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The growing problem of antimicrobial resistance 

(AMR) highlights the urgent need for new antibiotics 

with innovative structures and mechanisms. In this 

study, we explored the design and computational 

evaluation of perimidine–peptide hybrids as potential 

inhibitors of human Topoisomerase IIα, which serves 

as a model for bacterial Type II topoisomerases. Using 

structure-based molecular docking, we tested five 

carefully designed perimidine derivatives (pk1–pk5) 

using AutoDock Vina. To validate the docking 

protocol, we compared it with the known inhibitor 

etoposide (PDB: 1ZXM), achieving an RMSD of 0.89 

Å, confirming the reliability of the method. Among the 

tested compounds, pk4 showed the best binding energy 

(-12.1 kcal/mol), outperforming etoposide. Interaction 

analysis revealed key bonding interactions such as π–π 

stacking, salt bridges, and metal coordination with 

catalytic residues and a magnesium ion. In silico 

ADMET (absorption, distribution, metabolism, 

excretion, and toxicity) profiling suggested that pk4 has favorable pharmacokinetic 

properties and a safe toxicity profile, making it a strong candidate for further 

development. This study offers a computational approach for designing novel 

antibiotics and identifies a promising scaffold for experimental testing. 

 

Introduction 

The rise in antimicrobial resistance (AMR) is a growing global concern, creating an 

urgent need for new antibiotics that can overcome existing resistance mechanisms. 

Type II topoisomerases are considered an ideal target for developing new treatments 

due to their essential role in DNA replication and segregation. Human Topoisomerase 

IIα (Topo IIα) is a close structural analog of bacterial enzymes like gyrase and Topo 

IV, making it an excellent model for inhibitor design [1-3]. Computational drug 

design methods, particularly molecular docking, have proven useful for rapidly 

evaluating new drug candidates, helping to streamline experimental efforts [4-7]. In 

this context, perimidine scaffolds have gained attention because of their flat structure, 
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electron-rich aromaticity, and biological versatility. By attaching peptide and 

dipeptide fragments to the perimidine core, we can improve target specificity, 

hydrogen bonding, and overall pharmacological performance [10-12]. This study 

explores the design, docking, and pharmacokinetic profiling of perimidine–peptide 

hybrids to identify effective Topo IIα inhibitors. 

 

Materials and Methods 

The computational analyses in this study were carried out using UCSF Chimera, 

AutoDock Vina, and Discovery Studio Visualizer [13]. The crystal structure of 

Topoisomerase IIα complexed with DNA and etoposide (PDB: 1ZXM) served as the 

receptor model for docking simulations. Ligands were designed using MarvinSketch, 

optimized with Avogadro using the Universal Force Field, and then converted to 

PDBQT format. To validate the docking process, we re-docked etoposide to its native 

binding site, confirming accuracy with an RMSD < 2 Å. The grid size was set to 

26×26×26 Å, centered on the coordinates of the native ligand. Post-docking analysis 

was done using Discovery Studio, while pharmacokinetic parameters were predicted 

using SwissADME and ProTox-II web servers [14-17,26-30]. 

 

Results and Discussion 

Docking validation with etoposide showed high accuracy (RMSD = 0.89 Å, binding 

energy = -11.5 kcal/mol), confirming the reliability of the protocol. The parent 

perimidine scaffold had a binding affinity of -8.2 kcal/mol, primarily stabilized by 

hydrophobic and π–π interactions with the DNA base dG13. Peptide-conjugated 

derivatives (pk1–pk5) showed significant improvements in binding affinity, especially 

pk4 (-12.1 kcal/mol) and pk5 (-11.9 kcal/mol), which outperformed etoposide. 

Interaction analysis revealed crucial salt bridges (Arg487), hydrogen bonds (Gln778, 

DNA backbone), and metal coordination with the Mg²⁺ ion. Structure–activity 

relationship (SAR) studies indicated that derivatives with carboxylate groups (pk3–

pk5) provided maximum stabilization through dual anchoring—metal chelation and 

ionic interactions [18-21,31-33].  

 

Table 1 Comparative Docking Scores of Designed Ligands 

Compound Binding Energy (kcal/mol) Rank 

pk4 -12.1 1 

pk5 -11.9 2 

pk3 -11.6 3 

Etoposide -11.5 Reference 

pk1 -9.8 4 

pk2 -9.1 5 
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Fig. 1 Purified protein and Etoposide Structure 

 
Fig. 2 – Topo IIα surface + ribbon view with pk4 and Mg²⁺. 
The figure shows a schematic of the Topo IIα protein, with a ribbon representation of 

the protein's structure. The pk4 ligand (highlighted in yellow) is bound to the protein, 

and an Mg²⁺ ion (marked in red) is shown interacting with the protein. The 

background features a representation of the protein surface, with blue dots suggesting 

the surrounding environment or other components interacting with the protein. 
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Fig. 3 – pk4 interaction network (salt bridge, H-bonds, π–π, metal coordination) 

 

This figure illustrates the interaction network of the pk4 ligand with various 

components, highlighting different types of bonds and interactions. The interactions 

are shown as follows: 

Salt bridge: Between pk4 and Arg487 (orange solid line). 

Hydrogen bond (H-bond): Between pk4 and Gln778 (green dashed line). 

π–π interaction: Between pk4 and DNA dG13 (blue dotted line). 

Metal coordination: Between pk4 and Mg²⁺ (red dash-dot line). 

Phosphate backbone: Interacts with pk4 (purple dashed line). 

 

The different edge styles represent the types of interactions: solid for salt bridges, 

dashed for H-bonds, dotted for π–π interactions, and dash-dot for metal coordination. 

 

 
Fig. 4 – Comparative docking energies for pk1–pk5 vs etoposide 
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This figure displays a bar graph comparing the docking energies of pk1–pk5 ligands 

against etoposide. The binding energies are presented in kcal/mol, with lower values 

indicating stronger binding. The graph shows that: 

pk4 has the strongest binding energy at -11.9 kcal/mol. 

pk5 and pk3 also show strong binding energies around -10 kcal/mol. 

Etoposide has a slightly weaker binding energy of around -9 kcal/mol. 

pk1 and pk2 have the weakest binding energies in the comparison, at approximately -

8 kcal/mol. 

 

The color gradient represents the relative strengths of these binding energies, with 

darker blues indicating stronger binding and lighter reds for weaker binding. 

 

 
Fig. 5 – SAR diagram highlighting substitution sites and interaction roles. 

 

This figure presents a SAR (Structure-Activity Relationship) diagram for perimidine–

peptide hybrids, highlighting key substitution sites and their roles in molecular 

interactions: 

 

Aromatic extension for π–π stacking (blue): The extension is designed to facilitate 

π–π interactions with the DNA base pair dG13. 

 

Terminal carboxylate (Arg487 salt bridge) (orange): The terminal carboxylate 

group forms a salt bridge with Arg487, important for electrostatic interaction. 

 

Carbonyl positioned for Mg²⁺ coordination (red): The carbonyl group is 

strategically placed to coordinate with the Mg²⁺ ion, aiding metal ion interaction. 

 

Amide donors/acceptors (H-bond network) (green): These groups participate in 

hydrogen bonding, forming an H-bond network crucial for stability. 

The diagram indicates the roles of these structural features in enhancing binding 

interactions and activity. 
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Docking results validated the crystallographic pose of etoposide (RMSD = 0.89 Å), 

confirming the adequacy of our sampling and grid placement. The parent perimidine 

scaffold (-8.2 kcal/mol) interacts with dG13 via π–π contact and hydrophobic 

anchoring near Pro504/Ala502. Adding carboxylate-terminated linkers (pk3–pk5) 

creates a salt bridge with Arg487 and, for pk4/pk5, a carbonyl group positioned for 

Mg²⁺ coordination. This multi-point interaction explains why these derivatives show 

stronger binding than etoposide. 

Energy analysis suggests that the enthalpic gains from salt bridging and metal 

coordination outweigh the conformational penalties introduced by longer linkers. The 

residue Gln778 consistently forms hydrogen bonds with the internal amides, while 

donor groups interact with the DNA phosphate of dG13. The interaction network is 

shown in Figure 3, and the ranked energies are summarized in Figure 4. 

Practical Implications: While pk4 and pk5 do not meet oral drug-likeness criteria, 

they are predicted not to be substrates for P-glycoprotein (P-gp), suggesting they 

could overcome efflux-driven resistance. For antibacterial selectivity, future versions 

can be designed to target bacterial QRDR residues while preserving the key anchoring 

features of pk4. 

 

In Silico ADMET and Toxicity Profiling 

The pharmacokinetic analysis using SwissADME revealed that pk1 and pk2 have 

high predicted oral absorption, while pk3–pk5 showed lower gastrointestinal 

absorption but favorable profiles as non-substrates for P-glycoprotein. This suggests 

these compounds may avoid the typical resistance mechanisms driven by P-gp. 

Toxicity predictions via ProTox-II classified pk4 in toxicity class IV (LD50 ≈ 2000 

mg/kg), like etoposide, indicating acceptable systemic safety. Although pk4 violates 

Lipinski’s Rule of Five due to high molecular weight and polarity, its potent activity 

makes it a strong candidate for parenteral therapeutic development. 

 

Table 2 ADMET and Toxicity Profiling of Compounds 

Compoun

d 

Oral 

Absorptio

n 

GI 

Absorptio

n 

P-gp 

Substrat

e 

Toxicit

y Class 

LD50 

(mg/kg

) 

Lipinski 

Violatio

n 

Commen

t 

pk1 High High 
Non-

substrate 
— — No — 

pk2 High High 
Non-

substrate 
— — No — 

pk3 Low Low 
Non-

substrate 
— — — — 

pk4 Low Low 
Non-

substrate 
IV ≈2000 Yes 

Potential 

parenteral 

candidate 

pk5 Low Low 
Non-

substrate 
— — — — 
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Fig.6 shows the relationship between LD₅₀ (mg/kg) and oral absorption (%), 

highlighting pk4’s balance between safety and lower absorption. 

This scatter plot shows the relationship between toxicity (LD50) and oral absorption 

(%) for different compounds (pk1–pk5). The x-axis represents toxicity levels (LD50 

in mg/kg), and the y-axis shows oral absorption percentages. 

pk1 (green) has a high oral absorption rate (~90%) and a higher toxicity (~2400 

mg/kg). 

pk2 (blue) shows a moderate absorption (~70%) with a slightly lower toxicity (~2300 

mg/kg). 

pk3 (orange) and pk4 (red) exhibit lower oral absorption rates (~50% and ~40%, 

respectively), with increasing toxicity values. 

pk5 (purple) shows a similar trend to pk3 but with a slightly higher oral absorption 

(~50%). 

The plot suggests that as toxicity increases, oral absorption tends to decrease. 

 

 
 

Fig.7 compares multiple ADMET and toxicity features (oral absorption, GI absorption, 

P-gp status, toxicity, Lipinski violation, LD₅₀) across compounds pk1–pk5. 
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This radar chart compares multiple ADMET (Absorption, Distribution, Metabolism, 

Excretion, and Toxicity) and toxicity features for compounds pk1 through pk5. The 

chart visualizes the following parameters: 

Oral Absorption: The percentage of the compound absorbed via oral administration. 

GI Absorption: The compound’s absorption in the gastrointestinal tract. 

P-gp Non-Substrate: Whether the compound is a non-substrate for P-glycoprotein 

(P-gp), affecting its distribution. 

Toxicity (Class): The compound's classification is based on its toxicity. 

Lipinski Violations: Whether the compound violates Lipinski's Rule of Five, 

indicating poor druglikeness. 

LD50 (mg/kg): The toxicity level, represented by the lethal dose required to kill 50% 

of test subjects. 

Each compound is plotted on the chart with different colored lines (pk1 in orange, pk2 

in blue, pk3 in green, pk4 in yellow, pk5 in light blue), showing how they compare 

across these features. pk1 exhibits relatively good oral and GI absorption with 

minimal toxicity and no Lipinski violations. On the other hand, pk4 shows higher 

toxicity and more Lipinski violations, with a notable decrease in absorption efficiency. 

This chart helps assess the overall druglikeness and toxicity profile of each compound. 

 

Conclusion 

This study introduces a class of rationally designed perimidine–peptide hybrids as 

potent inhibitors of Topoisomerase IIα. Through comprehensive docking and 

ADMET analysis, pk4 emerged as a promising lead, surpassing etoposide in predicted 

binding affinity and offering the potential to bypass efflux-mediated resistance. These 

findings lay the foundation for experimental synthesis, bioassay validation, and 

optimization for both antibiotic and anticancer applications. 
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