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Abstract

The frightening growth of bacterial infections and their resistance to most first-line
antibiotic drugs have made antibacterial therapy challenging. High accuracy, reduced time and
effort, high cost, and a theoretical chemical study to find alternative treatments are preferable
considerations. Chemical programs designed 150 fluoroquinolones in a theoretical study, and
determined the top five based on their optimal binding affinity. The binding affinity (G) was
calculated in Swiss Dock; a more negative G indicates a more suitable binding between the
compound and the protein. This study selected the top five fluoroquinolones against each
protein. The AG calculations indicate compound B has the highest inhibitory activity against
Staphylococcus aureus (AG= -7.562 kcal/mol). Compound C has the strongest inhibitory
activity against E. coli (AG= -8.562 kcal/mol) because it interacts with the Gyrase B protein.
Compound A has the strongest inhibitory activity against Streptococcus pyogenes (AG= -6.762
kcal/mol) because it interacts with the cysteine protease Spe B. Compound D has the strongest
inhibitory activity against Klebsiella pneumoniae (AG= -7.524 kcal/mol) because it interacts
with the NDM-1 protein (AG= -6.999 kcal/mol) through their interaction with the azobenzene
reductase protein. The HOMO-LUMO energy gaps of compounds (A-E) were theoretically
estimated at B3LYP in conjunction with the base 6-311G (d, p) using DFT-based structural
optimization. Compound E (AE Gap= 0.130 eV) is the one with the lowest energy gap.
Compound C (AE Gap= 0.1609 eV) is the one that has the largest energy gap.
Keywords: Antibacterial, functional theory, HOMO-LUMO energy gaps, molecular docking,
quinoline.

1. Introduction

Bacterial infections have a higher rate of morbidity and mortality, affecting millions of
individuals as one of the most common causes of chronic diseases. Any bacterial infection
appears to be a significant danger on a global scale [1]. Various bacterial strains have infected
one-third of the world's population [2]. Even though it is the 21% century, a bacterium still poses
a severe threat to human health, necessitating urgent research to develop chemicals with superior
antibacterial properties and broad-spectrum activities. Therefore, it is crucial to develop new
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pharmaceuticals that can treat diseases and inflammation while having reduced adverse effects
on patients [3].

Recently, quinoline heterocyclic chemistry has gained attention in terms of biological and
pharmacological effects. This system has proven to be an excellent scaffold for organic and
pharmaceutical chemists. On the other hand, researchers have extensively explored quinoline
derivatives as bioactive chemicals [4]. Quinoline and its derivatives have considerable
applications in medicine and organic chemistry. These compounds are effective against malaria
[5, 6], cancer [7, 8], bacteria [9, 10], fungi [11-13], viruses [14], inflammatory conditions [15],
tumors [16], cancer cells [17], and tuberculosis [18].

Quinoline, also known as 1-aza-napthalene or benzo[b]pyridine, is a heterocyclic aromatic
chemical that contains nitrogen. Its molecular weight is 129.16, and its chemical formula is
CoH7N. The log P value is 2.04. The log P means The partition coefficient, also known as P, is
defined as the ratio of solute concentrations between two solvents in a two-phase liquid phase.
When one solvent is water and the other is a non-polar solvent, the log P value indicates whether
the solvent is lipophilic or hydrophobic, with an acidic pKb of 4.85 and a basic pKa of 9.5. The
quinoline serves as a weak tertiary base [19, 20]. Figure 1 shows the quinoline structure.

N

Z
N

Figure 1. Quinoline structure [20].

A computational method plays a significant role in drug development by reducing the time and
money needed in the drug design process. When designing novel drugs, using chemical and
biological information ligands and/or targets to filter out molecules with undesirable qualities
[21] is an effective filter-designing process. One of the most crucial issues in chemistry that has
emerged recently is the understanding of chemical species reactivity. The development of
theories that highlight the elements that influence reactivates is crucial for comprehending the
reasons behind a reaction and its potential speed. Similarly, obtaining quantitative reactivity
indexes is critical for rational design because they play an important role in calculating and
forecasting reaction rates. To address these issues, chemists have made numerous attempts to
develop quantitative reactivity signifiers. In chemistry, determining a molecule's reactivity (such
as its nucleophilicities and electrophilicities) is crucial [22]. Several theories, such as Density
Functional Theory (DFT), demonstrate that a molecule's nucleophilicity correlates with the
energy of the highest occupied molecular orbital (HOMO) of the nucleophile, while its
electrophilicity correlates with the energy of the lowest unoccupied molecular orbital (LUMO) of
the electrophile [22]. Charge transfer within the molecule has occurred, as seen by the HOMO
and LUMO energies [23]. The energy of HOMO (E-HOMO) primarily determines a molecule’s
ability to donate electrons. Adsorption and, hence, the increase in E-HOMO values may support
adsorption and, consequently the ef. The molecule achieves this by directing its orbital electrons
to an appropriate acceptor with an empty molecular orbital. On the other hand, the energy of
LUMO (E-LUMO) describes a molecule's ability to accept electrons. d. Low E-LUMO values
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indicate a higher likelihood of a molecule receiving electrons [24]. Molecular docking plays a
significant role in understanding the binding interactions between a ligand and a protein receptor.
This approach to drug design is very efficient in terms of the amount of time and money saved.
Quinoline-containing compounds and these kinds of molecules are of crucial medical and
pharmacological significance [25]. The DFT-optimized structures were used as an input for
Swissdock. From the Protein Data Bank, crystal structures of receptor molecule 1NNI
(Azobenzene Reductase from Bacillus subtilis), 2W9S (Staphylococcus aureus S1:DHFR in
complex with trimethoprim), 3G7E (Crystal structure of E. coli Gyrase B co-complexed with
prop-2-yn-1-yl {[5-(4-piperidin-1-yl-2-pyridin-3-yl-1,3-thiazol-5-yl)-1 hpyrazol-3-yl] methyl}
carbamate inhibitor), and 4HL2 New Delhi Metallo-B-Lactamase-1 protein (NDM-1) of
Klebsiella pneumoniae, 4RKX, and cysteine protease Spe B of Streptococcus pyogenes were
obtained [26]. The study applies a theoretical approach to quinoline derivatives to predict and
identify the most effective compounds. These compounds can be further evaluated
experimentally for their anti-bacterial activity.

2. Materials and Methods
2.1 Computational Chemistry

Computational techniques are becoming more and more important and popular in drug
development and discovery because they expedite researchers' time-consuming work and efforts.
The docking procedure is one of these methods for predicting the ligand's conformation and
orientation within the target's binding site. Accurate structural modeling and precise information
about a compound's action are the primary objectives of docking investigations in general [27].
This procedure involves the use of three-dimensional conformations produced by the
ChemDraw16.0 application included in the Chem Office software suite (Chem Office, 2016)
[28].

3. Results and Discussion
3.1 The DFT studies

All synthetic molecules and natural compounds must have their electrical and structural
properties optimized using the relatively quick and effective density functional theory. This study
introduces density functional theory (DFT) and primarily explores the crucial elements
associated with this topic. The DFT theory primarily presents and explores the key points in this
study. The global reactivity parameters associated with each molecule have been calculated; in
this case, E Homo and E Lumo, E gap (AE), the chemical potential (p), the index of electrophilicity
(w), chemical hardness (1), softness (S), and electron affinity (EA). The equations below were
used [29].

IP = —Enomo 1)

EA=-Eymo (2
1

n=-: (Egomo + ELumo) (3)

2

S=- (EHomo—ELumo) (4)
1

n=-3 (Enomo — ErLumo) %)
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_ n2

21 (6)

The lowest unoccupied molecular orbital (LUMO) and the highest occupied molecular orbital
(HOMO) are the boundary orbitals, and their characteristics are crucial for the chemical
reactivity of any organic compound. The LUMO orbital often receives electrons, whereas the
HOMO orbital typically loses them. Electrical activity correlates with the LUMO energy,
whereas the ionization potential relates to the HOMO energy. This work examined the HOMO-
LUMO distributions, their energies in eV units, and the corresponding quantum chemical
descriptors of compounds (A, B, C, D, and E). The quantum chemical descriptors of these
molecules were computed using the DFT/B3LYP approach and the basis set 6-311+G.
Computational chemistry has predicted five active compounds, as shown in Figure 2. These
compounds can be further evaluated experimentally for their antibacterial activity.
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Figure 2. An overview of quinoline derivatives active.

The aim is to investigate the connection and correlation between the physicochemical and
biological characteristics of synthesized molecules and their structural characteristics. We used
Gaussian 09's implementation of the 6-311+G (d, p) basis set and the Gauss View 6.0 program
suite to optimize the ground state molecular geometry of the (A, B, C, D, E) molecules [30].
Density functional theory, a method of optimization, yields the optimized structure, HOMO, and
LOMO of compounds (A-E) as shown in Figure 3.
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Figure 3. Optimized structure, HOMO, and LOMO of compounds (A-E) obtained from density functional theory.

HOMO (Highest Occupied Molecular Orbital) and LUMO (Lowest Unoccupied Molecular
Orbital): For chemists and physicists, these electronic characteristics were crucial. The inner-
maximum orbital, known as the LUMO, is described as an inner-maximum orbital where
electrons can just be accepted [31].
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HOMO stands for the ability to give an electron, while LUMO, an electron acceptor, stands for
the ability to receive an electron. The energy gap between HOMO and LUMO governs the
kinetic stability, chemical reactivity, and chemical hardness-softness of a molecule [32]. The
HOMO-LUMO energy gap of Quinoline has been estimated to be at the DFT level. Figure 3
shows the molecular orbitals and atomic orbital compositions.

Based on the results mentioned in Table 1, compound E (AE Gap= 0.130 eV) is the compound
with the lowest energy gap. This allows the molecules with the shortest distance to be the softest.
Compound C (AE Gap= 0.1609 eV) is the compound that has the largest energy gap. Compound
D has the largest HOMO energy (EHOMO= -0.207 eV). Its higher energy allows it to be the
strongest electron donor. Furthermore, compound A (ELUMO=0.097 eV) has the lowest LUMO
energy, indicating that it may be the strongest electron acceptor.

The HOMO and LUMO electron orbital energies relate to both IP (potential ionization) and EA
(electron affinity), respectively. Compound D has the lowest potential ionization value (IP =
0.207 eV), rendering it the best electron donor. Compound A has the highest electron affinity
value (EA=0.09 eV), so it would be the best acceptor of electrons.

The chemical reactivity of a molecule varies depending on its chemical structure. Compound E
has the lowest molecular hardness (softness) value among other molecules (n= 0.065 eV,
S=2.207 ev). The smallest orbital energy gap (AE= 0.130 eV) of E leads to the greatest chemical
reactivity and the least Kinetic stability as "the softest molecule.”.

It has been compared orbital energies when considering a compound's chemical reactivity. The
orbital HOMO has a higher energy and serves as an electron donor. The orbital LUMO acts as an
acceptor for the less energetic electron. Table 1 shows that the hardness value (a bigger
difference between the HOMO and LUMO energies) of the final products makes them more
stable, along with the intermediates.

Tablel. Quantum chemical factors of compound.

Qualities A B C D E
LUMO -0.09796 -0.08944 -0.07206 -0.06941 -0.09442
HOMO -0.23976 -0.23664 -0.23296 -0.20746 -0.22457
gap 0.1418 0.1472 0.1609 0.138 0.130

IP 0.23976 0.23664 0.23296 0.20746 0.22457
EA 0.09796 0.08944 0.07206 0.06941 0.09442
U 0.1688 0.16304 0.1525 0.1384 0.1594

n 0.4515 0.455 0.464 2.150 0.453

S 2.214 2.197 2.155 2.150 2.207

Q 0.332 0.325 0.309 0.306 0.314

X 0.548 0.544 0.536 0.534 0.547

In Escherichia coli, compound C has the highest biological activity, with an energy gap value of
0.106 eV, while compound B in Staphylococcus aureus has the highest biological activity, with
an energy gap value of 0.1472 eV. Compound A in Streptococcus aureus has the highest binding
affinity, which means it has the highest biological activity with an energy difference of about AE
= 0.1418 eV. Compound D had the highest biological activity in Klebsiella pneumonia, with an
energy difference of AE = 0.138 eV. While compound E in Bacillus subtilis indicates the highest
degree of docking to the highest biological activity, it has an energy gap value of about
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AE=0.130 eV.
3.2 Molecular docking

Drug molecules use molecular docking to demonstrate their binding activities to proteins [33].
Calculations using molecular docking, attempt to predict the most likely mode of interaction
between a given protein and ligand [34]. Future in vivo and in vitro studies will limit the options
for drugs to use, leading to this technique being considered highly helpful in the drug design field

[35].

IHJIPAS. 2024, 37(4)

The docking investigation currently involves docking five chemicals with various types of
proteins. The results in Table 2 show that compound B had the best docking scores for
Staphylococcus aureus. This demonstrated its strong binding affinity and accurate placement
within the target protein's active site. This interacts with its necessary amino acids, indicating
that these two molecules have significant levels of biological activity. Figure 4 illustrates how
the compounds with the highest scores on the list align their molecules with the essential amino

acids in the active binding site protein.

Table 2. Docking score of quinoline derivatives.
A B C D E
Staphylococc | Docking Score | -6.987 -7.562 -6.758 -6.533 -6.687
us aureus (kcal/mol)
Binding GLN19,LEU20, ILE5,LEUZ28,ILE3 | ILE5,VALSG, TYRG98, GLN19,
Interaction THR46,SER49, 1,LYS32, PHE92, | ALA7,TYR9S, PHE92, LEU20, ILES5,
ILESO0, LYS52, ARG57,PRO5S5,LE | PHE92,ASP27, THR111,LEU, | PHE92,
LEU54,PRO5S5, U54,LYS52, LEU28,ILE31, GLN19, LEU28, ILE31,
ARG57,LEU28, ILE50, SER49, LYS32, LEUZ20,IE50, LYS32,
LYS29, ILE31, THRA46, LEU20, ARG57, SER49, ARG57,
LYS32,PHE92 GLN19, ASN18 | | Eus4.LYS5, THRA46, PRO55,LEU54,
ILE50, THR46, ILES, VAL6, | THRAS,
LEU20,TRP22 ALA7, ASP27, | SER49,
LEU28, ILE31 | LYS52, ILE50
Streptococcus | Docking Score | -6.762 -5.89 -5.852 -5.656 -5.74
pyogenes (kcal/mol)
Binding TRP389, ASP275, | CYS192,VAL19, ALA341, HIE340, | GLY284, ALA341,
Interaction ALA283, H,0, H,0,SER280, GLY339, ALA283, HIE340,
SER282, GLY281, | SER279, GLY281, | GLY284, VAL193, | SER282, GLY339,
SER280,SER279, | SER282, CYS192, GLY281, VAL193,
GLY339, HIE340, | ALA283, VAL334, | ALA283, SER282, | SER280, CYS192,
ALA341,CYS192, | GLN332, H,0, SER280, SER279, H,0,GLY284,
VALI193, GLN332, | TYR389, ALA341, | GLY281, SER279, | CYS192, ALA283,
VAL334 HIE340, GLN332, GLY333, | VAL193, H,0, | SER282,
GLY339, GLY338 | VAL334, GLN390, | TYR389, GLY?281,
TYR389 VAL334, SER280,
GLY333, SER279,
GLN332, TYR389,
ALA341, GLN332,
HIE340, GLY333,
GLY339, VAL334
GLY338
Escherichia Docking Score -6.77 -6.622 -8.562 -5.933 -8.295
coli Binding GLY102, PRO79,ILE7S, THR165,ASP73,A | ARG136, ASP73, H,0,
Interaction LYS103,PHE10, GLY77,ARG76, RG76, PRO79,ILE78, | ARG76,GLY77
GLU50,ASP49,AL | ASP73, VALT1, GLY77,ILE7S, GLY77,ARGY, |,
A47, ASN46, GLU50, ASP49, PRO79, H,0,ASP73, ILE78,PRO79,
HIS116, VALA43, ALA47, ASN46, ARG136, VALA43, ARGL136,
THR165, H,0 VAL43, THR165, H,O,VALA43, THR165, TH165,
VAL120,VAL167, | ASN46, ASN46, VAL43,VAL12
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LEU132,LEU130, | ALA47,ASP4, ALA47, 0,ASN46,
MET95, ILE54, GLUS0,ILE94 AL | ASP49,ILE94, | ALA47,
ASP105, A53, GLUS50, HIS116, ILE94,
PHE104,LYS103, | GLY101, GLY101, ASP49,
GLY102, GLY101 | GLY102, HIS116, GLU50,GLY10
LYS103, GLY102, 1,GLY102,
ASP105, PHE104, (F)’I5-|E104,ASP1
ASP105, )
ASP106 ASP106. ASP106
VAL111
Klebsiella Docking Score -5.618 -7.437 -6.615 -7.524 -6.57
Pneumoniae | (kcal/mol)
Binding LEU65, MET67, | ASN220, GLY219, | HIE122, GLN123, | MET67, LEUS5,
Interaction VALT73, LYS211, CYS208, | ASP124 LEUS6S5, MET67,
ILE35, TRP93, HIS250, HIS189, | TRP93, LEU6S5, VALT73,ILE35, | VAL73, ILE35,
MET154, Zn303, Zn302, MET67, TRP93,GLY21 | LEUZ218,
GLU152,ASP124, | MET154,GLY153, | vAL73,ILE35, 9, GLY219,
GLN123 HIE122,z | GLU152, LEU65, | GLY219, ASN220, ASN220,
N303, HIE122, GLN123, | AgN220, CYsS208, | CYS208, LYS211,
ZN302,LYS211, | ASP124, TRP93 HIS250, Zn303, H1S250,
CYS208, HIS189, HIS189, Zn302, H1S189,
HI1S250, ASN220, LYS211 LYS211, CYS208,
GLY219 711303.20302.GIU | ASP124, ZN303,
’ ’ GLN123, ZN302,TRP93,
HIE122, ASP124,GLN1
HIS189, 2,HIE122,MET
HIS250 154, GLU152
Bacillus Docking Score -6.155 -3.181 -4.594 -3.715 -6.999
Subtilis (kcal/mol)
Binding HIE75, TYR74, SER76, HIETS5, THR9,ARG11,HIS | GLU73, THR9,ARG11,
Interaction GLU73, PRO72, TYR74, GLU73, 13,GLY14, TYR74,HIE75, | GLY14,ARG15
VAL104, ALA105, | PRO72, ARG15 THR16, SER76,ARG11 | ,THR16,PRO7
GLY106, THR9, THRY, ARG11, VAL104, ARG15, 2,
ARG11, HIS13, GLY14, ARG15, | ALA105, GLU10, GLU73,TYR74
THR16 VAL104, ALAL05, | <1190 GLY111, | GLY11L, VAL104,ALAL
GLY106, GLY107, | oo oo L os GLY110 05,GLY106,GL
GLY110, GLY111 ’ : Y107,GLY110,
TYR74, HIE75 GLY111

304




IHIPAS. 2024, 37(4)

(b)

Figure 4. Compound B shows 2D (a) and 3D (b) structure of the highest scoring molecule.

It docks with ciprofloxacin with a score of -5.746 kcal/mol, while compound B has the highest
score at -7.562 kcal/mol. It interacts with three H-bonds (SER49, LEU28, and ARG57) through a
hydroxyl group. Also, there are hydrophobic interactions with the nearby amino acids (LEU28,
ILE5, and PHE92). Compound C from E. coli has the best docking score (AG= -8.562 kcal/mol)
compared to ciprofloxacin (AG= -7.022 kcal/mol). It interacts with five things: GLY77, H20,
ASP73, GLY102, and PHE104; and it has a p-cation with ARG76, as shown in Figure 5.
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dlLys 103
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(b)

Figure 5. Compound C shows 2D (a) and 3D (b) structure of the highest scoring molecule.
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Inside the active site of the target protein, compound D in Klebsiella pneumonia, which scores
the highest docking result (AG= -7.524 kcal/mol) when compared with ciprofloxacin
(AG= -6.762 kcal/mol), it interacts with and binds to different amino acids. These interactions
are three H-bonds between (ASN220&GLN123&LYS211), ZN303&ZN302 (Chelation bond),

and TRP93 (Pi-Pi stacking), as shown in Figure 6.

(@)

(b)

Figure 6. Compound D shows 2D (a) and 3D (b) structure of the highest scoring molecule.

Compound E in Bacillus subtilis has the highest docking score (AG= -6.99 kcal/mol) when
compared with ciprofloxacin (AG= -2.874 kcal/mol), and it has interactions with four H-bonds
with GLY14 and TYR74&THR9&VAL164, as shown in Figure 7.
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(b)

Figure 7. Compound E shows 2D (a) and 3D (b) structure of the highest scoring molecule.

Compound A in streptococcus pyogenes has the highest docking score (AG = -6.762 kcal/mol)
when compared with ciprofloxacin (AG = -2.874 kcal/mol). Figure 8 illustrates its interactions
with five H-bonds, including TYR389, SER279, SER280, and H.O with a hydroxyl group.

ALA GLY
S8l A~ HE = 339
340
H.0

AL
193 “=——— CYS
192

(b)

Figure 8. Compound A shows 2D (a) and 3D (b) structure of the highest scoring molecule.

4. Conclusion

Molecular Docking has been considered one of the most attractive approaches used in the
drug design process. It enables researchers to virtually enhance binding affinity and develop
more potent pharmacological agents before laboratory work. These chemicals have shown a
strong affinity for binding. The active site was determined on the levitating ligand of the crystal
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inside the protein active site, with varied chemical interactions in addition to higher docking
scores for compounds A-E accordingly. The active site was determined by raising the ligand
with the crystal. The prediction of the theoretical study for five compounds is Drug likeness
compounds with anti-bacterial activity. Results show that compound C has the highest activity
against E. coli through interaction with GyrB protein, compound B with Staphylococcus aureus
through their interaction with S1: DHFR protein, and compound E against Bacillus subtilis
through their interaction with Azobenzene Reductase protein. Moreover, compound D interacts
with the NDM-1 protein to combat Klebsiella pneumoniae, while compound A interacts with
the cysteine protease Spe B to combat Streptococcus pyogenes. Calculated chemical properties
(such as ionization energy, electronic affinity, donating or accepting hydrogen bonds, etc.)
indicate that these molecules have unique therapeutic properties that can be employed to
overcome the problem of bacterial resistance. In the DFT, Compound E has the lowest energy
gap, while Compound C has the largest energy gap.
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