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                                Abstract 
 
Type 1 diabetes mellitus was formally known as IDDM, type I, or 
juvenile onset diabetes. Type 1 DM can occur at any age. In this 
study,we analyzed the involvement of HOX domain of PDX-1 
protein.The homeodomain transcription factor, pancreas duodenum 
homeobox  (PDX)-1, encoded by PDX-1 gene, which is a 
transcriptional activator of several genes, including insulin, 
somatostatin, glucokinase, islet amyloid polypeptide, and glucose 
transporter type 2 and essential for pancreas development, insulin 
production, and glucose homeostasis.[1,13]. HOX domain has a length 
of 63aa and control developmental patterns and cell differentiation 
in vertebrates by acting positive or negative regulators[4,9,16]. 

Different approached had been applied to identify the mutational hot 
spot region of HOX domain and calculate mutational frequency of 
the amino acids which resides in the hotspot region. Binding site of 
the domain had been identified and found that THR208, GLN246 
,VAL247, ASN253 involved in interaction with ligand. Potential 
Inhibitors had been screened on the basis of various criteria and 
bioactivity score had been calculated. Energy optimization was done 
by applying AMBER force field and steepest descent method. 
Docking was performed by CCDC GOLD, Molegro, HEX, and 
Argus lab to find the best potent inhibitor and increase the accuracy 
of the docking process. Sitagliptin showed satisfactory result on both 
docking and bioactivity analysis. It showed a GOLD fitness score of 
49.8386 and had a moldock score of -122.919 with a ligand 
efficiency -4.33692. Compound had a bioactivity score of 0.56 for 
protease inhibitor. Sitagliptin showed good binding affinity to the 
target, which helps to work the pancreas in proper way and to secret 
insulin.     
                      
Keywords: Diabetes ,IDDM, HOX domain regulation, PDX-1, 
Homeodomain function, docking, Disorder region 

.   1. INTRODUCTION 

Pancreas duodenum homeobox-1 (PDX-1) (also known as 
insulin promoter factor-1, islet/duodenum homeobox-1, 
somatostatin transactivating factor-1, insulin upstream factor-
1 and glucose-sensitive factor) is a transcription factor 
encoded by a Hox-like homeodomain gene.  In humans and 
other animal species, the embryonic development of the 
pancreas requires PDX-1, as demonstrated by the 
identification of an individual with pancreatic agenesis 
resulting from a mutation that impaired the transcription of a 
functionally active PDX-1 protein. In adult subjects, PDX-1 
is essential for normal pancreatic islet function as suggested 
by its regulatory action on the expression of a number of 
pancreatic genes, including insulin, somatostatin, islet 
amyloid polypeptide.24 We focus on HOX domain of PDX-1 
protein because it is evolutionarily conserved which 
containing transcription factors that activate and repress gene 
expression in a precise temporally and spatially regulated 
manner during development and differentiation. Pancreatic-
duodenal homeobox 1 (PDX-1) is a Hox-type protein that is a 
critical requirement for normal pancreas development and for 
proper differentiation of the endocrine pancreas. HOX factors 
are evolutionarily conserved homeodomain-containing 
transcription factors that are critical for the determination of 
the body plan during early development and for the regulation 
of key differentiation-specific genes that determine cellular 
specificity. Proper spatial and temporal expression of HOX 
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factors is required to orchestrate anterior-posterior 
segmentation, limb development, and organogenesis. HOX 
proteins regulate gene transcription by a well-coordinated and 
tightly regulated balance of gene activation and 
repression[18,20]. 

The HOX domain is 63 amino acids in length, the position of 
HOX domain in pancreas duodenum homeobox (PDX)-1 
started from 146 and ends with 209 residue of amino acid.   

Human mutation in the A chain of the PDX-1 protein are 
associated with the type 1diabetes mellitus, emphasizing the 
functional importance of this region, the available data 
support that the domain contain disorder region which are 
responsible for improper development of pancreases or 
responsible for β-cells not to secrete insulin, if insulin is 
secreted it don’t function properly and this lead to the disease 
in the early age. In our work we predict the tertiary structure 
of the protein (pancreas duodenum homeobox ) and found the 
fold recognition that is functional region of the protein, next 
we found the disorder region in the domain which is 
responsible for disease, by tools (RONN, Disopred, and 
DISPROT, DisEMBL, GLOBPLOT 2).and search for the 
binding site by (Q site finder, pocket finder, castp) to bind the 
drug compound at particular amino acid by docking 
software’s like (Argus lab, Hex, Molegro virtual docker, and 
GOLD).  

In this report we identify a single amino acid which lies in the 
(pancreas duodenum homeobox (PDX)-1) in HOX domain 
range which have mutation, by this we can say that this 
amino acid is responsible for improper development of 
pancreas and decrease the PDX-1 which is necessary for β-
cell maturation which produce  insulin. 

 

Fig1. Figure showing the position and regulation of PDX-1 (Ref:Kaneto H 
et al. Involvement of oxidative stress and the JNK pathway in glucose 
toxicity. Rev Diabet Stud. 2004; 1(4): 165-74.) 

 

 

2.MATERIALS AND METHODS 

2.1 Disorder prediction 

Disorder region in the protein sequence were predicted by the 
tools of bioinformatics like (RONN, Disopred, DISPROT, 
DisEMBL, and GLOBPLOT 2). Which show the disorder or 
mutational region in the protein sequences.  

2.2 Binding site and Active site identification 

The binding site or active site identification is the method of 
finding the site where the ligand binds, for binding site 
prediction we use three tools (Q site finder, pocket finder, and 
Castp) by which we select the best binding site for the drug. 

2.3Energy Minimization 

Energy minimization was carried out of both receptor and 
ligand molecule. Energy minimization was done by using 
AMBER force field and applying steepest descent method to 
get the optimal energy of the molecules. The energy 
minimization of ligand was done by using Tripos force field. 

2.4 Docking 

Docking is a method which predicts the preferred orientation 
of one molecule to a record when bound to each other to form 
stable complex knowledge of the preferred orientations in 
turn may be used to predict the binding strength of 
association or binding affinity between two molecules. 
Docking is frequently used to predict the binding orientations 
of small molecules drug candidates to protein targets in order 
to in turn predict the affinity and activity of the small 
molecule. The receiving molecule that primarily binds to a 
small molecule or another protein or a nucleic acid called 
receptor. A molecule that forms the complementary partner in 
the docking process called ligand, we used several software 
for docking i.e. Arguslab, molegro, Hex, gold. 
 

3. RESULTS AND DISCUSSION    

3.1 Sequence retrieval 

The protein sequence was retrieve from the GeneCard by 
selecting the sequences from   whole involved sequences in 
the diabetes mellitus type 1 disease these sequences are 
screened and we fund the sequence which is playing the 
major role in disease i.e. pancreas duodenum homeobox 
 (PDX)-1.    
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3.2 Domain Analysis 

Domain identification was done by using bioinformatics 
database (SMART) and found HOX domain which is  63 
amino acid residues long, the domain within the protein 
sequence starts at position 146 and ends at position 208. 

3.3 Disorder Prediction 

Disorder prediction in the protein was done by the tools  
(RONN, Disopred, DISPROT, DisEMBL, and GLOBPLOT 
2). The results show the major disorder region in the protein 
sequence, the disorder region which lies in the domain range 
were selected for docking the candidate drug.  

3.4 RONN   

 

Fig 2. The graph show the higher peak of    disorder region in the protein 
sequence at 207 amino acid residue which lies between the domain ranges.   

 

 

 

3.5 DisEMBL 

 

Fig.3. In above graph we see the higher peak which comes in domain range 
this shows that the region has higher disorder in the protein sequence.   

3.6 Disopred 

This is the tool which is used for finding the disordered 
region in the protein sequence.  

 

 Fig.4. The graph shows the higher peak of disorder region in the protein 
sequence. 
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3.7 Binding site and Active site identification 

The binding site and active site identification is the method of 
finding the site where the ligand binds. Using bioinformatics 
tools and approach we found the site which is good for ligand 
to bind and it comes in the domain region which concludes 
that the mutation in that site is responsible for type 1 diabetes 
mellitus, tools we used for this aaproach (Q site finder, 
pocket finder). All three tools identified the same binding site 
ARG (arginine) at position 207 in the protein sequence. This 
amino acid residue is targeted with the drug compound to 
cure mutation. 

3.8 Energy minimization of target 

Energy minimization was carried out by using sybyl software. 
AMBER force filed was applied and energy minimization 
was done by steepest descent method. 

 

Fig 5. Recptor molecule inside a periodic bundary condition. 

Initial energy of the target: 

Table 1: Energy Breakdown of the Intial Energy calculation of Receptor 
Molecule. 

Bond Stretching Energy 199.703 

Angle Bending Energy 340.456 

Torsional Energy 942.007 

ImproperTorsional Energy 0.938 

1-4 van der Waals Energy 1063.472 

van der Waals Energy 27.774 

1-4 Electrostatic Energy 261.677 

Electrostatic Energy -4494.384 

Total Energy  -1658.357 kcals/mol 
 

Optimized Energy of the Target: 

Table 2: Energy breakdown of the optimized energy of receptor 

Bond Stretching Energy 128.966 
 

Angle Bending Energy 348.500 

Torsional Energy 928.180 

Improper Torsional Energy 8.524 

1-4 van der Waals Energy  808.579 

van der Waals Energy -1661.864 

1-4 Electrostatic Energy  236.970 

Electrostatic Energy  -6343.784 
 

Total Energy  -5545.928 kcals/mol 
 

Initial Energy of Ligand: 

Force field applied: Tripos 

Table 3: Energy Breakdown of the Initial Energy of the Ligand Molecule. 

Bond Stretching Energy 0.022 

Angle Bending Energy 0.000 

Torsional Energy 0.000 

Out of Plane Bending 
Energy 

0.000 

1-4 van der Waals Energy 0.000 

van der Waals Energy 348916573.709 

1-4 Electrostatic Energy 0.000 

Electrostatic Energy 552.743 

Total Energy 348917126.474 kcals/mol 
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Optimized Energy of the Ligand: 
 

Table 4: showing the optimized energy of the ligand. 

 
Bond Stretching Energy 0.000 
Angle Bending Energy 0.000 
Torsional Energy 0.000 
Out of Plane Bending 
Energy 

0.000 

1-4 van der Waals Energy 0.000 
van der Waals Energy -3.823 
1-4 Electrostatic Energy 0.000 
Electrostatic Energy 0.000 
Total Energy -3.823 kcals/mol 

 
 

 
 

3.9 Docking Result 

Docking is a method which predicts the preferred orientation 
of one molecule to a second when bound to each other to 
form a stable complex, Applying different approaches and 
software of bioinformatics like (Argus lab, HEX, Molegro 
Virtual docker, GOLD) we  use to dock the inhibitor 
compounds to the protein binding site where the compound 
binds properly and show the result.

Argus lab result: 

Table 5: Showing the different poses of ligand with docking energy in Argus 
lab. 

 

 

Hex Result:

Poses Energy (kcal/mole) 

Pose 1 -7.66 

Pose 2 -7.05 

Pose 3 -6.09 

Pose 4 -5.56 

 

 

 

 

 

 

 

Table 6: The above table showing the docking result performed by Hex 
software. The inhibitor having the docking energy of -263.12 kcal/mole. 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Ligand ETOTAL ESHAPE EFORCE 

Sitagliptin ‐263.12 ‐263.12 0.00
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GOLD result:                                                                                          
    

  
Fig. 6. Above figure showing the hydrogen bond interaction and short contacts between ligand and the target, involving the interaction between the amino acids i.e. 

(THR208, GLN246 ,VAL247, ASN253). 
 
 

 

 

Gold fitness score: 
The ligand and target showing the GOLD fitness score of 49.8386 which show best fitting to the target region. 
 

 
 

 
 

  
Molegro Pose Results 
 

Table 7: The following table shows the MolDock score, Rerank score, ligand Effiency (LE1) and Hbond interaction between the ligand and target
.  

 
s.no MOL DOC SCORE(GRID) MOL DOC SCORE RERANK TORSION Heavy Atoms LEI HBond 

1 -123.612 -122.919 -61.9012 5 28 -4.33692 -1.99759  

2 -118.504 -111.965 -14.6408 5 28 -4.17575 -0.701358     

3 -117.883 -113.137 -79.1273 5 28 -4.18887 -0.826193     

4 -116.154 -109.609 -74.0989 5 28 -4.16604 -5.13766 

5 -113.403 -105.752 -71.7545 5 28 -3.95598 -3.68488 
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Ligand Information: 
 

Table 8: Different properties of ligand. CID: compound Id, MW: Molecular weight(Dalton), HD:H-bond donor, HA: H-bond acceptor, RN: ring number, TPSA: 
Topological polar surface area, RotB: number of rotatable bonds 

 
CID MW HD HA HATOM RN Logp TPSA volume RotB 

11476287 

 

443.77 2 8 29 3 1.5 77.05 311.65 5 

 

Bioactivity of  ligand: 

Table 9:  Table showing the bioactivity of the ligand. 

The bioactivity result showed that the ligand is a protease inhibitor and pdx-1 protein belongs to protease family. So it might be a potent compound to block the action 
of Hox domain of PDX-1. 

GPCR Ligand 0.25 

Ion Channel modulator -0.27 

Kinase inhibitor 0.01 

Nuclear Receptor ligand -0.60 

Protease Inhibitor 0.56 

Enzyme Inhibitor -0.06 

 

4. CONCLUSION 

In the study of homeodomain transcription factor, pancreas 
duodenum homeobox (PDX)-1 we have studied that it is 
essential for pancreas development, insulin production, and 
glucose homeostasis, the Hox domain found in the protein 
sequence is a critical requirement for normal pancreas 
development and for proper differentiation of the endocrine 
pancreas and β-cell maturation, regulation and maturation of 
pancreas are likely to be important for the insulin production 
and glucose homeostasis  in human blood, in our study we 
see that the HOX domain which lie in  

PDX-1 protein is responsible for proteins control, 
developmental patterns and cell differentiation in vertebrates 
which help in pancreas development.  

Here we identified the mutational region in the protein 
sequence which is responsible for improper maturation of 
pancreas. Further we find the binding region, the region to 

which our drug bind and found the single amino acid arginine 
(ARG) which is at 207 position in protein sequence. 

while docking we target the domain mutational region in 
which the  amino acid ARG  is present to that we  bind the 
drug and observed that the drug Sitagliptin has good 
hydrophobic effect based on LogP value which bind with 
target sequence showing the less energy, this show that the 
drug is best to correct the disorder in the protein sequence, 
the docking result were identified by different docking 
software like GOLD, Argus lab, molegro, Hex. Finally we 
conclude that the drug is showing the higher binding affinity 
between the ligand and protein so we can say that this drug is 
best to correct the mutation or to increase the insulin 
production in the pancreas for type 1 diabetes mellitus 
patients.   
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