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			ABSTRACT

		

		
			Gram negative bacteria are today’s major worldwide health concern because of production hydrolytic enzyme New Delhi Metallo-β-lactamase (NDM-1). The enzyme NDM-1 is responsible for bacterial resistance against almost all the β-lactam antibiotics. Therefore, NDM-1 inhibitors can play an important role against these emerging highly resistant microorganisms. The existing beta lactamase inhibitors are considered ineffective against these superbugs and there is an urgent need for discovery of novel drugs with selective potential. In this study, we illuminate the binding mode of pimarane diterpenes (diaporthein A and diaporthein B) to the NMD-1 by molecular docking. A computational ligand-target docking approach was used to analyze structural complexes of enzyme target with diaportheins. Auto Grid model showed the most energetically favorable binding mode of natural compounds to beta-lactamase. Docked energies for diaporthein A and B were -8.02 and -8.41 kcal/mol, respectively. These outcomes revealed that these ligands could be potential drugs to treat infectious diseases.
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			Introduction




			Human beings are affected by number of diseases. Infectious diseases are one of the top listed challenges for human beings. It’s the major concern of the scientists worldwide to find out the ways by which the problem is to be sort out. They are trying their best to find the solution by conducting number of researches. The emergence of new infectious diseases has become major source of morbidity and mortality all over the world. The major concern in the recent infectious diseases is the emergence of multi drug-resistant (MDR) bacteria which draws the attention of the community as well as the hospital settings towards developing its treatment strategies (Shakil et al., 2011).

			Gram-negative pathogens have been recognized as most problematic bacteria challenges for Infectious Diseases Society of America (Shakil et al., 2011; Boucher et al., 2009). Out of six bacteria, Enterococcus faecium,  Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii, Pseudomonas aeruginosa, and Enterobacter species (ESKAPE) pathogens which recognized as particularly troubling, four are gram-negative. Hence the attention of the scientific community has shifted to the resistant gram-negative bacteria (Shakil et al., 2011; Bush et al., 2010; Rice et al., 2008). However several drugs are available for treatment of β-lactam resistant gram-positive bacterial infections like linezolid, tigecycline and daptomycin1. Simultaneous resistance to cephalosporin’s and carbapenems in pathogens might lead to therapeutic dead-ends (Shakil et al., 2011).

			The New Delhi Metallo-β-lactamase 1 (NDM-1) was initially reported in 2009 in a Swedish patient, who got urinary tract infection by Klebsiella pneumonia when travelled to New Delhi (Yong et al., 2009; Liang et al., 2011). A study reported that Klebsiella pneumonia NDM-1 positive strain or Escherichia coli NDM-1 positive strain was profoundly impervious to all antibiotics applied with the exception of tigecycline and colistin (Liang et al., 2011; Kumarasamy et al., 2010). Since August 2010, the spreading of NDM-1 positive strain, with cases being universally reported by medias from nations including United States, Canada, Sweden, United Kingdom, Austria, Belgium, France, Netherlands, Germany, Africa, Oman, Australia, Japan and China (Liang et al., 2011; Rolain et al., 2010). In spite of the fact that NDM-1-positive cases are not presently pervasive worldwide, it can spread through renal or bone marrow transplantation, dialysis, pregnancy, burns and nonessential surgery.

			The spread of NDM-1 gene containing pathogenic microorganisms (called “super bugs’’) now considered as worldwide major health risk (Liang et al., 2011). Carbapenems have been utilized for a long time as the antibiotics of final resort for the treatment of nosocomial contaminations created by Enterobacteriaceae. Imperviousness to these medications in Enterobacteriaceae has developed around the world. This resistance is basically determined by the biosynthesis of enzymes i.e. carbapenemases, especially Klebsiella pneumoniae carbapenemase 2 (KPC-2) and more recently, New Delhi Metallo β-lactamase 1 (NDM-1) (Rozales et al., 2014; Nordmann et al., 2011). Bacteria showed resistance to drugs because of plasmids containing the blaNDM-1 gene shuttling through bacterial populaces. The enzyme NDM-1 encoded by the blaNDM-1 gene has the ability to hydrolyzes β-lactam antibiotics permitting the organisms to escape from their effects. New Delhi Metallo β-lactamase 1 (NDM-1) is a novel wide range β-lactamase with the capacity to inactivate all β-lactams except Aztreonam (Drawz et al., 2014). Recently it is reported that majority of the NDM-1 producers have the ability to produce aztreonam hydrolyzing β-lactamases. Therefore these pathogens become completely impervious to all β-lactams (Shakil et al., 2011). Although the structural features and biological activities of NDM-1 have been investigated and proposed but the specific molecular characteristics and mechanism of action of NDM-1 have not been clarified (Guo et al., 2011).

			For many years’ natural products have assumed an essential part in human health and aversion of infections. The antiquated civil establishments of the Chinese, Indians and North Africans give composed proof to the utilization of natural sources for curing different illnesses (Fabricant and Fransworth 2001). Recent studies by the World Health Organization (WHO) indicated that around 80% of the world’s populace depends on traditional medicines (Hassan et al., 2009). Around 121 drugs recommended in USA today originate from natural sources (Benowitz, 1996). Many of compounds from plants as well as microbial sources used to treat infectious diseases.

			Plant metabolites ranging from simple phenols to flavonoids and complex triterpenoids (taxol) have been reported for their potential pharmacological functions (Saxena et al., 2013). Similarly microorganisms have a potential to produce unique substances that prompted the revelation of antibacterial agents like cephalosporin’s, antidiabetic agent such as acarbose and anticancer drug lead such as epirubicin (Murugesan et al., 2013). Microorganisms produce unique secondary metabolites with diverse chemical (terpenes, tepenoids, alkaloids, anthrquinones, azaphilones, and steroids) and biological activities (anticancer, antimalarial, antibacterial, antifungal (Murugesan et al., 2013).

			Diterpeniods are of fungal or plant compounds found in gums and sticky exudates. They showed various biological activities such as antiseptic, antimicrobial, anticancer and antimalarial (Cardoza et al., 2011). Pimarane diterpenes showed significant antimicrobial effects against microorganisms causing dental caries. Therefore, pimarane terpenes are a vital class of auxiliary metabolites with potential to be developed as antimicrobial agents against resistant microorganisms (Porto et al., 2009). The aim of the current work is to evaluate NDM-1 inhibition potential of diterpenic compounds (diaporthein A and B) by using structure-based drug designing virtual screening approaches (Dettrakul et al., 2003) (Fig. 1).
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			Fig. 1. Pimarane diterpenes (Diaporthein A and B) used as NDM-1 inhibitors.




			Materials and methods




			Accession of target protein

			The 3D structure of New Delhi-beta-lactamase (NDM-1) was obtained from the Protein Data Bank (PDBID: 4GYQ). NDM-1 is an enzyme that makes microbes impervious to almost all beta-lactam antibiotics including carbapenems, which are a backbone for the treatment of antibiotic-resistant bacterial infections. The enzyme NDM-1 encoded by the blaNDM-1 gene has the ability to hydrolyzes β-lactam antibiotics. Recently it is reported that NDM-1 producers have the ability escape from effects of aztreonam making the situation more challenging.

			Anti NDM-1 ligands

			Diaporthein derivatives previously reported from micro-organisms especially from fungi were used as ligands molecules (Dettrakul et al., 2003; Porto et al., 2009). These structures were designed by utilizing Chem Bio-Draw and MOL2 configuration of these ligands were changed to PDB format using Open Babel tool, before transfer onto ArgusLab programming.

			Target and ligands optimization

			For docking analysis, PDB coordinates of the target protein and ligand molecules were optimized by ArgusLab software. These coordinates had minimum energy and stable conformation.

			Analysis of target active binding sites

			Proteins carry out their functions through interactions with other proteins and hence precisely recognizing the protein-ligand binding site assumes an essential part in protein functional annotation and discerning drug discovery. The active sites are the coordinates of the ligand in the target protein matrices and these dynamic binding sites of target protein were investigated (Muhammad et al., 2014) using the DoGSite Scorer: Active Site Prediction and Analysis Server (Volkamer et al., 2012).

			Molecular docking analysis

			A computational ligand-target docking approach was used to analyze structural complexes of the New Delhi-beta-lactamase target with diaporthein A and B, respectively. Molecular docking was carried out by ArgusLab software. At each step of the simulation, the energy of interaction of ligand and protein was evaluated using atomic affinity potentials computed on a grid. The remaining parameters were set as default.

			Results and discussion




			There are several reports from different areas of Pakistan regarding prevalence of NDM-1 positive pathogens and their devastating effects. Consequently, potential efforts are underway to tackle NDM-1 positive pathogens. Recently, Qamar et al. (2017) found that Manuka honey was effective against NDM-1 positive clinical isolates of Pakistan, although the effects were not much promising. One of the reasons behind could be the less sensitivity of in vitro antibacterial testing system. Therefore, advanced methods like in silico drug designing are much needed. 

			In order to identify the novel classes of NDM-1 inhibitors by means of structure-based drug design, prediction of protein-ligand interaction is essential for virtual screening approaches (Berman et al., 2000). This process requires docking tools to produce suitable conformations of a ligand within a protein-active site. Furthermore, a reliable energy evaluation can easily indicate the quality of receptor-ligand putative complex and provide insights for biomedical science and drug development (Ewing et al., 2001).
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			Fig. 2. Crystallographic 3D structure of New Delhi-beta-lactamase, the quality of the protein model was estimated by Ramachandran plot (PDBID: 4GYQ).




			The minimum binding energy indicated that the target enzyme was successfully docked with ligands molecules (Tables I, II). In Figure 2 the validated and tertiary crystallographic structure of NDM-1 was used as target for molecular docking analysis. A Ramachandran graph produced from New Delhi-beta-lactamase (PDBID: 4GYQ) protein that contains both β-sheet and α-helix. The plot indicates that the acceptable area is considerably larger and it shows the quality of protein structure. The possible binding modes are: ALA, ARG, ASN, ASP, CYS, GLN, GLU, GLY, HIS, ILE, LEU, LYS, MET, PHE, PRO, SER, THR, TRP, TYR, and VAL. The minimum binding energy indicated that the target enzyme was successfully docked with diaporthein derivatives (Muhammad et al., 2014).  




			Table I.- Energy values calculated during docking analysis of Diaporthein-A with New Delhi-beta-lactamase (PDBID: 4GYQ).

			
				
					
					
					
					
				
				
					
							
							Serial No.

						
							
							Ligand target

						
							
							Energy 

							(Kcal/mol)

						
							
							Rotatable bonds

						
					

					
							
							1

						
							
							Diaporthein A_4GYQ

						
							
							-8.02

						
							
							6

						
					

					
							
							2

						
							
							Diaporthein A_4GYQ

						
							
							-7.99

						
							
							6

						
					

					
							
							3

						
							
							Diaporthein A_4GYQ

						
							
							-7.44

						
							
							6

						
					

					
							
							4

						
							
							Diaporthein A_4GYQ

						
							
							-7.24

						
							
							3

						
					

					
							
							5

						
							
							Diaporthein A_4GYQ

						
							
							-7.06

						
							
							3

						
					

					
							
							6

						
							
							Diaporthein A_4GYQ

						
							
							-6.71

						
							
							3

						
					

					
							
							7

						
							
							Diaporthein A_4GYQ

						
							
							-6.56

						
							
							3

						
					

					
							
							8

						
							
							Diaporthein A_4GYQ

						
							
							-6.49

						
							
							3

						
					

					
							
							9

						
							
							Diaporthein A_4GYQ

						
							
							-6.32

						
							
							3

						
					

					
							
							10

						
							
							Diaporthein A_4GYQ

						
							
							-6.01

						
							
							3

						
					

				
			



			Table II.- Energy values calculated during docking analysis of Diaporthein-B with New Delhi-beta-lactamase (PDBID: 4GYQ).

			
				
					
					
					
					
				
				
					
							
							Serial No.

						
							
							Ligand target

						
							
							Energy 

							(Kcal/Mol)

						
							
							Rotatable bonds

						
					

					
							
							1

						
							
							Diaporthein B_4GYQ

						
							
							-8.41

						
							
							6

						
					

					
							
							2

						
							
							Diaporthein B_4GYQ

						
							
							-8.42

						
							
							6

						
					

					
							
							3

						
							
							Diaporthein B_4GYQ

						
							
							-8.13

						
							
							6

						
					

					
							
							4

						
							
							Diaporthein B_4GYQ

						
							
							-7.82

						
							
							6

						
					

					
							
							5

						
							
							Diaporthein B_4GYQ

						
							
							-7.61

						
							
							6

						
					

					
							
							6

						
							
							Diaporthein B_4GYQ

						
							
							-7.55

						
							
							6

						
					

					
							
							7

						
							
							Diaporthein B_4GYQ

						
							
							-6.13

						
							
							6

						
					

					
							
							8

						
							
							Diaporthein B_4GYQ

						
							
							-5.89

						
							
							6

						
					

					
							
							9

						
							
							Diaporthein B_4GYQ

						
							
							-5.51

						
							
							5

						
					

					
							
							10

						
							
							Diaporthein B_4GYQ

						
							
							-5.46

						
							
							5
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			Fig. 3. A, The binding region with related amino acids residues ALA, ASN, ASP, CYS, GLN, GLU, GLY, HIS, ILE, LEU, LYS, MET, PHE, PRO, SER, THR, TRP, TYR, and VAL; B, Visual of molecular docking shows the confirmation of Diaporthein-A to New Delhi-beta-lactamase with binding energy of -8.02 Kcal/mol.




			Diaporthein A showed relatively good binding affinity (-8.51 kcal/mol) as compared to other ligand (Fig. 3). The docking of enzyme target focus with ligands utilizing docking methodology uncovered that all the computationally predicted lowest energy complexes of enzyme are stabilized by intermolecular hydrogen bonds and stacking interactions. The AutoGrid model exhibited the most energetically positive binding mode of diaporthein to enzyme site. The terpenes as ligands are docked into the produced consolidated matrices and the RMSD from native pose and the binding energies are assessed and it is observed that the weight averaged grids performed the best. The ligands demonstrated the best interaction with target proteins in light of the RMSD values.

			Beside RMSD clustering, ArgusLab software has determined the binding free energies of these interactive molecules to discover the best binding mode. The final docked energies for diaporthein A and B were -8.51 and -8.46 kcal/mol, respectively (Figs. 3, 4). Docking results uncovered that these ligand particles can precisely interact with enzyme target.
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			Fig. 4. A, The binding region with related amino acids residues ALA, ARG, ASN, ASP, CYS, GLN, GLU, GLY, HIS, ILE, LEU, LYS, MET, PHE, PRO, SER, THR, TRP, TYR, and VAL; B, Visual of molecular docking shows the confirmation of Diaporthein-B to New Delhi-beta-lactamase with binding energy of -8.41 Kcal/mol.




			Conclusion




			We demonstrated that diaporthein A and B may be considered as powerful and suitable inhibitors against NDM-1 β lactamase producing superbugs. These compounds demonstrated an appreciable binding affinity against NDM-1 β-lactamase can give a noteworthy basis for drug development against emerging global health risk. However, further genetic and experimental validation is needed to ascertain antimicrobial potential of these natural compounds for clinical and therapeutic applications.
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got urinary tract infection by Klebsiella pneumonia when
travelled to New Delhi (Yong ef al., 2009; Liang ef al.,
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was profoundly impervious to all antibiotics applied with
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