


Identification of a novel peptide-based medicine derived from Boerhavia diffusa against β-lactamase TEM of Klebsiella pneumonia using in silico approaches



ABSTRACT
Klebsiella pneumoniae is the most prevalent pathogenic bacteria that cause nosocomial infections due to the expression of virulence factors and the emergence of drug resistance.         β-lactamase could be the reason behind Klebsiella pneumoniae resistance to β-lactam drugs. In this study, we simulate the blaTEM protein sequence using in silico molecular docking techniques and integrate it into the novel peptide derived from Boerhavia diffusa. An automated drug docking server known as H-Dock server was used to ascertain how the peptide inhibits Klebsiella pneumonia multidrug resistance protein, blaTEM. The peptide and receptor combination was viewed using the advanced molecular visualization program Discovery Studio. The 3D interaction between the protein and the peptide demonstrated direct binding between the transmembrane regions and the functional domains. Thus, we conclude that the identified peptide is a new potential therapy for diseases associated with the multidrug-resistant protein blaTEM of Klebsiella pneumonia.
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INTRODUCTION
The gram-negative bacterium Klebsiella pneumoniae is mostly found in the human respiratory system and intestines. It commonly results in nosocomial infections, which can lead to urinary tract infections, soft tissue infections, liver abscesses, pneumonia, bacteremia, and sometimes even mortality (Bengoechea JA et al., 2019, Murray CJL et al., 2019). Due to bacterial evolution and the improper use of some medications, drug-resistant bacterial infections have become one of the worst public health issues. Nearly 1.2 million deaths in 2019 were attributed to drug-resistant bacterial infections, which killed more people than HIV/AIDS and malaria combined. One of the six main drug-resistant bacteria is K. pneumoniae. Extended-spectrum β-lactam antibiotics (ESBL) and carbapenem-resistant K. pneumoniae (CRKP) are recognized by the WHO as major public health threats. As of right now, CRKP has been documented in Argentina, the Philippines, China, Greece, and Eastern Europe (Diallo OO et al., 2020). According to studies, this strain type causes over 90,000 illnesses and over 7000 fatalities per year in Europe alone, accounting for 25% of mortality from multidrug-resistant (MDR) bacterial infections. Globally, the rate of MDR bacterial resistance is increasing. The detection rate of CRKP in the United States is increasing from less than 0.1% to 24.6%. In Greek hospital wards, 52.4% of K. pneumoniae isolates are resistant. The China Antibiotic Surveillance Network (CHINET) reported that the rate of carbapenem resistance in K. pneumonia increased from 2.4% to 32.8% (Hu F et al., 2021). 
Due to the significantly fewer therapeutic options brought about by this increasing resistance, combating infections with multidrug-resistant (MDR) and extremely drug-resistant (XDR)      K. pneumoniae is now a global concern (Li Y et al., 2023, Pei N et al., 2022, Wang L et al., 2022). Finding innovative therapeutic approaches is increasingly crucial. K. pneumoniae poses an immediate threat to humans and becomes increasingly multi-resistant as it grows. 
The main cause of this is the flexibility of peptide conformations, which restricts the efficiency of small-molecule computational techniques. Additionally, conventional protein-modeling software faces challenges when incorporating nonstandard amino acids and using a variety of cyclization chemistries in peptide drug design (Redkar A et al., 2023). Customized computational methods that are suited to peptides are therefore required and are progressively attracting increasing attention.
Because of their demonstrated efficacy at low concentrations, biosafety, medicinal qualities, and nutritional and cosmetic advantages, bioactive peptides are prospective therapeutic substitutes for small molecules. A variety of biological activities, such as antimicrobial, antihypertensive, anti-inflammatory, anticancer, and antioxidant qualities, are displayed by these peptides, which are usually short chains with fewer than 50 amino acids (Akbarian M      et al., 2022, Bhandari D et al, 2020, Alzaydi, A et al., 2023, Sompinit, K et al., 2020). Peptides are already used by biological systems to treat a variety of pharmacological and physiological issues (Kang, N.J et al., 2020, Xia, Z et al., 2023).
METHODOLOGY
Peptide-based medication selection: The structure of the new peptide (ma-4whza) (Venkatajothi R and Balaji M, 2025) was obtained from the PDB-IHM database in order to perform molecular docking experiments. The UnitProt database (https://www.uniprot.org/uniprotkb/P03372/entry#sequences) provided the blaTEM protein sequence. A three-dimensional model of the blaTEM protein was made using the SwissModel server (https://swissmodel.expasy.org/) (Waterhouse A et al., 2018).  3D Drug Docking: Molecular docking is a widely used in silico drug discovery technique that examines the ideal conformations of small molecules upon encountering blaTEM (Yan Y et al., 2020, Li H et al., 2022, Sheikholeslami M et al., 2025, Zalewski M et al., 2025, Naveed M et al., 2025, Takada YK et al., 2025, Agoni C et al., 2025, Seamann A et al., 2025). Tramadol hydrochloride and the antibiotic blaTEM were used in docking testing. To forecast the 3D interaction of the receptor and ligand molecules, the HDock service (Li H et al., 2022) (http://hdock.phys.hust.edu.cn/) received the 3D docked file format of the ligand and receptor sequence (blaTEM). Additionally, the HDock study shed light on H-bond interactions. Drug-receptor interactions in three dimensions: Following blaTEM molecular drug docking research on Peptide, Discovery Studio Software, a molecular visualization tool, was used to display the 3D structure. Flow chart 1 shows the whole research work.



Flow chart 1: Pictorial representation of the entire research work



RESULTS AND DISCUSSION
FAHPETLVKVKDAEDQLGARVGYIELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRVDAGQEQLGRRIHYSQNDLVEYSPVTEKHLTDGMTVRELCSAAITMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRLDRWEPELNEAIPNDERDTTMPAAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPLLRSALPAGWFIADKSGAGERGSRGIIAALGPDGKPSRIVVIYTTGSQATMDERNRQIA

Fig 1: Amino acid sequence of blaTEM (β-lactamase TEM) of Klebsiella pneumonia retrieved from UniProt database
SFQALLERIYFHVKIEYLVKVLTKNCRIILWLFKDPFTHYIRYQGKSILS

Fig 2: Amino acid sequence of the peptide derived from Boerhavia diffusa retrieved from UniProt database
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Fig 3: 3D structure of blaTEM (β-lactamase TEM) of Klebsiella pneumonia viewed using Discovery Studio software
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Fig 4: 3D structure of the peptide derived from Boerhavia diffusa viewed using Discovery Studio software
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Fig 5: Results of molecular docking using H-Dock server with respective binding scores of peptide against bacterial protein. 
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Fig 6: Discovery Studio software was used to view the 3D complex structure of a peptide with a microbial protein. Yellow coloured spacefill model represents the peptide of Boerhavia diffusa.
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Fig 7: 3D complex structure of peptide with microbial protein viewed using Discovery Studio software with respective amino acid labels at the binding site.
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Fig 8: 3D complex structure of peptide with microbial protein viewed using Discovery Studio software. Yellow coloured ribbon model represents the peptide of Boerhavia diffusa with respective amino acid labels at the binding site. 
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Fig 9: Molecular electrostatic force between 3D complex structure of peptide and microbial protein viewed using Discovery Studio software 
The targeted distribution of chemotherapeutic medicines to cancer cells is an important aspect of cancer therapy because it increases treatment efficacy while minimizing damage to healthy tissue. Because of their possible anticancer effects, bioactive peptides have caught the attention of researchers. Peptide-based cancer treatment techniques have several advantages, including improved specificity, reduced toxicity to healthy tissues, and versatility in tackling multiple biochemical pathways implicated in the development of cancer (Faraji N., et al., 2022). 
Our peptide binds to the functional regions of the target protein, blaTEM (β-lactamase TEM) from Klebsiella pneumonia. The peptide length is (50 aa) (Fig.2), while the amino acid chain of Klebsiella pneumonia blaTEM (β-lactamase TEM) is (255 aa) (Fig. 1). The Swiss model server analyzes the 3D structure of Klebsiella pneumonia blaTEM (β-lactamase TEM) to conduct drug docking experiments against the proposed peptide.
We employ a peptide-protein docking server named HDock ((Archana. G and Sundararaj. R 2024, Archana. G and Sundararaj. R 2024, Suvedha, A et al., 2024)) (Fig. 3). The docking mechanism involves to provide reliable and quick protein-protein docking, the HDOCK server (http://hdock.phys.hust.edu.cn/) integrates homology search, template-based modeling, structure prediction, macromolecular docking, biological information inclusion, and task administration. The server uses a hybrid approach of template-based and template-free docking to automatically anticipate interactions between ligands and receptors. The HDOCK server differs from similar docking servers in that it accepts amino acid sequences as input and employs a hybrid docking strategy that incorporates experimental data about the protein-protein binding site and small-angle X-ray scattering during the docking and post-docking processes. Molecular docking carried out using HDock server shows a score of -264.82 kcal/mol. The results were validated using discovery studio software. Fig.4 to 9 clearly represent the molecular interaction and how the designed novel peptide is bound to the functional domains regions of the blaTEM (β-lactamase TEM) of Klebsiella pneumonia. The amino acids interacting at the H-bond region are as follows:  SN:113,,LEU:6,GLN:183,ASP:35,ARG:8,ASN:113,ARG:8,ASN:113,ARG:27,THR:105,SER:50,GLU:174. The functional domain present in the blaTEM (β-lactamase TEM) from Klebsiella pneumonia 48-50 (PS00005) (Hellemann E et al., 2023) Phosphothreonine functional domain ranges. In this research investigation, we primarily found that the functional and active sites of the bacterial enzyme, beta-lactamase are down regulated due to the inhibition of our novel peptide.  
CONCLUSION
The current study focuses on a peptide-based medication that targets Klebsiella pneumonia multidrug resistance protein. Because of their numerous therapeutic applications, high potency, and possibility for personalized drug delivery, peptide-based pharmaceuticals are becoming increasingly important in today's culture. The molecular docking data clearly reveal that the proposed peptide effectively inhibits the functional domains of the bacterial protein. As a result, the peptide has the potential to treat microbiological disorders, particularly those caused by Klebsiella pneumonia.  
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