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Abstract: Prontosil, the sulfonamide compound that started the antibacterial era, was the first 

commercially available antibacterial agent. Sulfonamide functional groups have gained 

importance in medicinal chemistry since the first announcement of antibacterial drugs. Synthetic 

sulfonamides are generally used for the treatment of bacterial infections in biological systems, 

as well as antifungal, anti-inflammatory antioxidant, diuretics, carbonic anhydrases, antitumor 

and so on. It has aroused high curiosity in biology and medicine due to its wide range of 

biological applications.  

In this study, molecular docking studies were applied to investigate the potential antibacterial 

properties of sulfonamide derivative compounds synthesized in previous study. The binding 

energies was anaylzed by Autodock 4.2 code which also performed molecular docking. Docking 

simulations of sulfonamide compounds at the active site of E. coli β-ketoacyl-acyl carrier 

protein synthase III (KAS III, PDB ID: 1HNJ) were performed to determine possible binding 

patterns and inhibitory effects. Docking results were also compared with triclosan used as a 

commercial antibacterial agent. Biovia Discovery Studio Visualizer 2020 and Autodock 4.2 

software were used to analyze results of molecular docking. 

The binding energies of 3, 4, 5 and 6 sulfonamides used in the study to KAS III enzyme were 

found to be -6.94, -7.22, -7.76, -8.13, respectively. As a result of molecular docking study, these 

sulfonamide derivatives may have potential antibacterial properties. 
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Bazı Sülfonamid Bileşiklerinin Moleküler Yerleştirme Yöntemiyle Antibakteriyel 

Özelliklerinin Belirlenmesi 

 

Öz: Antibakteriyel çağı başlatan sülfonamid bileşiği olan Prontosil, ticari olarak temin 

edilebilen ilk antibakteriyel ajandır. Sülfonamid fonksiyonel grupları, antibakteriyel ilaçların ilk 

duyurulmasından bu yana tıbbi kimyada önem kazanmıştır. Sentetik sülfonamidler genel olarak 

biyolojik sistemlerdeki bakteriyel enfeksiyonların tedavisinde kullanıldığı gibi mantar önleyici, 

iltihap önleyici antioksidan, diüretikler, karbonik anhidrazlar, antitümör vb olarakta 

kullanılmaktadırlar. Çok çeşitli biyolojik uygulamaları nedeniyle biyoloji ve tıpta yüksek merak 

uyandırmıştır. 

Bu çalışmada, daha önceki bir çalışmada sentezlenen sülfonamid türevi bileşiklerin potansiyel 

antibakteriyel özelliklerini araştırmak için moleküler yerleştirme çalışmaları uygulanmıştır. 

Kenetlenme olasılığı, moleküler yerleştirmeyi de gerçekleştiren Autodock 4.2 kodu ile analiz 

edildi. E. coli β-ketoasil-asil taşıyıcı protein sentaz III'ün (KAS III, PDB ID: 1HNJ) aktif 

bölgesindeki sülfonamid bileşiklerinin yerleştirme simülasyonları, olası bağlanma modellerini 

ve engelleyici etkileri belirlemek için gerçekleştirilmiştir. Yerleştirme sonuçları, ticari bir 

antibakteriyel madde olarak kullanılan triklosan ile de karşılaştırıldı. Moleküler yerleştirme 

sonuçlarını analiz etmek için Biovia Discovery Studio Visualizer 2020 ve Autodock 4.2 

yazılımı kullanıldı. 

Çalışmada kullanılan 3, 4, 5 ve 6 isimli sülfanamidlerin KAS III enzimine bağlanma enerjileri 

sırasıyla -6,94, -7,22, -7,76, -8,13 bulunmuştur. Moleküler docking çalışmasının sonucu bu 

sülfonamid türevlerinin potansiyel antibakteriyel özelliğe sahip olabileceğini göstermiştir. 

 

Anahtar kelimeler: Moleküler yerleştirme, Sülfonamid, Antibakteriyel özellikler 
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1. Introduction 

β-Ketoacyl-acyl carrier protein (ACP) synthase III (EC 2.3.1.180) (FabH or KAS III) 

enzyme is one of the enzymes that has a great importance in the formation of the first 

step of bacterial fatty acid biosynthesis that occurs in plant and bacterial varieties [1]. 

KAS III enzymes catalyze the condensation reaction between an acetyl group attached 

to CoA and a malonyl group attached to an ACP, resulting in the production of 

acetoacetyl-ACP [2]. The condensation reaction catalyzed by the KAS III enzyme is 

necessary for the initiation of fatty acid synthesis and thus the survival of many bacteria. 

Many bacteria, such as E. coli, whose KAS III enzyme is inhibited, lose their ability to 

synthesize fatty acids [3]. This important role of the KAS III enzyme in this pathway 

has led to its investigation as a drug target. Therefore, KAS enzymes have been the 

subject of many studies and many compounds that inhibit this enzyme have been 

identified [4-9]. The crystal structure of the KAS III enzyme and definition the active 

site of the enzyme are explained in these studies [10-13]. Besides X-ray crystallography, 

molecular dynamics simulations and molecular docking studies are available in the 

literature to investigate the conformation of both ligand-free E. coli KAS III and an 

enzyme-inhibitor complex with a more accurate inhibitor modeling [14]. In the 

literature, there are enzymes such as thiolactomycin (TLM), isoniazid (isonicotinic acid 

hydrazide), ethionamide and triclosan [5-chloro-2-(2,4-dichlorophenoxy)-phenol] that 

inhibit the biosynthesis mechanism of fatty acids [15]. Research continues on the 

discovery of new TLM molecule derivatives and related compounds, which make this 

inhibition mechanism easier and faster [16-18]. It is thought that synthesizing such 

molecules will be easier and cheaper. 

Sulfonamides and their derivatives have an important place in biology and medicine. 

Sulfonamides are bacteriostatic and inhibit the growth and reproduction of bacteria. The 

first antibacterial drug on the market was a sulfonamide compound called Prontosil 

[19]. Although sulfonamides are generally used in the treatment of bacterial infections, 

they have been used in many areas such as anticancer, Alzheimer's diseases, anti-HIV 

inhibitors, antiviral and antimalarial [20-26]. In addition to laboratory studies, computer 

aided modeling and docking studies have made it easier to determine the effects of new 

sulfonamide derivatives on different enzymes. Molecular docking may be the most 

frequently used one in this type of research, as it provides high-accuracy predictions 

about the interaction of molecules with each other. 

Molecular docking, which is a common method to describe the bond structure formed 

between a macromolecule and a small molecule, frequently used in structure-based 

rational drug design. This method allows us to predict the type of interaction between 

molecules for protein-ligand or protein-protein structures. It also gives information 

about protein inhibition or activation. It is necessary to know the active site of the 

protein and its interaction with other molecules, to perform docking studies correctly 

[27]. As a result of the docking process, intermolecular effects such as steric, 

hydrophobic and electrostatic are detected and optimized. Thus the optimal binding 

energy of the ligand to the protein is calculated [28]. Research continues on the 

effectiveness of inhibitors using the molecular docking method. For example, studies on 

Covid19 mainprotease, acetylcholinesterase, α-glycosidase, human paraoxonase-I and 

human carbonic anhydrase inhibitors have been published [29-34]. 

In this study, some sulfonamide derivatives synthesized in the previous study were 

used. The effect of these sulfonamide derivatives, which have been shown to have 

antimicrobial effects in microbial culture studies [22], on the KAS III enzyme is 
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unknown. Therefore, we investigated the binding sites (amino acid residues) and 

binding energies of these molecules on KAS III using the molecular docking method. 

 

2. Materials and Methods 

 

KAS III data was obtained from Protein Databank (PDB ID: 1HNJ). The crystal 

structure of KAS III + Malonyl-CoA is given in Figure 1. Novel 4-(2-methylacetamide) 

benzene sulfonamide derivatives and triclosan were used as ligands. Triclosan is used as 

a commercial antibacterial agent and was chosen as our reference molecule in this 

study. The 2D structures and names of these compounds are given in Table 1. The 

sulfonamide derivatives’ names are the same as in the previous study [22]. All 

compounds were selected with the Avogadro 1.2 program and MMFF94 force field, 

optimized for 3D structures prepared with ChemSketch 2019 free software and 

converted to mol2 file format [35]. 

 

 
Figure 1. Target protein structure with Malonyl-CoA (PDB ID: 1HNJ) 

 

Molecular docking studies were performed using Autodock 4.2 [36]. Each docking was 

performed according to standard Autodock steps [37]. The grid box coordinates and size 

parameters are 126x126x126 and 26.233, 25.913, 22.182, respectively. Simulations of 

insertion of sulfonamide compounds into the active site of E. coli KAS III were 

performed to identify possible binding patterns and inhibitory effects. The most suitable 

of the possible binding modes obtained as a result of the Molecular Docking processes 

were determined with Autodock 4.2, and their analyzes and visuals were obtained with 

the Biovia Discovery Studio Visualizer 2020 program. 

Table 1. The structure of the sulfonamide compounds and triclosan 

Compound Names 2D Structure 

3 

 

4 

 

5 

 

6 

 

Sulfanilamide 

 

Triclosan 
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3. Results and Discussion 

 

Docking operations were performed and evaluated in accordance with the literature as 

described in the material method [29,30,34]. Molecular docking results on KAS III 

inhibition of sulfonamide molecules and triclosan, which is a commercial antibacterial 

agent, are shown in Table 2-4. All studied compounds showed significant binding 

affinity to KAS III (Table 2). The most stable structures of the molecules studied with 

KAS III were determined according to the binding energy and the interaction of the 

molecule with the active site. Additionally, hydrogen bonds at the binding site were 

analyzed [38,39]. 

Table 3 shows the most suitable binding site selected by molecular docking. 

Sulfonamide compounds and triclosan molecules are bound to the active site of the 

KAS III enzyme. Table 4 shows the binding of the ligands with the key amino acids of 

the KAS III enzyme in 2D. 

 
Table 2. Molecular docking analysis of the sulfonamide compounds and triclosan 

Protein Compound 

Binding Energy 

(ΔG) 

(kcal/mol) 

Inhibition 

Constant 

Ki 

Hydrogen Bond Lenght 

Ångström (Å) 

1HNJ 

3 -6.94 8.18 µM 

ASN247:ND2 – 

O  

ASN274:ND2 – 

O  

PHE304:O – H  

PHE304:O – H  

2.97 

3.17 

2.16 

2.38 

4 -7.22 5.12 µM 

ASP150:OD2 – H  

ASN247:ND2 – 

O  

ALA246:O – H  

ALA246:O – H 

1.96 

3.02 

2.36 

2.22 

5 -7.76 2.05 µM 

PHE213:N – O  

GLY209:O – H  

ARG36:NH2 – O  

ARG36:O – H 

ARG36:O – H 

3.24 

1.99 

3.12 

2.19 

2.18 

6 -8.13 1.10 µM 

ASN247:ND2 – 

O  

ALA246:O – H  

ALA246:O – H  

2.89 

2.15 

2.23 

Sulfanilamide -4.84 282.82 µM 

GLY152:O – H  

ARG36:NH2 – O 

ARG249:HH2 – 

O  

ARG249:HH2 – 

N 

ARG36:O – H  

ARG36:O – H 

2.32 

3.11 

3.01 

3.39 

2.22 

2.06 

Triclosan -7.08 6.48 µM GLY209:O – H  2.10 
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Table 3. The binding sites in the pocket of protein (1HNJ) 

 
3 

 
4 

 
5 

 
6 

 
Sulfanilamide (S) 

 
Triclosan (T) 

 
Table 4. 3D and 2D interaction of compounds with the amino acids of the KAS III binding site. 

 Amino acid residues Binding interaction 

3 

  

4 

  

5 
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6 

  

S 

  

T 

 

 

 
 

The number and length of hydrogen bonds formed with the active site of the molecule is 

one of the most important data in docking studies. As shown in Table 2, H-bonds play a 

key role in the stability of the enzyme-ligand complex formed. Ligands with more 

negative binding energies bind more strongly to the protein. Molecular docking results 

showed that all sulfonamide compounds bind with the active site of the enzyme by 

forming hydrogen bonds. The binding scores of molecules 4, 5 and 6 which are -7.22, -

7.76, -8.13 kcal/mol respectively, are higher than the standard drug (-7.08 kcal/mol for 

T). The amino acids Thr28, Trp32, Arg151, Ile155, Arg36, Gly152, Asn210, Asn274, 

Arg249, Ile156, Ala246, Leu189, Thr37, Met207, Gly209, Asn247, Phe213, and 

Phe304 are in the active site of KAS III+Malonyl-CoA. However the active site Arg36, 

Arg151, Trp32, Thr28 and Asn247 amino acid residues in the pocket of the 1HNJ 

protein play the most important roles. 

Molecular docking analysis shows that the interactions of sulfonamide derivatives with 

amino acid residues at the active sites of the protein are the same as where Triclosan 

binds (Table 4). These interactions are also compatible with the literature [38-40]. A 

hydrogen bond interaction with a bond length of 2.10 Å was observed between the 

proton of the -OH group of Triclosan and the Oxygen of the amino acid Gly209 of the 

KASIII protein. Other interactions are given in Table 4. In the sulfonamide-KAS III 

complex, a hydrogen bond interaction has occurred between Asn247, Asn274, and 

Phe304 with the compound 3, Asp150, Asn247, and Ala246 with the compound 4, 

Phe213, Gly209, and Arg36 with the compound 5, ASN247, ALA246 with the 

compound 6, Gly152, Arg36, and Arg249 with the compound S. Considering the 

binding energies of the reference molecule triclosan and sulfonamide derivatives (4,5 

and 6) with the target protein KAS III, sulfonamide derivatives can be used as 

antibacterial agents. 

4. Conclusions and Comment 
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Sulfonamides have an increasing importance in medicinal chemistry due to their use as 

antibacterial. Molecular docking researches were applied to determine the potential 

antibacterial properties of sulfonamide derivative compounds. Docking simulations of 

sulfonamide compounds at the active site of E. coli KAS III were performed to 

determine possible binding patterns and inhibitory effects. Docking results were also 

compared with triclosan used as a commercial antibacterial agent. Molecular docking 

methods have compatible results for some molecules in terms of binding score (-7.22 

kcal/mol for 4, -7.76 kcal/mol for 5, and -8.13 kcal/mol for 6) compared to standard 

drugs (-7.08 kcal/mol for Triclosan). It has been observed that the sulfonamide 

derivatives of molecular docking analyzes and the Triclosan compound used as a 

standard interact with residues in the active sites of the protein. The findings from this 

study indicate that sulfonamide compounds 4, 5 and 6 may have the potential to be used 

as antibacterial. 
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