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Abstract:  
Background: Bacterial resistance, particularly in strains of Staphylococcus aureus, poses a significant 

challenge in both veterinary and human medicine. The production of β-lactamases by these bacteria is one of 

the primary reasons for the ineffectiveness of β-lactam antibiotics. The use of β-lactamase inhibitors emerges as 

a promising strategy to restore the efficacy of these antibiotics. 

Materials and Methods: This study conducted an in silico analysis of various β-lactamase inhibitors against the 

1BLH protein of S. aureus. The crystal structure of the protein was obtained from the RCSB Protein Data Bank 

and used for docking simulations, where five established inhibitors (Clavulanic Acid, Sulbactam, Tazobactam, 

Avibactam, and Relebactam) were tested. Docking experiments were conducted using the Dockthor server. The 

interactions between the ligands and the protein were analyzed using tools such as Visual Molecular Dynamics 

(VMD) and PyMOL. 

Results: The findings indicated that all ligands formed multiple hydrogen bonds with the 1BLH protein, 

suggesting strong interactions. Relebactam stood out by exhibiting a π-π interaction in addition to hydrogen 

bonds, indicating potentially superior affinity. The analysis revealed that the Ser202 residue plays a critical role 

in the interactions between the inhibitors and the β-lactamase. 

Conclusion: The in silico analysis demonstrated the effectiveness of β-lactamase inhibitors against the 1BLH 

protein of S. aureus, with Relebactam showing characteristics that may enhance its efficacy as an inhibitor. 

These findings provide a solid foundation for future research and may expedite the development of new 

therapies against resistant bacterial infection. 
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I. Introduction 
 Various bacteria, including Staphylococcus aureus, produce enzymes known as β-lactamases, which 

confer resistance to beta-lactam antibiotics1.These enzymes function by breaking the β-lactam ring present in 

these antibiotics, rendering them ineffective against bacterial infections2.The emergence of β-lactamase-

producing strains poses a significant public health challenge, highlighting the need for effective inhibitors to 

counteract their activity3. 

β-lactamase inhibitors are compounds designed to neutralize these enzymes, restoring the effectiveness 

of β-lactam antibiotics4.These inhibitors fall into two main categories: irreversible inhibitors, which form a 

permanent bond with the enzyme, and reversible inhibitors, which bind temporarily5,6. The strategic 

combination of these inhibitors with antibiotics has proven to be a promising approach in overcoming bacterial 

resistance7. 
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The rapid evolution of bacterial resistance mechanisms makes the development of new antimicrobial 

agents increasingly challenging8.Combining traditional antibiotics with β-lactamase inhibitors offers a potential 

solution, but a detailed molecular-level understanding of these interactions is essential for optimizing their 

use9,10. This complexity underscores the importance of innovative approaches in drug design and evaluation11. 

Computational tools, such as molecular modeling and docking techniques, have become invaluable in 

drug discovery12. These methods allow researchers to simulate and visualize interactions between compounds 

and their biological targets, facilitating the identification of promising inhibitors and providing insights into their 

binding mechanisms13. By leveraging these in silico techniques, the drug development process can be both 

accelerated and refined14,15. 

This study aims to conduct an in silico analysis of various β-lactamase inhibitors against the 1BLH 

protein of S. aureus. We hypothesize that specific inhibitors will exhibit strong binding affinity and effectively 

inhibit the enzymatic activity of 1BLH. The findings from this research could contribute to the development of 

more effective therapeutic strategies against resistant bacterial strains. 

 

II. Material And Methods 
Acquisition of Protein 1BLH 

The protein 1BLH, a β-lactamase from S. aureus, was obtained from the RCSB Protein Data Bank. Its 

crystal structure was determined through X-ray diffraction, with a resolution of 2.30 Å. The protein was 

analyzed in complex with the phosphonate ligand (FOS) and downloaded in PDB file format16. 

 

Physicochemical Properties of 1BLH 

The physicochemical properties of β-lactamase were predicted using the Pepstats database 

(https://www.ebi.ac.uk/jdispatcher/seqstats/emboss_pepstats) and the ProtParam tool of ExPASy 

(https://web.expasy.org/protparam/). 

 

Preparation of Proteins and Ligands  

The crystal structure of the β-lactamase enzyme was obtained from the Protein Data Bank (PDB), 

specifically entry 1BLH, chosen for its accurate representation of the enzyme's inhibition site with a specific 

ligand, [n-(Benzylcarbamoyl)aminomethyl]phosphate (FOS). To assess the inhibitory potential, five established 

β-lactamase inhibitors - Clavulanic Acid, Sulbactam, Tazobactam, Avibactam, and Relebactam - were retrieved 

from PubChem in SDF format and converted to MOL2 format17. 

 

Docking Simulations 

Docking experiments were conducted using the Dockthor server (https://docthor.lncc.br/v2/), a 

specialized platform for simulating protein-ligand interactions. The 1BLH protein was loaded, and its inhibition 

site was defined based on previous crystallographic findings, yielding coordinates X: 3.77, Y: -9.31, and Z: -

9.74. The ligand preparation involved optimizing their geometric states to ensure accurate docking simulations. 

Each ligand was docked to the enzyme's inhibition site, and binding scores were meticulously recorded to 

evaluate their potential as inhibitors18. 

 

Visualization and Analysis of Docking Results 

The resulting docking poses were analyzed using Visual Molecular Dynamics (VMD) and PyMOL, 

allowing for a detailed examination of how the ligands interacted with the enzyme. VMD provided dynamic 

visual representations of binding interactions, while PyMOL offered high-resolution static images, enabling a 

closer inspection of hydrogen bonds, hydrophobic interactions, and the overall positioning of the ligands within 

the active site. 

 

2D Interaction Analysis 

To complement the structural analysis, the docking results were further examined using PoseView 

(//proteins.plus/help/poseview). This tool generated two-dimensional interaction diagrams, illustrating critical 

interactions such as hydrogen bonds and π-stacking. A comparative study of these diagrams highlighted the key 

molecular interactions responsible for the inhibitory activity of eugenol and carvacrol in relation to well-

characterized inhibitors. 

 

III. Result  
The physicochemical properties of the protein are summarized in Table 1. The aliphatic index, which 

measures the volume occupied by aliphatic side chains (such as alanine, isoleucine, leucine, and valine), is 

87.28. This value suggests good thermal stability; the higher the index, the greater the stability at elevated 

temperatures. The instability index, which considers values below 40 as indicative of stability, yielded a result 
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of 30.55, confirming the protein's stability. The Grand Average of Hydropathy (GRAVY) is calculated by 

summing the hydropathy values of all residues and dividing by the total number of amino acids. For the protein 

1BLH, the GRAVY is -0.615, indicating that the protein is hydrophilic.  

 

Table no 1: Physicochemical Properties of 1BLH. 
Properties 1BLH 

Sequence Length 257 

Molecular Weight 28794.15 

Isoelectric Point 10.1155 

Aliphatic Index 87.28 

Molecular Formula C1293H2103N341O392S3 

Total Number of Atoms 4132 

GRAVY -0,615 

Instability Index 30,55 

 

Table no 2 presents the results of the docking performed on the Dockthor platform. Regarding van der 

Waals energy (vdW Energy), the co-crystallized ligand with 1BLH exhibited the highest energy at 10.455, while 

relebactam showed the lowest at -9.455. In terms of electrostatic energy (Elect. Energy), the co-crystallized 

ligand with the protein had the lowest energy at -67.467, whereas sulbactam had the highest at -21.145. Finally, 

for total energy (Total Energy), the avibactam ligand displayed the most negative value at -30.469 compared to 

the other ligands. 

 

Table no 2.  Molecular docking results of inhibitors against β-lactamases 1BLH using DockThor server. 
Compound Affinity Total Energy vdW Energy Elect. Energy 

FOS -6.601 -18.664 10.455 -67.467 

Ácido Clavulânico -6.218 -23.680 -4.107 -25.083 

Sulbactam -6.595 -23.678 -7.434 -21.145 

Tazobactam -6.753 -25.285 -5.539 -30.231 

Avibactam -6.314 -30.469 -6.041 -33.036 

 

Table no 3 shows the amino acid residues involved in the interaction between beta-lactamase inhibitors 

and the 1BLH protein. The most frequent interactions are hydrogen bonds (H-bond), and one such interaction 

noted among all ligands was with the Ser202 residue. π-π and hydrophobic (HI) interactions were the least 

frequent. 

 

Table no 3. Relationship of amino acid residues and types of intermolecular interactions through DockThor and 

PoseView analysis. 
Compound Ser39 Tyr72 Ser83 Ser97 Ser183 Ser202 Gln204 Arg211 

FOS H-bond  H-bond  HI H-bond   

Clavulanic Acid  HI  H-bond  H-bond H-bond H-bond 

Sulbactam H-bond   H-bond  H-bond H-bond  

Tazobactam H-bond     H-bond H-bond H-bond 

Avibactam H-bond   H-bond  H-bond  H-bond 

Relebactam  π-π  H-bond  H-bond  H-bond 

 

The set of figures in Figure 1 illustrates in 2D the types of interactions between the ligands and the 

amino acid residues, generated by the Poseview server. All ligands, including FOS (Figure 1A), Clavulanic Acid 

(Figure 1B), Sulbactam (Figure 1C), Tazobactam (Figure 1D), and Avibactam (Figure 1E), formed multiple 

hydrogen bonds (H-bond), which were a common interaction among them. In addition to the hydrogen bonds, 

Relebactam (Figure 1F) stood out by exhibiting a less common interaction, the π-π interaction, while also 

forming several hydrogen bonds. The interaction with the Ser202 residue was common to all ligands. While 

hydrogen bonds were a shared characteristic among all ligands, the π-π interaction of Relebactam represents a 

particularity that may influence its effectiveness in interactions with the protein. 
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Figure 1A Figure 1B 

  
Figure 1C Figure 1D 

  
Figure 1E Figure 1F 

 

IV. Discussion 
Bacterial resistance, particularly in strains such as S. aureus, poses a significant challenge in both 

veterinary and human medicine. The production of β-lactamases by these bacteria is one of the primary reasons 

for the ineffectiveness of β-lactam antibiotics19. In this context, the use of β-lactamase inhibitors emerges as a 

promising strategy to restore the efficacy of these antibiotics20. The in silico analysis conducted in this study 

provides valuable insights into the interactions between various inhibitors and the 1BLH protein, a 

representative model of β-lactamase. 

The stability and hydrophobicity of bacterial proteins are essential for antimicrobial resistance. Stable 

proteins can maintain their functions in adverse conditions, while hydrophobicity may influence interactions 

with drugs, affecting membrane permeability and the effectiveness of antimicrobial agents21,22. 
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The PoseView server was utilized to create visual representations of the molecular interactions within 

the protein-ligand complexes. It generated two-dimensional diagrams that highlight specific contacts, such as 

hydrogen bonds, hydrophobic interactions, and π-π interactions, while also illustrating the spatial arrangement 

of the involved residues and atoms. These results are essential for structural analysis and the interpretation of 

interaction mechanisms23,24. 

The docking simulations revealed that all tested ligands, including FOS, Clavulanic Acid, Sulbactam, 

Tazobactam, and Avibactam, formed multiple hydrogen bonds with the protein. These bonds are crucial as they 

indicate a strong interaction between the inhibitors and the active site of the β-lactamase, suggesting that these 

compounds have the potential to inhibit enzymatic activity. The presence of hydrogen bonds indicates that the 

ligands are favorably positioned within the active site, which is essential for the inhibitor's effectiveness. 

Notably, Relebactam distinguished itself by exhibiting a π-π interaction in addition to hydrogen bonds. 

This less common interaction may provide Relebactam with an additional advantage in terms of affinity and 

specificity for the protein, potentially enhancing its effectiveness as an inhibitor. The π-π interaction is often 

associated with stronger and more stable interactions between ligands and biological targets, which can be a 

determining factor in selecting inhibitors for the development of new therapies25,26. 

Furthermore, the common interaction with the Ser202 residue across all ligands suggests that this 

residue plays a critical role in the binding of inhibitors to β-lactamase. Identifying key residues like Ser202 can 

guide future investigations into structural modifications of the inhibitors aimed at optimizing their efficacy27,28. 

 

V. Conclusion 

This study demonstrated the effectiveness of in silico analysis in evaluating β-lactamase inhibitors 

against the 1BLH protein from S. aureus. The results indicated that all ligands formed multiple hydrogen bonds, 

signifying a strong interaction with the enzyme. Relebactam stood out by exhibiting a π-π interaction, 

suggesting potentially superior affinity. Furthermore, the identification of the Ser202 residue as a common 

interaction point among all ligands highlights its significance in the development of effective inhibitors. These 

findings provide a solid foundation for future research and may expedite the development of new therapies 

against resistant bacterial infections. 
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