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1. Abstract

Tuberculosis (TB), caused by the bacterium Mycobacterium tuberculosis
is one of the most prevalent diseases with an approximate of 10 million
people having suffered from it in the year 2020. Furthermore, Pakistan
ranks 6th for having one of the largest numbers of drug resistant TB
each year. In the drug resistant cases, beta-lactamase is an enzyme that
inactivates the beta-lactam ring in the drugs causing them to be inactive
against the bacterium. MDR- resistance Tuberculosis has become a
major threat worldwide. Drug repurposing is a successful approach in
discovering new choices of treatment for preventing diseases by using
pre—existing drugs. In this study, four Food and Drug Administration
(FDA) approved drugs were repurposed against beta lactamase of
Mycobacterium tuberculosis. Molecular docking was performed between
the active sites of the beta-lactamase and drugs. Quantum mechanics
analysis revealed electronic structural activity. Derivatives of these drugs
were prepared and further docking was performed. 2-dimensional and
3-dimensional interactions results were obtained using Discovery Studio.
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From the results, Sulfonamide and its derivative were found to have the
best potency in terms of binding energy. Molecular docking simulations of
Sulphonamide and its derivative were performed to check conformational
stability of the protein-ligand complexes. Hence, further efficient analogs
can be designed from the Sulfonamide drug and its selected derivative.

2. Keywords:

Beta-lactamases; FDA-approved drugs; Drug repurposing; Mycobacterium
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Resistance

3. Introduction

Antibiotic resistance is threatened by tuberculosis (TB) produced by
Mycobacterium tuberculosis, extensively drug-resistant tuberculosis
(XDR-TB) and multidrug-resistant tuberculosis (MDR-TB), According
to the World health organization WHO, IT was estimated that around 10
million individuals globally were infected with tuberculosis (TB). By
2020, there will be 5.6 million males, 3.3 million women, and 1.1 million
children. Pakistan has the world’s sixth-largest population and the fifth-
highest TB burden. Every year, an estimated 27,000 drug-resistant TB
cases are diagnosed. Our country Pakistan is considered and ranked on
number sixth among one of the high-burden nations in terms of drug-
resistant tuberculosis. A record of 369,548 persons have been diagnosed
with tuberculosis (WHO Report, 2018). M. tuberculosis has a well-
established potential to acquire medication resistance when combined
with protracted treatment regimens. [1] Furthermore, the production
of lactamase is regarded as one of the most important drivers of the
development of intrinsic resistance to these antibiotics. [2] The formation
of -lactamases, which break the amide bond in the target lactam ring, is
one of the most efficient mechanisms of resistance to lactam antibiotics
that are used against the disease (as seen in table 1).
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Table 1: Drugs available for TB and its side-effects

Drugs Mode of Action Side Effects Resistance Status
Nausea,
o . . . . Vomiting,
o Inhibit mycolic acid synthesis, which
Isoniazid . . . Upset stomach, MDR-TB
interferes with cell wall synthesis .
Liver damage
Upset stomach, heartburn, nausea,
o Inhibit bacterial DNA-dependent RNA | ~°
Rifampin menstrual changes, or headache MDR
polymerase
Ttching or rash;
o . Joint pain;
Ethambutol Inhibits arabinosyl transferase L MDR
Headache, dizziness.
. . . .| Nausea, vomiting, loss of appetite, or
. . Inhibits the synthesis of fatty acids; this . . .
Pyrazinamide . mild muscle/joint pain. MDR
disrupts the cell membrane

Considering some of the past years, there is a significant increase in
the number of beta lactam resistant and many other strains of harmful
pathogenic bacteria. [3] Resistance to -lactams is primarily caused by
plasmid-derived lactamase genes being horizontally transferred [4]. The
most prevalent mechanism of bacterial resistance to lactam antibiotics is
the easy hydrolysis of the amide group of the lactam ring by -lactamases
[5]. The 2019 AR Threats Report
Acinetobacter baumannii, Pseudomonas aeruginosa, Mycobacterium

included antibiotic-resistant

TB, Staphylococcus aureus, and Enterobacter ales. The report issued a
warning about the dangers of diseases caused by these germs (CDC).

In thisregard, recent investigations indicated that deletion of chromosomal
class A (Ambler) -lactamase, produced from the M. tuberculosis BlaC
gene, increases susceptibility to M. tuberculosis by 8-256-fold. [6] The
growing body of evidence for -lactamases, as well as the availability
of information on their protein and subsequently nucleotide sequences,
indicated that there are several classes of -lactamases, rather than a single
homogeneous set of these enzymes. Furthermore, when enzyme activity
against diverse lactam substrates was observed, it became obvious that
-lactamases had a diversity of biochemical properties. Lactamases are
classified into four types on the basis of the sequence of these amino
acids’ homology and general catalytic capabilities of enzymes. Here,
D, A, and C are dependent on zinc or metallo—lactamases (MBLs;
class B). Despite the fact that all four classes of clinically relevant and
environmental bacteria are widely distributed, only a few enzyme families
within each class have achieved extraordinary success and spread widely
among the most important bacterial pathogens.

Penicillin’s activity was previously reported to be much greater in
class A-lactamases than Cephalosporinase’s activity. Class A Serine
-lactamases inactivate -lactams by an acylation-deacylation mechanism
triggered by a nucleophilic attack on the active series, with Glu166 acting
as the activating base. However, numerous novel class A -lactamases have
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been discovered that are very active against newly formed generations of
carbapenems and cephalosporins. To distinguish them from non-ESBLs,
they are usually classified as extended-spectrum -lactamases (ESBLs) [7].
Class D-lactamases can block Ceftazidime, Cephalosporins, Penicillins,
Cefotaxime, and other antibiotics. The hydrolysis of Carbapenem drugs
such as Imipenem by class D -lactamases is a significant impediment
to treating clinically significant infections. A Zn ion is coupled to metal
linker amino acids in the active site of the metallo—lactamase group.
Polarised water molecules aid in the breakdown of the lactam ring. The
extensive use of lactams, like other antibiotic families, has resulted in
the formation and spread of resistance. Cell permeability can be reduced
(by inhibiting porins required for lactam’s entry), efflux systems can be
overexpressed, and modifying or degradative enzymes can be created
if the target is changed (through mutation or transcription of alternative
PBPs). The activity of lactamases, which are enzymes produced by
enzyme-mediated resistance to the lactams is caused by Gram-negative
and Gram-positive bacteria that hydrolyze the lactam amide.

Finding a safe and effective anti-tuberculosis therapy to treat extensively
drug-resistant (XDR-TB) and multidrug resistant (MDR-TB) strains
looks to be a difficulty. M. tuberculosis strains that are truly resistant
to control have evolved as a result of the abuse of first-line beta lactam
medicines.

Even though the exterior cell wall of M. TB was assumed to be a nearly-
lactams have recently been shown to easily break the M. tuberculosis
cell wall and bind the penicillin-binding proteins [8]. The respective
gene in the Mycobacterium tuberculosis genome that has any detectable
similarity to any of the known lactamase genes is BlaC (Rv2068c). As
studies mentioned, The Pavelka group found that removing the BlaC gene
increased Mycobacterium tuberculosis sensitivity to lactam antibiotics
by showing folding to 8 to 256-fold, demonstrating BlaC’s important
involvement in M. tuberculosis resistance. Partially pure Mycobacterium
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tuberculosis BlaC was formerly classified as a class A-lactamase subtype
2b because of its relatively high degree of Penicillinase activity. To
thoroughly define Mycobacterium tuberculosis BlaC and aid in the
development of novel inhibitors, we identified the substrate and inhibitor
composition for BlaC as well as the structure of BlaC to high resolution

[9].

The most common classification is based on sequence - based similarities,
with four primary lactamase classes discovered, namely, A, B, C, and
D. Three of them, classes A, C, and D, are serine-lactamases because
the reactive nucleophile is a functional serine residue, while enzymes of
class B are zinc-dependent hydrolases. Serine—lactamases use covalent
catalysis to hydrolyze -lactams in a multistep method that involves the
creation of several enzyme adducts. Serine-lactamases use covalent
catalysis to hydrolyze -lactams in a multistep method that involves the
creation of several enzyme adducts (Figure 2A). [9]

Many lactam antibiotic-lactamase inhibitor combos are now licensed for
clinical usage, and many more are in late stage clinical development.
[10]. Most of them combine a lactamase inhibitor with a cephalosporin
derivative for broad-spectrum efficacy and lower hydrolysis susceptibility
as compared to penicillin analogues [11]. There are numerous classes
of -lactamase; in the case of M. tuberculosis, the lactamase is BlaC,
which belongs to Amber class A. BlaC, Mycobacterium tuberculosis’
lactamase, has been identified as the primary resistance determinant to
lactam antibiotics, and successful suppression restores susceptibility
[12]. More recently, increased worry over drug-resistant tuberculosis has
coincided with advancements in the field of lactamase drug discovery and
development, encouraging researchers to investigate the topic of whether
a combination of lactam and lactamase inhibitors might successfully
treat M. tuberculosis. [12] B-lactam antibiotics impede the last steps of
peptidoglycan formation by combining with penicillin binding proteins
(PBPs) in the membrane of a cell of bacteria to form an enzyme complex
of stable acyl enzymes.

Gram-negative bacteria, on the other hand, have exploited three primary
mechanisms to development of resistance against b-lactam antibiotics: (1)
structural alteration of Penicillin - binding protein targets, (2) production
of b-lactamase, and (3) aggressive evacuation of b-lactam drugs through
efflux pumps. Penicillin binding proteins (PBPs), which accelerate the
processes involved in the development of the bacterial cell wall, are the
targets of B-lactam antibiotics. Transpeptidases (high - molecular - weight
[hmv] PBPs) and D-alanyl-D-alanine-carboxypeptidases (low - molecular
- weight [Imv] PBPs) are the two types of PBPs (DD-carboxypeptidases).
S. pneumoniae has six penicillin binding proteins in their structure those
are: PBP1a, PBP1b, PBP2a, PBP2b, PBP2x, and PBP3.Changes to one
or more of these six PBPs’ penicillin-binding domains shows their result
in b-lactam antibiotic resistance in S. pneumoniac. PBPla, PBP2b,
and PBP2x are the three most amazingly significant types of PBPs for
antibiotic resistance in b-lactams. MRSA can develop resistance to
b-lactam antibiotics because it contains PBP2a which has been initially
altered to have a low level of affinity for them. S. pneumoniae and MRSA
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are resistant to b-lactam antibiotics, even when treated with a limited

number of cephalosporins and carbapenems, according to several studies.

4. Chapter 2

4.1. Drug Repurposing

4.2. How and why new drugs are useful against new targets

To reduce the difficulties of treating tuberculosis, we urgently want
innovative medications with mechanisms that can be treated as well as
can help in shortening the treatment strategy for both drug-susceptible
strains, and the drug-resistant strains which might be more easily
tolerated and may improve its adherence to therapy. However, due to
the time and expense associated with the various processes, designing
more effective TB treatment regimens is highly complex and time-
consuming. As a result, pharmaceutical firms and scientists are focused
on discovering interactions between new medications and targets by
repurposing existing pharmaceuticals that have previously been used to

treat a range of conditions, a process known as drug repurposing.

Drug repositioning, also known as drug repurposing, is the process of
discovering new therapeutic uses for drugs that are previously recognized
and approved. This technique decreases the chance of failure, shortens
the time necessary for new drug development, requires less expenditure,
and may lead to the discovery of fresh targets for further pharmaceutical

research. [13]

Drug repurposing offers a highly appealing technique in tuberculosis
therapy to address the issue of therapeutic resistance as it occurs and to
discover drug candidates that can decrease the duration of treatment (TB).
This method will eventually prevent the establishment of resistance and
ensure the regimen’s survival. Medication repurposing is significantly
transforming translational research by ensuring thorough safety and
effectiveness while lowering the time necessary to cross regulatory
obstacles.

Additionally, there is continuing research on the use of immunomodulators
as an adjuvant therapy using the traditional DOTs (Directly Observed
Treatment, Short-course) treatment with the only goal of reducing
treatment duration as well as pulmonary toxicity. [14] These additional
medicines are intended to prevent TB disease reactivation and reinfection.
The vast majority of repurposed medications offer minimal safety
concerns, making them ideal candidates for immunomodulators. Their
usage as immune modulators in combination with the normal anti-TB
treatment may help to clear the infection fast and efficiently.

In this section, we will go through the detailed analysis of each of
these repurposed medications, their mode of action, and any possible
immunomodulatory effects. Figure 1 depicts the many strategies for

using medications to treat various ailments (Figure 1).
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Figure 1: Different techniques to use medications for the treatment of diseases

4.3. Drugs and their derivatives used in the current study background
and reason for repurposing against MTB

4.3.1. Sulfonamide and derivative

Sulfonamides, also known as sulfa medicines, are strong antibacterial
antibiotics and their spectrum of activity is extremely broad against so
many gram-positive and gram-negative bacteria. Sulfonamides and
derivatives of sulfonamides were collectively given as monotherapy from
the 1930s until the 1950s but were eventually phased out due to their limited
effectiveness compared to streptomycin and INH and its severe toxicity
[14, 16]. These drugs can be studied further for usage in the treatment of
TB by further study involving diverse groups of humans as subjects. More
study on how they affect the immune system is needed because there isn’t
much evidence to support their role as immunomodulators.

Co-trimoxazole, popularly known as Sulfamethoxazole (sulfonamide)-
trimethoprim (diaminopyrimidine), has been utilized in the treatment
of drug-resistant TB. Co-trimoxazole has been shown to be extremely
effective against drug-resistant MTBs both in vivo and in vitro (Palomino
and Martin 2016). This information has prompted us to consider
sulfonamides for their possible action against the unconfirmed beta
lactamase of MTB.

4.3.2. Cefixime and derivative

Cefixime, a third-generation cephalosporin that may be administered
orally, displays antibacterial activity in vitro against the majority of the
common lower respiratory infection Moraxella catarrhalis, Hemophilus
influenzae and Streptococcus pneumoniae are all susceptible to the

medicine, however Staphylococcus aureus is not. Because of its long
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elimination half-life, Cefixime can be given once daily (3 hours as opposed
to 0.5 hours and 1.5 hours for Cefaclor and Cephalexin, respectively).
According to computational studies, Cefixime, Etoposide, and
Nebrodenside can all be used as efficient COVID-19 inhibitors [17]. The
medicines demonstrated significant binding interactions in active protein
pockets. Docking and modelling yielded more encouraging findings for
Etoposide. The docking scores and binding energies of three protein
complexes with Etoposide medication were recorded at their lowest
levels. Cefixime’s binding energy was -6.4.

4.3.3. Cefadroxil and derivative

Historically, generations of successful cephalosporins were intended to
promote broad-spectrum action and combat drug resistance in a number
of non-Mtb infections. [18] These structural modifications appear to have
altered their anti-mycobacterial actions, most likely due to unrelated,
distinct characteristics of the mycobacterial cell wall. Early investigations
found a SAR for Mtb, phenyl moieties or Pyridyl in a cephalosporin C7
position at the side chain were associated with anti-tuberculosis efficacy
[19]. Using the most recent commercially available cephalosporins,
we arrived with such a qualitative SAR. According to a correlation of
Cefadroxil and Cephapirin, a hydrogen bond acceptor at the 4 position
of the right-side (RHS) aromatic ring was also revealed to be favorable
for activity, either as a hetero atom within the aromatic ring or as a hetero
atom outside the aromatic ring cycle or an extra cyclic group as like a
hydroxyl (in the cephalexin and cephapirin series, respectively).

A drug like this would prevent the resistant genes of enriched beta-lactam
in the gut flora. Mtb selectivity may reduce the gastrointestinal adverse
effects of broad-spectrum beta-lactam antibiotics. This particular method,
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although useful and promising, would operate independently of our high-
speed repurposing aim, which calls for the rapid introduction of novel TB

medications.

4.3.4. Cephradine and derivative
It’s worth noting that the molecule has the same active cyclohexadiene
as Cephradine’s RHS. These findings suggested widespread, generation-

Table 2: Details and characteristics of the selected drugs

independent chemical pathways for particular Mtb activity.

The majority of the cephalosporins examined showed synergy with
rifampicin; the highest synergies were shown with the first-generation
cephalosporins Cephradine, Cephalexin, and Cefadroxil (with the
exception of cefditoren, pivoxil, ceftibuten, and cefuroxime) (Table 2).

Common . Coe .
Drug Class Protein target Therapeutic indications Side effects
name
Diarrhea.
Cefixime Suprax Cephalosporin PBPs Gastroenteritis )
Stomach pain.
Nausea,
Vomiting,
. . . Pneumonia, skin infections, | Diarrhea,
Cefadroxil Duricef Cephalosporin PBPs .
tonsils Stiff  or  tight
muscles,
Joint pain,
Tightness in your
chest;
Cefradi Velsef Cephal i PBP Sinusitis, bronchiti .
efradine else ephalosporin s inusitis, bronchitis Unusual bleeding:
Seizure jaundice
) - Lethargy.
. . Dihydropteroate | UTlIs, bronchitis, eye .
Sulfisoxazole Gantrisin Sulphonamide . . Anorexia.
synthase infections
Nausea.
5. Methodology it varies from standard MM simulation techniques. Risk AMP is the name

5.1. Molecular Modeling

Molecular modelling (MM) is an in-silico method that uses computers
to simulate the drawing, manipulation, and other features of compounds
that rely on their three-dimensional (3D) structures. Exploration of
molecular systems, from tiny chemical systems to enormous biological
molecules, is done with these techniques. MM integrates a number of
disciplines, including material science, nanostructures, drug design, and
computational biology (Pimentel et al., 2013). Even though the simplest
computations can be done by hand, but for any substantially complex
system that requires molecular modelling, computers are inevitably
needed. Additionally, it aids in understanding the fundamental ideas
behind physical and chemical interactions, which are difficult to compute
using experimental techniques. It also helps with the development of
original theories, model representations, practices, as well as products. All
molecular modeling techniques share the representation of the molecular
systems at the atomistic level [3]. The most popular simulation methods
in MM are Monte Carlo, geometry optimization, and molecular dynamics.
Because Monte Carlo simulation utilizes random variables as model
parameters rather than fixed variables like other simulation approaches,
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of the Monte Carlo simulation engine for Microsoft Excel. MM is being
used in a variety of industrial applications. Estimation of the hydrocarbon
content in crude o0il’s screening is one such example. American Petroleum
Institute gravity, peptide nucleic acid, and distillation curve content are
only a few examples of the raw data from crude oil that MM uses to build
a hydrocarbon molecules model that matches quantifiable physiochemical
properties of crude oil [5]. The chemical compositions of model
hydrocarbon molecules, which are produced from profile data of the crude
oil, are also used to interpolate, extrapolate, and predict crude oil tests and

attributes on the basis of molecular thermodynamic models [2].

Inorganic, biological, and polymeric systems’ structure, dynamics, surface
characteristics, and thermodynamics are increasingly often studied using
molecular modelling techniques. There are currently many readily
accessible molecular force field models in databases [4]. Some of the
biological processes that have been investigated using molecular modeling
include protein folding, enzyme catalysis, protein stability, conformational
changes related to biomolecular function, and molecular recognition of
proteins, DNA, and membrane complexes [6]. There are three ways to
predict the target protein structure on the basis of how similar the query
sequence is to the PDB database: homology modelling, threading, and
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ab initio modelling, which are used when the query sequence has less
than 30% similarity to the PDB database. For homology modelling, there
are several online and standalone bioinformatics programmes accessible,
such as MODELLER, SWISS-MODEL, MODBASE, ProModel, etc.,
whereas for threading and ab initio, there are good platforms in I-TASSER,
FUGUE, mGENThreader, Phyre, etc., and ROSETTA [7].

5.2. Quantum Mechanical Methods For Ligand Protein Modeling
For drug discovery and design, precise models for estimating the binding
free energy between tiny molecules and proteins are required. Quantum
mechanical techniques are becoming more and more common in the
domain of computer-aided drug designing (CADD), which isn’t merely a
result of ever improving processing power but also because first-principles
QM is supposed to have the highest accuracy [12]. Due to the first-principle
characters of them, the laborious quick semi-empirical approaches as
well as the ab initio methods are both free from the drawbacks of the
force field’s (FFs) fixed-charge approximation and the ball and spring
description [9]. Use of QM techniques throughout the entire Computer-
Aided Drug Design (CADD) process has been predicted to become
a reality. The interest in QM in CADD has, at the same time, sparked
further methodological development of QM techniques, including QM
approaches that are involved in scoring, docking, improving recognized
potential leading compounds, along with figuring out the mechanism of
reaction [10]. For instance, QM calculations were carried out to look into
notable variations in the affinity for binding upon converting a CH2 linker
into a carbonyl [13].

Quantum mechanics provides the correct analytical account for the
electrons’ activity and, consequently, of their chemistry. Theoretically, any
atom or molecule’s property can be accurately predicted using quantum
mechanics (QM). Only systems containing a single electron have the QM
equations ever been solved precisely in practice. Numerous methods have
been used to approximation the solution for multiple electron systems
[11]. These estimates can be very useful, but the researcher must have
some understanding to understand whether every single estimate is true

and accuracy the results would likely to be having.

Schrodinger and Heisenberg created two comparable formulations of
quantum mechanics. Since the Schrodinger form serves as the foundation
for almost all computational chemistry techniques, we shall simply

provide it here. Schrodinger’s paradox is:

HY = EY
Here, E is the energy, C represents wave function, and Hamiltonian
operator is H. These sorts of equations are referred to as an Eigen equation
in mathematics. Then, C is referred to as the eigenfunction and E as the
eigenvalue. However, this is not necessarily the case. The operator and

eigenfunction can both be matrices.

The electron and nuclear locations affect the wave function C. As the name

http://primepubmed.com/journal-of-bioscience-and-bioengineering/

suggests, an electron is described as a wave in this context. The behavior
of electrons is described probabilistically in this way. As a result, it is able
to describe the likelihood that electrons will be found in particular places
but is unable to pinpoint their precise location. Since the wave function
square provides estimates, the wave functions are often referred to as a
probability amplitude. The only rigorously valid interpretation of a wave
function is this one. If the wave function is continuous, normalizable,
antisymmetric, and single-valued with regard to the electron exchange,

the Schrodinger equation can be easily solved physically.

The Hamiltonian operator H is, in general,

purllL'L'v partichs 44
H= — 25)
Z‘.: "’m Z Z Tif (23)
51 41 51
y & t
- 7
Vi ﬁ.1f+£‘l1-+ 2! 29)
l;,!:
Here, or the Laplacian operator is operating upon particle i. Electrons

and nuclei are both types of particles. The mass and charge of particle 7

m. -
are denoted by symbols "and q', while the separation between them is

denoted by g . Within a wave formulation, the particle’s kinetic energy is
provided by the first term. The energy resulting from a particle’s Coulombic
attraction or repulsion is the second term. The time-independent, non-
relativistic Schrodinger equation is used in this formulation. Additional
terms in the Hamiltonian may appear when relativity, interactions with
electromagnetic radiation, or fields are considered.

ehactrons

Z Z’u

electrons v muclen electrons z

A== 3-22

(27)

The kinetic energy of the electrons is the first term in this equation. Another
concept is the affinity of electrons to the nuclei. Electron repulsion makes
up the third phrase. At the conclusion of the calculation, the energy is
increased by the nuclei’s attraction to one another. By viewing the entirety
of'this construct as the lead energy surface that nuclei travel on, the motion
of nuclei can be explained.

Any molecule-specific property can be determined once a wave function
has been established. This is accomplished by utilizing the operator’s
expectation value for that property, marked by the angled brackets < ».

{E}—JLF‘H'F (28)
This is the energy that the Schrodinger equation predicts for an exact
solution. This provides an approximation of the energy for an approximate

wave function, which serves as the foundation for many of the techniques
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detailed in later chapters. Because it always exceeds or is equal to the exact
energy, this is known as variational energy. By substituting alternative
operators, it is possible to obtain different observable qualities, such as
the dipole moment or electron density. The frequently used computational
chemistry methods only use the Hamiltonian to obtain the wave function.
The Hellmann-Feynman theorem can also be used to determine molecular
characteristics. According to this theorem, the energy derivative in regards
with a certain property/characteristics P that is presented by:

ie_foi
dP \oP

For calculating electrostatic characteristics, this relationship is frequently

(29)

utilized. The Hellmann-Feynman theorem is not always followed. The

Hellmann-Feynman theorem is only adhered to by variational approaches

8].
5.3. Molecular Docking

With the use of high-throughput screening procedures, which use in vitro
tests to gauge the activity of a large number of compounds against the
target, medications are typically discovered by accident through a process
of trial and error. This procedure takes a long time and costs a lot of
money. Nevertheless, simulated molecular docking can be a helpful tool
in the drug development process if the target’s three-dimensional structure
is known. By virtually screening compound databases, this in silico
method makes it easier to identify interesting medication candidates.

Literature Review

The drug candidates discovered by the virtual screening procedure can
then be further investigated using laboratory experiments (synthesis),

toxicological testing, clinical trials, and further protocols.

Molecular docking is an essential tool in the field of structural molecular
biology as well as in the computer-aided drug designing. Predicting the
dominant binding mode(s) of a ligand with a protein having a known
three-dimensional (3D) structure is the goal of this ligand—protein
docking. Effective docking techniques locate high-dimensional spaces
and make use of a scoring algorithm that would fairly score the potential
dockings. With the help of that docking, massive libraries of compounds
can then be virtually screened, the results can be ranked, and structural
theories about how the ligands inhibit the target can be proposed. This
information is crucial for lead optimization. Analyzing the outcomes of
stochastic search methods can occasionally be ambiguous, and setting up
the input structures for the docking is just as important as the docking
itself [1].

Docking techniques typically employ an energy-based scoring system
to identify the ligand conformation that is bound to the target that is
energetically most beneficial. In general, it is believed that better protein-
ligand binds result from lower energy scores than from higher energy
values. It is possible to think about molecular docking as an optimization
problem because its objective is to find the ligand-binding mode with the
lowest energy. Figure (2) in [12] depicts the approach taken in the current
study (Figure 2).

Selected four FDA Compactness/Gyration Dynamical

MMPBSA/F ica

spproved Drugs Energy of Blnr;tn.l i -_ = | Flexbiley

complexes
Sulphonamide derivatives Structural Dynamics of
As potential candidate Sulphonamide/Derivative complex
Stability of
Sulphonamide protein and
As potential candidate complexes
QMM /Electronic Design of Drugs Derivatives Malecular Dynamics(MD)
— —
Structural Basis for activity and their In-5ilico analysis — Simulations j

Figure 2: Work flow of the study

http://primepubmed.com/journal-of-bioscience-and-bioengineering/

Volume 1 Issue 1 Page 05


http://primepubmed.com/journal-of-bioscience-and-bioengineering/

Research

Journal of Bioscience & Bioengineering ISSN(2836-4740)

5.3.1. Ligand Preparation

A literature review and databases were used to gather the Drugs’ structural
information, which was then acquired from the PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) (Bekhit & Bekhit, 2014). The protein
data bank format of the canonical smiles for the ligands was obtained
and used for docking. The same process was utilized to recover the drug
derivatives’ structures, which were then employed for docking. The

structures were then utilized as standard to compare with each other.

5.3.2. Protein Preparation

The 3D construction of beta lactamases responsible for developing
antimicrobial resistance development was obtained from the Protein
Data Bank database (PDB) (https://www.rcsb.org/) PDB ID 3N7W. The
C-terminal denoted in red and N-terminal in blue color (Figure 3)[3].

Figure 3: Three-dimensional structure of the main beta-lactamases
protein (PDB Id: 3N7W)

5.3.3. Initializing and putting PDBQT files together

The starting directory was set to the appropriate folder prior to docking.
The finished protein molecule was loaded into the workspace of AutoDock
4.2.6. After the polar hydrogen atoms were added, the protein’s Kollman
and Gasteiger charges were calculated. The target was the protein after
it had been saved in PDBQT format. The ligand was brought into the
workstation, the root of the torsion tree was selected, the number of
rotatable bonds was determined, and the data was saved in PDBQT format.
In order to continue the simulation procedure, the ligand and protein were
loaded into the workspace in PDBQT format.

5.3.4. Grid Specification

The predicted active site was similar to the 2-dimensional (2D) LigPlot
of the co-crystallized protein that was in complex with the Amoxicillin.
The process was done to assure the ligand being perfectly attached to the
active site of the protein active site. Setting up the grid parameters is the
one of the significant steps in molecular docking as it explores the ligand
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with the binding site of the protease. The spacing of Grid was set to 0.375
A (default). Center grid box values were -11.432, -9.16, and 2.636. The
points for grid numbers in accordance with the x, y, and z dimensions was
set to be 60, 60 and 58. There were 431893 total grid points on each map.
The full 3-dimensional active site of the receptor was covered by these
characteristics. The grid parameter file (GPF) file format was used to save
the output. The set grid size and locations closely matched those given by
Odhar et al., 2020 and Yu et al., 2020.

5.3.5. Auto-grid and Auto-dock running

Executing the AutoGrid required the AutoGrid executable and GPF files,
which were then transformed to the grid log file. After then, the grid was
started. The genetic algorithm was reset to default after AutoGrid ran
successfully, and is now as follows: i) the number of GA runs: 10; ii)
population size: 150; iii) the number of energy evaluations: 2.5 million
(2.0 A clustered tolerance); and iv) the number of generations: 27000. The
docking parameter file (DPF) file format was used to save the output of
the Lamarckian genetic method. The AutoDock was run after the docking
log file (DLG) was converted using the AutoDock executable and DPF
files as input. The top 10 free binding energy energies for each run and
the inhibitory constant were included in the final DLG file. The results
were examined, ordered according to binding energies, saved in PDBQT
format, and the complex with the lowest binding energy was saved in
PDB format for additional investigation (Figure 4).

Figure 4: Two-dimensional (2D) interaction between protein and the
ligands

5.3.6. Docking Validation

Utilizing two different techniques, the docking approach was validated.
Using AutoDock 4.2.6, the complexed Amoxicillin was taken out and
docked back into the active site (AlKhodairy et al., 2013). Manually,
the co-crystallized complex was opened in a notepad, the inhibitor
heteroatoms from the protein were removed, and the protein was then
pasted into a new notepad and saved as an inhibitor in PDB file format.
The method followed the same protocol, including the grid parameters.
This was done in order to make sure that the inhibitor binds precisely to
the active site cleft and must exhibit less deviation from the co-crystallized
complex. The root mean square deviation (RMSD) was then computed
by superimposing the re-docked complex with PyMOL 2.3 on top of the
reference co-crystallized complex. This was done to assure the validation
of docking and to validate the docking technique.
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5.3.7. Molecular Dynamics Simulations

The Desmond package was used to do molecular dynamics simulations
for the following complexes: free protein, protein complexes with
sulfonamide, and protein complexes with its imidazole derivative.
Following docking, the top two ligand-protein complexes had low binding
energy. By putting the protein and the complexes in an explicit water box of
size 10 with a single-point charge (SPC) water model TIP3P with periodic
boundary condition, they were each independently solvated. The protein
was modeled using the OPLS3e force field, and ligand, Na+, and CI- ions
were added to make the system’s overall charge neutral (Harder et al.,
2016; Sarma et al., 2020). Before a manufacturing run of 50 ns, the system
was energy reduced for 2000 steps. Following reduction, the complex was
further put through the NPT ensemble’s manufacturing run. With the help
of the Martina-Tobias-Klein method and the Nose-Hoover thermostatic
algorithm, the system was gradually heated to maintain a temperature
of 300 K and pressure. In order to simulate long-range electrostatic
interactions with a grid spacing of 0.8 A, the Particle Mesh Ewald (PME)
approach was used. The intricate interactions between the ligand and
protein were examined using the Simulation Interaction Diagram tool
included in the Desmond package. Root mean square deviation (RMSD)
and root mean square fluctuation (RMSF) measurements with respect to
the reference were used to assess the results. Pant et al. reported the same
process in 2020.

5.3.8. Free energy of binding: Molecular Mechanics Poisson-
Boltzmann Surface Area (MMPBSA)

The ligand (drug) binding mode to the protein has generally been
considered to be the drug binding mechanism [25]. In fact, Fisher’s “lock-
key” model, which sought to explain the intermolecular interactions
between the ligand (drug) and the protein’s amino acids in a specific
area of the protein structure known as the binding site, offered the first
elaboration of ligand’s binding [24]. This static depiction of the ligand
binding, however, suggests that the issue has been oversimplified. The
ligand actually binds to the protein binding site in a dynamic process that
begins with it binding from its fully solvated form and concludes with it
unbinding and returning to the solvent.

Additionally, proteins have intrinsic dynamics and can adopt various
conformations before to interacting with ligands (conformational
selection) or particular conformations in response to ligand contact
(induced fit). During this dynamic interaction, the ligand might assume
binding poses that are energetically equivalent to the final binding mode,
passing through high energy states that regulate the ligand binding and

unbinding rate.
In the chemical reaction known as LPB, ligand L and protein P are referred

to as reactants, and the complex LP that results from the ligand’s binding
to the protein is the product (Figure 1):
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L+P=LP. 0]

At equilibrium, the concentration ratio of reactants and product is constant in time and is
equals to:

K== @

K
Where d (in unit M) represents the dissociation (unbinding) constant

epr -1
? (in unit ) is a binding constant that is also considered as binding
affinity, and the square brackets presents the equilibrium concentration of

the molecular species (M unit).

The solute (i.e., protein and ligand), the solvent (i.e., water), and the
buffer ions interact and exchange heat in the aforementioned reaction. The
interactions between these molecules and the different types of energy they
generate and exchange are controlled by the laws of thermodynamics, and
they are frequently described in terms of Gibbs free energy G [23]. The
latter is a thermodynamic potential that determines how much work may be
reversed in a thermodynamic system at a given temperature and pressure.
Therefore, LPB is only energetically favorable (i.e., spontaneous) when
the difference in E'Gnsystem’s Gibbs free energy between the bound and
unbound states ( ) is negative after the system reaches equilibrium at
a particular temperature and pressure. :ﬁ. Gbe context of LPB, the absolute
protein-ligand binding free energy, or , is compared to K b using the

following formula:

AG"==kyTin(C"K;), @

C o
Where s the standard concentration of 1 M for all the interacting

molecules, which is useful for comparison with experiments, and Yis
the Boltzmann constant and T the temperature. The complex is clearly
more thermodynamically stable with increasing binding constant ? and
decreasing standard free energy of binding, as shown by equation (3). It’s
AGP

also crucial to keep in mind that since is a state function, the system’s
beginning and final states—irrespective of the path that associates them—
determine it entirely.

[T
The differentiation in chemical potential among the complex ( “F) and

Uy u
the ligand and protein isolated ( Y and”’ F, respectively) can be used to

G° AG"

calculate the . A good expression of using chemical potentials

is given by statistical thermodynamics as indicated below:
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protein’s potential energies as functions of their respective coordinates

UI['FI

are the complex’s, the ligand’s, alongside

, T T T . Sim
internally, , , and (i.e., conformations), whereas ,

SI rL) 5| 93] . . . . .
,and are their corresponding solvation energies. The rotational

degrees of freedom of the solute (LP, L, and P) are taken into consideration

T
by the factor 8 .
In this equation, all the conformations of the substances LP, L, and P
should be considered; nevertheless, the integrals demonstrate greater
contributions from more stable (low energy) conformations. It is also
important to note that, in accordance with the law of mass action,

e
concentrations greater than (1 M) result in least binding free energy
values (more stable bound state). Therefore, when calculating the absolute

c o
LPB free energy, methods should explicitly take into account. On the
other hand, if the relative binding free energy difference among the two
oo
ligands is determined, it can be disregarded because in such case, is
cancelled.

A different way to state the Gibbs free energy is as follows:

AG=AH- TAS, [

Here, S and H represent, respectively, the entropy and enthalpy differences
between the bound and unbound states of the systems.

The LPB free energy is calculated using the various techniques covered
in the following sections, using both Equations (4) and (5) (sometimes in

different forms making explicit distinct energy contributions) [22].
6. Results & Discussions

This here-presented study is focused on Mycobacterium tuberculosis
(MTB/TB) and finding a suitable drug candidate that can be used in its
inhibition. For this purpose, we selected 4 FDA-approved drugs named
Sulfonamide, Cefadroxil, Cefixime, and Cefradine. Furthermore, the
derivatives of these drugs were also enrolled in this study and analyzed
against the TB to determine its mode of interaction and inhibition against
drugs.
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To observe these interactions, the above-mentioned methods and
techniques were used via various software and online tools, which in turn
provided us with the recognition of the amino acids, bonding, and other

important aspects that are necessary in the interaction.

Penicillin-binding proteins (PBP) are among the essential proteins present
in the pathogen. PBPs play a key role in the synthesis of peptidoglycan,
a crucial element of bacterial cell walls. There is a variety of modified
PBPs present. Those modified PBPs causes the active site to change,
which results in the B-lactam losing its affinity towards the target protein
of the drug, hence, resistance occurs [64]. Among the latest therapeutic
approaches, PonAl is a potential target. It is a class A penicillin-binding
protein, important for regulating the formation of the physiological cell
wall as well as the cell shape during growth in MTB [65]. Hence, the
PonA1 protein was used for docking against the FDA-approved drugs.

6.1. Molecular Docking

The docking of the resulting protein structure was performed using
AutoDock4.2. AutoDock is basically a set of automated docking tools
that is worn by the user. Using AutoDock, we were able to foresee
and track how our protein structure interacted with the ligand in this
investigation. The best confirmation received from that outcome was then
used for additional examination, after which the structure with the best
confirmation was used for re-docking. The confirmation with the highest
binding score among the 250 confirmations was deemed to be the best
confirmation.

In the case of the Cefixime drug, the binding energy was -4.52 in
comparison to which Cefadroxil and its derivative had better results.
Inhibition constant of 485.96 uM was reported for this docking, as well.
As for the RMSD of Cefixime, it was 1.63, which was somewhat lesser
than the Cefadroxil and its derivative both. As for the amino acid residues,
Asp255A, Asnl86A, Thr253A, and Serll6 were involved among all
the interactions. Also, there were Argl87A and Lys87 were found to be
involved in hydrophobic interaction as seen in (Figure 5).

A)

Figure 5: Depiction of (a) 2D and (b) 3D interaction of Cefixime with
3N7W protein.

Just as seen in figure (6), the result of the docking of Cefadroxil against

the protein 3N7W, the RMSD was found to be at 1.38. The best binding
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energy was reported to be at -6.09 Kcal/mol. Other than that, overall in
this interaction, amino acids Argl87A, Ser84A, Thr253A, Thr251A, and
Ser142A were involved. However, all of these amino acids were involved
as the H-bonding forming residues, as well. Lastly, the inhibition constant
of this docking was at 34.54.

A) B)

® 0 a@:bs
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Figure 6: Depiction of (a) 2D and (b) 3D interaction of Cefadroxil with
3N7W protein.

In the docking of Cefradine with the 3N7W protein, Asp255A, Serl142A,
Ser84A, and Thr253A were found to be involved as H-bond forming
residues. Besides that, the RMSD of the docking complex was found
to be at 1.08. As for its binding energy, it was found to be at -6.00 Kcal/
mol. Other than that, there was the inhibition constant of 39.86. As shown
in the (figure 7), amino acids residues Ile117A, Serl142A, Ser84A, and
Thr253A were also the ones that were overall involved in the interaction.

A)

Figure 7: Depiction of (a) 2D and (b) 3D interaction of Cefradine with
3N7W protein.

The docking complex of Sulfonamide with the Beta-lactamases protein
provided the most excellent results in comparison to all the other drugs.
The complex was seen to have the binding energy of -8.35 and an
inhibition constant was of about 15.992 uM. Its residues Ser84, Thr251,
Ser142, Thr253, Ile117, and Lys250 were found to be overall involved in
terms of interaction. Figure 8. As for the RMSD, it was reported to be

1.22.
A) B)
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Figure 8: Depiction of (a) 2D and (b) 3D interaction of Sulfonamide with
3N7W protein.

6.2. Optimization of drugs and Quantum Mechanical Studies

HOMO (highest occupied molecular orbital) - LUMO (lowest unoccupied
molecular orbital) energy gaps of chemical species is quietly important
descriptors to predict their chemical reactivity and kinetic stability. Low
kinetic stability and strong chemical reactivity are typical characteristics
of molecules with small frontier orbital gaps. Additionally, such molecules
can be described as soft molecules. Moreover, the chemical potential,
hardness, and softness are useful tools to find out bioactivity of drug
candidates. In our case, the lowest AE, , is determined for the compound
C2 by the value of 4.4672 eV with the highest chemical softness (18.68
eV) which may be responsible for the higher chemical reactivity.

6.3. Derivatives and in their in-silico analysis

6.3.1. Cefixime derivative

As for the derivative of Cefixime, its binding energy was calculate to be
-1.43, which is somewhat the lowest as compared to the others. Whereas
the RMSD of this docking of Cefixime derivative against the protein was
1.01. Among the H-bond forming residues, only three were involved,
which were Lys235 and Ser142. The amount of the inhibition constant
was 89170. Overall, the amino acid residues Thr253A, Ser142A, and
Ile117A were involved, with Asp255, Pro290, Tyr260, and Ala288 having
hydrophobic interaction with the complex as shown in figure (9) .

A) B)

Figure 9: Depiction of (a) 2D and (b) 3D interaction of Cefixime
derivative with 3N7W protein.

6.3.2. Cefadroxil derivative:

Figure (10) shows that among the amino acids that were involved overall
in the interaction and as H-bonding forming residues in the docking of
Cefadroxil Derivative against 3NA7W protein were Thr232A. There
was hydrophobic interaction discovered in the residues Lys87, Ser116,
Pro183, and Alal82,. However, the inhibition constant of the docking was
1580 (ki) uM. Whereas, the best binding energy resulted at -3.82 Kcal/
mol. The RMSD of the docking was found to be as low as 1.21.

Volume 1 Issue 1 Page 08


http://primepubmed.com/journal-of-bioscience-and-bioengineering/

Research

Journal of Bioscience & Bioengineering ISSN(2836-4740)

A)

Figure 10: Depiction of (a) 2D and (b) 3D interaction of Cefadroxil
derivative with 3N7W protein.

A B)

Figure 11: Depiction of (a) 2D and (b) 3D interaction of Cefradine
derivative with 3N7W protein.

6.3.4. Sulfonamide derivative

In the docking of Sulfonamide derivative with the antibiotic resistance-
acquired protein 3N7W, the RMSD was at 1.08. Along with that, the
docking also reported a binding energy of -10.22. Then there was the
inhibition constant of 11.9922. Among the H-bonding forming residues,
Ser84A, Serl16A, Serl42A, IleLys87A, and Glu292A were involved.
(Figure 12). Other than that, the residues Thr253A, Ile117A, Pro290A
were found to be having hydrophobic interaction with the protein-ligand

complex.

A) B)

Figure 12: Depiction of (a) 2D and (b) 3D interaction of Sulfonamide
derivative with 3N7W protein.

6.3.5. Binding Energy and Inhibition Constant of Drugs and Their

http://primepubmed.com/journal-of-bioscience-and-bioengineering/

Derivatives

The Ki, or inhibitory constant, is a frequently employed indicator of
the affinity (strength) with which a medication binds to a specific type
(or subtype) of the receptor (also called the inhibition constant). To put
it another way, the Ki stands for the amount of medication (measured
in nanomoles, or nM) needed to occupy 50% of those receptors. For
instance, the amount of an antipsychotic medicine required to bind to
50% of postsynaptic D2 receptors is known as the Ki. Therefore, a drug’s
binding affinity for a certain receptor would be greater the lower the Ki for
that drug at that receptor. This is due to the fact that the lower Ki shows
that even at lower concentrations, the medication may still occupy 50% of
those receptors [66].

The improvement of binding affinity, selectivity, and other off-target
interactions is a crucial part of hit-to-lead and lead optimization
operations in the development of drugs. Relative binding free energy
(RBFE) calculations offer an interesting way to predict protein-ligand
binding affinities in silico by combining molecular simulations and
statistical mechanics to determine the free energy differences across
congeneric molecules. RBFE simulations are of particular interest
from a computational perspective (for instance, hit-to-lead and lead
optimization)due to their accurate modeling of biological systems (such
as protein flexibility, explicit solvent, cofactors, ions, concerted motions,
and entropy, to name a few), rigorous statistical mechanical framework,
and direct application to real-world issues. [67].

From the dockings of the four FDA-approved drugs and their derivatives
that were conducted against the 3N7W protein (as shown in fig 13),
the Sulfonamide derivative was found to have the least binding energy,
i.e. -10.22 with its inhibition constant being 22.13.

Binding Energy

W Cefadroxil W Cefadroxil Derivative @ Cefixime

@ Cefixime Derivative W sulfonamide W 5ulfonamide Derivative

W Cefradine W Cefradine Derivative

Fig 13: Pie chart showing the binding energy of the FDA-approved drugs
and their derivatives against 3N7W protein.

In comparison to that, the Sulfonamide was found to have a binding
energy of -8.35 and an inhibition constant of 15.9922 against the
3N7W protein. Whereas the Cefixime derivative had the most binding
energy of -1.43, and its inhibition constant was 89170. The Cefixime itself
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was found to have a binding energy of -4.52 and an inhibition constant of
485.96. Cefadroxil had an inhibition constant of 34.54 and binding energy
of -6.09, which is better in comparison to Cefixime. The derivative of
Cefadroxil showed a binding energy of -3.82, and its inhibition constant
was 1580. Lastly, the binding energy of Cefradine was -6.00, along with
an inhibition constant of 39. 86.

6.4. Electronic Structure Calculations and HOMO/LUMO Maps of
Drugs and Their Derivatives

In order to determine molecular geometries and make predictions about
various properties, quantum chemistry techniques are crucial (Anban,
James, Kumar, & Pradhan, 2020). The chemically active sites of a
molecule are represented by the electron density map with a Molecular
Electrostatic Potential (MEP) surface. Understanding chemical reactivity,
electrophilic reactions, and substituent effects all heavily depend on
electrostatic potential. The MEP can be used to represent the electrostatic
characteristics. The design of efficient receptors for anion binding also
heavily relies on MEP surface analysis. One of the tools that can be used
to develop a linear or bipodal receptor is the MEP surface analysis. For
more than 30 years ago, MEP mappings have been logically employed in
scientific study. The charge distributions of molecules are shown in three
dimensions (3D) on the molecular electrostatic potential surface. These
surface investigations let us see a molecule’s variously charged areas.
Additionally, the MEP surface can be used to map out areas of electron
excess and electron deficiency. MEP surface, charge, and dipole may all be
created for a particular structure using online tools. (Lakshminarayanan,

Jeyasingh, Murugesan, Selvapalam, & Dass, 2021).

As seen in fig.14, the HOMO/LUMO and MEP of the 4 FDA-approved
drugs were performed to analyze the drugs and their charge distribution
on the quantum level for a better understanding of the properties of
these drugs. The results demonstrated that among the four drugs, the
charges were evenly distributed throughout the surface of Sulfonamide.
Whereas the unequal distribution of charges was found on the surfaces
of Cefradine, Cefadroxil, and Cefixime. In accordance with the results
that were obtained from the docking study against 3N7W protein, these
electronic structures further support Sulfonamide to be a promising drug

candidate against MTB.
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Figure 14: Molecular Electrostatic Potential (MEP) and HOMO/LUMO
mapping of the drugs.

6.5. Molecular Dynamics Simulations of Sulfonamide Complex and
Its Derivative

It was successful in implementing molecular dynamics simulations to
investigate the PBPs enzyme and its complex with the AMPH.

6.5.1. Root Mean Square Deviations (RMSD) of Unbound Protein and
the complex

The root mean square deviation (RMSD) of the full trajectory run for the
heavy atoms of the enzyme as a function of simulation duration was used
to evaluate the conformational stability of all three systems as illustrated
in figure (15). The RMSD plot for the ligand-free enzyme is shown in
Fig. 6, fluctuating between mean values of 3.105+0.01 A and 3.628 +
0.11 A upon AMPH binding, respectively. This figure illustrates how the
enzyme’s conformation changes after complex formation. Fig (15). Since
RMSDs evaluation showed ligand binding effects on conformational

dynamics even at low sampling time.
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Figure 15: Graphs depicting the (a) simulation time and (b) probability
plot against RMSD

6.5.2. Root Mean Square Fluctuations (RMSF) of Unbound Profound
and the complex

It was urged to further assess the enzyme’s dynamical flexibility in its
ligand-free and ligand-bound states by the ligand binding effect in the case
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of complex formation. As shown in the (RMSF) charts in Fig (16). The
sections from amino acid residues in the C terminal trans peptidase domain
extend from 80 to 310, and certain portions in the non-penicillin binding
domain from 435 to 605. 5.05 with averaged RMSF. This is how the
enzyme behaves in the absence of ligand. Since the average RMSF values
for the enzyme were calculated to be around 11.81 in the complex case,
it was found that the residual dynamics of the enzyme were perturbed by
the ligand binding in the case of the complexes, particularly in the regions
highlighted region 88 to 122 C-terminal active site domain and 304 to
434 allosteric domain. Particularly for the same amino acid residues, the
RMSF pattern for PBPs differed from the ligand-free state; nonetheless,
residues involving the binding region exhibited higher variations.
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Figure 16: Graph depicting the Root Mean Square Fluctuation (RMSF)
peaks plotted against residue number

6.5.3. Assessment of Compactness of Protein and its Complex

The radius of gyration (Rg) is used as a measure of the stability and
compactness of protein structures. Consequently, during MD simulations,
Rg values of proteins and complexes were determined. Figure 10(c) makes
clear that protein and PBPs-AMPH complexes had various Rg patterns
throughout the simulations. The Rg of PBPs was clearly seen to be around
36.48 + 0.012 and 36.57 +0.015 as depicted in the figure (17). Radius
of gyration results revealed complex formation to slightly decreasing the
compactness and increase the gyration of protein and thus confirms the

overall disturbance in conformational dynamics of the protein.

Figure 17: Molecular Dynamics simulation of Radius of gyration (Rg)
of the protein without any complex (Apo), complex of protein with

Sulfonamide, and complex of protein with Sulfonamide derivative.
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6.5.4. Hydrogen Analysis

In addition, Hydrogen bond formation potency of simulated complexes
were measure in terms number of hydrogen bonds as shown in figure
() and hydrogen bond cavities depicted in figure (18), where the C 2
compound’s enhanced hydrogen bonding was seen with relatively higher
bonding cavities, while simulated complexes of ligand 5,6 and 7 were
found to have single hydrogen bond with relatively low bonding densities
(Fig 18).
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Figure 18: Molecular Dynamics hydrogen bond analysis of Sulfonamide
and the Sulfonamide derivative.
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6.5.5. Free Energy of Binding Calculations: MMPBSA

The MM/PBSA methodology is a technique for calculating the binding
free energy. With this method, the unbound components as well as
snapshots of the complex molecule (derived by MD simulations) are used
to average the contributions of gas-phase energy, solvation free energy,
and solute entropy.

The binding free energy was determined by the MM/PBSA approach in
order to uncover more specific information about the interactions between
PBPs and AMPH. In Table 3, the complexes’ energy components and a
detailed study of their binding free energies are presented. According to
the findings, the AMPH had low binding energies. It’s interesting that
AMPH had the lowest binding energy, at -25 kJ/mol, overall. Four energy
components, including van der Waals (DEvdw), electrostatic (DEele),
polar solvation energy (DGpol), and nonpolar interactions (DGnonpol),
were calculated to better understand which interaction term had the
most significant impact on the predicted binding energy. Figure (19) and
Table 3°s results demonstrate that DEvdw and DEele were significantly
engaged in the production of these complexes. It was particularly clear
that van der Waals interactions had a significant impact on how well
AMPH bound to the chosen molecules. This is because these substances
have created significant non-covalent interactions. The polar interaction
energies (DEele DGpol) and the non-polar interaction energies (DEvdw
DGnonpol) were subsequently determined. Analysis of the data revealed
that the selected chemicals and the AMPH binding pocket interact
primarily through advantageous non-polar interactions (-25.84 kJ/mol)
(Table 3).
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Figure 19: (a) Graph depicting the release of binding energy of
Sulfonamide with respect to various frames (conformations). (b) Release
of different energetic components of Sulfonamide. (¢) Graph depicting
the release of binding energy of Sulfonamide derivative with respect
to various frames (conformations). (b) Release of different energetic
components of Sulfonamide derivative.
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Energies Kcal/mol Sulfonamide Derivative
Vander Waals 4Gy -20.15 -25.20
Vander Waals A0zie -0.10 -0.80
Surface 4Gsyzs -4.33 -4.67
Solvation AGsory -5.56 -8.71
Gaseous 8045 -5.85 -25.20
Total binding energy ACpinging -25.15 -33.91

Table 3: Component energies obtained from Sulfonamide and its

derivative.

7. Conclusion

In recent years, TB has become a fatal disease that is prone to a huge
number of drugs and even their derivatives, hence, making itself a health
hazard in the years to come. On the other hand, drug repurposing is a
process that involves the identification of new therapeutic uses for already
existing FDA-approved drugs. The strategy itself is quite effective in
discovering or developing new pharmacological therapeutic indications
for the drugs. For instant, Aspirin which was used for the treatment of pain,
fever, or inflammations has now been repurposed against cardiovascular
disorders. The here-presented involved the analysis of the individual
interaction of Sulfonamide, Cefradine, Cefadroxil, and Cefixime against
the B-lactamases protein using Molecular Docking, MD Simulation, and
Quantum Mechanics. In terms of Molecular Docking, Sulfonamide and its
derivative were found to have the greatest potency for binding. Whereas
the results provided from the Quantum Mechanics analysis revealed
higher dipole moment; spread of charge throughout the surface to be the
main cause behind the efficacy. As for the MD Simulation, Hydrogen
Bond Analysis revealed the Sulfonamide derivative to be forming more
hydrogen bonding. Free Energy of Binding revealed the strong binding,
confirming the Hydrogen Bonding Analysis revelations. So, the Structure-
Activity Relation (SAR) and the above-mentioned data obtained from this
study, specifically that of the Sulfonamide drug and its derivative, can
be used as a basis on which newer and more effective analogs can be
designed to be used again drug-resistance.
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