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In Silico Approach for Identifying Potent Natural Peptide 

Deformylase Inhibitors to Combat Antibacterial Resistance 

Amer Al Ali 

 

ackground: Antibiotic resistance is a major worldwide health problem, caused by the emergence and 

spread of multidrug-resistant bacteria. Peptide deformylase (PDf) is crucial for many pathogenic 

microbes but is not required for cytoplasmic protein synthesis in eukaryotes, making it an attractive 

target for novel antibacterial agents. 

Methods: This study computationally screened the ZINC database natural compounds against the PDf using 

the PyRx 0.8. The SwissADME and ADMET AI web tools were utilized to evaluate the physicochemical and 

ADMET characteristics of the five selected compounds. 

Results: The compounds ZINC1412, ZINC517261, ZINC621853, ZINC777954, and ZINC898952 were found to 

be higher-affinity binders than the positive control, interacting with critical PDf residues. Furthermore, the 

physicochemical and drug-like properties of these compounds demonstrated that they possess a range of safe 

and acceptable parameters. The ADMET properties of these compounds showed that they are within an 

acceptable range.  

Conclusion: These compounds (ZINC1412, ZINC517261, ZINC621853, ZINC777954, and ZINC898952) can be 

used as PDf inhibitors against MDR bacteria after experimental validation. 
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Introduction 

Antibiotic resistance, a critical global health challenge 

in the modern era [1,2], is primarily driven by the 

emergence, dissemination, and persistence of 

multidrug-resistant (MDR) bacteria, commonly known 

as 'superbugs.' These superbugs are responsible for 

infections that are resistant to conventional 

therapeutic interventions. The widespread and 

indiscriminate use of antibiotics in both human and 

animal health, combined with a lack of innovation in 

antibiotic research, as evidenced by a decline in the 

introduction of novel antibiotic classes, is a significant 

contributor to the development and spread of 

antimicrobial resistance [3]. It is imperative that we 

accelerate our efforts, not only to develop policies that 

curb the inappropriate and irrational use of antibiotics 

but also to focus on the development of novel chemical 

entities that can effectively combat bacterial infections 

[4].Peptide deformylase (PDf), a metalloenzyme that 

regulates protein maturation by converting terminal N 

residues on methionine into formyl moieties [5,6], 

holds immense promise as a target for the development 

of new antimicrobial agents (Fig. 1). Initially believed 

to be exclusive to bacteria and lacking targeted drugs, 

PDfs were seen as a beacon of hope for the 

development of new antibacterial agents [7-9]. Despite 

the identification and characterization of functional 

PDf homologs in eukaryotes, including a mitochondrial 

isoform in humans [10-14], which has posed challenges 

to the enzyme's unambiguous designation as a relevant 

antibiotic target, enzymatic and structural studies have 

revealed significant differences in PDf ligand binding 

sites between prokaryotic and organellar cells [15-17], 

confirming the enzyme's status as a compelling and 

relevant therapeutic target.  

 
Figure 1: Mechanism of PDf. PDf regulates protein maturation 
by converting terminal N residues on methionine into formyl 
moieties. 

Structure-based drug discovery has emerged as a 

critical methodology for facilitating rapid and cost-

effective lead identification and optimization. The 

rational application of structure-based drug design 

proves to be far more effective than traditional drug 

discovery approaches. This efficacy is attributable to its 

focus on comprehending the molecular underpinnings 

of disease and leveraging insights derived from the 

three-dimensional structure of the biological target 

throughout the drug development process [18]. This 

study aimed to find natural PDf using the in-silico tool.  

Methods 

The 3D structure of PDf in conjunction with Actinonin 

and zinc ion was obtained from the Protein Data Bank 

(PDB ID: 1SZZ). It is a homo 2-mer structure; the co-

crystallized ligands, and water molecules were 

removed, and the cleaned protein structure was saved 

in ‘.pdb’ format. 

Ligand Preparation 

The natural compounds (N=200) utilized in the study 

were collected from the ZINC database. These 

compounds have been retrieved in .sdf format, energy 

minimized with a universal force field and converted to 

‘.pdbqt’ format for further virtual screening (VS) 

analysis. 

Virtual Screening 

The AutoDock Vina platform, which is available in 

PyRx 0.8, was used to carry out the structure-based 

virtual screening of the prepared library of natural 

compounds [19]. The compounds and receptor enzyme 

were converted into .pdbqt format within the PyRx 

environment before a docking protocol was 

implemented. Actinonin was used as positive control 

during virtual screening, the lowest binding energy 

criterion was used to rank the best-docked 

conformations of compounds to the enzyme. Discovery 

studio visualizer was used to analyze and visualize the 

docking results and poses.  

Physicochemical and ADMET Properties prediction 

The SwissADME and ADMET AI web tools were utilized 

to evaluate the physicochemical and ADMET 

characteristics of the five selected compounds. The 

tools were initially evaluated, assessing pertinent 

variables such as molecular weight, logP, solubility, 

bioavailability, blood-brain barrier permeability, hERG 

inhibition risk, and overall toxicity. 

Results 

The PDf protein used in this screening had its crystal 

structure determined in combination with the inhibitor 

Actinonin (PDB ID: 1SZZ). To validate the docking 

process, Actinonin was withdrawn from the PDf protein 

complex and then re-docked to it. The binding posture 

of the re-docked Actinonin was computed and 

compared to the original co-crystal ligand orientation. 

The results showed that Actinonin binds in the same 

binding region of the PDf protein as seen in the co-

crystal structure (Figure 2). This consistency verifies 

the docking protocol's ability to reliably anticipate 
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ligand binding orientation within the PDf protein's 

binding pocket. 

 

Figure 2: Superimposed binding view of X-ray-bound Actinonin 
(green) and re-docked Actinonin (red) within the PDf protein. 

In this study, 200 natural compounds were 

computationally screened to identify novel natural 

inhibitors by targeting PDf active site residues. VS 

identified several potential compounds with higher 

binding affinities than the positive control, Actinonin 

(Table 1). Five compounds (ZINC1412, ZINC517261, 

ZINC621853, ZINC777954, and ZINC898952) were 

chosen for further investigation due to their stronger 

binding interactions with key PDf residues. This 

assessment was based on binding affinity values, as 

well as a thorough investigation and visualization of 

the interactions between the docked complexes (Figure 

3). 

 
S. No. Compounds Binding affinity (kcal/mol) 

1.  ZINC1412 -9.7 

2.  ZINC517261 -9.8 

3.  ZINC621853 -9.9 

4.  ZINC777954 -9.6 

5.  ZINC898952 -9.4 

6.  ZINC706 -9.0 

7.  ZINC857 -9.1 

8.  ZINC1536 -8.2 

9.  ZINC5319 -8.1 

10.  ZINC7267 -8.3 

11.  ZINC11544 -8.0 

12.  ZINC21406 -8.6 

13.  ZINC38933 -8.1 

14.  ZINC58117 -8.4 

15.  ZINC120273 -8.3 

16.  ZINC156701 -8.7 

17.  ZINC265473 -8.5 

18.  Actinonin (control) -7.1 

Table 1: List of top screened compounds having higher 
binding affinity values than Actinonin (control). 

ZINC1412 was found to interact with Leu102, Cys101, 

Gly100, Trp98, Phe97, Glu99, Tyr136, Val140, Gly48, 

Ile139, Glu144, His143, Gly46, Val47, Tyr71, Glu45, and 

Ala44 residues of PDf protein (Fig. 4A); while 

ZINC517261 interacted with Phe97, Arg108, Trp98, 

Glu99, Gly100, Gly46, Val47, Leu102, Gly48, Glu144, 

His143, Val140, Tyr136, Gly73, and Thr74 residues of 

PDf protein (Fig. 4B). ZINC621853 binds with Glu45, 

Gly46, Val47, Gln53, Cys101, Leu102, Gly48, Glu144, 

His143, Gly100, Val140, Glu99, Tyr136, Thr74, Arg108, 

and Tyr71 residues of PDf protein (Fig. 4C). 

ZINC777954 was found to bind with His143, Glu144, 

Val140, Ile139, Tyr136, Glu99, Phe97, Trp98, Arg108, 

Thr74, Tyr71, Gly100, Glu45, Ala44, Leu102, Gly46, 

Cys101, Gly48, and Val47 residues of PDf protein (Fig. 

4D). ZINC898952 interacted with Pro105, Tyr71, Glu45, 

Leu102, Gly46, Gly48, Val47, Val140, His143, Tyr136, 

Ile139, Glu99, Phe97, Trp98, Gly100, Cys101, Gly106, 

and Ala44 residues of PDf protein (Fig. 4E). In addition, 

the control compound Actinonin was found to interact 

with Tyr71, Thr74, Cys101, Leu102, Leu49, Gln53, 

Glu144, Gly46, Gly48, Val47, His143, Ile139, Val140, 

Glu99, Tyr136, Gly100, Phe97, Trp98, and Arg108 

residues of PDf protein (Fig. 4F).        
 

 
Figure 3: Visualization of the top 5 compounds (in red) along 
with the positive control Actinonin (in blue) in the PDf active 
pocket. 

 

 
Figure 4: Interacting residues of PDf protein with ZINC1412 (A), 
ZINC517261 (B), ZINC621853 (C), ZINC777954 (D), 
ZINC898952 (E), and Actinonin (F). 

     The physicochemical, pharmacokinetic, and drug-

likeness properties of the five chosen hits were 

evaluated using SwissADME. The analysis 

demonstrated that these compounds possess a range of 

safe and acceptable parameters. More precisely, the 

assessment of drug-likeness using Lipinski's, Ghose's, 

Veber's, Egan's, and Muegge's rules showed that none 

of the five hits violated any of these rules. These 

compounds can potentially serve as valuable lead 

compounds (Table 2).   
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The ADMET-AI online tool generated a radial plot, 

shown in Figure 5, that summarizes five key ADMET 

characteristics: blood-brain barrier permeability, risk of 

hERG inhibition, bioavailability, solubility, and 

toxicity. These characteristics are shown in relation to 

Drugbank's percentile rankings. Each compound 

chosen falls within the acceptable range for these five 

factors. The two-dimensional structures of the chosen 

compounds are also shown in  

 

 
Figure 5: Radial plot and 2D structure of selected hits 
(ZINC1412, ZINC517261, ZINC621853, ZINC777954, and 
ZINC898952). 

Discussion 

Antibiotic resistance is a serious health concern, 

emphasizing the urgent need for new antibacterial 

agents with novel mechanisms of action [6]. Current 

antibiotics only target a small number of molecules. 

The initiation process for bacterial and mammalian 

cytosolic protein synthesis differs significantly: 

bacteria use N-formylmethionine [9,20] [9086272; 

8112305], whereas mammalian cells use methionine 

[21]. Bacterial N-formylmethionine is produced by 

formylmethionine tRNA transferase and then removed 

by PDf and methionine aminopeptidase, resulting in 

mature proteins [22]. This formylation-deformylation 

cycle is critical for bacterial growth but not in 

mammalian cells, making PDf a promising target for 

selective antibiotic development [8]. In this study, a 

natural compound library was screened against the PDf 

protein, and compounds ZINC1412, ZINC517261,  

 

 

 

 

 

 

 

 

 

 

ZINC621853, ZINC777954, and ZINC898952 were 

identified as high-affinity binders that interact with 

critical PDf residues.  

Hydrogen bonds are critical for stabilizing ligand-

protein complexes [23,24]. The identified compounds, 

ZINC1412, ZINC517261, ZINC621853, ZINC777954, 

and ZINC898952, form hydrogen bonds with multiple 

PDf amino acid residues. ZINC1412 makes hydrogen 

bonds with Trp98 and Ala44, whereas ZINC517261 H-

bonded with Gly100, Val47, Gly48, Glu144, and Tyr136 

residues of PDf. ZINC621853 forms hydrogen bonds 

with Arg108 and Tyr71, while ZINC777954 H-bonded 

with Gly48, Val47, and Arg108 residues of PDf. 

Furthermore, ZINC898952 forms hydrogen bonds with 

Gly48, Val47, Trp98, and Arg108 residues of PDf. 

Actinonin, a naturally occurring antibacterial agent 

derived from the Streptomyces species, is the first 

known inhibitor of PDf with a metal ion-binding 

hydroxamate moiety [25,26]. In this study, key PDf 

protein residues involved in Actinonin binding include 

Tyr71, Thr74, Cys101, Leu102, Leu49, Gln53, Glu144, 

Gly46, Gly48, Val47, His143, Ile139, Val140, Glu99, 

Tyr136, Gly100, Phe97, Trp98, and Arg108. 

Interestingly, the compounds ZINC1412, ZINC517261, 

ZINC621853, ZINC777954, and ZINC898952 were found 

to interact with most of these residues, implying that 

they likely bind to the same PDf pocket as Actinonin. 

High negative binding affinity values indicate a ligand's 

strong interaction with its target protein [27-30]. 

Notably, the identified compounds ZINC1412, 

ZINC517261, ZINC621853, ZINC777954, and 

ZINC898952 have higher negative binding affinity 

values than the control compound Actinonin, 

indicating that they have a stronger binding affinity for 

the PDf protein. 

Natural products are important sources of novel 

medications and templates for synthetic drug 

development, including anticancer therapies and 

antibiotics. Many of these medications are created by 

microorganisms or interact with hosts [31]. Exploring 

natural compounds with antibacterial characteristics is 

critical given the growth in plasmid-mediated 

antibiotic resistance and the scarcity of viable 

treatments for certain respiratory and neurological 

illnesses. The WHO recommends using medicinal herbs 

Molecule Physicochemical Properties Pharmacokinetics Druglikeness (violation) Medicinal 

Chemistry 

Heavy 

atoms 

RB HBA HBD TPSA GA BBB 

permeant 

Pgp 

substrate 

CYP inhibitors Lipinski  Ghose Veber  Egan Muegge BS PAINS Lead 

1A2 2C19 2C9 2D6 3A4 

ZINC1412 25 4 7 2 98.36 H No No Y No Y Y Y 0 0 0 0 0 0.55 0 0 

ZINC517261 23 2 7 4 120.36 H No No Y No No Y Y 0 0 0 0 0 0.55 0 0 

ZINC777954 31 6 7 0 92.04 H No No No Y Y No Y 0 0 0 0 0 0.55 0 2 

ZINC621853 29 6 6 1 83.09 H No Y No No No Y Y 0 0 0 0 0 0.55 0 1 

ZINC898952 25 4 7 2 98.36 H No No Y No Y Y Y 0 0 0 0 0 0.55 0 0 

[Rotatable bonds: RB; H-bond acceptors: HBA; H-bond donors: HBD; GI absorption: GA; High: H Moderately: Mod; Bioavailability Score: BS; Lead likeness 

violations: Lead; Yes: Y] 

Table 2: Predicted physicochemical, pharmacokinetics, and druglikeness of selected compounds (ZINC1412, ZINC517261, ZINC621853, ZINC777954, and 

ZINC898952). 
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as an alternate treatment when conventional options 

are unavailable. The research focuses on bioactive 

substances, their chemical composition, and 

pharmacological potential to develop less harmful 

alternatives to existing medications. Natural 

compounds are increasingly being employed to treat 

microbial diseases, inflammation, and cancer due to 

their accessibility and therapeutic potential [32]. The 

identified hit compounds in this study demonstrated 

strong affinity with the PDf protein, indicating efficacy 

against antimicrobial resistance.  

PDf, a metallohydrolase required for bacterial growth, 

is a promising target for new antibiotic discovery. This 

in silico study screened the natural compounds against 

the PDf protein. ZINC1412, ZINC517261, ZINC621853, 

ZINC777954, and ZINC898952 were found to bind 

strongly to PDf and interact with critical PDf protein 

residues. These compounds can be employed as PDf 

inhibitors to combat MDR bacteria. 
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