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ABSTRACT

Overuse and misuse of antibiotics as well as social and economic factors have accelerated the
spread of antibiotic-resistant bacteria, making drug treatment ineffective. This study aimed at screening
some sulphonamide compounds in other to recommend new anti-bacteria drugs with better efficacy and
lower toxicity. The ten (10) sulfonamide compounds were screened for their antibacterial activities
against medically important gram (-) and gram (+) bacterial strains, namely, Escherichia coli (E. coli),
Pseudomonas aeruginosa (P. aeruginosa), Bacillus cereus (B. cereus) and Staphylococcus aureus
(Staph aureus). The antibacterial activities have been determined by in silico molecular docking of the
ten (10) sulphonamide compounds on the targeted site of the organism’s protein. Among the tested
compounds, it was found that ciprofloxacin was the most potent against E. coli with the highest binding
affinity (-13.17 kcal/mol), while compounds; 3-(3H-indol-3-yl)-2-[(phenylsulfonyl)amino] propanoic
acid (1906; -12.93 kcak/mol), {[(4-methylphenyl)sulfonylJamino}-3-methylbutanoic acid (1909; -12.83
kcal/mol) and 3-(4-hydroxyphenyl)-2-[(phenylsulfonyl)amino]propanoic acid (1902; -12.48 kcal/mol)
gave better binding scores than ciprofloxacin (-12.25 kcal/mol) with Pseudomonas aeruginosa. On the
binding with Bacillus aereus protein, 2-[(phenylsulfonyl)amino]-3-sulfanylpropanoic acid (1904; -
15.54 kcal/mol), 3-(4-hydroxyphenyl)-2-[(phenylsulfonyl)amino] propanoic acid (1902; -15.46
kcal/mol) and 3-(4-hydroxyphenyl)-2-{[(4methylphenyl)sulfonyl]anino} propanoic acid (1901; -15.45
kcal/mol), showed better binding affinity than cipro (-15.36 kcal/mol), while ciprofloxacin gave the
highest binding affinity (-12.08 kcal/mol) with Staphylococcus aureus protein (3G75) when compared
to the analysed sulfonamide compounds. The analysed 10 sulfonamide compounds showed potential
drug candidates by obeying all the physicochemical parameters that qualifies a compound to be used as
drug and therefore, can be clinically use for the treatment of diseases caused by the named organisms.
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1. INTRODUCTION

Sulfonamides, a widely used anti-microbial agents' have been in clinical use to treat
various kinds of ill health. Sulfonamide has been the basis of several groups of drugs. The
original antibacterial drugs called sulfa drugs are synthetic compounds that contain the
sulfonamide functionality?. They are widely used in medicine because of their low cost, low
toxicity and excellent biological activities®. Apart from their uses as antibacterial agents,
sulfonamides are useful in other medicinal areas as clinical relevant molecules®. For instance,
recent drugs with sulfonamide structural skeleton are used as anti-tumor®, anti-thyroid® and anti
inflammatory agent.”® Other important uses of sulphonamides include as anti-hyperglycemic
agents,® diuretic agent,'® anti-convulscant,'*2 anti-cancer,'*1 anti-retroviral,*® anti-oxidant,®
anti-malaria drugs,*’ anti-tuberculosis,*® anti-viral*® among others.

In addition some sulfonamides derived from natural products have been found to contain
some relevant biological properties, for instance, a mixture isolated from cashew nuts shell has
also been reported to possess fascinating anti-bacterial activities®®. Also sildenafil a plant
preservative isolated from fruits and vegetable was found to be promising agent used in the
treatment of erectile dysfunction in man?L.

Apart from medicinal properties, sulfonamide has been reported to possess good
herbicidal®® properties. Another interesting property of sulfonamides is their corrosive
inhibitory properties as reported by some reseachers?*-?* that sulfonamides have been found to
be effective and harmless inhibitors for the corrosion of mild steel in acidic medium.

Sulfonamides have the potential to cause a variety of allergic reactions, though it has been
argued that the terms 'sulfonamide allergy' or 'sulfa allergy' are misleading, and should be
replaced by a reference to a specific sulfonamide drug?®. Antibacterial resistance is a global
public health problem that has hampered the effective prevention and treatment of wide range
of bacterial diseases.?®

Antibacterial resistance is aggravated by the misuse or overuse of antibacterial agents in
people and animal.?’ Some bacteria are multidrug resistant and the major examples are
Staphylococcus aureus and Escherichia coli.?® One of the WHO strategies for the control of
antimicrobial resistance is to encourage investment in new medicine research and
development.?® In accordance with this recommendation many research team are engrossed in
the synthesis of new antimicrobial drug with better efficacy and lower toxicity. Due to the
various hazardous effects of some deadly microbes, there have been need for the discovery of
new antimicrobial drugs.

2. MATERIALS AND METHODS
2. 1. Sulfonamide compounds for molecular docking

The synthesized sulfonamide compounds were retrieved from published journals and
Chem Draw soft ware was used for the drawing of the structures.

2. 2. Prediction of physicochemical properties

The drug likeness properties were predicted using molecular operating environment
(MOE). This is a drug discovery software platform used for structure-based design for
visualization, modelling and simulations, as well as methodology development.®
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2. 3. Molecular docking studies

The 3-Dimensional crystal structures of the proteins used in this study include:
Staphylococcus aureus Gyrase (PDB ID: 3G75);3! Bacillus cereus (PDB ID: 3FCE);*
Pseudomonas aeruginosa (PDB 1D: 3P3E* and E. coli, (PDB ID: 5SMMN). They were retrieved
from protein databank (http://www.rcsb.org) with their co-crystallized ligands, which were
used to validate the docking protocols for the binding sites. The proteins were prepared by
removing water of crystallization and unwanted protein chains in Discovery studio. Molecular
Operating Environment (MOE, 2014) was employed in the validation of the docking protocols,
docking studies and visualization of the docking results. The force field MMFF94x in MOE
was used to minimize the energy of the structures.

3. RESULTS AND DISCUSSION

The sulfonamide compounds under study were five benzene sulfonamides and five para
toluene sulfonamides that has been synthesized and published in the references on the table
below (Table 1).

Table 1. Synthesized sulfonamides for in silico analysis

Amino
Ccl)\lrgpd Name Compounds Acids MW Structure References
Used
O
MOH
3-(4-hydroxyphenyl)-2-{[(4- HO _
1901 | methylphenyl)sulfonyl]anino} | Tyrosine | 335.37 o=° 34,35
Propanoic acid ©
CHg
(0]
|
OH
3-(4-hydroxyphenyl)-2- NH
1902 [(phenylsulfonyl)amino] Tyrosine | 321.35 | ro o—$=0 36
propanoic acid i
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o\\S§O
1909 | {l@-methylphenyDsulfonyl] | valine | 271.33 i 34
amino}-3-methylbutanoic acid .
OH
o\\S¢O
[(2-phenylsulfonyl)amino]-3- ) “NH
1910 methylbutanoic acid Valine | 257.31 36
O/
OH

Compd No = compound number, MW = Molecular weight

3. 2. In silico prediction of physicochemical properties of the sulfonamides for
drug-likeness

The desirable properties which small molecules were required to possess in order to
produce good lead compounds were all observed in the ten analysed sulphonamide compounds.
Lipinski’s Rule of Five (Ro5) provides the basic assessment for the development of orally
bioavailable drug lead. Lipinski Ro5 states that for a drug candidate to be bioavailable in the
systemmic circulation after oral administration, octanol-water partition coefficient (log P) < 5;
hydrogen bond donor (HBD) < 5 taken as equivalent to the number of -OH and —NH groups;
hydrogen bond acceptor (HBA) < 10 taken as equivalent to the number of oxygen and nitrogen
atoms and molecular weight (MW) < 500. A violation of more than one of this physicochemical
parameter disqualifies a compound from being a potential drug candidate. Lipophilicity (log P)
is a property that has a major effect on solubility, absorption, distribution, metabolism, and
excretion properties as well as pharmacological activity.3 When log P is higher than the upper
limit, the drug molecule will have low solubility whereas in lower log P, the drug has difficulty
to penetrate the lipid membranes.®® There should be balance between the aqueous solubility of
a compound and its ability to diffuse passively through the different biological barriers for a
good oral bioavailability.*® VVeber and co-workers also discovered that the number of rotatable
bonds is an important parameter with seven seen to be optimal for oral bioavailability.*! TPSA
is another useful parameter, and a molecule with a TPSA < 140 A? can easily permeate the
cells. From the foregoing, all the compounds seem to have a good oral bioavailability profiles
(Table 2) and as such can be use as candidate drugs.

Table 2. Drug-likeness parameters

Compd MW #Rotatable #H-bond #H-bond MR TPSA | iLOGP I__|p|n§k|
bonds acceptors donors #violations
1901 335.37 6 6 3 85.2 112.08 1.07 0
1902 321.35 6 6 3 80.23 | 112.08 0.9 0
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1903 275.34 5 5 2 66.62 | 130.65 0.99 0
1904 261.32 5 5 2 61.65 | 130.65 1.15 0
1905 358.41 6 6 2 98.4 104.21 1.8 0
1906 344.38 6 6 2 93.44 | 104.21 1.47 0
1907 229.25 4 5 2 53.88 91.85 0.78 0
1908 215.23 4 5 2 48.92 91.85 0.97 0
1909 271.33 5 5 2 68.3 91.85 1.39 0
1910 257.31 5 5 2 63.34 91.85 1.47 0

Compd: compound; MW: molecular weight; TPSA: topological polar surface area; MR:
molar refractivity; iLOGP: Partition coefficient

3. 3. Validation of the docking procedure of the sulphonamides with bacteria organisms

Molecular operating environment (MOE) was used for docking studies. In order to
validate the accuracy of MOE-Dock program, the retrieved co-crystallised ligand was docked
into the active sites of 3P3E containing the co-crystallized ligand (Fig. 1). The compounds
fitted very well in the binding cavity as the co-crystallised ligand. In this study, RMSD value
was found as 1.8032 A showing that our docking method is valid for the studied inhibitors
which make the MOE-Dock method reliable for docking of these compounds. In Figure 1, the
structure with grey colour represents the co-crystallised ligand while the structures with orange
colour represent the docked ligand. The docked ligand (orange) superimposed on the co-
crystallized ligand in the same active binding sites.
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Figure 1. Validation of docking protocol using 3P3E; (grey compound = co-crystalized
ligand; orange compound = docked ligand). (RMSD = 0.81A)
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3. 4. Molecular docking results

The 10 synthesized compounds were docked into the active binding sites of; 5SMMN,
3P3E, 3FCE and 3G75 with their respective binding affinity in kcal/mol as shown in Table 3.
The compounds showed appreciable binding affinity with all the drug targets used comparable
to the binding affinity of the standard drug (Table 3).

Table 3. Binding free energy (AG, kcal/mol) of the compounds with
the bacteria Organisms

Gram-negative bacteria Gram-positive bacteria
E. coli Pseudomonas Bacillus Staphylococcu
aeruginosa cereus saureus
Compd 5SMMN 3P3E
3FCE 3G75

1901 -10.81 -12.18 -16.45 -11.22
1902 -11.58 -12.48 -15.46 -11.59
1903 -9.92 -10.90 -13.19 -10.38
1904 -9.89 -10.61 -15.54 -10.18
1905 -10.71 -12.21 -14.27 -11.00
1906 -9.80 -12.93 -13.42 -10.83
1907 -10.24 -10.74 -13.81 -11.85
1908 -10.18 -11.73 -13.05 -10.11
1909 -9.64 -12.83 -13.41 -10.06
1910 -10.15 -10.41 -13.42 -11.23
Ciprofloxacin -13.17 -12.25 -15.36 -12.08
Native ligand -10.67 -12.06 ND -10.94

Compd: compound; ND: No docking.
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Compound 1902 gave the highest binding energy with the drug target, SMMN. Therefore,
we further analysed the binding modes of 1902 with the target (Figure 2) with a view to
understanding the nature and type of interaction involved in the protein—ligand complexes.
Figure 2 is the binding pose in the active binding sites of the receptor, SMMN. There are various
chemical interactions observed. There were various H-bondings through H-donor and H-
acceptor interactions. The N-4 atom of 1902, through H-donor interaction, combined with ASN
through an intermolecular distance of 3.03A and energy of -1.9 kcal/mol. Other H-donor
interactions include GLU 50 (2.88A, -6.6 kcal/mol), ASP 73 (3.37A, -1.0 cal/mol). though H-
acceptor, interacted with THR 165 and ALA 47 respectively. The pi electrons of the aromatic
6-membered ring of compound 1902 interacted with the ILE 78 and PRO 79 respectively (Table
4).

Figure 2. Binding pose of compound 1902 in the binding cavity of 5SMMN
(the green dotted lines signify H-bond; purple dotted lines signify H-pi interaction)

Table 4. Chemical interactions of compound 1902 with amino residues of 5SMMN

Receptors Interactions Distance(A) E (kcal/mol)
ASN 46 H-donor 3.03 -1.9
GLU 50 H-donor 2.83 -6.6
ASP 73 H-donor 3.37 -1.0
THR 165 H-acceptor 2.87 -1.3
ALA 47 H-acceptor 3.47 -0.5
ILE 78 pi-H 4.96 -0.2
PRO 79 pi-H 3.92 -0.9




World News of Natural Sciences 55 (2024) 87-101

Compound 1907 showed the highest binding affinity with 3G75. The binding pose of this
compound in the active binding sites of the receptor is shown in Figure 3. 1907 tightly fitted
into the binding cavity of 3G75 where it interacted with the amino acid residues of the receptors.
Among these amino acid residues involved in the interactions include THR 173, ASP 81, SER
55 and ILE 86. The detailed interactions are shown in Table 5. Bacterial DNA gyrase is an
attractive target for the investigation of new antibacterial agents. ASP 81 has been shown to be
a very important amino acid residue in 3G75.3! 1907 interacted with this important amino acid
through H-bonding at a distance of 2.69A. These effective interactions have potentials of
inhibiting the normal biochemical processes of the protein through competitive antagonism.

A S

Figure 3. Binding pose of compound 1907 in the binding cavity of 3G75
(the green dotted lines signify H-bond; purple dotted lines signify H-pi interaction)

Table 5. Chemical interactions of compound 1907 with amino acid residues of 3G75

Receptors Interactions Distance(A) E (kcal/mol)
THR 173 H-donor 3.05 -0.2
ASP 81 H-donor 2.69 -5.9
THR 173 H- acceptor 2.75 -2.1
SER 55 H-acceptor 3.49 -0.3
ILE 86 pi-H 4.25 -0.5
ILE 86 pi-H 4.14 -0.9
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Compound 1901 was able to interact with these vital amino acid residues (LYS 492, GLU
298, ARG 397) and others (Fig. 4; Table 6). D-alanylation of lipoteichoic acids modulates the
surface charge and ligand binding of the Gram-positive cell wall. Disruption of the bacterial dlt
operon involved in teichoic acid alanylation, as well as inhibition of the DItA (D-alanyl carrier
protein ligase) protein, has been shown to render the bacterium more susceptible to
conventional antibiotics and host defence responses.®2

Figure 4. 2D representation of the binding interactions between 1901 and the amino residues
of 3FCE

Table 6. Chemical interactions of compound 1901 with amino residues of 3FCE

Receptor  Interaction Distance (A) E (kcal/mol)
ASP 383 H-donor 3.59 -0.4
ASP 383 H-donor 3.65 -0.2
GLY 270 H-acceptor 3.30 -0.2
LYS 492 H-acceptor 2.99 -6.8
PRO 296 H-acceptor 3.37 -0.7
THR 152 pi-H 4.83 -0.3
LYS 492 pi-cation 3.54 -0.3
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Figure 5 illustrated the binding pose of 1906 in 3P3E while Figure 6 showed the 2D
representation of the binding interactions between 1906 and the amino residues of 3P3E. There
are different amino acid residues involved: LEU 18, MET 62, THR 190, PHE 191 and ILE 197.
Interaction with pi electrons involved LEU 18 and ILE 197, while other important interactions
include H-bonding interactions with PHE 190 (3.3A); and THR 190 (3.11, 3.64 and 3.11A) ,
MET 62 and PHE 191; respectively (Table 7).

Figure 5. 2D representation of the binding interactions between 1906 and the amino
residues of 3P3E

ou200

N

Figure 6. Binding pose of compound 1906 in the binding cavity
of 3P3E (the green dotted lines signify H-bond)
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Table 7. Chemical interactions of compound 1906 with amino residues of 3P3E

Receptor Interaction Distance (A) E (kcal/mol)
MET 62 H-donor 2.81 -4.3
PHE 191 H-donor 3.24 -1.1
THR 190 H-donor 3.03 -0.2
THR 190 H-acceptor 3.11 -1.0
PHE 191 H-acceptor 3.33 -1.9
THR 190 H-acceptor 3.64 -0.2
LEU 18 pi-H 4.46 -0.4
ILE 197 pi-H 3.74 -0.2

4. CONCLUSIONS

The 10 synthesized compounds docked into the active binding sites of bacteria protein
ID; 5SMMN, 3P3E, 3FCE and 3G75 showed appreciable binding affinity with all the drug targets
when compared to the binding affinity with the standard drug Ciprofloxacin. The result showed
that Ciprofloxacin will give better result for the treatment of diseases caused by E-coli, while
compounds 1906, 1909 and 1902 will give better result than Ciprofloxacin when used in the
treatment of diseases caused by Pseudomonas. Diseases caused by Bacillus aureus will be
better treated with 1901, 1902 and 1904 while Ciprofloxacin will better use for the treatment of
ill health caused by Staphylococcus aureus when compared to the analysed sulfonamide drugs.

The analysed 10 sulfonamide compounds showed potential drug candidates by obeying
all the physicochemical parameters that qualifies a compound to be used as drug and therefore,
can be clinically use for the treatment of diseases caused by the named organisms.
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