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Abstract

In this present investigation, simulated molecular docking study of chloroquine and hydroxychloroquine
compounds were investigated on the SARS-CoV2 enzyme to determine the types of amino acids responsible for
the biochemical reaction at the binding site. A structure-based docking design technique was explored in
designing a novel derivative of chloroquine for the treatment and management of new COVID 19 disease. To
achieve this, the molecular docking simulation method was used to investigate the level of chloroquine and
hydroxychloroquine (Drugs presently under clinical trial) interactions on SARS-CoV2 enzyme (a causative
agent of COVID 19 disease). Chloroquine and hydroxychloroquine which has been debated as drugs for the
management of COVID 19 were subjected to molecular docking analysis, and the binding energies generated
were found to be -6.1 kcal/mol and -6.8 kcal/mol respectively. Moreover, novel 2-((4-((7-chloroquinolin-4 yl)
amino)pentyl)((methylamino)methyl)amino) ethan-1-ol as an anti-SARS-CoV2 protease was designed through
the structural modification of hydroxychloroquine. The binding energy of this drug candidate was found to be
-6.9 kcal/mol. This novel drug was found to formed hydrogen and conventional interactions with the binding site
of SARS-CoV2 protease through amino acids such as Glutamic acid (GLU166), Glycine (GLY143),
Phenylalanine (PHE140), Asparagine (ASN142), Histidine (HIS163), His (HIS172, HIS41, HIS163), Leucine
(LEU41, LEU27), Glycine (GLY143), Glutamine (GLN189), Methionine (MET49, MET165), Serine (SER 46),
Cysteine (CYS145) and Threonine (THR25). With this binding energy, this new drug candidate could bind better
to the human SARS-CoV2 protease’ binding site. This research provides a clue for other scientists on various
ways of designing and identify the types of amino acids that may be responsible for biochemical action on
SARS-CoV?2 protease.
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1. Introduction

The Severe Acute Respiratory Syndrome — Coronavirus 2 (SARS-CoV2) enzyme has been reported as the
possible agent of Coronavirus disease-19 (COVID-19), the novel respiratory disease. Toward the last month of
2019 in Wuhan (a city in China), this virus was first reported before it was rapidly identified in other cities in
China and in extension to many countries of the world [1-3]. The severity of this virus has necessitated the world
health organization to refer to it as “Global pandemic”. As of 20" August 2020, the WHO reported 22256220
confirmed cases, with 782456 (3.52%) death [3-5]. Apart from china which has contained the virus, other world
countries have been unable to fight the spread of the virus, with the USA has the highest number of confirmed
cases. To contain the spread of this virus, some preventive measures have been proposed by the WHO; social
distance, regular handwashing with soap, avoids face robbing and cough and sneeze responsibly [3-5].

As of the time of writing this article, there have no known treatments/cure for this novel disease other than
supportive care. But in in-vitro studies, some drugs have shown to be reliable for the treatment of this novel virus.
And in-vivo (pre-clinical) studies have since commenced for some of these drugs (Chloroquine and
hydroxychloroquine) across the world [3,4]. The knowledge of binding energy, the active site of these drug
candidates against SARS-CoV2 will be important in the field of pharmaceutical drug design. Since this will also
enhance our knowledge of how drug inhibits the virus from replicating [2-5]. Most of the pharmaceutical drug
companies often use computational aided drug design (CADD) as one of the few important techniques of drug
design and development. This hypothetical method is simple and fast and it has proven to be instrumental in
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designing better drugs for other ailments (Tactrin for Alzheimer’s disease, Relenza for influenza, and Invirase
for HIV protease inhibitor) [6-8]. Therefore, the objective of this study was to used molecular docking technique
as an investigation tool to design and to search for better binding energy and excellent orientation between
chloroquine/hydroxychloroquine and SARS-CoV2 (enzyme causing COVID 19).

2. Materials and Methods
2.1 Ligands and Receptors

Using Chemdraw, two-dimensional structures of Chloroquine and hydroxychloroquine (Ligands) were sketched
and subsequently converted to three-dimensional structures (Figure 1). The converted structures were
geometrically optimized with the help of density functional theory algorithm of multifunctional Spartan 14
software [9]. Moreover, the causative receptor (SARS-CoV2) of COVID 19 enzyme (Figure 1) was carefully
retrieved from http://www.rcsb.org/pdb and prepared by the addition of hydrogen, removal of water and other
heteroatoms.

2.2 Molecular Docking’s Computational Procedure

By exploring the flexible docking option of Autoduck vina docking software, SARS-CoV2 receptor and ligands
were set into the X, Y and Z grid. For optimal docking efficiency, the search option was set at 100 per cent. The
best binding energy was selected to search for the best ligand orientation in the SARS-CoV2 enzyme using
Autodock program. For the docking investigation, last two conformers were utilized for every ligand-receptor
complex, and the overall binding clusters were examined with a 2.0 A RMSD [10]. Using discovery studio
visualizer, the ligand-receptor 3D complex binding interactions involving hydrophobic and hydrogen were
viewed.
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Figure 1. The 2D/3D structures of Chloroquine, Hydroxychloroquine and SARS-CoV2 enzyme
3. Results and Discussion

Simulated molecular docking study of chloroquine and hydroxychloroquine ligands were investigated on the
SARS-CoV2 enzyme to determine the types of amino acids responsible for the biochemical reaction at the
binding site. After the systematic simulation of these ligands on the protein receptor (Figure 1), it was confirmed
that the two ligands were bounds to the receptor through its amino acids residues at the binding site. The
chloroquine ligand formed binding energy of -6.1 kcal/mol (and 3.67A hydrogen bond length) by interacting
with Valine (VAL73, VAL36, VAL91, VAL18 and VAL68), Leucine (LEU89), Threonine (THR93), Histidine
(HIS80), Alanine (ALA70), Aspartic acid (ASP92), Isoleucine (ILE78), Phenylalanine (PHE66), Asparagine
(ASN63), Lysine (LYS90), Glycine (GLY79) and Tryptophan (TRP31) amino acid binding residues (Table 1), at
the binding site of the SARS-CoV2 receptor. One of the derivatives of chloroquine, hydroxychloroquine was
also revealed to the formed binding energy of -6.8 kcal/mol (and 2.14, 2.16, 3.04 and 3.47A hydrogen bond
lengths) by forming interactions with some amino acids such as Glycine (GLY79), Isoleucine (ILE78),
Tryptophan (TRP31), Valine (VAL91, VAL68 and VAL73), Aspartic acid (ASP92), Leucine (LEU89 and
LEU67), His (HIS80), Lysine (LYS90), Phenylalanine (PHE66), Threonine (THR93) and Asparagine (ASN63)
at the binding site of the SARS-CoV2 receptor (Table 1 and figure 2A and B).

Table 1. Structures of the newly designed anti- SARS-CoV2 compounds

Hydrogen bonding

S/N  Ligand Drug Target Binding Energy  Binding Amino Acid Bond Length (A)

(Kcal/mol) Residues

1 Chloroquine SARS-CoV2 -6.1 VAL A: 73 3.67

2 hydroxychloroquine SARS-CoV2 -6.8 GLY A: 79, ILE A: 78, 2.14, 2.16, 3.04
TRP A:31 and ASN A: 63  And 3.47

3 Designed novel SARS-CoV2 -6.9 GLU A: 166, GLY A: 143, 3.09, 2.33, 2.55,

compound PHE A: 140, ASN A: 142 3.60 and 3.78(A)

and HIS A: 163
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Figure 2A. 2D structure of chloroquine- SARS-Cov-2 receptor complex
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Figure 2B. 2D structure of hydroxychloroquine- SARS-Cov-2 receptor complex

3.1 Designed Anti-SARS-CoV2 Drug Candidate Analysis

In this present investigation, a structure-based docking design technique was explored in designing a novel
derivative of chloroquine for the treatment and management of this novel COVID-19 disease. To achieve this,
hydroxychloroquine was chosen as the design template due to its excellent binding energy (Table 1) and level of
interactions (Figure 2B) than its co-ligand (chloroquine). After making some structural modifications to the
chosen template, a drug candidate was designed (Figure 3). The 2-((4-((7-chloroquinolin-4
yl)amino)pentyl)((methylamino)methyl)amino) ethan-1-ol drug candidate was designed and was found to have a
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Figure 3. 2D structure of the designed drug candidate, 2-((4-((7-chloroquinolin-4
yl)amino)pentyl)((methylamino)methyl) amino)ethan-1-ol
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better binding energy of -6.9 kcal/mol (Table 1) than chloroquine (-6.1 kcal/mol) and hydroxychloroquine (-6.8
kcal/mol). This novel hypothetical inhibitor formed hydrogen bonds and hydrogen bond lengths of 3.09, 2.33,
2.55,3.60 and 3.78A by reacting with amino acid residues such as Glutamic acid (GLU166), Glycine (GLY 143),
Phenylalanine (PHE140), Asparagine (ASN142), Histidine (HIS163), His (HIS172, HIS41, HIS163), Leucine
(LEU41, LEU27), Glycine (GLY143), Glutamine (GLN189), Methionine (MET49, MET165), Serine (SER 46),
Cysteine (CYS145), Threonine (THR25) of the enzyme’s binding site (Figure 4) respectively. This new
structurally designed inhibitor also forms other conventional interactions with amino acids such as Histidine
(HIS41), Methionine (MET49 and MET165) and Cysteine (CYS145). Furthermore, a closed observation of the
interaction indicated that substituents like H (H-O), O (C-O), C (-CHO) and C (-CH2) of
2-((4-((7-chloroquinolin-4 yl)amino)pentyl)((methylamino)methyl)amino) ethan-1-ol formed some conventional
and carbon-hydrogen bonds with SARS-Cov-2 Protease through GLU166, GLY 143, PHE140, ASN142 and
HIS163 amino acid (Figure 4).
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Figure 4. 2D structure of the designed drug candidate- SARS Cov2 receptor complex
4. Conclusion

Simulated molecular docking study of chloroquine and hydroxychloroquine ligands were investigated on the
SARS-CoV2 enzyme to determine the types of amino acids responsible for the biochemical reaction at the
binding site. Chloroquine and hydroxychloroquine which has been debated as drugs for the treatment of COVID
19 were subjected to molecular docking analysis, and the binding energies generated were found to be -6.1
kcal/mol and -6.8 kcal/mol respectively. These two high binding energies revealed the binding strength of these
two compounds against the SARS-CoV2 protease. Moreover, novel 2-((4-((7-chloroquinolin-4 yl)
amino)pentyl)((methylamino)methyl)amino) ethan-1-ol as an anti-SARS-CoV2 protease was designed through
the structural modification of hydroxychloroquine. The binding energy of this drug candidate was found to be
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-6.9 kcal/mol. This novel drug was found to bind and form hydrogen and conventional bonding with the binding
site. of SARS-CoV2 protease through amino acids such as Glutamic acid (GLU166), Glycine (GLY143),
Phenylalanine (PHE140), Asparagine (ASN142), Histidine (HIS163), His (HIS172, HIS41, HIS163), Leucine
(LEU41, LEU27), Glycine (GLY143), Glutamine (GLN189), Methionine (MET49, MET165), Serine (SER 46),
Cysteine (CYS145) and Threonine (THR25). With this binding energy, this new drug candidate could bind better
to the human SARS-CoV2 protease’ binding site. This research provides a clue for other scientists on various
ways of identifying the types of amino acids that may responsible for biochemical protein action on SARS-CoV2
protease.
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