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Abstract

ackground: Plasmodium falciparumis a parasite (protozoa) of humans, & the lethal species

of Plasmodium that affects malaria in humans. In the lack of a medically validated malaria vaccine,

nearby are merely a few inexpensive medications available for therapy. Studies of diverse enzymes
used in pharmaceutical drug discovery become essential aspects. The theoretical analysis helps to screen
novel drug candidates.
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Methods: Here we have optimized three biologically active compounds, netropsin, nogalamycin, and
novobiocin, and also carried out a molecular docking study with the protein ATP-dependent DNA helicase
(UvrD) Plasmodium falciparum 3D7.

Results: The plasmoDB id of the designated protein is PF3D7-0514100. Our calculations show that netropsin,
nogalamycin, and novobiocin can have an affinity with the Plasmodium falciparum.

Conclusion: Our study also predicted that novobiocin would give a better result with this protein than
netropsin and nogalamycin. The frontier molecular orbitals & electrostatic potential (MEP) maps also
support the higher activity of the novobiocin compound.
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Introduction

Malaria is a disease that has gained international
attention & poses serious health & socioeconomic
issues in more than 100 different nations. Four species
of plasmodium (P. falciparum, P. ovale, P. malariae, &
P. vivax)cause malaria in humans [1]. Plasmodium
falciparumis the most virulent & lethal species that
frequently infect people. It is responsible for 95 percent
of malaria deaths. Several parasite proteins could be
effective antimalarial therapeutic targets [2,3]. Helicase
inhibitors may be a feasible approach for developing
novel therapeutics because helicases are essential for
the metabolism of DNA and RNA [4]. Enzyme mobility
may be hampered by the development of a small
molecule (compound) DNA complex, which may cause
the suppression of enzyme activities. The anti-helicase
activity of various DNA intercalating agents was
evaluated [5]. The researchers utilized three types of
nucleic acid interacting compounds in their research:
(1) Agents that intercalate DNA, such as nogalamycin
and daunorubicin (2) minor groove binders like
distamycin and netropsin, and (3) non-intercalating
topoisomerase  inhibitors like novobiocin and
camptothecin.

Streptomyces produces a tiny molecule, which is
netropsin. Small molecules that bind to the minor
groove of DNA have considerable significance for
developing medicinal applications such as gene
expression regulation & the creation of possible
anticancer, antibiotic, & antiviral medicines [6-8].
Netropsin has been demonstrated to be -effective
against both Gram-positive & -negative bacteria [9].
Netropsin, a naturally occurring -peptide derived from
S. netropsis in 1951, was one of the first tiny
compounds found to bind specifically to the minor
groove of particular DNA sequences [10]. Netropsin
serves as the foundation for various alternatives that
have been synthesized [11], including combinatorically,
to study & alter ligand-DNA interactions [8,12-16].
Based on X-ray crystallographic structures, netropsin
interacts deep in the minor grooves of DNA primarily
with AT-rich stretches of double-stranded DNA via Van
der Waals, hydrogen bonding & electrostatic
interactions [12,17-18]. Compared to other AT-rich
sequences studied, netropsin interacts with DNA
particularly well at duplexed AATT locations [13-
16,19].

The Type II topoisomerases [20] are a class of widely
distributed ATP-dependent enzymes that includes DNA
gyrase [20-21]. The majority of DNA-related processes
in biology have been linked to these enzymes. The
coumarins & cyclothialidines are competitive
inhibitors, according to steady-state kinetic
investigations of the hydrolysis reaction of the integral
A292 DNA gyrase molecule [22-25]. Novobiocin,

clorobiocin, & the coumermycin are among the
members of the coumarins family of naturally
occurring antibiotics. Novobiocin is made up of a
benzoic acid moiety that has been isopentenylated & is
connected to hydroxycoumarin by an amide, which is
then connected to the sugar noviose [26]. The
Streptomyces strain S. sphaeroides, which produces
novobiocin, encodes two gyrase B proteins: one that is
novobiocin-sensitive, & a second is novobiocin-
resistant but is only expressed during times of
metabolic stress when novobiocin production is also
induced. Given how little information there is about
coumarin-resistant mutations, exploring the sequences
(amino acids) of these two proteins tells an
unexpectedly large number of variations [27].

Bhuyan & Dietz discovered nogalamycin for the
Upjohn corporation in 1965. Nogalamycin is a drug
made by the bacterium Streptomyces nogalater [28].
Although significant toxicity impeded its advancement
to clinical trials, it was found to show excellent
effectiveness against Gram-positive bacteria &
numerous cancer cell lines. In the Ilater 1970s,
menogaril, a semi-synthetic derivative, was created
[29]. It has considerably more potent anticancer
properties & lacked nogalamycin's considerable acute
toxicity. Despite these encouraging outcomes, phase II
of its clinical trials saw the end of its development [30].
Nogalamycin, an anti-cancer anthracycline,
intercalates itself into the DNA double helix. L-
nogalose & L-nogalamine, two carbohydrate units that
interact with the DNA grooves (minor & major),
respectively, promote the binding. Anthracyclines are
microbiological natural compounds with medical value
that are frequently used to treat cancer [31]. The
growing interest in such types of diseases motivated us
to explore the interactions between the target protein
(UvrD) Plasmodium falciparum 3D7 (PlasmoDB:
PF3D7-0514100) with netropsin, nogalamycin &
novobiocin.

Methods

All three compounds, i.e., netropsin (1), nogalamycin
(2) & novobiocin (3), were optimized at 298.15 K in
Gaussian16 software [32]. Calculations were done on all
the compounds using functional M06-2X [33] with
basis sets 6-311G [34-35] DFT/M06/6-311G level of
theory in The investigations of the interactions
between the target protein UvrD (ATP-dependent DNA
helicase) Plasmodium falciparum 3D7 with PlasmoDB
no. PF3D7-0514100 & compounds 1-3 were performed
using the AutoDock Vina program & AutoDock-Tools
(ADT) [36-37]. The protein was modelled by using the
I-Tasser platform. The protein's binding site was
predicted using the Prankweb-2 platform [38]. All the
protein's water molecules were removed before the
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docking calculation. When allocating both grid
(network) box sizes (30x30x30A concentrated at X =
148.076, Y = 141.265, Z = 97.964), the residues of each
protein's active site were considered. The biologically
active compounds, i.e., 1, 2 & 3, which are
geometrically optimized, & the compound-protein
interactions & also docked poses were imagined using
the Biovia Discovery Studio Visualizer 2021 [39].

Results

Optimized structure of compounds 1-3

We have conducted a thorough computing study for
compounds 1-3 to get more insights. Detailed
optimization calculations have been attempted on the
compounds to gain in-depth knowledge and
understand their properties for the aimed applications.
Initially, we took compound 1 and performed
optimization, followed by compounds 2-3. The
optimized structure of compounds 1-3 is shown in
Figure 1.

Figure 1: Elevated structures of (a) netropsin, (b) nogalamycin &
(c) novobiocin. Atoms of hydrogen have been left out for
simplicity's sake.

Frontier molecular orbitals (HOMO-LUMO)

Exploration of FMO using computational methods has
become very popular and is a widely used tool to
investigate the molecular reactivity of organic
compounds. The properties of frontier orbitals are very
important in quantum chemistry and are very useful to
explore different properties of molecule like electronic
properties, optical properties and the charge transfer
taking place within the molecule. The electronic
absorption occurring within the molecule is due to
transfer of electron from HOMO to LUMO. The HOMO
orbital has the capability to give electron & gives
description of ionization potential while the LUMO
performances as electron acceptor and describes the
electron affinity. The frontier molecular orbitals (FMO)
analysis of all the molecules was carried out at the

same level as done for the optimization. HOMO-LUMO
of 1-3 is revealed in Figure 2. The energy gap between
HOMO-LUMO is a very crucial parameter that can be
exploited to investigate the chemical reactivity of the
molecule. Further, this difference represents the
electronic excitation energy. Because these orbitals’
energies are the closest to one another among all
orbitals of different energy levels, the HOMO-LUMO
gap is where excitations are most likely to occur. As the
HOMO-LUMO Gap converges, excitations become
easier in the molecule. Also, a smaller HOMO-LUMO
gap correspond to better stability while a larger HOMO-
LUMO gap always talk about to higher kinetic stability
& lower chemical reactivity. The gap can also be
exploited to have an idea about the biological activity
of the concerned molecule. Here, we have computed
frontier orbitals of Netropsin, Nogalamycin and
Novobiocin and found the lesser HOMO-LUMO energy
gap in Novobiocin which can show more binding with
the target protein ATP-dependent DNA helicase (UvrD)
Plasmodium falciparum 3D7.
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Figure 2: HOMO-LUMO of netropsin, nogalamycin & novobiocin
compounds.

Molecular electrostatic potential (MEP)

The MEP (molecular electrostatic potential) plot is a
pictorial technique to figure out the charge distribution
region for nucleophilic and electrophilic attack. The red
color region indicates the maximum negative potential
whereas the greatest positive potential at the blue
region. The green and yellow regions in the molecular
electrostatic potential surfaces are in between the two
extremes. The red region is prone to electrophilic
attack whereas the blue region is for nucleophilic
attack. The molecular electrostatic potential plots of
compounds (1-3) are shown in Figure 3. Several
reactive centres are present in all three compounds.
The red region is found nearer to the oxygen atoms
whereas blue is at the nitrogen atoms. Figure 3 also
shows that relatively more nucleophilic sites are
present in compound 3.

Molecular docking Analysis
Protein-ligand docking is a very powerful & popular
computational technique that is used to predict the
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conformation and orientation (pose) of a ligand bound
to protein. Docking has made the visualization of
potential interactions of ligands with protein easy and
efficient. Molecular docking has become a famous
computational tool to examine, substantiate and probe
the different possible conformations of the proteins. It
is widely used to study protein-ligand interaction, drug
development, prediction of bound conformation, and
calculation of binding free energy of ligand to the
target protein. Basically, the docking software is the
interplay between the search algorithm and the scoring
function. The role of the former is to find different
conformations for the ligand while the latter is used to
rank the different conformations obtained by the
search algorithm.

Figure 3: MEP (Molecular Electrostatic Potential) draws of
compounds 1-3.

Figure 4: 3D structures, and H-bond interactions between amino
acid residues and netropsin.

Here, to examine the binding affinities and types of
intermolecular ~ bonding interactions  between
respectively compound & the target proteins, the
docked models were analyzed. The various docking
postures and energies were observed and assessed. The
binding energy values obtained from the docking result
of Netropsin are -7.7, -7.3, -7.3, -7.0, -7.0, -6.9, -6.9, -
6.8 and -6.8 kcal/mol, respectively. The docking pose
with the highest negative binding energy has the
highest binding affinity. Significant interactions like H-
bonding and Pi-alkyl were present. The H-bonding is
present at a distance of 1.80 A. Two dominant Pi-alkyl
interactions are also present at a distance of 4.63 A and
4.86 A (see Figure 4). The binding energy values

obtained from the docking results of nogalamycin and
novobiocin with the highest binding affinity are -7.0
and -8.7 kcal/mol, respectively, (see Figures 5 A & B).

Mode | Netropsin Nogalamycin Novobiocin
(compound 1) | (compound 2) Affinity | (compound 3)
Affinity (kcal/mol) (kcal/mol) Affinity (kcal/mol)

1 -7.7 -7.0 -8.7

2 -7.3 -7.0 -8.3

3 -7.3 -6.9 -8.1

4 -7.0 -6.9 -7.8

5 -7.0 -6.6 -7.8

6 -6.9 -6.4 -7.8

7 -6.9 -6.4 -7.8

8 -6.8 -6.3 -7.6

9 -6.8 -6.0 -7.6

Table 1: Binding energy values of compounds 1-3.

The binding energy values for compounds 1-3 are
summarized in Table 1. The important interactions
between compound 2 and the amino acids residues are
H-bonding, pi-alkyl and pi-sigma which are at a
distance of 2.78 A, 5.33 A and 3.60 A, correspondingly.
Consistently, the dominant interactions present in
compound 3 are H-bonding, pi-pi, pi-alkyl and pi-
sigma which are present at a distance of 2.98 A, 5.22 A,
5.09 A and 3.61 A, respectively.

Discussion

In this study, our main focus is to study the plausible
inhibitors of malaria parasite Plasmodium falciparum
3D7 ATP-dependent DNA helicase. From the previous
reports, netropsin, nogalamycin, and novobiocin
compounds are playing very important role in
biological study [8,9,18,26,31]. For confirming the
stability for these compounds, at first, we have
optimized Netropsin, nogalamycin, and novobiocin
compounds to get stable geometry by using the DFT
method. Furthermore, we have also performed the
molecular docking of these compounds against the
protein malaria parasite Plasmodium falciparum 3D7
ATP-dependent DNA helicase to figure out their
activity. Activity can be found by calculating their
binding scores (kcal/mol). The binding energy of
netropsin compound again the protein is found as -7.7,
-7.3, -7.3, -7.0, -7.0, -6.9, -6.9, -6.8 and -6.8 kcal/mol,
respectively, and these are selected for further analysis
on the bases of energy score and hydrogen bond
interactions. The netropsin compound formed
hydrogen bonds with 7 residues ASN482, GLN485,
SER524, LYS525, TYR527, VAL531 and LYS711 (see
Figure 4). Further, molecular docking showed that the
binding energy of nogalamycin compound again the
protein as -7.0, -7.0, -6.9, -6.9, -6.6, -6.4, -6.4, -6.3 and
-6.0 kcal/mol, respectively. The nogalamycin
compound formed hydrogen bonds with 10 residues
PHE481, GLN526, TYR527, SER528, HIS529, VAL531,
LYS675,LYS676, LYS677 and LYS711 (see Figure 5).
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Figure 5: (A) 3D and 2D-structures, and H-bond interactions between amino acid residues and Nogalamycin (compound 2). (B)3D
and 2D-structures, and H-bond interactions between amino acid residues and Novobiocin (compound 3).

Molecular docking study observed the binding energy
of nogalamycin compound again the protein as -8.7, -
8.3, -8.1, -7.8, -7.8, -7.8, -7.8, -7.6 and -7.6 kcal/mol,
respectively. This compound formed hydrogen bonds
with 7 residues ASN482, SER524, LYS525, SER528,
HIS529, LYS708 and LYS711 (see Figure 5).

Among the three compounds (1-3), one with the most
negative binding energy value will have the highest
critical potential. However, the docked complexes'
minimal comparative interaction energies were
established to be -7.7, -7.0, and 8.7 kcal/mol for
compounds 1-3, correspondingly. These negative
values indicate higher protein binding potential.
Compound 2 has a lower interaction energy, proving
lesser efficiency in binding through protein, while
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compound 3 has a higher binding energy,
demonstrating a higher efficiency in binding with
protein. It has been found that hydrogen bonding has
played a crucial role in connecting compounds by
proteins. These three molecules revealed a very good
binding affinity and stable binding modes as predicted
by molecular docking. Furthermore, the frontier
molecular orbitals (HOMO-LUMO) indicated that
electrons may transfer relatively faster in novobiocin
than in netropsin and nogalamycin. Molecular
electrostatic potential maps also predicted that
novobiocin may have higher reactivity. Ultimately, our
findings directly relate to the community working in
biological study and related interface of medicinal
chemistry.
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