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ABSTRACT  

The present study explains computational methods to design thermostable “Pachytene checkpoint protein 2 

homolog” of Homo sapiens proteins using the sequence available from uniprot (UniProtKB – Q15645). Homology 

modelling study was performed to generate a 3D model of Cytochrome b protein. The model was developed by 

using Modeler9.19 software tool. The developed model was further docked with natural compounds such as 

Aaptosamine,  Aaptosine, Aaptamine, Sesbanimide C using the AUTODOCK4.2 software tool. After designing the 

model molecular docking studies were performed by using Autodock4.2 with natural compounds to identify the 

functional effect of protein. The developed model shows above 90% of the amino acids in most favored region. 

The docking investigation of modelled “Pachytene checkpoint protein 2 homolog” with natural flavonoids Chrysin, 

Diosmetin, Galangin, Nobiletin, Puerarin and Silibinin using Autodock4.2 software. Six natural flavonoids were 

docked against “Pachytene checkpoint protein 2 homolog” protein. All the ligands show good binding energy and 

interactions. These studies provide understanding and interpreting the data produced by these methods. It 

explains to understand molecular interactions at the active site region.  
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INTRODUCTION 

Thyroid hormone receptor interacting protein 13 

(TRIP13) is an evolutionarily conserved protein sharing 

sequence homology with many other proteins ranging 

from yeast to humans1,2.  It belong to the family of AAA-

ATPases, special group of ATP dependent proteases that 

facilitate assembly or degradation of protein complexes 

that regulate diverse cellular processes3,4. TRIP13 has 

been found to be associated with regulation of spindle 

assembly checkpoint, chromosome synapsis and 

meiotic recombination hence playing an important role 

in DNA structural dynamics at the genomic level5. 

Moreover, it is one of the genes related to chromosomal 

instability6 and is also linked to DNA repair mechanisms 

in somatic cells7. 

It was shown to be positively connected with the 

progression of many cancers. Transcription profiling 

experiments identified TRIP13 as one of the multiple 

cancer ‘signatures’ that are overexpressed in breast 

cancer samples8, the same has been confirmed by The 

Cancer Genome Atlas project9. Recent evidences has 

shown that is overexpressed in colorectal cancer and 

thus may serve as potential biomarker and therapeutic 

target for colorectal cancer10,11. Overexpression of 

TRIP13 was also reported in lung adenocarcinoma, 

multiple myeloma and chronic lymphocytic leukemia 12, 

13, 14. In neck and head cancer, TRIP13 plays a critical role 

in DNA repair by triggering DNA protein kinase (DNA-PK) 

through non-homologous end joining (NHEJ) pathway. 

It also promotes early stages of double-strand DNA 

break (DSB) repair during meiotic recombination and 
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following exposure to radiation and chemotherapy. Its 

ability to repair damaged DNA through the activation of 

DNA repair pathways induces treatment-resistance in 

head and neck cancers promoting tumor progression 15, 

16. Pressly et al demonstrated that TRIP13 can act as a 

compensatory stress-response protein in response to 

acute renal tubular injury in humans. TRIP13 repair 

damaged tubular epithelial cells following ischemia‐

reperfusion injury (IRI), a renal stress condition central 

to the pathogenesis of acute kidney injury (AKI). By its 

ability to reverse the cellular damage by regulating DNA 

repair pathways, TRIP13 can be used as a viable 

therapeutic target to treat AKI 17. 

These findings suggest the importance of TRIP13 in cell 

division and DNA repair mechanisms and its ability to 

function as a key surveillance protein to help assess DNA 

integrity. 

In the present study, an effort was made to generate the 

3-Dimensional structure of the Pachytene checkpoint 

protein 2 homolog protein sequence (Uniprot accession 

number: Q15645) from Homo sapiens. Modeller9.19 

was used for the homology modelling. The model was 

validated by using PROCHECK. Present study could 

provide useful information to get the functional 

characterization of this protein. 

 

METHODOLOGY: 

Homology modelling 

The amino acid sequence of Pachytene checkpoint 

protein 2 homolog was retrieved from Uniprot 18. A 

three-dimensional model was generated for “Pachytene 

checkpoint protein 2 homolog”. A sequence similarity 

search was performed to identify the structural 

similarity of the query sequence by using Protein BLAST 
19 tool by selecting database against Protein Data Bank 

(PDB) for identifying template for homology model 

building 20. The template protein (PDB ID: 4XGU) was 

identified on the basis of E-value (lesser the E-value 

higher the similarity), >30% identity, maximum score. 

Comparative sequence alignment studies were 

performed with query and template structure using 

ClustalX tool and online ClustalW tools 21.  

MODELLER9.19 software was used to develop the 

model. It is an automated approach to comparative 

modeling by satisfaction of spatial restrains 22. To align 

the query and template sequences manually the input 

file of alignment. Ali was used in MODELLER 9.19. After 

completion of alignment twenty models were 

generated and all the generated models were 

thermodynamically minimized using molecular 

dynamics and simulation approach. By implementing 

MODELLER9.1923 auto-model class, calculated 3D 

models of the target automatically. The best model 

which is having smallest value was selected on the basis 

of Lowest Objective Function. Generate model was then 

checked in detail for protein structure stereochemistry 

including Ramachandran plot and Psi/Phi angles using 

PROCHECK 24. 

 Molecular docking studies 

All the natural flavonoid molecules were collected from 

scientific literature and sketched in SYBYL6.7 25 and 

energetically minimized by adding. The molecules were 

then saved in.mol 2 formats for molecular docking 

purpose. Molecules used in the present study are shown 

in table 1. 

Molecular docking studies were performed to explain 

the binding mode of proteins and alkaloid complexes. 

All the plant derived complex molecules were docked by 

using Autodock 4.2 software 26. All the molecules were 

docked individually in Autodock4.2. The modelled 

three-dimensional structure of Pachytene checkpoint 

protein 2 homolog protein was imported to 

Autodock4.2 and structurally optimized by adding 

hydrogens to protein allocated with kollaman charges. 

After adding the hydrogens, the model was saved in 

PDBQT format, later ligands were prepared by 

optimizing the torsion angles and saved them in PDBQT 

format. Potential binding site for the Pachytene 

checkpoint protein 2 homolog modelled protein was 

identified using SYBYL6.7. A grid was generated around 

to identify xyz coordinates around binding site of 

Pachytene checkpoint protein 2 homolog protein. 

Lamarckian genetic algorithm (LGA) was selected for 

freezing, docking and default parameters used in 

autodock4.2. 
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Table 1: Structures of flavonoids used in the present study 

 

RESULTS AND DISCUSSION 

After sequence alignment and homology modeling of 

Pachytene checkpoint protein 2 homolog shows highly 

conserved regions in amino acid sequences are shown 

in Figure 1. The most homologous template for building 

a homology model for checkpoint protein 2 was 

identified through protein blast algorithm. Based upon 

the homology search, Crystallographic structure of 

Chain A, Structure of C. Elegans Pch-2 (PDB ID: 4XGU) 

was selected as a template. Twenty models were 

generated using Modeler 9.19 program. The alignment 

file was tweaked manually to excellent fit in the 

sequences. After the generated models for all the 

primary sequences, the model with least object function 

was selected for further protein stereochemistry 

evaluation (phi and psi angles) with Procheck software.  

The three (Ø, Ψ and ω) backbone torsion angles are 

important determinants of a protein fold.   PROCHECK 

software generates a number of scatter plots, these are 

known as Ramachandran plots. These plots show 

complete residue by residue data and the assessment of 

the generally excellence of the producing structure as 

compared to well refined structures of the same 

resolution.  The Ramachandran plot is the main 

indicator to check the intrinsic quality of the protein 

structure. The Ramachandran plot of the 4XGU shows 

325 amino acid residues (95.3%) in most favorable 

regions with 16 amino acid residues (4.7%) falling into 

additionally allowed regions, and there is no amino acid 

residue in the generously allowed region and disallowed 

region, whereas for the modeled protein shows, 363 

amino acid residues (90.8%) in the most favorable 

region, 32 amino acid residues present in additionally 

allowed region (8.0%) and 5 amino acid residues in 

generously allowed region (1.3%).  There is no amino 

acid residue present in disallowed region. These results 

clearly indicate that the generated protein model is 

more conformationally superior to the template 

structure. Figure 2 and 3 represents cartoon model of 

TRIP13 protein and Ramachandran plot respectively. 

The modeled structure was superimposed with the 

template 4XGU by using SPDBV, it was observed that 

RMSD value on superposition of the modeled structure 

of checkpoint protein 2 with the template structure was 

also calculated. 
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Figure 1: Molecular alignment of query and template sequences 

 

 

 

 

 
Figure 2: The cartoon of homology derived protein of Pachytene checkpoint protein 2 homolog protein 

 

http://www.ijpbs.com/
http://www.ijpbsonline.com/


          

 
 

 
International Journal of Pharmacy and Biological Sciences                                                               Seshagiri Bandi* et al 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 
 

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print) 

Int J Pharm Biol Sci. 

 

1181 

 
Figure3: Ramachandran Plot of modelled TRIP 13 protein 

 

Molecular docking Results: 

Molecular docking study was performed to modeled 

protein by taking plant secondary metabolites into the 

binding site of a receptor and estimating the binding 

affinity of the ligand is a most important part of the 

structure-based drug design process. The molecular 

docking results indicate that all of the studied alkaloid 

compounds occupy an almost similar space in the 

binding site. Diosmetin shows best possible binding 

mode against modelled Albumin-1. During the 

molecular docking procedure, the program selects only 

best fit active site pocket of the protein with respect to 

the ligands in order to dock them. AutoDock 4.2, 

provides information on the binding orientation of 

ligands at the active site region. The docking program 

place both ligand and protein in different orientations, 

conformational positions and the lowest energy 

confirmations which are energetically favorable are 

evaluated and analyzed for interactions. Free energies 

of binding (ΔGb) and dissociation constants (Ki) as 

calculated by AutoDock are summarized. 

For all the molecules binding affinity was characterized 

by binding energy (ΔG) value. Ligand Diosmetin shows 

highest binding energy of -6.20 Kcal/mol with 

interacting Lys168. Nobiletin interacts with one amino 

acid residue Arg155, Lys168(2) with a docking score of -

6.03 Kcal/mol. Chrysin shows binding energy of –5.85 

Kcal/mol with interacting Lys168, Ser23 Kcal/mol score. 

Among 6 metabolites Diosmetin shows best binding 

energy and interactions. All the docking poses of the 

molecules were shown in table 2.  
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Table 2: Docking interactions of Pachytene checkpoint protein 2 homolog with natural flavonoids 
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CONCLUSION 

In this work, homology modeling and molecular docking 

studies were performed to explore structural features 

and binding mechanism of flavonoid derivatives as 

Pachytene checkpoint protein 2 homolog inhibitors, and 

to construct a model for designing new Pachytene 

checkpoint protein 2 homolog protein. Homology 

derived model statistics are similar to template i.e., 

crystal structure. Docking the modelled Pachytene 

checkpoint protein 2 homolog protein with natural 

flavonoid compounds provided insight into the binding 

and interaction of compounds with the protein. Further, 

the structure-based drug discovery process along with 

protein information of drug targets may improve our 

understanding towards in-sight of mechanism of 

protein-ligand interactions and their binding patterns. 
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