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Abstract— Oct 4 is one of the transcription factors among six reprogramming factors (OCT4, SOX2, KLF4, C-MYC, 

NANOG, and LIN28) selected by Takahashi and Yamanaka to induce somatic cells into pluripotent stem cells (iPSCs).Stem 

cell research is used in treatment of a number of diseases including genetic disorders. Several questions regarding 

reprogramming factors of stem cells are remaining unanswerable due to limited experimental availability and ehilical issues. 

Proteomic analysis of OCT 4 is still remaining unpredicted as protein structure is not available in PDB.  The aim of this study 

was prediction of the tertiary structure of OCT4 protein using homology modeling approach through MODELLER program. 

Quality and reliability assessments were performed on predicted model and found the model reliable.  
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I.  INTRODUCTION  

Stem cells have the capacity to divide mitotically to produce 

specialized cells and more stem cells. Embryonic stem cells 

and adult stem cells are generally found in humans [1].  

** 

In 2006, Shinya Yamanaka made a ground breaking 

discovery that would win him the Nobel Prize in Physiology 

or Medicine. They found a new method to reprogrammed 

adult specialized cells into stem cells. These reprogrammed 

stem cells had the capacity to make various types of cells in 

the body and are named as induced pluripotent stem cells, or 

iPS cells [2]. Combinations of six reprogramming factors Oct 

4, Sox2, c-Myc, LIN28 and Klf4 were used to develop 

pluripotency in mouse and human fibroblast cells [3, 4, 5].   

 

Oct-4 (octamer-binding transcription factor 4) also known 

as POU5F1 (POU domain, class 5, transcription factor 1) is 

a protein that in humans is encoded by the POU5F1 gene 

[6].To analyze detailed mechanism and interaction of Oct 4 

with other transcription factor, 3D structure of the protein 

must be studied [7]. In this paper, we have focused on 

structural prediction of human OCT4 protein with the help of 

bioinformatics tools 

 

The aim of protein modelling is to predict the 3D structure of 

a protein from its primary structure with an accuracy that is 

comparable to the best results achieved experimentally. 

RCSB PDB database have detailed structural information of 

various proteins of different organisms. Basically X-ray 

crystallography or nuclear magnetic resonance (NMR) 

techniques are used to determine the protein structure, which 

are expensive, time consuming and complex process. 

Therefore computational approaches are used to determine 

the 3D structure from a protein sequence.  

 

Homology modelling algorithm is the most popular that is 

based on alignment result of the template and target 

sequence. Template is a known protein structure, searched by 

alignment tool against PDB. If the idenditity of the template 

with target sequence is greater than 30% then it can act as 

template [8.9]. 

 

Our work focuses on predicting the 3D structure of OCT4 

using homology modeling approach through MODELLER 

9.11 program, validating and analyzing their active 

sites. Stem cell research has indispensible role in treating 

cancer, spinal cord injuries, and muscle damage, genetic 

disorders and a number of other diseases. 

 

 

II. RELATED WORK  

iPSCs were first produced in 2006 from mouse cells and in 

2007 from human cells in a series of experiments by Shinya 

Yamanaka's team at Kyoto University, Japan, and by James 

Thomson's team at the University of Wisconsin-Madison. In 

2006, Yamanaka proved that introduction of a small set of 

transcription factors into a differentiated cell was 

sufficient  to  revert the cell to a  pluripotent state. The 
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resulting cells were called induced pluripotent stem cells 

(iPSCs). Yamanaka   selected a set of 24 transcription 

factors among a large number of transcription factors   that 

were expressed in ES cell [10-13].  In further experiment all 

24 genes encoding these transcription factors were 

introduced in skin fibroblast of mouse. The generated 

colonies shown remarkable resemblance to ES cells and a 

combination of only four transcription factors (Myc, 

Oct3/4,Sox2 and Klf4) were found sufficient  to 

convert mouse embryonic fibroblasts  to  pluripotent stem 

cells[14].  

 

 In 2007,  Yamanaka’sand James Thomson’s laboratories 

were the first to produce human iPS cells.  Yamanaka used 

the four factor (Myc, Oct4, Sox2 and Klf4) whereas another 

group identified partially overlapping combination of 

reprogramming factors such as Oct4, Sox2, Nanog, and Lin-

28. Therefore, there are six common reprogramming factors 

(OCT4, SOX2, KLF4, C-MYC, NANOG, and LIN28) which 

are widely used for generating the iPS cells [15]. These iPS 

cells are morphologically and phenotypically similar to 

embryonic stem (ES) cells and thus offer exciting 

possibilities in stem cell research and regenerative 

medicine.  Moreover, iPS cells are useful tools for studying 

the pathogenesis of human disease, for drug 

discovery and toxicity screening [16, 17]. 

 

Stem cell driven regenerative systems are highly complex 

and dynamic, consisting of large numbers of different cells 

expressing many molecules controlling their fates. Therefore, 

mathematical models and computational tools are necessary - 

both to aid the interpretation of experimental data and to 

simulate the behavior of stem cell systems based on 

hypothetical assumptions. This problem can be resolved by 

using bioinformatics tools and algorithms. 

III. METHODOLOGY 

Methodology 

Protein retrieval and sequence analysis: 

The primary sequence of the POU domain, class 5, 

transcription factor 1 (Accession No.Q01860) of Homo 

sapiens was analyzed from the EXPASY public domain 

protein database and National Center for Biotechnology 

Information (NP_002692) [18].The OCT 4 protein sequence 

was retrieved in FASTA format and used for further analysis. 

 

Model building 

BLASTP search with default parameters against the Protein 

data bank (PDB) was used to find the best suitable templates 

for homology modeling [19]. Multiple sequence alignment 

was performed between selected template and target 

sequences using TCOFFEE tool [20].MODELLER program 

[21] predicted three dimensional structure of OCT4 by using 

backbone of the selected template. 

 

Model evaluation 

Structural Validation of the tertiary structure of OCT4 

protein was done by ProSA-web [22, 23] Z-scores and 

Procheck Ramachandran plot [24]. Among five model 

predicted by MODELLER energy minimization was 

performed by GROMOS96 force field. 

 

Calculation of Highly Conserved Amino Acids 

The conservation patterns of COMT using ConSurf server 

[25, 26] has been developed. The conservation scores at each 

amino acid position were calculated using the same web 

server. This server can calculate the evolutionary 

conservation of amino acid positions in proteins using an 

empirical Bayesian inference, starting from protein structure 

and sequence. 

Generation of Surface Cavity 

The PyMOL [27] has been used to for generation of surface 

cavity as well as identification of binding grooves of OCT4. 

“.pdb” files were used to generate the surface structure and 

the cavities of the given protein.  

IV. RESULTS AND DISCUSSION 

Homology modeling approach works on the conserved 

residues among target and templtes. Template selection was 

performed by BLASTp similarity searching program against 

PDB database. Templates are selected on the basis of 

identity, E value and other parameters. Table 1 shows the 

parameters of best five templates that producing significant 

alignment. PDB ID 3L1P_A was selected as a template to 

predict tertiary structure of OCT4 protein. 

Table 1. 

Summary of Sequences producing significant alignment 

Accession Identity E value Query 

coverage 

Total 

score 

3L1P_A 88% 6e-96 42% 282 

2XSD_C 66% 1e-59 39% 190 

1CQT_A 57% 4e-51 39% 168 

1OCT_C 57% 5e-51 39% 167 

1O4X_A 56% 1e-50 39% 167 

To find conserve residues between target and selected 

template Multiple sequence alignment was performed using 

TCOFFEE server .Alignment result predicted  that region of  

134-290 amino acids of the target sequence shown conserve 

residue [Fig 1]. Homology modeling approach used this 

sequence alignment and structure of template protein for 

predicting backbone of the OCT4 protein by MODELLER. 
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Figure 1. Multiple sequence alignment between target and selected template 

Table 2. 

Summary of successfully produced models by MODELLER 

Filename Molpdf Dope score 

POU5F.B99990001.pdb          1262.44336    -17633.31445         

POU5F.B99990001.pdb            

 
219.14990    

 
17987.83984         

POU5F.B99990001.pdb            

 

1299.38696    

 

17494.85352         

POU5F.B99990001.pdb            
 

1245.15808    

 

17991.05664         

POU5F.B99990001.pdb            
 

1265.86719    
 

18090.18555         

  

 

On the basis of DOPE (Discrete Optimized Protein Energy) 

score POU5F.B99990001 was selected the best one. DOPE 

is a statistical parameter that accounts for the finite and 

spherical shape of the native structures. It is used to assess 

the quality of predicted protein structure [28]. The models 

returning the minimum molpdfs can be chosen as best 

probable structures and can be further used for evaluating 

with the DOPE score.  The PyMOL Molecular Graphics 

System was used to analyse and visualization of the 

predicted protein.  

 

Figure 2. Predicted 3D structure of OCT4 PROTEIN from amino acid 126 to 

290 

Model evaluation 

The Z-score is indicative of overall model quality and is used 

to check whether the input structure is within the range of 

scores typically found for native proteins of similar size. 

PROSAweb was used to find the Z-score of template and 

query. Z-score of query protein was -4.29 and Z-score of 

template was 4.68. Procheck checks the stereochemical 

quality of a protein structure by analyzing residue-by-residue 

geometry and overall structure geometry. This tool was used 

to determine the Ramachandran plot to assure the quality of 

the model. The result of the Ramachandran plot showed 

93.4% of residues in favorable region representing that it is a 

reliable and good quality model (Fig. 7). A model having 

more than 90% residues in favorable region is considered as 

good quality model.  

 

(a) 
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(b) 

Figure. 6 Z-score of (a) query and (b) template protein using PROSA web 

 

Figure 7.Ramachandran Plot of predicted 3D structure of OCT 4 protein 

structure 

Table 3. 

 

Ramachandran Plot statistics 

predicted 3D structure of OCT 4 

protein structure 

No. of residues      Percentage 

Most favoured regions   

[A,B,L]             
185 93.4 

Additional allowed regions 

[a,b,l,p 
10 5.1 

Generously allowed regions 

[~a,~b,~l,~p]      
1 0.5 

Disallowed regions         
[XX]                

2 1.0 

Non-glycine and non-

proline residues 
198 100 

 

On analyzing the predicted three dimensional model of 

the OCT4 revealed that loop 291-360 is disordered and does 

not appear in the PDB structure. Most probably the long 

active site loop is flexible in the absence of a ligand and 

could not be seen in the diffraction map [29]. Therefore, we 

used loop modeling to increase the accuracy of the models. 

This Knowledge based approach searches the PDB for 

known loops with endpoints that match the residues between 

which the loop has to be inserted and simply copies the loop 

conformation. Table 4 shows the summary of selected 

templates. 

Table 4. 

ALIGN 

PDB 

CODES 

Summary of selected templates for loop modelling 

Length chains 

Organim UniProtK

B ID 

4HC4A 323 residues 2  E. coli P62623 

3QK5A

  

587 residues           2 
 (Rat) 

P97612 

3DLSA 335 residues 6 
Homo 

sapiens 

Q96RG2 

3L1PA 155 residues 4 
Mus 

musculus 

P20263 

 

 

Figure  8. Multiple sequence alignment of target (region 258 to 360 amino 
acids) and multiple templates 
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Figure 9. Superimposed structure of modeled OCT 4 protein and modeled 
loop region 

 

Figure 10. Modelled loop region from 291 to 360 

 

V. CONCLUSION AND FUTURE SCOPE  

Our analytical and interaction studies provide a rational 

molecular platform for initiating in silico drug design studies 

to the designing of new modulators of reprogramming 

factors of iPS, to guide site-directed mutagenesis. On the 

other hand, provide OCT4 molecule a raw data with lots of 
information regarding molecular interactions, for further 

protein engineering. 
 

Various researches have been conducted on comparative 

analysis of ES cells and iPS cells that supported resemblance 

of both type of cells. analytical studied are still remain 

unpredicted that may be a great help to the future researchers 

to understand the mechanism(s) as well as path- way of 

nuclear reprogramming process. 
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