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ABSTRACT: 

Melanoma is one among the most aggressive type of skin tumor. It is malignancy of pigment producing cells called 
melanocytes, which occur most predominately in epidermis.   The cellular contacts greatly limit the ability of 
epithelial cells to move or migrate. However, this restriction is lost during the last steps of tumorigenesis. The 
protein that is downregulated at this stage of tumorigenesis is E –Cadherin, a molecule essential for the 
establishment of homotpic adhesion. Thus, E-cadherin is the central molecule involved in melanoma metastasis. In 
the present study Insilico 3D-strucure of E-cadherin protein, has been elucidated. The 3D-strucure was constructed 
through homology modeling. The homology modelling is done by using the modeller 9v7 software. The energy of 
model was minimized by GROMACS. The root mean square deviation (RMSD) for C atom between the template 
and homology-modelled structure was estimated by GROMACS. The final model was assessed by PROCHECK and 
WHATCHECK. In modelled structure helix has dominance over other secondary structure i.e. sheet, coil. The E-
cadherin protein satisfies stereochemical restraint and passed all criteria carried out in PROCHECK and WHATIF. 
E-cadherin showed 92.4% residues in most favored region in Ramachandren plot and Z-score of (-4.629). The 
overall PROCHECK G-factor for E-cadherin homology modelled structure was (-0.16). The RMSD and RMSF of 
E-cadherin were in acceptable range. The total energy equivalent was -9.2e+0.5kj/mole (approx.) of E-cadherin. 
This insilico study concluded that constructed final E-cadherin structure model was stable and reliable. The data 
generated could be used for experimental support and approaches like docking can be implemented for identification 
of inhibitors. 
Keywords: Melanoma, GROMACS, RMSD, RMSF, Ramachandren plot. 
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[I] INTRODUCTION: 
After several decades, Cancer is still burning 
research area due to its diversity in the sites, 
origin and patho-physio mechanism. Melanoma 
is one of the popularly known types of skin 
cancer. Melanoma is a malignancy of pigment 
producing cells called melanocytes, which are 
most predominantly found in epidermis [1]. It 
may begin in a mole (skin melanoma), but can 
also begin in other pigmented tissues, like eye or 
intestines. Melanoma causes the majority (75%) 
of skin cancer related deaths. The incidence of 
melanoma has rapidly risen in developed 
countries during the past several decades [2].  
According to National Cancer Institute report, in 
2011 there will be approximately 70,230 
diagnoses of melanoma and almost 8,700 deaths. 
Both the incidence of and annual mortality from 
melanoma are rapidly rising. To date, no therapy 
has been shown for substantially prolong survival 
in patients with advanced disease [3]. 
Melanoma is one among most common 
“metastatic cancer of unknown primary origin” 
which may reflect either propensity to arise in 
unexpected site along the neural crest migratory 
route, or rapid growth of poorly differentiated 
lesions arising from indolent or unrecognized 
cutaneous primary lesion.  Cell to cell, probably 
no human cancer is as aggressive as melanoma.  
It is handful of cancer whose dimension is 
reported in millimeter. Tumor thickness 
approaching 4mm represents high risk of 
metastasis [4].  
In recent insight, melanoma indicated that 
melanoma cells are refractory to the keratinocytes 
mediated   regulation. The loss of regulatory 
dominance by keratinocytes occurs in concert 
with down-regulation of E-cadherin expression in 
melanoma cells [5-7]. 
Normal epithelium shows a strong and well-
established network of cell-to-cell contact that 
maintain proper development and the 
functionality of epithelial structures. These 
cellular contacts greatly limit the ability of 

epithelial cells to move or migrate. However, this 
restriction is lost during the last steps of 
tumorigenesis. The protein that is downregulated 
at this stage of tumorigenesis is E-cadherin, a 
molecule essential for establishment of 
homotypic adhesion junctions [8-10].   
Cadherin is a family of Ca2+ dependent adhesion 
molecules that mediate cell to cell contacts and 
are mainly expressed in tissues providing a tight 
control of morphogenesis [11, 12]. Epithelial (E) 
cadherin, are found in adherens junctions and 
forming core protein complexes with β-catenin, 
α-catenin, and P120 catenin (P120 ctn). Both 
P120-catenin and β-catenin interact with E-
cadherin, where α-catenin associates with the 
complex through its binding to β-catenin and 
providing a link with actin cytoskeleton [13]. E-
cadherin is often found lost in many human 
cancers including melanoma. Although there is 
strong evidence that downregulation of E-
cadherin during the process of epithelial de-
differentiation occurs at the transcriptional level 
[14-17]. It is reported that repressions of E-
cadherin occur due to the transcription factor 
SNAIL. Cloning and characterization of the 
human E-cadherin promoter has revealed that two 
E-boxes present in a proximal fragment of the 
promoter are important for the repression of this 
gene observed in tumor cell line and fibroblast 
[18]. Similar results were also reported in mouse 
E-cadherin promoter [19]. The two E-boxes 
characterized so far in the human and mouse E-
cadherin promoters have an identical core, 
consisting of the sequence 5’-CACCTG. This 
sequence exactly matches the DNA-binding site 
of the transcription repressed SNAIL [20, 21].  
The 3D structure of the E-cadherin protein is 
predicted by homology method with the help of 
various computational tools are available from 
different sources. The various drawbacks 
associated with wet-lab based procedures include 
its high cost and non-amenability. Insilico 
approaches provide a better and viable solution to 
these problems. In this study an effort has been 
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made to generate 3D model of E-cadherin protein 
based on the available template from protein data 
bank.     
 

[II] METHODOLOGY: 
 

2.1. Template Selection for E-cadherin:  
E-cadherin protein sequence was obtained from 
NCBI data bases [22].  E-cadherin protein 
sequence is 882 amino acids long. Table 1 depicts 
the protein sequence considered in the study. The 
E-cadherin protein sequence was retrieved in 
FASTA format and used for further analysis. 
BLAST [23] and PSI BLAST through Protein 
data Bank (PDB) template was selected.  The 
template, with > 40% sequence identity with the 
E-cadherin sequence was used as a reference 
structure to build a 3D model for E-cadherin. 
2.2. Homology modeling of E-cadherin: 
Modeler 9v7 [24] was used for building model. 
Out of 5 models generated by modeler for E-
cadherin protein, the one with the best G-score of 
PROECHECK [25] was selected. 
2.3. Energy refinement and model evaluation: 
The constructed model was energy minimized in 
GROMACS force field using Steepest Descent 
Minimization Algorithms [26]. The validation of 
structured model was performed by using 
WHATCHECK [27] and PROCHECK Table 2. 
The stereo-chemical properties of the 3D model 
were assessed by PROCHECK and 
Ramachandran plot was drawn [28]. The 
structural analysis was performed to generate 
figure representation with Discovery studio 
3.1[29]. 
 
[III] RESULTS AND DISCUSSION: 
E-cadherin protein has been selected for 
modeling due to non-availability of its 3D-
structure as per literature survey. E-cadherin 
protein sequence (NCBI- GI – 31073) has been 
obtained from NCBI (www.ncbi.nlm. nih.gov). 
The BLAST-P [30] at NCBI has been used to 
detect similar sequences for E-cadherin. A 
template (3q2v) of mouse has been obtained from 

protein data bank which is showing 82% identity 
with E-cadherin. Multiple Sequence alignment of 
template and E-cadherin has been performed by 
ClustalW software for modeling [31]. The 3D 
structure of E-cadherin has been generated by 
MODELLER 9v7. Query sequence has found to 
be 82% homology with PDB entry. In modeled 
structure (Figure 1), helix has dominance over 
other secondary structure i.e. sheet, coil. Initially 

generated model has been refined using energy 
minimization techniques to optimize 
stereochemistry, remove bumps and steric clashes 
among non-bonded interactions using the 
commands of MODELLER9v7 and final 
refinement of generated 3D-model has been done 
through GROMACS (OPLS force field) by using 
steepest descent and conjugate gradient 
algorithms [32]. The E-cadherin satisfies 
stereochemical restraints and passed all criteria 
carried out in PROCHECK and WHATIF. The 
generated 3D model of E-cadherin protein has 
been checked by Ramachandran plot (Figure 2) 
through PROCHECK program of the SAVS 
metaserver for analysing and validating protein 
structure [http://nihserver.mbi.ucla.edu/SAVES/]. 
In E-cadherin modeled structure, 92.4% residues 
are in most favored region and 0.5% residues are 
laying in disallowed region in Ramachandran 
plot. From WHATIF analysis the Z-score average 
packing quality of the E-cadherin generated 
model was (-4.629) which shows well packing of 
modeled structure. The overall PROCHECK G-
factor for E-cadherin homology modeled 
structure was (-0.16). The score indicates that the 
modelled structure was acceptable as value is 
greater than the acceptable value (-0.50) [33]. 
The comparative study of E-cadherin model by 
WHATCHECK is shown in (Figure 3) where, H 
stands for helix, S for strand, T for turn and 
empty space is for coil [34]. The model obeys 
completely the folding pattern predicted for 
protein E-cadherin.   
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3.1. RMSD AND RMSF: 
Molecular dynamics simulations have provided 
significant new information on the nature of 
protein. RMSD measure the accuracy whereas 
dynamic fluctuation (RMSF) of proteins of many 
biological processes such as enzyme activity, 
macromolecular recognition and complex 
formation [35]. 
The changes in structural conformation have been 
monitored in terms of RMSD and RMSF. Figure 
4 shows that protein-protein RMSD and 
backbone-backbone RMSD has become almost 
stationary at about 0.13nm in E-cadherin in 200ps 
simulation time, which is acceptable range. 
Figure 5 shows RMSF from 0.025-0.075 nm for 
E-cadherin up to 725 residues only this is because 
of unfold end of modeled structure. Figure 6 
shows the total energy equivalent to be  
-9.2e+0.5kj/mole (approx.) of E-cadherin. 
Solvent accessible surface area (ASA) is a direct 
measure of interaction of solute and solvent, 
which in a simple way relate to the hydrophobic 
energy in the empirical calculations [36].  
Figure 7 shows the total ASA (green), 
hydrophobic (black) and hydrophilic (red). Figure 
8 shows radius of gyration (Rg) for E-cadherin 
protein in the slot up to 175ps the Rg gave the 
value near 2.15nm but after that time period it 
stabilized at 2.154nm range. 
 

[IV] CONCLUSION: 
In the present study, the structure of E-cadherin, a 
protein involved in melanoma metastasis has 
been elucidated. A concise study has been done 
for identification of sequence through BLAST. 
Homology modeling has been done for prediction 
of E-cadherin structure which is shown in Figure 
1 and stereochemical checking has been done 
through Ramachandran plot (Figure 2). The 
model was also evaluated for comparative study 
by WHAT CHECK (Figure 3). RMSD, RMSF, 
total energy, ASA and radius of gyration have 
been calculated Figure 4, Figure 5, Figure 6, 
Figure 7 and Figure 8). The 3D structure 
prediction of protein is important technique in 

bioinformatics research as it has wider 
application in fields like drug design and disease 
prediction. The 3D protein model determination 
of target protein can be used for rational drug 
design and their occurrence in other disease could 
be served for the discovery of broad spectrum of 
drugs. Computational approaches like docking 
can be used for identification of inhibitors, which 
can bind to the targets with experimental or 
modeled structure. For docking approaches, 
ligand and receptor protein are necessary.  Two 
approaches are most commonly used in docking. 
One approach uses matching technique that 
describes ligand and receptor as complimentary 
surface. Another approach simulates the actual 
docking process in which ligand protein pairwise 
energies are calculated. In present study 
3Dmodelling data has been generated for 
experimental support and could provide a good 
foundation for functional analysis of 
experimentally derived crystal structure. 
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Fig: 1.  3D visualization of Modelled Structure of E-
cadherin protein 

Fig: 2. Torsion angles of φ and ψ in the generated models 
through Ramachandran plot. 
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Fig: 3. 2D structure of E-cadherin protein by WHAT 
CHECK 

 

Fig: 4.   RMSD of protein after 200ps stimulation                                                                  

 

 

 

 

Fig: 5. RMSF of protein after 200ps simulation 
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Fig: 6.   total energy of protein after 300ps simulation                                                            

 
 

Fig: 7.  solvent accessible surface area of modelled protein 

 
 
 
 

Fig: 8.  Radius gyration of E-cadherin protein 
 

 
 

 

 
Table 1: Discription of E-cadherin  protein 

Protein Name Accession No Length Description 

E-cadherin CAA78353 882 
Cell adhesion 

protein 
 

Table 2: analysis of E-cadherin protein by PROCHECK  
and WHATCHECK 
 

Server Property E- 
cadherin 

 
PROCHECK 

Residues in most favored   
Region 

92.1% 

Residues in additionally 
allowed region 

6.8% 

Residues in generously 
allowed region 

0.5% 

Residues in disallowed 
region 

0.5% 

WHATCHECK 
RMS Z-score for bond 
angle 

1.285 

 
 

 
 

 

 

  


