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Introduction                                                                

The behavior (physically, chemically and 
biologically) of any molecular system can be 
predicted using molecular modelling. Molecular 
modelling is based on theoretical methods and 
main physics principals (classical and quantum 
laws) for simulating and understanding the 
physical, chemical and biological properties of any 
molecules or molecular systems. Computer-based 
methods and modelling are utilized in molecular 
modelling to calculate many physical parameters 
like optimization energy and geometry, structure 
and energy of transition state, atomic charges, 
molecular and atomic orbitals, thermodynamic 
and magnetic properties, IR, UV, Raman &NMR 
spectra, electron & proton affinity, multipole 
moment, ionization potential and so on. It also 
provides information on chemical properties 
such as chemical reactivity and reaction pathway.
This is in addition to the calculation of biological 
properties by predicting the structure-activity 
relationships and rational drug design [1-6]. 
Therefore, molecular modelling calculations are 
very essential tosave efforts, time and money 
andhelp in designing new drugs against many 
viruses and bacteria. 
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The most important part in the development of 
protein-based drugs is a drug design. The process 
of drug design is the discovery of new compounds 
and development of current compoundsor drugs 
to increase the specific activity on an organism.
The design and modification of drug is expensive 
and time‐consuming and is considered as 
interdisciplinary process. [2,7,8]. Therefore, 
molecular modelling technology and facilities are 
useful and help in accelerating and decreasing the 
costs of drug developmentdown to 50%.They also 
help in the design, selection, and lead identification 
of newdrugs and ligands. Computer-Aided Drug 
Design (CADD) is used to study the structure of 
drug and its biological activity [9-11]. 

The two major categories in CADD are 
structure-based drug design and ligand-based 
drug design. In structure-based drug design, 
docking simulation is the most essential process. 
Molecular docking is used to predict the ligand’s 
conformations and orientation inside a protein 
or enzyme through a protein–ligand or protein–
protein complex simulation [8-15]. The main 
calculation in ligand-based drug design is 
Quantitative Structure–Activity Relationship 
(QSAR) which is calculated by statistical and 
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mathematical equations. The QSAR descriptors 
give the relationship between a biological property 
and the structure within a family of compounds 
[10, 11, 16, and 17].

The development of inhibitors and antiviral 
drugs such as anti-hepatitis C virus is one of 
the serious applications [18-27]. One of the 
most common viruses in the world is hepatitis 
C virus (HCV). HCV is a third type of hepatitis 
virus discovered after hepatitis A and B in 1970. 
Its genome was identified in 1989 [28]. It is 
responsible for liver disease reported worldwide 
(~3% of the world’s population, 150–200 million 
people) especially 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 
[31,32]. HCV is one member of the Flaviviridae 
family with a single positive-strand RNA. 
HCV genome encodes to 10 polypeptides, each 
with a distinct and important function for virus 
replication. Four of these functional proteins are 
called structural proteins (C, E1, E2 and p7) and 
six of them are named non-structural proteins 
(NS2, NS3, NS4A, NS4B, NS5A, and NS5B) 
[33-39].

Egypt has the highest HCV infection 
percentage worldwide (with almost 20% of the 
population being infected). The most common 
sub-genotype in Egypt is 4a [40-42]. As yet, 
there is no vaccine to prevent HCV infection. The 
current therapy causes many side effects as well 
as it is expensive  andeffective in only 50–80% 
of patients. This therapy is a combination of 
Interferon alpha (IFN) with the ribavirin [43-46].
Nevertheless, recently some anti-HCV inhibitors 
targeting HCV NS3 protease, NS5B or NS5Ahave 
been approved [46-48]. Still there is a need to 
investigate more effective HCV inhibitors.

Recently, structure-based drug design 
(molecular docking) and ligand-based drug 
design (QSAR) are performed to study the 
inhibition activity of novel compounds as HCV 
NS3 protease inhibitors [24,49]. These inhibitors 
consist of monomer or dimer cellulose and  hexa-
peptide sequences. The hexa-peptide sequences 
is the NS5A/NS5B junction for the Egyptian 
genotype 4 (Glu-Asp-Val-Val-Cys-Cys) [41,42]. 
These hexapeptide sequences are modified by 
replacing the α amino acids sequences with 
β-amino acids [50], mix of α- and β-amino acids 
[50], α-ketoacids [51-53] instead of the thiol 
group (SH) of cysteine residues or phenyl acyl 

sulfonamide [54,55]instead of the C-terminal 
carboxylic acid [24,49]. According to these 
studies, the two compounds a and b (Fig. 1) have 
good inhibition activity against wild-type HCV 
NS3 protease. Compound a hashexa-peptide with 
α-ketoacids instead of the thiol group (SH) of 
cysteine residues attached to monomer cellulose 
at position 6 and compound b has hexa-peptide 
with α-ketoacids instead of the thiol group (SH) 
of cysteine residues attached to dimer cellulose at 
position 6 [24, 49]. 

In this study, molecular docking and binding 
energy calculations are performed to evaluate the 
inhibition activity of compounds a and b against 
some HCV NS3 proteasemutations. The selected 
NS3 protease mutations are A156S, A156T, 
D168A, D168G, D168I, D168V, F43S, V36G, 
V36L and V36M [56-57].

Computational details
The HCV NS3 protease with PDB code: 

3LOX from the Protein Data Bank (PDB) [58] is 
used to prepare the NS3 protease mutations using 
SCIGRESS 3.0 software [59]. The selected NS3 
protease mutations are A156S, A156T, D168A, 
D168G, D168I, D168V, F43S, V36G, V36L and 
V36M. To optimize the mutated NS3 protease, the 
MM3 method is performed after adding hydrogen 
atoms [60]. Molecular docking calculations 
between the compounds and the ten mutated HCV 
NS3 protease are carried out using SCIGRESS 3.0 
software. In docking calculations, the Gly137 and 
the catalytic conserved triad residues of the active 
site of NS3 protease (His57, Asp81 and Ser139) 
are selected as agroup. PMF04 and FASTDOCK 
[61] scoring functions are used in order to find 
the best score for binding affinity of the studied 
compounds.Genetic algorithm is utilizing in these 
scoring functions. During the docking calculation, 
the selected active site residues of mutated NS3 
protease and the studied compounds are flexible. 
Finally, the binding free energy is calculated for 
the best scores of the docking systems at MM3 
level. The binding energy is calculated according 
to the following equation [24, 49]:

Results and Discussion                                                                              

Previous studies investigated the inhibition 
activity of novel suggested compounds against 
HCV NS3 protease and showed that the 
compounds which consist of (monomer or 
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dimer) cellulose and hexapeptide sequences 
(Glu-Asp-Val-Val-Cys-Cys) at position 6 with 
α-ketoacids instead of the thiol group (SH) of 
cysteine residues (Fig. 1) hadthe lowest binding 
energy and highest binding affinity with wild-
type NS3 protease [24, 49]. In this study the 
inhibition activity of these compounds against 
some mutated NS3 protease (A156S, A156T, 
D168A, D168G, D168I, D168V, F43S, V36G, 
V36L and V36M) is investigated and also the 
binding energy of docking interaction systems 

is calculated. The studied compounds involved 
in this study are compound a consisting of 
monomer cellulose and hexapeptide sequences 
(Glu-Asp-Val-Val-Cys-Cys) at position 6 with 
α-ketoacids instead of the thiol group (SH) of 
cysteine residues and compound b consisting 
of dimer cellulose and hexapeptide sequences 
(Glu-Asp-Val-Val-Cys-Cys) at position 6 with 
α-ketoacids instead of the thiol group (SH) of 
cysteine residues (Fig. 1).
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Fig. 1. The general structure of the suggested compounds. a) monomer cellulose + α-ketoacids instead of the thiol 
group (SH) of cysteine residues. b) dimer cellulose + α-ketoacids instead of the thiol group (SH) of cysteine 
residues.

The binding energy, number of hydrogen 
bonds (H-bonds) and the amino acids involved in 
the H-bonds are calculated for docking interaction 
between the suggested compoundsand mutated 
HCV NS3 protease. These calculated parameters 
are listed in Table 1. Based on the docking 
calculations, the calculated binding energy of 
interaction between the suggested compounds 
and mutated NS3 proteasesis compared with the 
calculated binding energy of interaction between 
these compounds and wild-type NS3 protease.
As shown in Table 1, the binding energy for 
compound a with wild-type NS3 protease is 
equal to -95.17 kcal/mol, while, with studied NS3 
protease mutations,it varies from -122.53 kcal/
mol to -77.29 kcal/mol. The binding affinity of 
compound a against the selected NS3 protease 
mutationsis less than that against wild-type NS3 
protease except mutations D168A, D168G, F43S, 
V36G and V36M. On the other hand, compound 
bhas a value of -97.77 kcal/mol as binding energy 
with the wild-type NS3 protease. The calculated 
binding energy of interaction between compound 

b and studied mutated NS3 proteases varies from 
-128.1 kcal/mol to -65.71 kcal/mol. Compound 
bshows better inhibition activity against mutated 
NS3 protease than compound a.Compound 
bforms lower binding energy with mutated NS3 
proteases than wild-type NS3 protease except 
for two mutations (D168A and F43S) which 
have binding energy larger than that with wild-
type NS3 protease. For both compounds a and b, 
the lowest binding energy is with the mutation 
D168V.

Figure 2 presents the mode of docking in-
teraction with D168VNS3 protease mutation.
Table 1 and Fig. 2 show the involved amino acids 
and H-bonds in these interactions. Compound a 
forms nine H-bonds with mutated NS3 protease 
D168V, while compound b forms ten H-bonds. 
For compound a, one H-bond is formed with 
each of Gln41, His57, Dsp81, Thr40, Arg62, 
Lys136 and Val78 and two H-bonds are formed 
only with Arg155. For compound b, one H-bond 
is formed with each ofHis57 and Dsp81, Thr40, 
and Val78 and two H-bonds are formed with each 
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of Arg62, Lys136, Arg155 and Gln41. The num-
ber of H-bonds and the involved amino acids in 
studied docking interactions are shown in Table 
1. All docking systems with NS3 protease muta-
tions form more H-bonds than that with wild-type 
NS3 protease.As shown in Table 1, also the num-

TABLE 1. Calculated binding energy of interaction between the suggested inhibitors and NS3 protease at MM3 
method. The number of H-bonds and the amino acids involved in H-bond formation between the ligand 
and NS3 protease are also shown.

NS3 
protease

Compound a Compound b

Binding 
energy

(kcal/mol)

H-bonds
Involved amino 

acids

Binding 
energy 

(kcal/mol)

H-bonds
Involved amino 

acids

Wild-type* -95.17 3 D81, R155. -97.77 3 H57, R123, R155.

A156S -115.19 10

T40, T56, H57, 
R62, D81, K136, 

R155, S156, A157, 
D168.

-110.36 4 K20, S56, H57, D168.

A156T -112.75 8
T40, Q41, H57, 

K136, A157.
-121.04 7

Q41, R123, K136, 
R155,T156, D168.

D168A -92.86 6
Q41, T56, H57, 

K136, S139.
-65.71 6

V78, D81, S122, 
R123, R155.

D168G -91.33 7
Q41, H57, D81, 

R155, A157.
-115.16 7

Q41, D79, R123, 
R155.

D168I -99.48 7
T40, Q41, H57, 

R62, D81, K136, 
A157. 

-107.03 7
T40, Q41, H57, A59, 

R62.

D168V -122.53 9
T40, Q41, H57, 
R62, V78, D81, 

K136, R155.
-128.10 10

Q41, H57, 
R62,D81,K136, R155.

F43S -86.09 7
H57, D81, K136, 

S139, A157.
-95.15 5

Q41, H57, R62, 
R155,D168.

V36G -94.68 7
T40, Q41, R62, 

R123, A157.
-113.48 8

S22, Q41, H57, D81, 
R123, K136, R155.

V36L -105.53 10
T40, Y56, H57, 

G58, R62, R123, 
K136.

-113.62 4 Y56, H57, V78, R155.

V36M -77.29 8
T40, Q41, H57, 
A59 R62, D81, 

K136.
-117.08 10

K20, H57, K136, 
R155, D168

* Adapted from [49]

ber of involved amino acids in interaction system 
for mutated NS3 proteases is more than that for 
wild-type NS3 protease. This indicates that the in-
hibition activity of compounds a and b with NS3 
protease mutations is more than that with wild-
type NS3 protease.
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Fig. 2. The docking systems and mode of interaction between the ligands and mutated HCV-NS3 protease (D168V). 

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 red dashed lines represent the hydrogen 
bonds between the ligands and amino acid residues of protein.

Conclusion                                                                

The modification of hexapeptide sequences 
(Glu- Asp- Val-Val-Cys- Cys) at position 6 with 
α-ketoacids instead of the thiol group (SH) of 
cysteine residues increases the binding affinity 
with mutated NS3 proteases. This indicates that 
the studied compounds may behave asgood 
inhibitors against HCV NS3 protease mutations 
(especially with D168V mutated NS3 protease) 
which is one of the major obstacles in hepatitis 
C virus treatment.Hopefully, compounds a and 

b will be further tested in future in a specially 
designed in vitro study against HCV protease.
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NOHA A. SALEH

يعتبر فيروس الالتهاب الكبدي سي من الفيروسات العالمية ذات النسبة الكبيرة جداً من العدوى بين السكان في 
العالم ويعتبر من الامراض الوبائية الخطيرة فى مصر. في السابق ، تم دراسة المركبات المقدمة (أ و ب) وفي 
هذه الدراسة أعطت ارتباطا ملزما جيدا ونشاط تثبيطي جيد مع انزيم البروتييز الخاص بفيرس سي NS3 من 
النوع غير المتحور (بدون طفرات). في هذا العمل ، يتم حساب الالتحام الجزيئي وحسابات الطاقة الترابط  للتنبؤ        
بنشاط تثبيط المركبات المقترحة ضد بعض طفرات انزيم البروتييز الخاص بفيرس سي  . NS3المركب أ يحتوى 
على بيبتيدات سداسية مع - αكيتوأسيد بدلاً من مجموعة الثايول (  (SHالموجودة فى الحمض الاميني السيستين 
والمرتبطة مع السليلوز الأحادي في الموضع 6. والمركب ب يحتوى على بيبتيدات سداسية مع - αكيتوأسيد بدلاً 
من مجموعة الثايول (  (SHالموجودة فى الحمض الاميني السيستين والمرتبطة مع السليلوز الثنائي في الموضع 
6. استنادا إلى طاقة الترابط المحسوبة وعدد الروابط الهيدروجينية في تفاعل الالتحام الجزيئي بين المركبات 
وطفرات انزيم البروتييز NS3 ، فإن نشاط تثبيط المركبات أ و ب مع طفرات البروتييز NS3 هو أكثر من تثبيط 
الابروتييز الذي بدون طفرات. وخاصة مع طفرة انزيم البروتييز .D168V NS3 وتعتبر الطفرة في إنزيمات 

الفيروسات إحدى العقبات الرئيسية في علاج فيروس التهاب الكبد الوبائي سي.

حساب طاقة الترابط لمثبطات شبيهة البيبتيدات مع بعض طفرات لانزيم 
البروتيز NS3 الخاص بفيروس التهاب الكبد الوبائي سي

نهى صالح
قسم الفيزياء الحيوية - كلية العلوم - جامعة القاهرة - الجيزة - مصر


