two compounds have lower
dipole moment. The solubility of compounds is
determined by log p descriptors. The molecule is
hydrophobic, when log p is a positive value. In
contrast, the molecule is hydrophilic, when log
p is negative value. As shown in Table 2, the
log p values of parent and modified compounds
are negative and all compounds are hydrophilic
and soluble in water. The log p value of parent
compound is -5.17. The modification of parent
compound causes a decrease in the solubility
of all modified compounds except compound 3
and 8 with a-ketoacids which are more soluble
than parent compound. The surface areas of
a molecule that are accessible to asolvent are
listed in Table 2. The solvent-accessible surface
area of the first series compounds are larger than
corresponding compounds in second series. This
is logically as the first series has dimer cellulose
but the second series has monomer cellulose.
The same trends in the values of surface area and
volume are represented in Table 2. The surface
area and volume of the first series are larger than
that for the second series. This makes the second
series probably suitable HCV NS3 protease
inhibitors as this series have small molecules.

The biological activity

The biological activity of modified compounds
are studied by calculating the docking interaction
between the suggested compounds (ligands) and
HCV NS3 protease active site. Fig. 4 shows the
docking systems of ligands and HCV NS3 protease
active site. In this figure, the yellow dashed lines
represent the hydrogen bonds between the ligands
and amino acid residues of protein, while the
red dashed lines represent the hydrogen bonds
within the ligands. Table 3 lists the total energy
of docking systems, binding energy and the
number of hydrogen bonds within the compounds
(this number of H-bonds reflect the stability of
compound in docking system) as well as hydrogen
bonds between ligands and NS3 protease active
site.Table 3 also shows the biological activity
parameters of parent compound with position 6
[24].The total energy of docking interaction with
suggested compounds varies from the lowest
value; 393.54 kcal/mol; for compound 6 with
B-amino acids in second series to the highest value;
560.97 kcal/mol; for compound 9 with phenyl acyl
sulfonamidein second series. The docking system
with compound 6 is most stable than compounds
1, 5, 7 and 8. The binding energy results in table
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Campound 7 Gampound B Campound §

Pusition § (parmt)

Fig. 3. the optimized geometries of suggested compounds as well as parent compound at PM3 method.The cyan,
white, red, blue and yellow balls represent the carbon, hydrogen, oxygen, nitrogen and sulfur atoms,
respectively
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Compound 7

Compound ¥

Fig. 4 . The docking systems and mode of interaction between the ligands and HCV-NS3 protease. The cylindrical
molecules represent the studied compounds and the ball & cylinder molecules represent the amino acid
residues of protein (The cyan, white, red, blue and yellow colors represent the carbon, hydrogen, oxygen,
nitrogen and sulfur atoms, respectively). The yellow dashed lines represent the hydrogen bonds between
the ligands and amino acid residues of protein, while the red dashed lines represent the hydrogen bonds
within the ligands
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3 show that the two compounds witha-ketoacids
(compounds 3 & 8) in first and second series have
the lowest binding affinity (-97.77 kcal/mol and
-95.17 kcal/mol respectively). All compounds
have negative binding energy except compound 9
with phenyl acyl sulfonamide which has positive
binding energy.

The mode of binding between the studied
compounds and HCV NS3 protease through
hydrogen bonds as well as the number of hydrogen
bonds participating in the binding are represented
in figure 4 and Table 3. Compound 1 with
B-amino acids has the highest negative binding
energy value (-3.98 kcal/mol) and it produces
in the docking system seven H-bonds within the
compounds. Three of them are within the dimer
cellulose, one between the dimer and hexapeptide
sequences and the rest three H-bonds are within
hexapeptide sequences. This compound also form
one H-bond with HCV NS3 protease, especially
with Lys 136 amino acid. Compound 6 with
-amino acids in second series produces the lowest
total energy of docking system (393.54 kcal/
mol) and forms three H-bonds within the ligand
and one H-bond in docking system with binding
energy of -33.29kcal/mol. The two H-bonds in
compound 6 form within monomer cellulose and
one H-bond forms within hexapeptide sequences.
The only H-bond in docking system of ligand 6 is
with GIn 41 amino acid.

The two compounds havingthe highest
negative binding energy after compound 1 are
compounds 2 and 7 (mix of a- and B-amino acids

in first and second series). The binding energy
of ligand 2 is -12.73 kcal/mol which forms two
H-bonds within the compound; one of them
within dimer cellulose and the other within
hexapeptide amino acids. Compound 2 produces
two H-bonds with two amino acids in the active
site of NS3 protease. These active site amino
acids are Ser 139 and His 57. On the other hand,
the binding energy of ligand 7 is -16.34 kcal/mol.
This compound forms only one H-bond with Arg
155 without any H-bonds within the ligand.

The lowest binding energies of suggested
compounds are associated with compounds 3
and 8 (with a-ketoacids) which have -97.77 kcal/
mol and -95.17 kcal/mol binding energy values,
respectively. In the first series, compound 3 has
seven H-bonds. Three of them are within dimer
cellulose and the rest four are within sequences
of hexapeptide. The docking system of ligand 3
shows three H-bonds with NS3 protease at Arg
123, Arg 155 and active site His 57 amino acid.
In compound 8 (second series), there are three
H-bonds within monomer cellulose and one
H-bond within hexapeptide sequences.Also there
are three H-bonds with targeted protease, two of
them with Arg 155 and one with active site Asp
81 amino acid.

One of the compounds with phenyl acyl
sulfonamide(compound 4) has negative binding
energy and another has positive binding energy
value (compound 9). The binding energy of
compound 4 in first series (with phenyl acyl
sulfonamide) is -24.75 kcal/mol. Six H-bonds

TABLE 3. The biological activity and docking calculations of studied compounds via MM3

Total energy of

. binding ener: No. of H-bonds
compounds docking systems g gy 1\.10..0f H-bf)nds (between ligand and
[ keal/mol] (within the ligand) protein)
| keal/mol]
* Position 6
479.75 -114.93 2 5
(parent)
1% series (dimer)
1 473.665 -3.98 7 1
2 559.196 -12.73 2 2
3 519.106 -97.77 7 3
4 541.813 -24.75 6 1
2" series (monomer)
5 470.905 -58.75 5 5
6 393.541 -33.29 3 1
7 473.267 -16.34 0 1
8 445813 -95.17 4 3
9 560.968 72.62 3 2

* Adapted from [24]
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form within ligand 4 (three H-bonds within
dimer cellulose, one H-bond within hexapeptide
sequences and two H-bonds between cellulose
and hexapeptide). Only one H-bond is with Asp
81 active site residue of NS3 protease. On the
other hand, compound 9 in the second series (with
phenyl acyl sulfonamide) has positive binding
energy value (72.62 kcal/mol) which is considered
the highest binding energy among the represented
compounds in this study. This compound forms
two H-bonds within monomer cellulose and one
H-bond within hexapeptide sequences as well as
two H-bonds with NS3 protease at Val 78 and Gln
41.

Finally, compound 5 with monomer cellulose
and a-amino acids has -58.75 kcal/mol as a
binding energy. Among the studied compounds,
it forms the highest number of H-bonds (five
H-bonds) with NS3 protease and the same number
of H-bonds as compared with parent compound.
Two of these H-bonds with Ala 157 amino acid
and the remainder three H-bonds with His 57
active site residue, Thr 42 and Gln 41. Compound
5 also produces five H-bonds within itself; one
within monomer cellulose, three within sequences
of hexapeptide and one between cellulose and
hexapeptide.

Conclusion

The suggested modified compounds have
different physical and biological properties
compared with the unmodified parent compound
(dimer cellulose with hexapeptide sequences at
position 6).

According to the physical properties results,
the first series is more stable than parent compound
(low total energy and heat of formation values),
while the second series is less stable than parent
compound (high total energy and heat of formation
values, except the compound 8 which has lower
heat of formation). Compounds 3 and 4 (with
a-ketoacids compounds) are more hydrophilic
(low log p) than the unmodified compound. In
contrast, all other studied compounds are less
hydrophilic. Only compounds 2 and 9 have
lower dipole moments compared with that of
parent compound at position 6, while the rest of
compounds have higher dipole moment values.
Based on the atomic composition of suggested
compounds, the first series has larger solvent
accessible surface area, surface area and volume
compared to the second series.

Depending on the present results of biological
activity and comparison with parent compound,
the compounds of the first series have less docking
system stability except compound 1.The second
series compounds are more stable in docking
systems except compound 9. The binding energy
of the compounds witha-ketoacids from the two
series have nearly similar values to that of parent
compound.

In conclusion, the two compounds with
a-ketoacids in the first and second series
(compound 3 and 8) have better physical properties
(lowest heat of formation, high dipole moment
and more hydrophilic) as well as nearly similar
biological activity (lower binding energy with
NS3 protease active site) compared to the recently
studied inhibitor without any modifications. In
future studies, thesechosen two compounds 3 and
8 with potential inhibition activity against HCV
NS3 protease will be chemically synthesized and
experimentally studied.
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