



In Silico Approach to Identify Potent Bioactive Pyrrole Analogs as Inhibitors against the Mycobacterium tuberculosis Dihydrofolate Reductase Enzyme 



Abstract
Background: DHFR inhibitors have been demonstrated to be effective in treating patients with both HIV and Mycobacterium. tuberculosis . Dihydrofolate reductase enzyme of M. tuberculosis (DHFR) to improve the capacity to treat tuberculosis patients is more pertinent Millions of people are at risk of contracting new TB infections every second, getting sick, and dying, and there is still a lack of a clear knowledge of the pathophysiology.
Objective: The objective is to create potent therapeutic novel bioactive compounds that function as enoyl-acyl carrier protein reductase (InhA, PDB ID: 1DF7) inhibitors using an in-silico drug creation scheme.
Methods: The virtual screening tool Auto Dock 1.5.6 was utilized to carry out molecular docking studies on Dihydrofolate reductase enzyme of M. tuberculosis (DHFR). Biovia Discovery Studio examined the docked complex of the ligand and protein.
Result : The 10 bioactive substances that have the ability to bind to the 1DF7 have docking scores ranging from -8.5 to -10.4 Kcal/mol. Compound 8 is an excellent candidate for enzyme inhibitor (1DF7) that will be further studied in vitro because it was demonstrated to have the highest allowable docking energy (-10.4 Kcal/mol).
Conclusion: An excellent candidate for the cell wall protein inhibitor (1DF7) is compound 8, whose IUPAC name is S)-N'-((2-hydroxynaphthalen-1-yl)(m-tolyl)methyl)-4-(1H-pyrrol-1-yl ) benzohydrazide. It exhibits a high docking affinity, with a binding energy of -10.4 kcal/mol. Using an in-silico drug design approach for tuberculosis, the effectiveness of pyrrole scaffolding as Dihydrofolate reductase enzyme of M. tuberculosis (DHFR) antagonists in new treatments has been examined.
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1.Introduction:
Tuberculosis (TB) has been responsible for significant health problems in human populations across the world. Mycobacterium tuberculosis (MTB) is the primary cause of tuberculosis (TB), which is one of the leading causes of death among communicable illnesses caused by a single infectious agent in individuals aged 15 to 491. After the interruptions brought on by the COVID-19 pandemic, the World Health Organization's (WHO) 2023 report shows a notable improvement in the number of people with TB diagnoses and undergoing treatment in 20222.The estimated incidence of TB in 2023 increased slightly to 27.8 lakh cases from the previous year’s estimate of 27.4 lakh 2 .India has had difficulty reaching its lofty aims to eradicate TB by 2025, and the number of cases and fatalities reported in 2023 did not exceed the country's expectation3,4
             Pyrrole and its derivatives are essential nitrogen-containing heterocyclic molecules found in a variety of natural products, including bile pigments, heme, cytochromes, vitamin B12, and alkaloids. One of its many other characteristics is antimycobacterial activity 5,6.
           Molecular docking is a method of determining how one molecule should interact with another when joined to form a stable combination7.Using particular qualities, one may forecast the level of contact or ligands between two molecules depending on their preferred orientation. When two molecules are docked, scoring algorithms are employed to determine the strength of their non-covalent contact, also known as binding affinity. Molecular docking is becoming a more important method in drug discovery8.
              DHFR inhibitors have been demonstrated to be effective in treating patients with both HIV and M. tuberculosis . M. tuberculosis dihydrofolate reductase (DHFR) to improve the capacity to treat tuberculosis patients is more pertinent. Both prokaryotic and eukaryotic cells require dihydrofolate reductase for folate metabolism9,10,11. The reduced form of folate is a precursor to cofactors needed for the production of purine nucleotides, thymidylate, methionine, serine, and glycine, which are needed for the synthesis of DNA, RNA, and proteins 9,10,11.  A structure-based computer simulation of the interactions between ligands and receptors was employed in this investigation. The goal of this work is to use an in-silico drug discovery method to identify potentially bioactive compounds that function as M. tuberculosis Dihydrofolate Reductase Enzyme antagonists. 




2. Materials and methods:
The in silico molecular docking investigation was carried out using the Virtual AutoDock Tool version 1.5.6.Biovia Discovery Studio software version 2021 was used to prepare the protein. Ligand preparation, grid generation, and receptor-ligand docking were done using Auto Dock Tool 1.5.6.For every chemical in the study, drug-likeness was predicted using the Swiss ADME service.

2.1. Selection and preparation of target protein:
The protein data bank (PDB) provided the dihydrofolate reductase of Mycobacterium tuberculosis (mtDHFR), PDB ID: 1DF7, with a resolution of 1.70 for docking. Biovia Discovery Studio software version 2021 was used to prepare the protein for molecular docking. First, all non-essential components were removed, including heteroatoms such as water molecules and co-crystallized ligands. After that, hydrogen atoms were added to polar groups to improve the protein's structure, and gasteiger charges were calculated to take electrostatic characteristics into consideration. 
2.2. Selection of ligand molecules:
We employed a target-based ligand selection method for a selection of ligand molecules.The compounds that showed the best docking score and interaction were selected, and they will be synthesised. As shown in Figure 1, we manually constructed them using ChemSketch.The Open Babel program was crucial in the smooth conversion of several file formats that were necessary for our study12. Additionally, we used Argus Lab, a software program that specialises in drug design, graphical visualisation, and molecular modelling, for the crucial job of energy minimisation of the ligand13. Additional ADME predictions were made using SWISS ADME with all the structures  in order to select all bioactive compounds according to the Lipinski rule of five14.
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Figure 1: 2D structure of selected compound along with reference compound Methotrexate 

2.3.Molecular docking investigation	
AutoDock Tool version 1.5.6 was used for the molecular docking investigation.Bioactive substances (ligands) were chosen when the completed protein structure was uploaded as a macromolecule. The program initially reduced the ligand energy before converting it to Auto Dock ligand format (pdbqt). In order to identify the bioactive compounds that best suit the energy value, blind docking was eventually initiated after the grid box was used to cover the whole protein structure. Each simulation was ran around 10 times, yielding ten docked conformations. As a result, it was shown that configurations with the lowest energy had the strongest binding conformations. Lastly, Biovia Discovery Studio looked at the best docked combination of ligand and protein15.

3. Results
 The 1DF7 dihydrofolate reductase of Mycobacterium tuberculosis  catalyzes the NADPH-dependent reduction of dihydrofolate to tetrahydrofolate and is essential for the synthesis of thymidylate, purines with a resolution of 1.70 Å has been elucidated.In silico molecular testing was performed on many bioactive substances. The number of rotatable bonds, molecular weight, hydrogen bond donor and acceptor, and other physiochemical properties were anticipated and examined for drug infractions. All of these compounds adhered to the "Lipinski rule of five" as shown in Table1.

Table 1. Lipinski rule-related information of selected compounds studied along with standard compounds Methotrexate

	Sr. No

	Compound no.
	Mol wt (g/mol)
	LogP o/w
	LogS
	H donors
	H acceptors
	No. of rotatable bonds
	Lipinski violation

	1
	Compound 1	
	433.50
	3.24
	-6.45

	3
	3
	7
	0

	2
	Compound 2
	447.53
	3.89
	-6.75
	3

	3
	7
	0

	3
	Compound 3
	512.40

	4.21
	-7.36

	3
	3
	7
	2 violations: MW>500, MLOGP>4.15

	4
	Compound 4
	451.49

	3.78
	-6.61

	3
	4
	7
	0

	5
	Compound 5
	447.53
	3.72

	6.36
	3
	3
	7
	0

	6
	Compound 6
	463.53

	3.9
	5.97
	3
	4
	8
	0

	7
	Compound 7
	512.4

	3.69
	6.69
	3
	3
	7
	1violations: MW>500

	8
	Compound 8
	467.95

	3.79
	6.63
	3
	3
	7
	0

	9
	Compound 9
	451.49

	3.43
	6.1
	3
	4
	7
	0

	10
	Compound10
	451.49

	3.43
	6.1
	3
	4
	7
	0

	11
	Compound 11 (Methotrexate)
	
454.44

	
1.01

	
-1.19

	5
	3
	9
	0



The molecular docking technique was used to investigate, predict, and comprehend the protein or enzyme interactions with the specified ligand library, and to visualise the likely binding. Pyrrole derivatives were docked with receptors (1DF7) using Biovia discovery studio the virtual screening tool, which used Autodock Tool.1.5.6., and the binding energy and interacting residues were discovered as depicted in Table 2. Selected compound having highest docking energy as compound 1 ,compound 2 and reference compound, 3D and 2D diagrams with protein 1DF7 are depicted in Figure 2- 4.





Table no.2:  Docking-related information of synthesized compounds on PBD ID: 1DF7 studied along with standard compound methotrexate
	Comp.no.
	Interacting residue
	No.of  H bond
	Interaction 
energy (Kcal/mol)

	Compound  1
	Ala126, Arg 45,Ile20,Ile94,Ala7
	0
	-9.6

	Compound 2
	Ile14,Ala126,Ile20,Val54
	0
	-9.1

	Compound  3
	Ser49,Leu50,Ile20,Phe31,Ile14,Ala126,Gly18,Arg45
	1(Ser49)
	-10.1

	Compound 4
	Leu57,Ala126,Phe31,Val54,Pro51,Gln28,Ile20
	0
	-9.0

	Compound 5
	Gln28,Ile20,Phe31,Thr46,Ala126
	0
	-9.4

	Compound 6
	Arg45,Ala126,Leu50,Ile94,Phe31,Thr46,Ile20
	0
	-8.9

	Compound 7
	Asp27,Ile20,Phe31,Thr46,Gln28,Ala126
	1(Asp27)
	-10.3

	Compound 8
	Asp27,Ile20,Gln28,Trp6,Ala126,Phe31,Leu57
	1(Asp27)
	-10.4

	Compound 9
	Ile20,Ala126,Thr46,Arg45
	0
	-8.5

	Compound 10
	Val54,Pro51,Asp19,Leu57,Ile94,Phe31,Ile20,Gly18,Ala126
	0
	-10.0

	Compound 11 Standard
(Methotrexate)
	Asp27,Ala7,Ile20,Ile14,Asp125,Gln98,Arg45,Ala126
	2(Asp27,Ala7)
	-8.9
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           Figure 2: 3D and 2D diagram of compound 8 interaction with 1DF7
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        Figure 3: 3D and 2D diagram of compound 7 interaction with 1DF7
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       Figure 4: 3D and 2D diagram of compound 11 (Methotrexate) interaction  
       with 1DF7





4. Discussion:
Babies and those with weakened immune systems are at risk from tuberculosis because it is extremely infectious and spreads through aerosols. If macrophages are unable to adequately digest these infections, Mycobacterium can remain asymptomatic for years 16. Researchers are working to develop and synthesise novel compounds that can simultaneously cure mycobacterial and fungal infections due to the necessity for an efficient therapy. The emergence of organisms resistant to antibiotics has made the quest for drugs with strong antitubercular action increasingly important in TB research.  17. The objective of this study was to develop compounds that can bind to the 1DF7 protein that could be used as a therapeutic medicine for Mycobacterium TB in the future. Approximately ten bioactive molecules can bind to the 1DF7, with binding energy ranging from -8.5 to -10.4 Kcal/moL for the individual compounds tested. 
             Compound 8 whose IUPAC name is (S)-N'-((2-hydroxynaphthalen-1-yl)(m-tolyl)methyl)-4-(1H-pyrrol-1-yl ) benzohydrazide was discovered best ligand to bind with the lowest energy (-10.4 Kcal/mol) with 1DF7 Figure 2, Table 2. Compound 7 whose IUPAC name is (S)-N'-((3-chlorophenyl) (2-hydroxynaphthalen-1-yl) methyl) -4- (1H- pyrrol-1-yl) benzohydrazide was discovered good ligand to bind with the lowest energy (-10.3 Kcal/mol) with 1DF7 Figure 3, Table 2.  During the global Mycobacterium tuberculosis outbreak, Methotrexate was used as medicine, Figure 4 and Table 2. An effort was made to forecast this drug's binding mechanism and binding energy in relation to the 1DF7 protein (Methotrexate binding energy -8.9 Kcal/mol ).Furthermore, all compounds were observed to restrict viral reproduction and translation, which may significantly influence viral load decrease in infected patients18,19. In comparison to Methotrexate, all of the compounds tested here had a higher negative binding potential energy. All of the bioactive substances utilised in this investigation meet the Lipinski rule of five, indicating their potential for therapeutic use Table 1.Our findings were similar with Methotrexate derivatives and their antitubercular action as a new family of inhibitors of Mycobacterium tuberculosis  dihydrofolate reductase20. 
         Chemical libraries may be compared to potential drug candidates via Biovia Discovery Studio, a virtual screening tool for computational therapeutic discovery. Biovia Discovery Studio guides users through the whole process, from data pre-processing to job submission and assessment, and allows medicinal chemists to do virtual screening from anywhere. Biovia development Studio's docking technique, which promotes simplicity, is advantageous to computer-aided pharmaceutical research, despite the fact that there is no magical answer in drug development.

 5. Conclusions:
Docking of molecules is part of a revolutionary novel approach to researching the binding of tiny compounds to receptor proteins. The antituberculosis efficacy of pyrrole scaffoldings dihydrofolate reductase of Mycobacterium tuberculosis (mtDHFR), PDB ID: 1DF7 inhibitors in novel therapies has been explored.Compound 8 whose IUPAC name is (S)-N'-((2-hydroxynaphthalen-1-yl)(m-tolyl)methyl)-4-(1H-pyrrol-1-yl ) benzohydrazide become located to possess maximum appropriate docking energy (-10.4Kcal/mol), and it has become suitable as a potential chemical for an inhibitor of (1DF7). It should also be further investigated in vitro.
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