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Abstract: Tuberculosis is a worldwide threat people with low immune system and poverty, which is caused 

by Mycobacterium tuberculosis bacterium. Mazf family proteins causes virulence due to the adaptable 

nature of the pathogen in the host body. Homology modelling techniques are employed in drug development 

such as template section methods such as BLAST, PHYRE2, and JPred4 server tools. Sequence alignment 

done by CLUSTALW, and model building using MODELLER 10.4. model validation done by 

Ramachandran plot and ProSA techniques. Protein preparation carried out through Schrodinger suite protein 

preparation wizard, and active site prediction by CASTp, ligand preparation, grid generation followed by 

virtual screening and pharmacological studies ADME properties are assessed for best target molecules. The 

lead molecules are identified from D1 to D4 with common pharmacophore, benzyl amine functional group. 
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INTRODUCTION 
Tuberculosis is a major threat to public wellness caused by the bacteria Mycobacterium tuberculosis. During 

the COVID-19 epidemic, “the number of people misdiagnosed and untreated has escalated, resulting in Tb 

death and community transmission of infection, with some time-lag, increasing a greater number of people 

infecting TB,[1]” according to the WHO 2022 report[2]. To combat the spreading tuberculosis etiology and 

emerging multi-drug-resistant strains[3][4] new targets for inhibiting Mycobacterium tuberculosis are 

required with new mechanisms of action. In this present study Mazf family protein[5] adaptable nature 

towards survival of the drastic existing conditions of the Mtb bacteria. MazF6 protein has been shown 

crucial for virulence and physiology. The MazF6 protein work in concert to let Mtb adapt to situations like 

oxidative stress, food deprivation, and drug exposure[6]. The current study emphasizes how crucial MazF6 

endoribonucleases inhibited with lead molecules and identify the prospective targets for the treatment of 

tuberculosis. 
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METHODOLOGY 

 

2.1. Homology modeling  

 

Computational techniques[7] are employed in drug development to overcome the limitations of traditional 

procedures[8]. The UniProt Knowledgebase (UniProtKB)[9],[10] server delivered the data in FASTA 

format. The sequences were analysed using BLAST[11],[12], PHYRE2[13], and the PSI-BLAST module of 

the JPred4[14] server tools. The template was chosen based on the following criteria: sequence similarity, 

query coverage, low E-value, protein fold identity, and similar secondary structure.  

 

 

2.2. Alignment And Model Generation 

We identified conserved identical, similar, and non-identical areas by using CLUSTALW to align numerous 

sequences between the amino acid sequences of the biological target and the reference template[15]. 

MODELLER 10.4[16] is used to create three-dimensional models of the MazF6 protein. The model was 

developed by constrained optimization of the protein sequence alignment[17]. Thirty models were initially 

constructed, and the one with the lowest MOF (Modeller objective function) was chosen for further 

refinement testing. 

2.3. Structural Optimization of MazF6 and Validation 

The developed 3D model stability can be accomplished by 3D model optimization. The produced 3D 

model's energy conservation is performed using imperf[13] and Protein preparation wizard, Schrödinger 

suite by, OPLS (Optimal Potential for Liquid Simulations) force field 2005. PROCHEK scores as the 

primary assessment criterion, the stereochemical quality of the data used to generate the model is improved, 

bringing the data closer to what is expected for experimental structures. To validate the improved MazF6 

protein model, the PROCHECK and ProSA server programs were used. The protein model's stereochemical 

quality, local model quality, and overall model quality was all assessed and validated. PROCHEK[18] 

generates Ramachandran plots to assess amino acid stereochemistry based on phi(Φ) and psi(ψ) angles. The 

Protein structural Analysis (ProSA) server[19] program examines the energy and local compatibility of the 

protein structure in comparison to others of similar amino acid length that of PDB. 

2.4. Prediction of MazF6 protein active site 

Potential active sites are found where the ligand interacts with the protein. The MazF6 protein's active site is 

identified as the binding pockets on the surface of the protein. “The identification and size characterization 

of surface pockets and occluded are the first stages in designing ligands based on protein structure”. The 

active location is often the biggest pocket or cavity”[20],[18].The CASTp server[21]. The CASTp detects 

the protein structure’s binding cavities and pockets[22]. The validation process for binding site recognition 

and assessment can assist researchers in locating binding sites with high confidence and predicting their 

draggability. SiteMap also aids in lead optimization by offering insight into receptor-ligand interactions and 

recommending viable ways for modifying lead molecules to improve receptor complementarity[23]. 

2.5. Docking and Virtual screening investigations 

The Glide module of the Schrödinger software is used to dock and screen ligands from several small 

molecule databases against the biological target as part of the structure-based drug discovery technique[24] 

A grid was established in the MazF6 protein's binding domain area. Virtual Screening[24] uses ligands from 

structural databases. The LigPrep module of the Schrodinger suite[22] of Virtual Screening is used to 

optimize the stereochemistry, ring confirmers, and ionization states of the ligands. The docking process for 

the Glide employs three repetitions of the Virtual Screening protocols[25], namely the HTVS, SP mode, and 

XP mode. The docked ligands are ranked using both the Glide score and the Glide energy. 

2.6. Quikprop properties 

The Schrödinger suite's Qikprop module is used to look into the ADME characteristics of certain ligand 

molecules. It's crucial to understand in-silico Qikprop (Absorption, Distribution, Metabolism, and Excretion) 

characteristics to determine how similar lead compounds are to drugs[26],[27].  

 

RESULTS ANALYSIS 

 

3.1. Data analysis of target sequence and building MazF6 model 

The target protein, MazF6, is a endoribonuclease protein and a chain length of 234 amino acid residues. It 

belongs to MazF family. The MazF6 protein is functionally involved in the virulence of the pathogen even 

in the drastic conditions.The target protein’s FASTA sequence was obtained through the Universal Protein 
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Knowledge Base (UniprotKB) server tool. The template was discovered utilizing the MazF6 protein’s main 

sequence in FASTA format as an input file for several servers such as BLAST, Jpred 4, and PHYRE2. The 

template, PDB ID 1NE8A has been found with 39.95% sequencing identity, 97% query coverage, and low 

e-values, as shown in table 1. The target and homologous template proteins sequence similarity was 

determined using the ClustalW server programme. The MazF6 protein has a better pairwise similarity with 

the 1NE8A template protein as 29.7% identical, and 39.9% similar. The template coordinates and alignment 

files were submitted to MODELLER 10.4 and 30 models were created, the model with the least MOF 

(2463.48560) being selected for further investigation. 

 

Table 1. Selection of Template results by the comparison of different search tools 
The data base tool Parameters  E-score  PDB code of template 

Blast Similarity in sequence 6e-04 1NE8A 

Jpred4 Prediction of secondary 

structure 

5e-17 1NE8A 

PHYRE2 Protein fold recognition 3e-20 1NE8A 

 

Table 1. Template selection done by comparing the various search tools such as Blast, Jpred 4, and 

PHYRE2 with lowest e-value.  

3.2. Energy minimization and model validation 

Schrodinger Suite Protein preparation wizard is utilized to decrease the protein energy. Protein structure 

local stereochemistry, which is where the backbone is conserved but molprobidity scores are considerably 

improved.Making use of the Ramachandran Plot, which is shown in Figure 1(a) as a contour plot of the 

backbone dihedral angles [phi (Φ) versus psi (ψ)]. 88.2% (314) of residues are located in the most preferred 

region, followed by 9.8% (35) in the allowed region, 1.4% (5) in the generously allowed zone, and 0.6% (2) 

in the restricted region, per the plot data (Figure 1(b)). As a consequence, the 3D model created is of great 

quality. The ProSA energy map explains why this model’s local quality is acceptable and trustworthy. The 

ProSA energy map explains the protein’s simulated structure local quality. The black spot in Figure 2(a) 

represents the model protein’s Z-score is -3.61. The obtained Z-score of the protein structure was measured 

by x-ray or NMR crystallography. The bulk of the amino acid residues are below the baseline in the ProSA 

local quality graph (Figure 2(b)). Validation studies conducted on the examined 3D structure show the  

model to be of high quality.   

 

Figure 1. Ramachandran contour diagram of MazF6 protein 

a)                                                                                                        
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b)  

         Regions in the RC plot Number of 

residues 

    percentage 

Most favoured region 176 92.1% 

Additionally allowed region   14   7.3% 

Generously allowed region     1   0.5% 

Disallowed regions     0   0.0% 

Non-glycine residues and non-proline 

residues 

191 100% 

End residues (excluding Gly and pro)     2  

Number of glycine residues   20  

Number of proline residues   21  

Total number of residues 234  

 

Figure 1(a) shows the Ramachandran contour diagram of MazF6 protein. (b) shows the statistics of 

Ramachandran plot.   

 

Figure 2. The ProSA analysis of MazF6 protein 

a)                                                                    b)  

 
 

Figure 2 a) ProSa graph of MazF6 protein. Z-score of MazF6 model is -3.61, which is indicative of good 

overall quality pf protein. b) energy profile graph shows the amino acids of MazF6 are falling below the 

baseline, a good quality protein. 

3.3. Secondary structure prediction and active site prediction for MazF6 protein 

The validated model of MazF6 protein 3D structure was visualized using PYMOL software, and comprised 

up of 8 helices, 10 sheets, and one hairpin. The PDB-Sum server programme was utilised to access the 

secondary structure. The structure strengthened by 10 helix-helix interactions. Knowing the binding location 

provides essential information in drug development. The binding site protocols CASTp, and SiteMap used 

to detect the active site of MazF6 protein. The binding site area of conserved area of MazF group family is 

102 - 148 amino acid residues. CASTp, the active site prediction server, evaluated the binding cavities 

depended on the hydrophobicity, resulting two cavities, shown in Figure 3 as cavity 1 and cavity 2 regions. 

The SiteMap recognizes the hydrogen bond acceptors, donors, and hydrophilic regions on the protein 

surface. In Association with all of the above data from several binding site prediction algorithms such as 

CASTp, SiteMap, and BLAST conserved domain analysis. A grid was constructed at the binding site region 

of the MazF6 protein spanning 99 to 150 residues. 
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Figure 3. The putative binding pockets of the MazF6 protein 

                                  
Figure 3. The putative binding cavities of MazF6 protein of CASTp, visualized through PyMoL. The 

binding Pockets 1 is in yellow color and 2 was shown red in color. 

 

3.4. Virtual Screening 

A grid was created with 36X36X36 Å dimensions using the amino acids centroid of the residues of the 

protein’s binding region. The Virtual Screening was performed on the protein grid and ligand library of 

chemical substances. The ligand preparation module was used to prepare 11000 ligand molecules from the 

Hitdefinder database. For each ligand, four stereo-confirmers with distinct chiralities were retained. As 

reliable confirmers 0f 20430 and these created confirmers were run through the HTVS, SP and XP modes 

with a 10% filtering ratio in each stage of docking. A total of 20 binding complexes were obtained, with 

glide scores ranging from -13.53 to -8.09. Table 4.4 shows a selection of 4 docked ligand molecules 

categorized by XP Glide score and Glide energy from D1 to D4 are selected for the study. Biovia Discovery 

Studio has been employed to visualize the binding interactions (Table 2). In the present study, ligand 

molecules with benzyl amine groups as pharmacophores.   

Table 2. Binding interaction of docking complexes 
Ligand 

No 

Structure of the molecule Glide 

energy(K.cal

/mol) 

XP Glide 

score 

Intermolecular 

interaction 

Distance 

   (Å) 

 

 

D1 3-

Thiazolidinepropanamide, 2oxo-

N-(2-(1-piperidinyl methyl) 

 

 

-40.11 

 

 

-13.53 

 

 

ASN126:H– O17:D1 

SER132:OG–H16:D2 

 

 

 

1.80 

1.83 

 

 

D2 

 

 

1H-Benzimidazole-2-

 

-40.49 

 

-12.39 

 

ASN126:H - N1:D2 

SER132:OG–H8:D2 

Pi-Cation 

HIS143:ND1-D2 

 

1.87 

2.05 

 

6.84 
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propanamide, N-(1-phenylethyl) 

 

D3 

 

1(2H)-pyridine acetamide, 2-oxo-

N-(3-(1H-pyrazole-1-yl) 

 

-45.15 

 

-8.09 

 

ASN126:H-O25:D3 

SER132:OG –H7:D3  

 

1.80 

1.96  

 

D4 

2-

pyridinepropanamide, N-(3-(1H-

pyrazole-1-yl) phenyl ethyl) 

 

-39.19 

 

-9.79 

 

ASN126:H–N16: D4 

SER132: OG-H5: D4  

 

2.00 

1.89 

Table 2. The binding interactions of the MazF6 Docking complexes. The D1 to D4 ligands molecules are 

represented based on their glide scores, and energies. 

 

3.5. Quikprop properties 

The antagonistic reactivity of an inhibitor to a protein receptor does not necessarily predict its therapeutic 

efficacy. As a result, ADME studies are crucial for drug development since they help determine whether or 

not it is appropriate to provide inhibitors to a biological system. Furthermore, the majority of failed clinical 

trial drugs are frequently caused by inhibitors that have undesirable ADME properties and substantial 

unfavorable impacts on the biological system. The QuikProp module is used to examine the ADME 

properties of specific ligand molecules.  compounds are within the permitted range of ADME parameters 

considered as anti-tuberculosis lead compounds (Table 3). The CNS values that fell within the range of -2 to 

0.   Results of the Blood/Brain barrier patrician coefficient values are from   -2.44 to -0.36, the Donor 

hydrogen bond is from 2.0 to 4.5, The acceptor hydrogen bond is from 3 to 4.5, and molecular weights of 

ligands are from 561.165 to 652.152 are within the permissible range. The Lipinski rule of three and rule 

five values are within the desirable range of ADME properties. The selected lead molecules were shown to 

have permissible pharmacokinetic features and were also potent inhibitors of the MazF6 protein. 

Table 3. ADME properties of selected ligands from the docking studies.  

 

Table 3. The ADME attributes are predicted by the Schrödinger suite's Quick Prop module. The following 

allowed ADME value ranges are: Oral absorption in humans (%): > 80 high, 25 is least; The Rule of Three 

(3) is followed by the Rule of Five (4). Mol wt. (130 to 725); CNS: -2(inactive) +2(active); HB of the donor: 

(0.0 to 6.0); Qplog po/w: (-2 to 6.5); Qplog BB: (-3 to 1.2); Accept HB (2.0 to 20). % of Human oral 

absorption:>75%. 

 HB – Hydrogen bond, Po/w – Partition coefficient of Octanol of Water, BB – Brain blood barrier 

Conclusion 
The MazF6 endoribonuclease family protein involved in the virulence of the Mtb. A 3D model is created 

and validated using the necessary comparative modelling rules.  The grid is built at the MazF6 protein’s 

estimated active site area for docking experiments with the Hit definder database.4 Ligand molecules are 

selected From D1 to D4 based on their Glide score. The benzyl amine group is a common pharmacophore 

S. No Glide 

score 

CNS Mwt Donor 

Hydrogen 

bond  

Accepted 

hydrogen 

bond 

Qplog 

Po/w 

Qplog 

BB 

 Oral 

absorption % 

in human 

Rule of 

three 

Rule of 

Five 

D1 -13.53 -2 569.155 2.0 3.0 -2.36 -2.44 41.365 0 0 

D2 -12.39 -1 652.152 4.0 4.0 5.65 -0.70 67.62 1 0 

D3 -8.09 0 561.165 3.0 3.0 -0.56 -0.36 72.61 0 0 

D4 -9.79 -1 572.201 4.0 4.5 -3.06 -1.71 40.095 1 0 
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present in the D1 to D4 docked complexes and have common binding with the ASN126, and SER132, 

amino acid residues in the MazF6 protein selected on the binding site area (Table 2). The Benzyl amine 

pharmacophore with the permissible ADME pharmacokinetic properties is significantly proven as drug 

target molecules. Hence the lead molecules in this study can efficiently inhibit the virulence and 

simultaneously can control the Mtb.  
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