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Abstract

Urinary tract infections (UTIs) are common infections caused by normal skin
or rectum bacteria that get into the urethra and infect the urinary tract. Al-
though the infection can affect various parts of the tract, bladder infections
are the most prevalent kind. Uropathogenic Escherichia Coli (UPEC) is the
most common pathogen associated with UTI development. Therefore, inhi-
biting the UPEC protein target (PDB ID: 8BVD) appears to be a promising
therapeutic strategy. Therefore, in this study, molecular docking and dynam-
ics were conducted to examine the antibacterial activity of Aloe barbadensis
miller against UPEC bacteria. The Aloe barbadensis miller natural com-
pounds licochalcone A, palmidin B and palmidin C were downloaded from
PubChem with amoxicillin, which was used as a control drug and studied
against the target molecule. The potential parameters examined were the
docking scores, absorption, distribution, metabolism, excretion, toxicity
(ADMET), bioavailability, root mean square deviation (RMSD), root mean
square fluctuation (RMSF), hydrogen bonding, radius of gyration, and poten-
tial energy of the system. Docking scores showed that all ligands demon-
strated an admirable candidature as an inhibitor to 8BVD molecule, and the
score hierarchy is licochalcone A (-6.4 kcal/mol), palmidin C (-6.1 kcal/mol),
palmidin B (-6.0 kcal/mol), and amoxicillin (-5.9 kcal/mol). All ligands ap-
peared to have good drug-like properties and oral bioavailability. Molecular
dynamic studies showed that all ligands exhibited an excellent nominee as in-
hibitors in their vicinity at 20 ns. However, there is a relatively high fluctua-
tion of palmidin B compared with other compounds, which seems to be more
stable. This work suggests that the selected phytoconstituents could be used
as inhibitors of the 8BVD protein in the fight against UTIs. However, further
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investigation on the clinical and experimental validation of UTI treatment’s
specific mechanisms and effects is still welcomed.
Keywords

Uropathogenic Escherichia Coli, Phytochemicals, Molecular Docking,
Ligand, Hydrogen Bond

1. Introduction

Urinary tract Infections (UTIs) are usually recognized as one of the most preva-
lent bacterial infections among various patient populations, especially in fe-
males, where more than 80% develop one in their lifetime and more than 20% -
50% experience recurrence episodes [1] [2]. It has been recognized as the second
most frequently misdiagnosed illness and the second most prevalent contagious
condition after pneumonia. More lately, it has developed into a severe health is-
sue affecting people, with almost 150 million cases worldwide per annum and a
disproportionate financial burden on the world economy [3] [4]. UTIs are clas-
sified into two clinical categories: complicated and non-complicated type. Non-
complicated UTIs are associated with the health of patients showing the absence
of structural or neurological urinary tract abnormalities while complicated UTIs
are linked to factors that compromise the urinary tract or host defense, including
immunosuppression, renal failure, pregnancy, urinary blockage, urine retention,
and indwelling catheters or other drainage [5] [6]. Several factors contribute to
UTIs development, especially for premenopausal women which include blood
group, history of childhood UTIs family history, changes in bacterial flora, and
sexual intercourse [7].

Uropathogenic Escherichia coli (UPEC) is the culprit behind urinary tract in-
fections [8]. A specialized virulence factor in UPEC stains allows bacteria to
thrive and spread in urine and other extra-intestinal settings as well as infiltrate
host tissues [9]. The primary virulence-causing substances that depend on the
UPEC are adhesions (type 1 fimbriae, curli fimbriae, flagellum, afimbrial adhe-
sion, and p fimbriae), aerobactins, hemolysins, and cytotoxic necrotizing factor
[10]. The bacteria possess stains that transform from their commensal condition
when intestinal flora develops and persist in the urine tract. They also display a
wide range of virulence factors and techniques, allowing them to infect and
cause infections in the urinary tract [11].

Antibiotic medications such as trimethoprim, lactams, fluoroquinolones, ni-
trofurantoin, and amoxicillin are most frequently used for the treatment of un-
complicated UTIs in many developing countries [12]. However, the effectiveness
of some of these drugs is currently being eroded by antibiotic resistance, which
leads to treatment failure, prolonged sickness, and an increased risk of mortality
when treating illnesses brought on by resistant microorganisms [13]. A drug like

amoxicillin has been used as the second-line empirical treatment in many Afri-
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can health centers and dispensaries for treating UTIs despite the recommenda-
tions prescribed by the Infectious Diseases Society of American (IDSA) guide-
lines 1999 [14].

Phytochemicals originating from natural products have been used by phar-
macologists in drug development, the products have been carefully used in the
laboratory search for innovative drugs in combination with other techniques
such as computer modeling [15]. Molecular docking and molecular dynamics
have been identified as effective techniques used in searching for new drugs and
are thus widely used in the pharmaceutical industry [16]. The computational
approach can be used in direct studies, interpretation and to speed up the de-
velopment of drugs [17]. The methodology ensures that the best lead molecule
may undergo animal studies, which might reduce costs associated with drug
discovery and speed up the time it takes for a medicine to reach the consumer
market [18] [19].

Many human infectious disorders have recently been treated with medicinal
plants with antibacterial and anti-inflammatory properties [19]. Aloe vera (Aloe
barbadensis miller) is a well-known therapeutic plant used against UPEC [20].
Its Phytochemicals have major pharmacological features and are frequently safer
and more chemically diverse than synthetic prescription medications acquired
from commercial sources [21]. Because of this, they are becoming more famous
among clinical researchers as a way to offer quick and inexpensive therapeutic
solutions for treating urinary tract infections [21] [22].

Therefore, this work used computational methods to determine the antibac-
terial activities of licochalcone A, palmidin B, palmidin C, and amoxicillin as a
control drug to assess crucial factors such as docking score, absorption, distribu-
tion, metabolism, excretion, toxicity (ADMET), bioavailability, root mean square
deviation (RMSD), root mean square fluctuation (RMSF), hydrogen bonding,

radius of gyration and potential energy of the system.

2. Materials and Methods

2.1. Target Protein Preparation

The Protein target of Uropathogenic Escherichia coli (UPEC) type 1 fimbrial
(FimH) lectin domain in complex with mannose C-linked to quinolone was re-
trieved from the Protein Data Bank (PDB ID 8BVD) (https://www.rcsb.org/)
(Figure 1) [23]. The targeted macromolecule was obtained using the X-ray dif-

fraction method with a resolution of 3.00 A, R-value free of 0.303, and R-value
work of 0.251, which gives the molecule good quality with high resolution [24].
UPEC type 1 FimH complex molecules are attractive alternatives to antibiotic
treatments and preventive measures against acute or recurrent urinary tract in-
fections (UTIs) [25] [26]. Ucsf Chimera software was used to prepare protein
receptors by removing the unwanted ligand and solvent molecules from the
8BVD target, eliminating the alternative location of residues, changing seleno-

methionines to methionines, adding hydrogen atoms, and assigning charges to
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Figure 1. (a) & (b) are the general structure of FimHlectin domain in 2 and 3 D and (c) is
the 8BVD receptor target.

the protein atoms [27]. The ligand coordinates for site-specific docking were as-
signed, for the center at X: 26, Y: 58, Z: -9, and for a box of dimension X: 13, Y:
7, Z: 10. The prepared protein receptor was saved in a mol 2 file ready for dock-

ing.
2.2. Ligand Preparation

The natural compounds of aloe vera (aloe barbadensis miller) were retrieved
from an accessible commercial PubChem library

(https://pubchem.ncbi.nlm.nih.gov/) (Figure 2). Ucsf Chimera software was

used to prepare the ligands by optimizing it as equal to the protein was opti-

mized and saved as mol 2 in the working directorate [28].

2.3. Molecular Docking

Molecular docking was performed in the Ucsf chimera by selecting the protein
receptor, minimizing the ligands saved in the mol2 file, and opening them in the
Auto Dock Vina window. The receptor and ligand were selected as outputs, and
the coordinates for the center and the size for site-specific docking were gener-
ated in the boxes. The executable location path for the vina and vina splits was

set and docking was performed.

2.4. Physicochemical, Pharmacokinetics, Drug-Likeness and
ADMET Prediction

The physicochemical properties of a drug play a significant role in determining
its pharmacokinetic and pharmacodynamic profiles, which are essential for in-
creasing a drug candidate’s chances of success during the preclinical develop-
ment process [29]. Drug candidates fail in clinical trials for a variety of reasons,
but the two main reasons are undesirable pharmacokinetic characteristics and
unacceptable toxicity [30]. Therefore, it is essential for scholars to select candi-
dates with the correct balance of potency, absorption, distribution, metabolism,
excretion, and toxicity (ADMET) [31]. In contrast, pharmacokinetics are un-
doubtedly caused in part by the inhibition of these isoenzymes (CYP1A2,
CYP2C19, CYP2C9, CYP1A2, CYP2D6, and CYP3A4). Because of the decreased
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Figure 2. Molecular structures of the compounds (a) licochalconeA, (b) palmidin B, (c)
palmidin C and (d) amoxicillin.

clearance and accumulation of the drug or its metabolites, related drug-drug in-
teractions may produce toxic or other negative side effects. The compounds used
in this study were assessed: pharmacokinetic (pk), physicochemical, drug-Likeness
and ADMET prediction using pkCSM and SwissADME web tools [32] [33].

2.5. Bioavailability Radar

Drug likenesses are quickly assessed by using bioavailability radar, in this case,
six physiochemical parameters like lipophilicity, size, polarity, solubility, flexibil-
ity, and saturation were considered [34]. Comprehensive and truthful tests were

performed using SwissADME software.

2.6. Molecular Dynamics

Molecular dynamics (MD) are frequently used to study large molecules like
proteins which can be utilized to ascertain conformational space [35]. In this
case, molecular dynamics was performed to examine the actual motion of
atoms, which aids in understanding the detailed interaction of 8BVD with po-
tential phytochemicals, especially when it binds to a protein target [36]. Sever-
al biological activities and intricate dynamic processes have not been identified
by observing the internal dynamics of proteins [37]. The GROMACS (gmx
2023. 1) software was used to perform molecular dynamics simulations on
8BVD-CID5318998, 8BVD-CID 5320385, 8BVD-CID 5320386, and 8BVD-CID
33613 at 300 K with a CHARMM?27 force field, and the hybrid ligand structure
and force field properties of the chosen ligand were determined using SwissPa-
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ram [38].

Free 8BVD, 8BVD-CID5318998, 8BVD-CID5320385, 8BVD-CID5320386,
and 8BVD-CID 33613 were solvated with water in a cubic box with a basic di-
ameter of 1 nm with all default settings. The temperature of the entire system
was increased from 0 to 300 K during the length of the equilibration time
(1000ps) while maintaining a steady volume and periodic boundary conditions,
and the system was then reduced using the 1000 sharpest decline steps. The gen-
erated trajectories were used to assess the behavior of each complex and stability
of the overall system. Calculations of the hydrogen bond, root mean square dev-
iation, root mean square fluctuation, radius of gyration, and potential energy
were used to examine the variations in the macromolecule and macromole-
cule-ligand complex system [39]. The number of particles, system volume and
temperature (NVT) ensemble, number of particles, system pressure, and tem-
perature (NPT) ensemble were used to separate the equilibration process into
two phases. While all the other atoms were allowed to move freely in both NVT
and NPT, the C backbone atoms of the original structures were constrained.
Molecular dynamics (MD) was then run at 300 K with a 20 ns time frame. The
trajectories obtained were examined using the GROMACS analysis modules.
UCF Chimera and Maestro were used to visualize MD movies and interaction

diagrams, respectively [40].

3. Results and Discussion

3.1. Docking Scores

Molecular docking scores for licochalcone A, palmidin B, palmidin C and
Amoxicillin presented in (Table 1), the scores revealed that licochalcone A li-
gand has the lowermost binding affinity toward the 8BVD target. A lower dock-
ing score indicates that ligand and target binding are more stable. The different
structures bound to the target caused variations in ligand-target interactions
(Figure 3), which led to different docking scores [41]. Small molecules of lico-
chalcone A have been reported as potential lead drugs for the treatment of bac-
terial infections [42].

The poses for each ligand-target interaction were compared to perform visual
analysis. The protein-active sites were designed to accommodate ligand interac-

tions. At first, the analysis of the licochalcone-target, in which its 2D projection

Table 1. Docking score for ligand-protein target.

PubChem ID Molecular Formula Name Docking Scores
(kcal/mol)
5318998 C,H,,0, Licochalcone A -6.4
5320385 CyoH,,0, Palmidin B -6.0
5320386 CyoH,,0, Palmidin C -6.1
33613 C,sHoN;O,S Amoxicillin -5.9
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Figure 3. A 3D Hydrogen bond interaction map of the 8BVD-Ligand: (a) Licochalcone A,
(b) Palmidin B, (c¢) Palmidin C, (d) Amoxicillin.

interaction is shown in Figure 4(a), was discussed. One OH group in licochal-
cone A ligand form hydrogen bonds with protein residues Asp47 and Asp54. In
this case licochalcone A acts as a hydrogen donor to the polar residues Asp54
whereas it acts as an acceptor to the amino acid residues Asp47.The bond
formed here is somewhat complicated, where licochalcone A acts as a hydrogen
donor and acceptor simultaneously. It also form hydrophobic interaction with
Tyr49 amino acid residues.

The second pose is the palmidin B-target interaction, as shown in Figure 4(b).
The figure displays that Palmidin B forms three OH groups in the form of hy-
drogen bonds with Asp47, Asp54, Asn46, Phel, G1n33 and Asp140. In this case,
the Asp140 and Asn54 polar residues acts as a hydrogen acceptor, while the
amino acid residues Asp47, Asn46, Gln33 and Phel act as donors to palmidin B
oxygen atoms. It is estimated that the docking score of palmidin B is more posi-
tive than that of licochalcone A owing to the interaction of two hydrogen bonds
with the Asp140 polar residue. On the other hand, palmidin B form hydrophobic
interaction with Tyr137polar residue.

The third pose is palmidin C-target interaction, as shown in Figure 4(c). The
figure clarifies that palmidin C forms one OH group in the form of a hydrogen
bond with Asp140, Asn135 and GIn133. In this case, the Asp140 polar residue

acts as a hydrogen bond acceptor, whereas Asn135 and GIn133 acts as a donor to
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Figure 4. 2D interaction diagrams of different poses inside the binding pocket 8BVD for (a) Licochalcone A, (b) Palmidin B, (c)

Palmidin C, (d) Amoxicillin.

a palmidin C oxygen atom. The ligand also exhibited hydrophobic interaction
with Tyr137 polar residue. Inthis situation, the docking score of palmidin C
seems to be more negative than that of palmidin B.

The fourth pose is the amoxicillin-target interaction, as shown in Figure 4(d).
This figure indicates that amoxicillin forms one OH group in the form of a hy-
drogen bond with Asp54, Asnl35, Gln133 and an oxygen bond with Tyr137. In
this case, the Asn135, and GIn133 polar residue acts as a hydrogen donor while
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Asp54 act as hydrogen bond acceptor. Similarly, Tyr137 residues act as donor to
amoxicillin oxygen atom. In this phenomenon, amoxicillin appears to be less
negative than palmidin C compound.

In general, the complexity of protein-ligand interactions determines the
strength of molecular docking (Figure 3) [43]. Licochalcone A forms hydrogen
bonds with protein residues Asp47 and Asp54 which are more complex than
those of palmidin B, which has three hydrogen bonds with Asp47, Asp54, Asn46,
Phel, G1n33, and Asp140, this ligand interacted with many residues compared
to licochalcone A, Palmidin C and amoxicillin which formed a single hydrogen
bond with Asp140, Asnl35, GInl33, Asp54, Asnl35 and Glnl33, respectively.
Nevertheless, the polar residue Tyr137 formed the covalent interaction with
oxygen atoms from the amoxicillin drug a situation that made it more complex
compared to palmidin C. Therefore, from the visual analysis, the best compound
to form a ligand-target interaction was palmidin B, followed by licochalcone A,
Palmidin C, and amoxicillin which were endorsed by the protein-ligand interac-

tion docking scores (Table 1).

3.2. Physicochemical, Pharmacokinetics, Drug-Likeness and
ADMET Prediction

For a molecule to be considered as a possible therapeutic candidate, it must pos-
sess the intended biological functions along with the best possible pharmacoki-
netics and safety profile [44]. One of the biggest challenges for oral medicine is
its ability to cross the intestinal epithelial barrier, which affects the rate and de-
gree of human absorption [45]. The selected compounds have an intestinal ab-
sorption rate of more than 89%, which is extremely high (Table 2). The chosen
molecules also have non-hepatotoxic qualities, do not act as skin sensitizers, are
non-permeable to the Blood Brain Barrier (BBB) and Central Nervous System
(CNS), and are negative in AMES toxicity. It can also be reported that all ligands
in this assessment permeate colon carcinoma cell 2 (CaCo-2) although Palmidin
B, and Palmidin C seems to have a low penetration potential.

For the case of metabolism, the metabolic enzyme cytochrome P450 (CYP450)
was tested and analyzed. The results show licochalcone A are potential inhibitors
of CYP1A2, CYP2C9, CYP2C19, CYP3A4, and CYP1A2 while Palmidin B, and
Palmidin C are potential inhibitor of CYP3A4 and CYP2C19 respectively. Toxic
risk such as hepatotoxicity was also checked for all ligands, and the results from
Table 2 showed that the compounds cannot cause liver injury or impairment.
Concerning the assessed results of inhibition of the hERG channel, it was noted
that all ligands tested low toxic risk. The drug-likeness and EDMET properties
jointly indicated that licochalcone A, Palmidin B, and Palmidin C might be po-
tential candidates for preventing the target related to drug development against
UTIs. According to recent data, licochalcone A is a natural flavonoid compound
that has demonstrated its potential in the pharmacological aspects, it acts as an

antioxidant, antitumor, and anti-inflammatory [46]. It prevents the proliferation
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Table 2. ADMET prediction of the top-scored natural compounds.

Predicted Value
Properties Model name
CID 5318998 CID 5320385 CID 5320386  CID 33613 Unit
Absorption Water solubility —4.528 -2.896 -2.901 —-2.42 log mol/L
P-gp substrate Yes No No No -
P-glycoprotein Yes Yes Yes Yes -
Gastrointestinal )
absorption High Low Low Low -
Caco2 permeability 0.699 -1.152 -1.138 0.245 cm/s
Intestinal absorption (%) 91.243 98.848 89.268 37.356 -
Skin Permeability -2.837 -2.735 -2.735 —-2.735 log Kp
Distribution BBB permeability -0.183 —-0.982 -1.003 -1.06 -
VDss (human) 0.313 -1.874 -2.119 -0.853 -
Fraction unbound 0 0.295 0.262 0.753 -
CNS permeability -2.098 -3.242 -3.208 -3.345 -
Inhibitor CYP1A2 Yes No No No -
CYP2C19 Yes No Yes No -
CYP2C9 Yes No No No -
Metabolism
CYP2D6 No No No No -
CYP3A4 Yes Yes No No -
CYP1A2 Yes No No No -
Excretion Total Clearance 0.449 -0.253 -0.242 0.357 ml/min/kg
Renal OCT?2 substrate No No No No -
Toxicity Skin sensitization No No No No -
Hepatotoxicity No No No Yes -
AMES toxicity No No No No -
hERG I inhibitor No No No No -
hERG II inhibitor No Yes Yes No -
Minnow toxicity 0.72 2.616 2.884 4.969 log mM

of epithelial carcinoma and mesenchymal sarcoma cells. Palmidin B and palmi-
din C possess antibacterial, antifungal, antioxidant, anti-inflammatory, and an-

ticancer activities [47].

3.3. Bioavailability Radar

The drug-likeness characteristics of an orally accessible, phytochemical medicine
are graphically represented by bioavailability radar. The drug-likeness plots are
displayed as a hexagon, with each vertex corresponding to a characteristic that

describes a bioavailable medication [48]. The comprehensive and truthful tests
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of licochalcone A, palmidin B, palmidin C and amoxicillin compounds were
performed using swissADMEsoftware [49].

For a molecule to be classified as drug-like, its radar plot must lie within the
colored zone. For each variable, the pink zone indicates the proper range, such
as lipophilicity: XLOGP3 range between —0.7 to 5.0, molecular weight (MW)
ranges between 150 and 500 g/mol, topological polar surface area (TPSA) ranges
between 20 and 130 A? solubility: logS less than 6, saturation (INSATU): frac-
tion csp3 hybridization fraction greater than 0.25, and flexibility: less than 9 ro-
tatable bonds (Table 3). Therefore, licochalcone A has oral bioavailability with
slight unsaturation, while palmidin B and palmidin C seem to be more unsatu-
rated in sp3 hybridization as a function of the carbon percentage with slight in-
soluble (Figure 5) [50].

3.4. Molecular Dynamics

Molecular dynamics (MD) was performed to examine the actual motion of atoms,

which aids in understanding the detailed interaction of 8BVD with potential

Table 3. Physicochemical and drug-like properties analysis.

Value
Descriptor/Propetties
CID 5318998 CID 5320385 CID 5320386 CID 33613 Units
Molecular weight 338.4 494.5 494.5 365.4 g/mol
Rotatable bonds 6 2 1 4 -
H. Acceptors 4 7 7 6 -
H. Donors 2 5 5 4 -
LogP 4.5112 4.36252 4.88424 0.0237 -
Num. arom. heavy atoms 12 24 24 6 -
Fraction Csp3 0.19 0.13 0.13 0.44 -
Num. of heavy atoms 25 37 24 25
Topological polar surface area 66.76 135.29 135.29 158.26 A
Molar refractivity 100.39 135.73 136.59 94.59 -
LIPO LIPO LIPO

FLEX SIZE FLEX SIZE FLEX RN size
. \
.
) / 1
7 A~
& < v
INSATU POLAR NSATU T POLAR  INSATU \ e POLAR
~" /
INSOLU INSOLU INSOLU
(a) (b) (c)

Figure 5. Bioavailability radar of the compounds (a) Licochalcone A, (b) Palmidin B, and (c) Palmidin C.
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phytochemicals, especially when it binds to a protein target [51]. Several non-
identified biological activities and intricate dynamic processes can be discovered

by observing the internal dynamics of proteins [52].

3.5. Hydrogen Bonding (H-Bonds) Analysis

The essential component of understanding molecular interactions, especially in
biomolecular system, is hydrogen bond investigation. It aids in the comprehen-
sion of the nature and strength of hydrogen bonds inside the molecular struc-
tures [53]. Hydrogen bond analysis can also be used to examine the strength of
the protein-ligand complex to assess the molecular recognition, directionality,
and specificity of contacts [54].

The analysis from Figure 6 showed that licochalcone A formed a maximum of
5-H bonds during the molecular dynamics computation. It formed 1 to 4 hy-
drogen bonds from 0 to 20 ns. The hydrogen bonds formed between 1 and 3
were the most stable compared with the ones formed between 3 and 5 which had
higher fluctuations (Figure 6(a)). The higher electrostatic forces might contri-
bute to the stability of the hydrogen bonds.

Palmidin B formed a maximum of 2 hydrogen bonds during MD simulation.
From 0 to 20 ns one (1) hydrogen bond was formed. This was the most stable
hydrogen bond of this compound compared with the hydrogen bond formed
between 1 and 2 which had higher fluctuations. The fluctuations might be con-
tributed by the high electronegative atoms of this compound (Figure 6(b)).

Palmidin C formed two (2) hydrogen bonds during this computational analy-
sis. In between 0 to 20 ns one (1) hydrogen bond was formed. This hydrogen
bond was the most stable compared with the hydrogen bond formed between 1
and 2 which had greater fluctuations (Figure 6(c)).

Amoxicillin formed 7-H bonds during the molecular dynamics computation.
6-H bond was formed from 0 to 5 ns with slight fluctuations while the 4-H bond
was formed from 5 to 20 ns with some fluctuations. The hydrogen bond formed
from 2 to 3 was the most stable for 20 ns. Principally, all four ligands had good
H-bonding with the active pocket 8BVD; however, licochalcone A had the most
stable H-bonding compared to other ligands (Figure 6(d)).

3.6. Root Mean Square Deviation (RMSD)

The root mean square deviation of each trajectory record for 20000 ps (20 ns) in
the MD simulation was calculated with respect to the protein ligand’s initial po-
sition to determine the stability of the docked complex [55].

From the trajectory analysis, licochalcone A appeared to bind more stable
with the target molecule at 0.7 nm, although the ligand had slight destabilization
at 6.5 ns to 12.5 ns before maintained stability at 0.7 nm from 13 ns up to 20 ns.
The mean RMSD for licochalcone A was attained at 0.55 nm. Palmidin B exhi-
bited stability at 1 nm from 0 to 2.5 ns, then fluctuated from 1 up to 5 nm from
2.6 ns to 7.5 ns, then regained stability at 7.5 to 20 ns. The mean value was rec-
orded at 0.83 nm. Palmidin C had better stability compared with Palmidin B, the
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Figure 6. Hydrogen bonds formed by (a) licochalcone A, (b) palmidin B, (c) palmidin C and (d) amoxicillin.

ligand binds with the 8BVD target at 1 nm and maintained stability up to 7.5 ns,
and then after 7.5 ns the ligand had slight fluctuation from 1 to 0.3 nm and
maintained it from 7.5 ns to 17.5 ns. The mean value was observed at 0.53 nm.
RMSD for Amoxicillin ligands was stable at 0.75 nm from 0 to 20 ns (Figure 7).
Looking at the three ligands, Palmidin C was the most stable compared with

other ligands.

3.7.Root Mean Square Fluctuation (RMSF)

RMSEF determines the movement of an individual atom or group of atoms from
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Figure 7. RMSD for Licochalcone A, Palmidin B, Palmidin C and amoxicillin ligands.

the reference structure across the total number of atoms [55] [56]. It is com-
monly used to determine if a structure is departing from the initial coordinates
or stable within the simulation time scale [56]. It is worthwhile to analyze the
time-dependent motions of the structures. To forecast the stable structure, the
RMSF was calculated using the GROMACS standard function, and the fluctua-
tions of various atoms were examined for 20 ns.

Analysis of the RMSF shows that the HC5 atom of licochalcone A fluctuated
more than the other atoms. The RMSF value of the HC5 atom was 0.25 nm, fol-
lowed by H22 and HC15, both with RMSF value of 0.23 nm while the H18, atom
fluctuated at an RMSF value of 0.22 nm. Those atoms that fluctuated more were
at the terminals of the aromatic rings.

The H22 atom of Palmidin B was observed to have the highest fluctuation at
an RMSEF value of 0.19 nm, followed by HC13 and HC12 with RMSF values of
0.13 and 0.12 nm, respectively while C16, C15, and HC14 exhibited RMSF values
of 0.12, nm. The other atoms are stable at an average RMSF value of 0.03 nm.

For the case of Palmidin C, the HC15 atom had a higher fluctuation with an
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RMSE value of 0.12 nm, followed by HC16, and HC14 atoms with RMSF values
of 0.119 nm each. Equally, atoms such as H22, H21, and H19 also fluctuated
with RMSF values of 0.10, 0.079 and 0.06 nm, respectively. Other atoms of this
ligand were stable at the average RMSF of 0.03 nm.

The HC9 atom of the amoxicillin unveiled higher fluctuation at the RMSF
value of 0.14 nm, atoms like HC8, and HC10 had the RMSF value of 0.13 nm
each while other atoms such as HC12 and HC19 have an RMSF value of 0.12 nm
each. The average RMSF value for the other atoms was recorded at 0.06 nm

(Figure 8).

3.8. Radius of Gyration (Rg)

The radius of gyration (Rg) determines the strength of the protein. In the pro-
tein-ligand complex, the radius of gyration of a ligand shows the ligand center of
gyration to the center of gyration of the protein; therefore, a higher value of the

radius of gyration indicates less stability of the structure [57]. The results show
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Figure 8. RMSF for licochalcone A, palmidin B, palmidin C and amoxicillin ligands.
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that licochalcone A gyrated at 0.45 nm which is higher compared to the other
three ligands. Other ligands like palmidin B, palmidin C, and amoxicillin seem
to be stable at the average Rg value of 0.38 nm (Figure 9).

3.9. Potential Energy

The relative potential energy can be used to compare conformations and con-
figurations of the molecular system. Potential energies of the system of both
proteins and ligands were plotted as a function of MD simulation time, and the
plots are shown in Figure 10. The results from the plot illustrate that palmidin
B is more stable than the other three ligands, with a total energy of —318000
kJ/mol. Licochalcone A, palmidin C and amoxicillin ligands were also stable, with
slightly higher energies ranging from —314000 to —308000 KJ/mol (Figure 10).

LicocalchoneA
PalmidinB
PalmidinC
—— Amoxicillin

0.48

0.46

0.44

0.42

0.40

Radius of gyration (nm)

0.38

0.36

0.34

T T T 1
0 5000 10000 15000 20000
Time (ps)

Figure 9. Radius of gyration for licochalcone A, palmidin B, palmidin
C and amoxicillin ligands.
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Figure 10. Potential energies of the system during the MD simulation.
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The lower energy of the trajectory profile indicates that the system was consi-

derably stable throughout the simulation [58].

4. Conclusion

Natural compounds are the most important source of medicines for the treat-
ment of many diseases [59]. Molecular docking and molecular dynamics were
successfully performed on the ligand-target complex. Based on the molecular
docking scores, ADMET studies, and drug-like properties, all ligands were ex-
cellent candidates as 8BVD inhibitors. The order of docking scores ranged from
high to low as follows; licochalcone A, palmidin C, palmidin B and amoxicillin.
However, looking at the ligand-target interaction and the MD simulation analy-
sis it can be concluded that palmidin C had a better chance of being considered
as a suitable drug candidate compared with the other ligands. Nevertheless,
more studies are still needed to confirm the precise mechanisms and outcomes

of UTT treatment through clinical and experimental validation.
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