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Abstract

Head and neck cancer (HNC) is a complex and morbid disease that is characterized by 

biological, clinical and pathologic heterogeneity. Progression and evolution of HNC result from 

numerous alterations of molecular and cellular pathway in squamous epithelium. Genes directly 

involved in disease and its pathw'ay were scrutinized based on a literature survey and in-silico 

analysis. Four candidate genes were shortlisted as most susceptible genes for disease etiology 

namely TNFRSFIOB, INGl, PTEN and ORAOVL MODELLER 9vl0 was employed to predict 

3D structures of TNFRSFIOB, INGl and PTEN proteins. Threading based I-Tasser server was 

applied in structure prediction of ORAOVl protein. Mutational analysis of PTEN and INGl 

showed alterations that were located within the domain surface lead to the disturbance in domain 

and binding affinities with other molecules. Molecular Evolutionary Genetics Analysis 

(MEGA5) demonstrated that TNFRSFIOA and ING5 genes were ancestor in TNFRSFIOB and 

INGl neighbour joining tree respectively. Ciona intestinalis was an outgroup in PTEN and 

ORAOVl orthologous tree. Primates, mammals, rodents, birds and teleosts were their appropriate 

place and concealing with the specie tree. Human was closely related to chimpanzee and gorilla 

showing >70% sequence similarities even 100% similarities are also identified.

Protein-ligand docking revealed LYS148, THR153, and GLY141 residues of receptor 

protein showed hydrogen interactions with prostaglandin F2alpha ligand. Hydrophobic 

interactions were identified among ALA122, LEU137, VAL118 and PR0152 with ligand.

Protein-protein docking was employed for TNFRSFIOB, INGl and ORAOVl proteins and 

functional partners of receptor proteins were used as a ligand proteins. TNFRSFIOB receptor 

protein residues (ILE58, SER90 and ALA62) showed ionic interactions with TNFSFIO ligand 

residues (ARG130, SERI 56 and ARG130). Ionic interactions were observed in the receptor 

protein INGl residues (CYS240, ASP167 and ASP167) with TP53 residues (CYS231, ARG60 

and GLU137) respectively. ORAOVl-FGF3 Docked complex showed ionic interactions of 

GLU28, ARG24, TYR23, ILE53, ARG24 and ARG24 receptor residues with ARG-144, GLU- 

82, GLU-82, ARG-132, ARG-132 and THR-136 hgand residues respectively.



The current computational analysis will help to analyse and identify the complexity of 

HNC and hypothesized that docking studies of candidate genes will assist in drug development 

to cure the 6^ most occurring cancer i.e. Head and Neck Cancer. There is an urgent need to 

develop specific databases and tools to identify candidate genes and their mechanisms in 

pathways for the reduction of complexity of the disease.



rs.
Chapter 01

In t r o d u c t io n



Sequencing of Human Genome Project (HGP) and other species produced a vast amount 

of biological data (Fuchs, 2002). Large number of proteins is identified based on sequencing data 

but addition to known sequence, predicted structure is still a mystery for many proteins and the 

process of identifying structural insights is favourably under consideration. Due to the increasing 

number of protein sequences there was need to develop an automated method for deriving the 

three dimensional (3D) structures of proteins from sequences (Chou, 2004). Therefore, it is 

extremely desired to develop a field that will allow access, interpret and analysis of the 

biological data by computational analysis. To overcome these hurdles, a new field emerged 

known as bioinformatics that provides in-silico solutions of biological problems. The major aims 

of bioinformatics are, to store and organize data for scientists to access, to develop tools for data 

analysis and then interpret the results.

Over the past few years, development of genomics and proteomics based applications 

have greatly contributed in boosting the development of bioinformatics techniques. A few 

decades before, this field expanded in different number of markets mainly in industrial and 

agricultural biotechnology and in pharmaceutical industry (Rashid, 2006).

Currently, bioinformatics is mainly focusing on newly identified gene functions, structure 

prediction by using protein sequences encoded by nucleotide sequences, finding regulatory 

elements, repetitive sequence analysis, inference of evolutionary distances for phylogenetic 

analysis, finding enzymes active sites, mutational analysis, primer designing, finding interactions 

of proteins leading to the protein-protein docking.

Head and Neck Cancer (HNC) cover a wide range of malignant tumours that appear in 

larynx, nasal cavity, pharynx, oral cavity and paranasal sinuses. Almost all of these tumours 

originate from epithelial cells and called Squamous Cell Carcinoma of the Head and Neck 

(SCCHN) (Argiris and Eng, 2003). It is the sixth most common cancer worldwide (Parkin et al, 

2002) but more fi*equent in South East Asian countries (Argiris et al, 2004; Plies et al, 2006). 

HNC is the second most frequent type prevalent cancer in Pakistan (Faheem, 2007), represents 

40.1% incidence of all the cancers (Hanif et al, 2009). Worldwide, HNC incidence variations is



highly attributed to demographic differences in the habits of chewing tobacco, exposure to 

smoking and drinking alcohol (Bames et al., 2005). This view has evolved with the advent of 

twenty first century because the identification of new subtypes of SCCHN that differs not only in 

etiology but also in clinical effects and pathogenesis (French et al, 2004; Westra, 2009; Ang et 

al, 2010).

There is always a lifetime risk of dying from second primary tumours, respiratory and 

cardiac diseases to the survivors of SCCHN (Argiris et al, 2004). Every year, 3-5% second 

primary tumours arise that affects the aerodigestive tract.

About 3-5% second primary tumours .develop and affect the aerodigestive tract in every 

year. There is no proved imaging and well known biomarker is present for surveillance of patient 

(Khuri et al, 2006). Tobacco and alcohol are the main risk factors (Argiris and Eng, 2003), but 

Human Papillomavirus (HPV) can also cause specific subsets of SCCHN (D’Souza et al, 2007). 

75% of all the SCCHN are due to the consumption of alcohol and tobacco and combination of 

these greatly increasing the risk of SCCHN (Blot et al, 1988; Vineis et al, 2004). Different 

genetic polymorphisms are reported in enzymes involved in the metabolization of alcohol and 

tobacco greatly increases the risk of SCCHN (Sturgis and Wei, 2002; Hashibe et al, 2006).

The familial inheritance ^ d  periodically development of SCCHN has been reported 

(Suarez et al, 2006). Cancer susceptibility syndromes like Fanconi’s anaemia, Li-Fraumeni 

syndrome, colorectal cancer and ataxia telangiectasia increase the SCCHN risk in individuals 

(Foulkes et al, 1996).

HPV primarily types 16 and 18 are newly identified as risk factors of SCCHN. HPV type 

16 has higher effects than type 18 (D’Souza et al, 2007). The involvement of HPV in SCCHN is 

strongly associated with tonsil cancers, intermediary with oropharynx cancer and weakly with 

larynx and oral cavity cancer (Hobbs et al, 2006). Immunohistochemistry and in-situ 

hybridization techniques are applied for the detection of Oncogenic HPV  subtypes. HPV 

genomic DNA is present in about 25% of the SCCHN (Trizna and Schantz, 1992).

Early recognition of signs and symptoms are very important for SCCHN diagnosis. 

Population screening is the only evidence based method for oral cancer screening in high risk



regions (Sankaranarayanan et al., 2005). For specialist assessment of biopsy in malignant

tumours, referral criteria have been developed to confirm the diagnosis (Witcher et al, 2007). 

Therapeutic decision depends upon the most important factor accurate staging.

Computed Tomography (CT) and MRI (Magnetic Resonance Image) for neck imaging 

are staging methods employed in radiological and surgeon assessment (Patel and Shah, 2005). 

Combined CT and PET scans provides more accurate results in the identification of malignant 

tumours in head and neck (Branstetter et al, 2005). PET-CT scanning is also valuable for 

detection and assessment of response of recurrent or persistent SCCHN. Radiotherapy and 

surgery have been the main approaches for treatment of SCCHN (Argiris et al, 2008).

1.1. Pathogenesis

Genetic events results in the inactivation of tumour suppressor genes and activation of 

proto oncogenes or both, leading to the development of SCCHN. Epigenetic and genetic 

variations in invasive and premalignant lesions could be identified by molecular techniques. 

Molecular techniques permit the delineation of a theoretical succession model for SCCHN 

carcinogenesis (Ha and Califano, 2006; Perez-Ordonez et al, 2006). Inflammatory and stromal 

cells contribute in the carcinogenesis and the resistance of treatment. Immortalization and 

telomere maintenance is controlled by telomerase that has been found to be reactivated in 

premalignant and in 90% of SCCHN lesions (McCaul et al, 2002).

In 70-80% of SCCHN, a very frequent genetic aberrations 9p21 loss is observed (Mao et 

al, 1996). Promoter hypermethylation, point mutations and homozygous deletions inactivates 

the p i6, and loss of 3p could be early events in carcinogenesis of SCCHN (Rocco and Sidransky, 

2001; Perez-Ordonez et al, 2006). In 50% of all the SCCHN cases, point mutations in TP53 and 

loss of heterozygosity of 17p are observed (Balz et al., 2003). Disruptive TP53 mutations in 

tumour DNA are known to be associated with SCCHN surgical treatment having reduced 

chances of survival (Poeta et al, 2007). Overexpression of cyclin D1 and amplification of 1 lql3 

are also identified in SCCHN and could associate with the behaviour of more aggressive tumour 

(Capaccio et al, 2000). EGFR (Epidermal Growth Factor Receptor) is the member of ErbB



growth factor receptor tyrosine kinase family which is central to the biology of SCCHN

(Karamouzis et al, 2007).

Malignant cells of HNC inhibit or evade the immune recognition defences and flee from 

destruction by immune systems (Kuss et al, 2004). Many mechanisms of immune evasion are 

proposed including escaping from immune recognition system and elimination (Ferris et al, 

2005; Lopez-Albaitero et al, 2006) by different tumour factors, immunosuppressive cells 

activity, activity of T-lymphocyte and cytokines mediating systemic and local effects (Argiris et 

al, 2008).

1.2. Candidates Genes

Generally, candidate genes have known biological functions and regulate the biological 

processes of traits directly or indirectly. In association analysis, these genes could be confirmed 

in the effects of causative variants of genes. Currently, candidate gene approach has been applied 

in different research areas to understand the relationship of genes with diseases, to identify 

genetic association and in the selection of drug target and biomarker in various organisms from 

animals to humans (Tabor et al, 2002). This approach is highly subjective in the selection of 

candidates from different potential possibilities. Many web-based resources and databases allow 

users to mine existing data for new targets of candidate genes (Zhu and Zhao, 2007).

1.2.1. Tumour Necrosis Factor Receptor Superfamily, member lOB 

(TNFRSFIOB)

Tumour Necrosis Factor (TNF) is a mediator pro-inflammatory cytokine that is involved 

in the progression and development of cancer. The family of TNF inhibits tumour formation 

through apoptosis, but TNFs deregulation encourages metastasis, migration and invasion of 

tumour cells tissues (Matthew et al, 2012).

TNFRSFIOB gene contains 10 coding exons and the allelic loss of 8p was observed in 20 

primary HNCs during sequence analysis of all these coding exons. In 1998, 2-bp insertion in this 

gene at residue 1065 was found that introduces a premature stop codon lead to truncated protein



in SCCHN. Sequence comparison between patient and normal tissues confirmed that germline 

contains truncating mutation in the absence of p53 mutation (Pai et al„ 1998).

1.2.2. Inhibitor of Growth 1 (INGl)

INGl is a member of newly identified tumour suppressor family involved in cellular 

senescence, oncogenesis, apoptosis and control of DNA damage repair (Garkavtsev et al, 1996; 

Kuzmichev et al, 2002). Garkavtsevc and Riabowol, (1997) mapped the INGl gene at 13q33- 

q34 location by fluorescence in situ hybridization. Zeremski et al. (1997) localized the INGl 

gene to 13q34 by using radiation hybrid mapping technique. Gunduz et a l (2000) found the loss 

of heterozygosity in 68% of tumours from 32 informative SSCH cases at 13q33-q34 location of 

INGl gene. Three silent mutations and three missense mutations are identified in an INGl gene 

in 6 of 23 tumours with the allelic loss at 13q33-q34 region. These missense mutations were 

recognized within PHD finger domain and nuclear localization motif in protein of INGl which 

possibly abrogate its normal function.

P53-dependent signalling pathways are associated with different functions of INGl gene. 

P53 genes including proapoptotic factor Bax, and cell cycle progression p21WAFl inhibitor 

were activated by over expression of INGl (Garkavtsevc and Riabowol, 1997; He et al, 2005). 

Latest studies showed that INGl is involved in the control of cellular responses to genotoxic 

stresses and to DNA damage (Cheung et al, 2001; Scott et al, 2001). In case of DNA damage 

INGl translocates to the nucleolus, starts the arrest of cell cycle and then repair to DNA damage 

and it induces apoptosis. According to Kuzmichev et al. (2002), Skowyra et al. (2001) and 

Doyon et a i (2004) this gene is also very important in chromatin remodeling.

Mutations in INGl gene results in the progression of rapid cancer, instability of genome 

and less survival rate for the patients of cancer. Silent and missense mutations are found in 13% 

SCCHN, 12.9% esophageal Squamous Cell Carcinoma (SCC) and 19.6 malignant melanoma 

(Campos et al, 2004).



1.2.3. Phosphate and Tensin Homolog (PTEN)

In 1997, PTEN was identified as a candidate tumour suppressor gene on chromosome 10 

by mapping of homozygous deletion on 10q23 (Li et al, 1997; Steck et al, 1997; Li and Sun, 

1997). It is frequently mutated in many human cancers (Bonneau and Longy, 2000). It inhibits 

the progression of cell cycle by activating proapoptotic molecules and down-regulating cyclin 

D1 so that playing an important role in apoptosis and cell survival (Tsugawa et al, 2002; Weng 

e t a L i m X )

PTEN is a good phosphoinositide D3-phosphatase and a poor protein phosphatase 

(Maehama and Dixon, 1998). PTEN antagonizes phosphoinositide 3-kinase (PI3K) which in turn 

activates the antiapoptotic and proloferative signalling pathways (Stambolic et al, 1998; Wang 

et al, 2000). It is regulated through phosphorylation of a cluster of threonine and serine residues 

in its C terminus during post translational modifications (Vazquez et al, 2001; Birle et al, 2002; 

Miller et al, 2002). One alteration known as loss of heterozygosity (LOH) mostly occurs in 

various human tumours at 10q23 (Li et al, 1997). An alal21-to-gly mutation was found in 1 

laryngeal carcinoma and 1 oropharyngeal by using 52 SCCHN tumoiir samples (Poetsch et al, 

2002).

1.2.4, Oral Cancer Overexpressed 1 (ORAOVl)

ORAOVl gene is a candidate proto-oncogene in different SCCs. First, Huang and his 

colleagues mapped the ORAOVl at chromosomal band l lql3.  It was considered the candidate 

oncogene for the progression and development of different human SCCs because it was 

supposed as a main reason in l l q l 3  gene amplification (Huang et al, 2002).

Gene amplification often increases the gene expression level and used as a common 

finding for a broad range of tumour types (Schwab, 1999). In SCCHN, high levels of l lql3  

DNA amplifications are verified by different molecular studies (Gamis et al, 2004; Jarvinen et 

al, 2008; Martin et al, 2008). High level of expression in cell lines of OSCC (Oral Squamous 

Cell Carcinoma) carrying the 1 lql3 amplification has been discovered by northern blot analysis.



Expression level was low in those cells that are not carrying the amplification and in human 

normal oral keratinocytes (Huang et ai, 2002).

Many functional studies explained the role of ORAOVl in the OSCC tumorigenesis by 

taking part in the tumour angiogenesis and regulation of cell growth (Jiang et ai, 2008). 

Worldwide, SCCHN deaths are resulted by one of the most common malignancies oral 

squamous cell carcinoma (Neville and Day, 2002). ORAOVl may be a very important biological 

biomarker in SCCs (Huang et al, 2002). Rearrangements in l lq l 3  regions are considered the 

independent prognostic factors and most common tumour related chromosome region in many 

SCCs (Choi et al, 2007; Baras et al, 2009).

Highly characterized candidate genes of head and neck cancer are selected. Different 

bioinformatics applications will employ to understand the insights of selected candidate genes. 

Structural bioinformatics will assist in the structural analysis of candidate proteins. 3D structures 

of selected proteins were not already reported in biological databases including the Protein Data 

Bank (PDB). Threading and comparative modelling will perform for structure prediction that 

will lead to the better understanding of proteins function.

Phylogenetic analysis will perform by using orthologs and paralogs of selected genes that 

presents evolutionary relationship between genes. Phylogenetic tree will infer ancestral gene 

specie, outgroup and divergent gene species.

Interactions of candidate proteins will determine with other ligands, chemical 

compounds, enzymes and proteins. Interacted ligands and proteins will be further analysed and 

will be utilized as a ligand in molecular docking. Protein-1 igand and protein-protein docked 

complexes will be visualized, interpreted and evaluated by bioinformatics techniques. Virtual 

screening leads to the drug designing to stop and cure disease. Overview of current work is 

shown in figure 1.1.



Cancers

Lung Cancer Brea^ Cancer la  Head and Neck

N
[ Blood CCancer

/ \

\
Genetical Abbreations

Literature Survey

I

GProstate Cancer

Oral Cavity I I I  Nasopharynx I I  Oropharynx l i  Hypopharyn 11  Larynx Trachea

Enivironmental factors 
(Smokioe, Alcohol, and UV light) 

------------------ -----------------

Virsus (HPV)

>10 candidate genes are present in differait databases

Most common and directly related 4 candidate genes are selected

TNFRSFIOB

8p21

Gene encodes 
protein which is a 
member of the TNF- 
receptor super 
family, and contains 
an intracellular deadi 
domain.

INGl

13q34

INGI gene encodes a 
protein that act as a 
tumor suppressor 
protein that can 
induce cell arrest and 
apoptosis.

PTEN

3
10q23

“ T

PTEN functions as a 
tumor suppressor 
gene encodes a dual 
specificity phosphate 
by negatively 
regulating
AKT/PKB signaling 
pathway.

Involve in ceil 
growth regulation 
and mutation leads 
to abnormality of 
natural function.

Figure 1.1: Schematic representation showing flow of data on Head and Neck Cancer



Chapter 02
M a t e r i a l s  & m e t h o d s



Current research methodology illustrated computational analysis to proposed candidate 

genes for head and neck cancer. Four most susceptible genes {TNFRSFIOB, INGl, PTEN, and 

ORAOVl) were recruited from mutational databases and cross checked through literature. 

Candidate genes were further analysed for their 3D structures and interactions. Protein sequences 

of candidate genes are retrieved from the Uniprot Knowledgebase. 3D structures of selected 

candidate proteins were not reported in the Protein Data Bank (PDB). Basic Local Alignment 

Search Tool (BLAST) technique was applied to find out the best templates of targeted protein for 

comparative modelling. Best templates were selected on the basis of query coverage, E-value 

and identity. 3D structures of templates were retrieved from the PDB as input of homology 

modelling. The comparative modelling approach was used to predict the structures of targeted 

proteins. MODELLER was applied for homology modelling. Threading approach was also used 

for structure prediction of ORAOVl protein which has identity less than 30% with the template. 

Selected 3D models of target proteins are further evaluated by evaluation tools like Rampage, 

ERRAT and ProSA.

To determine the evolutionary relationships of genes, Ensembl BLAST was used to find 

the paralogs and orthologs of genes in different species. Paralogs were selected on the basis of 

alignment and then orthologs sequences of selected paralogs were retrieved. Alignment of these 

paralogs and orthologs were carried out by the ClustalW method in Molecular Evolutionary 

Genetics Analysis (MEGA 5). Complete deletion option, p-distance value and bootstrap was 

used in tree construction by neighbour-joining method.

Docking studies were carried out for the understanding of ligand-receptor interactions 

and their binding. Ligand of target proteins was searched from ZINC PubChem, Chemspider, 

KEGG, and PDB databases. Chemical structure was drawn in ChemDraw and saved into .PDB 

format as input of AutoDock Vina. AutoDock tool was applied to find the interactions and 

bonding of receptor and ligand. A docked complex of receptor and ligand was visualized and 

determined the hydrophobic, ionic and hydrogen interactions by Visual molecular dynamics 

(VMD) tool. String server was used to determine the interactions of target proteins with other 

proteins. Protein-protein docking was carried out by GRAMM-X, HEX and PatchDock server. 

PYMOL tool was used for visualization and evaluation of docked complex of receptor and 

ligand protein.



2.1. Pubmed

Pubmed was widely used to retrieve information about head and neck cancer. Candidate 

genes of SCCHN are selected based on literature review retrieved from Pubmed.

2.2. UniProtKB

UniProtKB (Universal Protein Resource Knowledgebase) contains consistent, accurate 

and rich annotated proteins functional information. UniProtKB was used to retrieve the protein 

sequences, entry names, its origins, annotations, and functional information.

2.3. Basic Local Alignment Searcli Tool (BLAST)

BLAST is a very powerful tool used in the comparison of nucleotide and protein 

sequences in same and different species. Sequence similarities may be used to find the 

evolutionary relationship, predict protein structures, functions and their families. The BLAST is 

widely used tool to find the sequence similarities by searching many sequence databases. The 

BLAST tool searches similar regions in query sequence against different databases on the basis 

of local alignment (Altschul et al., 1990). BLAST parameters allow user for deletions and 

insertions during alignments. Different types of BLAST are present including protein BLAST, 

nucleotide BLAST etc.

2.4. Protein Data Bank (PDB)

PDB is freely accessible database for scientists for retrieving 3D structures and structural 

information of proteins as an input for docking studies. PDB archive is the collection of the 3D 

structures of proteins, nucleic acids and complex assemblies (Raghava et a l, 2011). It also 

contains the ligands of target proteins determined by X-Ray crystallography and NMR 

techniques. PDB achieve contain 84508 3D structures of macromolecular till 11 September, 

2012.



2.5. Structure Prediction

Threading and comparative modeling approach was employed to predict 3D structures of 

selected proteins through I-Tasser and MODELLER respectively.

2.5.1. Iterative-Tasser (I-Tasser)

I-Tasser is an online server for the structure and function of proteins by threading 

method. I-Tasser is known as no 1 server for structure prediction seen in CASP7, CASP8 and 

CASP9 experiments. It built the 3D structures by using LOMETS for multiple threading 

alignments, Iterative-Tasser for assembly simulations and then BioLiP protein functional 

database for matching predicted models to determine the functional insights.

2.5.2. m o d e l l e r  9v 10

MODELLER is a homology or comparative modelling program for 3D structure 

predictions of proteins. MODELLER automatically calculates the model having non hydrogen 

atoms by taking the alignment of the target sequence with knovm structure and a script file. 

MODELLER predicts the structure by the satisfaction of spatial restraints. In addition to the 

structure prediction, MODELLER also performs sequence comparisons, alignments, clustering, 

structure evaluation, and predicts the de novo modelling of loops (Eswar et al, 2008; Chen et ai, 

2011).

2.6. Structure Assessment

The assessment of predicted structures was carried out by ERRAT, Rampage and ProSA 

tools to check the reliability of 3D structures.

2.6.1. ERRAT

The ERRAT structure evaluation algorithm is specially developed for the assessment of 

crystallographic model and its refinement. Its mechanism involves the examination of the 

statistics of non-bonded interactions lies in different atoms. ERRAT generates an output plot that



presents the quality of a model and shows sliding window v/s error function. An error function is 

extremely useful in decision making regarding the reliability of the model.

2.6.2, Rampage

Ramachandran plot of structure predicted protein is visualized and assessed by Rampage 

program (Sian et a i, 2011). The plot presents the distribution of residues in favoured, allowed 

and outlier regions. For pro, gly, pre-pro and other general residues, psi/phi plots were also 

derived.

2.6.3. Protein Structure Analysis (ProSA)

ProSA is a well known tool for validation and refinement of protein structures. It 

determines the potential errors in 3D protein structures. It can recognize the errors in theoretical 

and experimental determined structures (Wiederstein and Sippl, 2005).

2.7. Phylogenetic Analysis

To generate phylogenetic trees, protein sequences of orthologs and paralogs of selected 

proteins were retrieved from the Ensembl genome browser. MEGA tool is used for constructing 

and inferring phylogenetic trees.

2.7.1. Ensembl Genome Browser

Wellcome Trust Sanger Institute EMBL-EBI developed Ensembl to maintain and 

produce automatic annotations of eukaryotes. Ensembl is a free online program that provides the 

information of vertebrates and other eukaryotic species.

2.7.2. Molecular Evolutionary Genetics Analysis (MEGA)

MEGA is an integrated tool for sequence alignments, calculate rates of molecular 

evolution. Phylogenetic trees inferring, sequences inferring, database mining and to test 

evolutionary hypotheses (Tamura et aL, 2011).



2.8. Molecular Docking

Molecular docking studies were performed on candidate proteins to determine their 

interactions and binding affinities with their respective ligands and proteins.

2.8.1. Ligand Retrieval

Appropriate and suitable ligand of target protein selection is a crucial step in protein- 

ligand docking. Several online ligand databases are available for ligand retrieving.

2.8.1.1.ZINC

ZINC database contains about 21 million ligands for target receptor proteins used in 

virtual screening. User searches ligands of target proteins in this database by name of the protein, 

its structure or catalogue number and then retrieves appropriate ligand (Irwin and Shoichet,

2005).

2.8.1.2. KEGG

The KEGG database consists of enzymes, chemical compounds, reactions etc. and their 

information. User can easily search, select and retrieve appropriate ligands, enzymes, chemicals 

etc. in this database. Ligand of target protein retrieved from KEGG LIGAND database.

2.8.2. ChemDraw

ChemDraw is a desktop application used for drawing chemical structures based on drag 

and drop method. ChemDraw suit is employed for drawing structure and saved into .pdb format 

as an input of docking (Mendelsohn et al., 2004).

2.8.3. AutoDoek Vina

AutoDock Vina is a free and easy program used for virtual screening, molecular docking, 

and drug discovery with a high performance and accuracy. Autodock Vina is applied for docking 

of predicted proteins with suitable ligands to find out the interaction between them.



2.8.4. Visual Molecular Dynamics (VMD)

VMD tool is designed to visualize and analyse the lipids, nucleic acids proteins etc. it 

presents a molecule in different colours and rendering methods including lines, bonds, ribbons, 

spheres, cylinders, backbone etc. VMD can be employed in analysis and ammation of the 

Molecular Dynamics (MD) simulation trajectory. Here VMD used for the analysis of protein- 

ligand interactions.

2.9. Protein Interactions

Protein interactions are the major process in life at the molecular level. Normally, every 

protein interacts with any other proteins (Tovchigrechko et al, 2002). So that protein interactions 

are crucial in understanding of the protein’s nature and their functionality. Here the interactions 

of selected proteins were determined to exploit the functions of proteins with respect to head and 

neck cancer.

2.9.1. STRING

STRING (Search Tool for the Retrieval of Interacting Genes) is an online server to 

determine the interactions of proteins between same and different species. It provides a network 

of interacted proteins with query sequence and gives a highest score of highest matched protein. 

It also provides the most interacted protein sequence and its function (Szklarczy et a l, 2011).

2.9.2. GRAMM-X

GRAMM-X is a web base software used for protein-protein docking and generates 

complexes. It develops original GRAMM-X methodology for Fast Fourier Transformation (FFT) 

to utilize the smoothened potentials, knowledge-based scoring and refinement of stages. This 

server examined by many weeks of benchmarking and publicly uses (Tovchigrechko and Vakser,

2006). Target and ligand proteins submitted to the server for protein-protein docking.



2.9.3. HEX Server _

Hex server is publicly available for protein-protein docking based on FFT. The server 

generates 1000 docking predictions of protein-protein docked complexes but individuals can 

^  access and download only first 20 predictions. Hex server is used in protein-protein docking.

2.9.4. PyMOL

PyMOL is a desktop program for visualizing the molecular system. This software is used 

for visualization and analysis of protein-protein docked complexes.

Overview of the methodology applied in the current work is presented in figure 2.1. 

Different bioinformatics tools, databases and online servers applied in current work are shown in 

table 2.1.



Table 2.1: Tools involved in the present work with their functions are listed in the table.

No. Tool name Function

1 UniProt Protein Data Retrieval

2 BioGPS Expression profiling

3 BLASTp Template selection

4 MODELLER Structure prediction

5 Chimera Structure visualization

6 Rampage, ERRAT Model Evaluation

7 AutoDock Docking Analysis

8 HOPE server Mutational analysis

9 STRING Protein-Protein Interactions

10 KEGG Ligand Retrieval

11 ChemDraw Ligand Drawing

12 GRAMM-X Protein-Protein Docking

13 VMD Binding interactions of docked protein-ligand complexes

14 LigPlot For Protein-LigandTnteraction

15 PyMOL Binding interactions of docked Protein-protein complexes

16 ENSEMBL Phylogenetic Sequences Retrieving

17 MEGA Phylogenetic Analysis
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Candidate gene approach was employed to identify the most plausible gene for disease 

pathogenecity. In-silico analysis were carried out on top four candidate genes {TNFRSFIOB, 

PTEN, INGl and ORAOVl). Chromosomal locations, total base pairs, molecular functions, 

biological processes and cellular locations of prioritized genes are shown in table 3.1 and 3.2.

MODELLER was used to predict the 3D structures of TNFRSFIOB, INGl and PTEN 

protein. I-Tasser based on the threading approach was applied to predict the 3D structure of 

ORAOVl protein. Evaluation tools Rampage, ERRAT and ProSA are showing the reliability of 

the models.

Evolutionary history and ancestral relationship of genes were determined by Molecular 

Evolutionary Genetic Analysis (MEGA 5). Bootstrap values representing the reliability of 

topologies of trees. All the species are in their appropriate place according to the specie tree.

Molecular docking permits to analyse and interpret the interactions of receptor proteins 

with ligands through protein-ligand and protein-protein docking methods. Protein-ligand docking 

was performed for PTEN and its hgand was retrieved from KEGG Ligand database, AutoDock 

Vina was used to generate docked complex of PTEN protein with appropriate ligand. STRING 

and STITCH 3 online databases were utilized to find the interactor proteins of target predicted 

proteins. Protein-protein docking of TNFRSFIOB, INGl and ORAOVl were performed by 

docking servers GRAMM-X and HEX. Docked complexes of protein-protein and protein-ligand 

were visualized and analysed by PyMOL and VMD visualizing tools respectively.



Table 3.1: Prioritized set of genes with^chromosomal loci, total base pairs, starting and ending 

base pairs.

Gene name Chromosome # Start Base Pair Ending Base Pair Total Base Pairs

TNFRSFIOB 8 22877646 22926692 49,047

ING l 13 111365083 111373421 8339

PTEN 10 89622870 89731687  ̂108^818

ORAOVl 11 69467844 69490184 22,341



Table 3.2: Molecular functions, biological processes and cellular locations of candidate genes 

are mentioned in this table.

TNFRSFIOB Receptor activity 

Protein binding 

TRAIL binding

Apoptotic process

Extrinsic apoptotic signalling 
pathway via death domain receptors.

Regulation of apoptotic process.

Activation of cysteine-type 
endopeptidase activity involved in the 
apoptotic process.

Plasma membrane

Integral to 
membrane

ING l Zinc ion binding

Methylated histone 
residue binding.

Negative regulation of cell 
proliferation.

Regulation of cell death.

Negative regulation of cell growth.

Nucleus

PTEN Protein
serine/threonine 
phosphatase activity.

Phosphatidylinositol- 
3-phosphatase activity

Protein binding

Regulation of cyclin-dependent 
protein kinase activity.

Angiogenesis

Regulation of B cell apoptotic process 
Negative regulation of protein 
phosphorylation.

Nucleus

Cytoplasm

Cytosol
Plasma membrane



3.1. Structure Prediction ^

Threading approach by using I-Tasser online software was applied to predict the 3D 

structure of ORAOVl protein having >30 template identity. Comparative modeling program 

MODELLER 9vl0 was employed to build 3D structures of target proteins. Psi-BLAST was 

performed to find out possible templates of query sequence against PDB and templates with 

optimal alignment, high query coverage and least E-value was selected for homology modelling 

shown in table 3.3.

MODELLER 9vl0 executed alignment and structure predictions of protein by using 

target protein sequence, template structure and script file in python as input. Predicted structure 

having lowest objective function was selected for further assessment by ERRAT, Rampage and 

ProSA evaluation tools.

3.1.1. TNFRSFIOB

Protein sequence of TNFRSFIOB in FASTA format was retrieved from UniprotKB with 

accession number E9PBT3. Table 3.4 represents the templates of TNFRSFIOB protein sorted by 

their overall quality, total score and query coverage. The model was built by MODELLER by 

using 2ZB9 template with optimal alignment. Predicted model was visualized by Chimera 1.6 

shown in figure 3.1. Assessment of predicted structures was performed by Rampage, ERRAT 

and ProSA shown in figure 3.2 to 3.4 respectively.



\

Table 3.3: Suitable templates of candidate proteins were selected based on E-value and query 

coverage by using BLASTp. ORAOVl template showed only 28% identity wdth query sequence 

so that threading approach was applied to predict structure of ORAOVl protein.

TNFRSF  

i lOB
I..

8p21 E9PBT3 90aa 2ZB9 84% 30% 5.1

ING l 13q34 Q5T9H0 279aa 4AFL 34% 36% 4e-15

PTEN 10q23 F2YHV0 175aa IDFR 81% 89% le-98
11

ORAOVl

\

l lq l3 Q8WV07 137aa 3D0C 50% 28% 0.30 !
\

Table 3.4: Three templates of TNFRSFIOB protein were found. 2ZB9 template having high 

score and query coverage was selected as a template in modelling.

ATTTEtnlmlSS)

2ZB9 25.8 84% 5.4 30%

3NKE 25.8 46% 4.1 32%

3NKD 25.0 46% 8.1 32%
1



Figure 3.1; 3D structure of TNFRSFIOB protein visualized by the UCSF CHIMERA visualizing 

tool. A model is presented in smoothing ribbons and sticks. Helixes are represented by blue 

colour and coils by green colour.
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Figure 3.2: RAMPAGE result of TNFRSFIOB protein showing the distribution of residues in 

favoured, allowed and outlier regions. Only 1 residue of model in outlier region representing the 

reliability of predicted structure.
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Figure 3.3: ERRAT result of TNFRSFIOB model showing the 51.85% overall quality of model. 

X-axis shows the number of resides while the Y-axis represents error values of residues.
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Figure 3.4 (a & b): ProSA results of TNFRSFIOB model (a) Plot showing -1.08 Z-score 

representing the overall quality of the model, (b) Local model quality plot of model showing 

position of sequences against knowledge based energy in both window sizes 10 and 40.



3.1.2. INGl

INGl protein sequence in FASTA format having accession number Q5T9H0 was 

retrieved from UniprotKB. Top five optimal aligned templates with high query coverage are 

mentioned in table 3.5. 4AFL template having high query coverage was used for structure 

prediction by homology modelling. The predicted structure of INGl protein is shown in figure

3.5. Figure 3.6 to 3.8 represents an evaluation of the model by Rampage, ERRAT and ProSA 

respectively.

Table 3.5: Top five prioritized templates of JNGJ proteins are sorted by query coverage.

4AFL 70.1 34% 4e-15 36%

IWES 126 22% 5e-36 79%

2G6Q 124 21% le-35 84%

2QIC 143 21% 8e-43 98%

1 2vivr

1

116 20% 2e-32 76%



Figure 3.5: 3D model of INGJ protein built by MODELLER 9vl0 and visualized by the UCSF 

CHIMERA tool. Protein Structure shows helixes and coils in blue and green colour respectively.
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Figure 3.6: Rampage result of INGl model showed glycine, proline and general residue 

distribution in favoured, allowed and outlier regions. 92.8% residues are in a favoured region as 

expected residues in favoured region are about 98% and outlier region contains 1.8% residues.
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Figure 3.8: (a & b): ProSA results of INGl (a) Overall quality plot showing -2.44 Z-score of 

model, (b) Knowledge based energy of the model is represented in the local quality plot.



3.1.3. PTEN

Protein sequence of PTEN in FASTA format was retrieved from UniprotKB with 

accession number F2YHV0. Table 3.6 lists the five templates of highest query coverage and 

good alignment of all the five templates sorted by their query coverage quality. Template with 

accession number IDFR was used for homology modelling of PTEN. The model is shown in 

figure 3.9 and evaluation results are shown in figures from 3.10 to 3.12.

Table 3.6: Top five templates of PTEN protein showing their total score, query coverage, E- 

value and identity with the target sequence.

.... — —

1D5R 291 81% le-98 89%

3AWF 139 89% 2e-39 41%

3AWG 137 84% 6e-39 42%

3AWE 136 84% 2e-38 42%

3V0D 135 89% 4e-38 40%



Figure 3.9: UCSF CHIMERA vL6 was used to visualize MODELLER predicted model of 

PTEN protein. Helixes are displayed in blue colour, strands in red colour and coils are in green 

colour.
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Figure 3.10: RAMPAGE showed 87.9% residues in favoured, 9.8% residues in allowed and 
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Figure 3.11: ERRAT results oi PTEN structure showed 50% overall quality of a model. ERRAT 

determined overall model quality by the calculation of error values below the rejection limit.
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Figure 3.12 (a & b): ProSA results of PTEN. (a) Z-score is -4.24 in overall model quality plot,

(b) Two lines of window size 10 and 40 are showing the knowledge based energy with respect to 

the sequence positions.



3.1.4. ORAOVl

The ORAOVl protein sequence in FASTA format was retrieved from UniprotKB with 

accession number Q8WV07. Psi-BLAST was applied to find out possible templates of the target 

protein. 3D0C template showed 28% similarity with query sequence mentioned in table 3.3. 

Threading based software I-Tasser was employed to predict ORAOVl protein shown in figure 

3.13. Evaluation results by Rampage, ERRAT and ProSA are displayed in figures from 3.14 to 

3.16 respectively.

Figure 3.13: ORAOVl model was built by threading method through I-Tasser. The structure is 

presented in smooth ribbons visualized by the UCSF CHIMERA tool. Coils and helixs are 

represented in green and blue colour respectively.
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Figure 3.14: ORAOVl model was predicted by I-Tasser and evaluated by Rampage that defined 

results in favoured, allowed and outlier regions. 91.9% residues were in favoured regions, 6.7% 

were in allowed and 1.5% residues were in outlier regions.
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Figure 3.15: ERRAT result of ORAOVl model showing 72.868% overall quality factor of the 

model representing 72.868% residues are below the rejection limit 95%.

(a) Overall Model Quality Plot (b) Local Quality plot

Figure 3.16: ProSA results of ORAOVl. (a) Z-score is -3.25 in overall model quality plot, (b) 

Knowledge based energy with respect to the sequence positions are represented in the local 

quality plot.



3.2. Phylogenetic Analysis

Distance based approach by using the neighbour-joining method was employed to 

explore the characteristics of vertebrates and invertebrates of candidate genes. The. evolutionary 

relationship of HNC genes was analysed by using protein sequences of mammals, teleosts, and 

tetrapods. Amphioxus sequences were also used in phylogenetic analysis as the closest 

invertebrate relative to vertebrate. Phylogenetic trees of selected genes are shown in figure 3.17 

to 3.20.
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Figure 3.17: Evolutionary tool MEGA 5 was employed to construct a neighbour-joining tree of 

TNFRSFIOB gene. Ensembl BLAST was performed to identify paralogos of the target gene. 

Protein sequences of TNFRSFIOA, TNFRSFIOD and TNFRSFIOB were retrieved to determine 

the evolutionary relationship between paralogos and orthologo s.Numbers of bootstrap 

replications were 1000 in bootstrap method. P-distance method and complete deletion option 

were used in the construction of neighbour-Joining tree. Neighbour-joining tree of TNFRSFIOB 
gene represented TNFRSFIOA gene as ancestral gene. TNFRSFIOA gene gave rise to generation 

of TNFRSFIOD and TNFRSFIOB genes after successive mutations according to the topology of 

the tree.
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Figure 3.18: Neighbour-Joining tree of INGl was constructed by MEGA 5 evolutionary tool. 

Ensembl BLASTp/BIat was applied to determine the paralogs of INGl gene. Two paralogs ING2 

and 1NG5 of INGl gene were selected to infer evolutionary history. Protein sequences of INGl, 

ING2 and ING5 orthologs were retrieved from the Ensembl Genome Browser. Parameters for 

Phylogenetic tree construction were same as above mentioned figure 17. ING5 gene is the origin 

of INGl and ING2 genes. Human is closely related to chimpanzee having more conserved 

sequences. Teleost (Stickleback, Medaka, Zebrafis and Fugu), birds (Zebrafinc and Chicken), 

rodents (Mouse and Rat), marrmials (Dog, Elephant, Horse, Chimpanzee and Human) are 

concealing the species tree. The mutation rate is 0.05 per site.
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Figure 3.19: MEGA evolutionary tool generated phylogenetic tree of PTEN gene by Neighbour- 

Joining method. Paralogs of PTEN gene were not reported in databases and also not determined 

by EnsembI BLASTP/Blat. Protein sequences of PTEN orthologs were used for the construction 

of a phylogenetic tree. P-distance method and complete deletion option were used in the 

construction of neighbour-Joining tree. Numbers of bootstrap replications were 1000 in bootstrap 

method. Ciona intestinalis is lying as an outer group in this tree. Mutations in ciona intestinalis 

resulted in the generation of teleost and other cluster consists of birds,rodents and mammals. 

Human is closely related to chimpanzees having high evolutionary similarities. Mammals, 

rodents, birds, and teleosts are lying on their appropriate place and showing >65 bootstrap 

values.
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Figure 3.20: MEGA 5 evolutionary tool generated neighbour-Joining tree of ORAOVI gene. The 

Ensembl BLASTp/Blat was used to find out the paralogs of ORAOVI gene but significant 

paralogs were not reported. Amino acid sequences of ORAOVI orthologs were retrieved for 

phylogenetic tree construction. Parameters were same as mentioned in figure 17. Ciona 

intestinalis is an outer group in this tree representing as a origin of genes in other species. Ciona 

intestinalis gave rise to the gene in teleosts, birds, rodents, and in mammals successively after 

mutations. Teleosts are in separate cluster and other species are also in their appropriate place. A 

tree showing the >65 bootstrap values of all the species.



3.3. Mutational Analysis

Mutational analysis was employed on candidate proteins mutations to determine 

structural variations and reveal the functions of mutations reported in SCCHN. One missense 

mutation was found in PTEN protein and three in INGl protein results in SCCHN mentioned in 

table 3.7. Mutational analysis of proteins was performed to find out structural and functional 

changes by HOPE server.

Table 3.7: Missense mutations reported in candidate proteins with amino acid substitution.

----------------- ---------------------------

PTEN Alanine 121 -to-Glycine Missense

ING l
Alanine 192-to-Aspartic acid Missense

I Cysteine215-to-Serine Missense

Asparagine216-to-Serine Missense



3.3.1. PTEN

Alai2 1-to-Gly mutation in PTEN protein involved in SCCHN. 3D-structure of target 

PTEN protein was unknown. However, HOPE built structure of wild and mutated protein based 

on homologous structure. Alanine of the wild type protein is mutated into glycine at 121 

position. Structure of wild type and mutated protein showing same backbone shown in red colour 

while different side chain shown in black colour is shown in figure 3.21.

Original and newly introduced mutant residue differ from each other by hydrophobicity 

values, charge and its specific size. In protein complex, hydrophobic interactions will be lost 

after mutation. The wild type is larger than mutant residue. The mutation is located within a 

domain, annotated as: "Phosphatase tensin-type". Mutation introduced glycine residue having 

different properties which alternately disturbed the domain and rigidity of protein at this position. 

3D Structure of wild type and mutated protein is shown in figure 3.22.

Figure 3.21: Backbone and side chains of wild type (shown on left) and mutated protein (shown 

on Right) (Alal21-Gly). Backbone and side chains are coloured red and black respectively.



Figure 3.22: PTEN Protein is shown in grey colour and wild type and mutated (Alal21-Gly) 

side chains are shown and coloured green and red respectively.

3.3.2 INGl

Three missense mutations in INGl protein were reported involved in SCCHN. Aial92-to- 

Asp mutation in INGl protein results results in SCCHN. There is no protein structural 

information, modelling template and resolved 3D structure of this protein. Backbone and side 

chains of wild type and mutated protein are coloured in red and black respectively in figure 3.23.

Figure 3.23; Backbone and side chain of wild type is shown in left while mutant (Ala 192-Asp) 

backbone and side chain is shown at right, coloured with red and black respectively.

Mutant residue is negatively charged, bigger and less hydrophobic than wild type residue. 

Mutant converted the original residue alanine into a aspartic acid that does not prefer a-helices as 

secondary structures. This residue is part of domain named zinger finger, PHD-type and mutant



residue might disturb the core structure of the domain. Mutant residue introduces a charge in a 

buried residue which can lead to the folding problems and mutation also cause loss of 

hydrophobic interactions in the core of the protein complex. Cysteine215-to-Serine mutation in 

INGl protein involved in SCCHN. Schematic structure of the original (left) and mutant protein 

(right) is showTi in figure 3.24.

H

V

H

Figure 3.24: Schematic structure showing the wild type residue on the left and the mutated 

(Cys215-Ser) residue at right. Backbone and side chains are coloured red and black respectively.

Wild type residue is more hydrophobic than mutant residue. Zinc-fmger domain are 

known to bind DNA which are disturbed by this mutation. Mutated residue is located on the 

surface of a domain and this mutation disturbs the interaction with other molecules. Close up of 

the mutated and the wild type protein are shown in figure 3.25.



Figure 3.25: INGl Protein is shown in grey colour. The side chain of wild type and mutated 

(Cys215>Ser) residue is shown in green and red colour respectively.

Asparagine-to-Serine mutation at position 216 is reported that is involved in SCCHN. 

Wild type residue is larger than mutant residue differs from each other by charge and 

hydrophobicity values. The size difference between mutant and wild type residues disturbed the 

interaction with metal ions. Schematic structure of wild type and mutated residue is shown in 

figure 3.26.

Mutated serine residue is located on the surface of a domain and this mutation disturbed 

the interaction with other molecules. Mutated and wild type residue is shown in close up figure 

3.27.



Figure 3.26: Schematic structure showing the wild type residue on the left and the mutated 

(Asn216-Ser) residue on the right. Backbone and side chains are coloured red and black 

respectively.

Figure 3.27: INGl protein is shown in grey colour and green and red colour representing the 

side chain of wild type and mutated residue (Asn216-Ser) respectively.



3,4. Molecular Docking

Molecular docking studies were performed to explore the interactions of candidate genes 

by protein-ligand docking and protein-protein docking.

3.4.1. Protein-Ligand Docking

Docking program Autodock Vina was employed to determine the binding sites of Ligand 

with receptor protein and the interactions of residues. Top two prioritized Ligands for PTEN 

gene were retrieved from KEGG Ligand database mentioned in table 3.8. Autodock Vina 

generated docked complexes separately of both ligands with receptor protein. Docked complex 

of Prostaglandin F2alpha Ligand with PTEN receptor protein having lowest binding energy was 

selected for further interaction analysis.

LigPlot and VMD were applied to identify interacting residues and type of interactions 

present in protein ligand docked complex. Docked complex analysed by LigPlot and VMD are 

shown in figure 3.28 and 3.29 respectively. Table 3.9 shows ionic, hydrogen and hydrophobic 

interactions of protein-ligand docked complex.

3.4.2. Protein-Protein Docking

Protein-protein docking of TNFRSFIOB, INGl and ORAOVl proteins was performed by 

GRAMM-X and HEX servers. Ligands of these proteins were not reported in databases/ 

literature therefore interactor proteins were determined by the STRING database for protein- 

protein docking. Interactions of protein-protein docked complexes residues were determined by 

visualizing tool PyMOL.
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Ligands of PTEN were retrieved from KEGG Ligand database. A docked complex of 

protein-ligand was generated by an Autodock Vina tool to determine how ligand binds with 

receptor protein and their ifiteractions. Complex having lowest binding energy was selected for 

analysis. Docked complex was visualized and analysed by LigPlot and VMD tools to determine 

the interacting residues in complex. Top two ligands of protein are shown in table 3.8.

Interacting residues showing Ionic, hydrogen and hydrophobic interactions are mentioned in 

table 3.9.

Table 3.8: Top two prioritized ligands of PTEN protein were retrieved from KEGG Ligand 

database. Names, formulas and structures of Ligands are mentioned.

n?

KEGG C00639 Prostaglandin 
F2alpha; 
(5Z,13E)-(15S)- 
9alpha,l 1 alpha, 
15-
Trihydroxyprost
a-5,13-dienoate;

C20H34
05

PTEN
KEGG C01557 BergaPTTA^; 5- C12H80

Methoxypsorale 4 
n; O-
Methylbergaptol
;5-
Methoxyfuranoc
oumarin
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Figure 3.28: LigPlot tool was employed to determine the interactions between receptor and 

ligand protein. Residues of receptor protein are shown that interacted with ligand. No ionic 

interactions were identified in these interactions.



Figure 3.29: Prostaglandin F2alpha Ligand was used in protein-iigand docking of protein 

by Autodock Vina. VMD visualizing tool was applied to determine and analyse the active sites 

and residue interactions. The figure showing interactions of residues with less than 4 bond 

distance.



Table 3.9: Autodock Vina generated docked complex of protein and Ligand. Interactions of 

residues were determined by the VMD visualizing tool. Hydrophobic and hydrogen bonding in 

residues is shown in the table. Ionic bonding is not present in these interacting residues.

Receptor Protein Interactions Type Residues Bonding 
Receptor _— ^ligand

Bond Distance

LYS148;OUNKO:H 3.27

Hydrogen Bonding 
(H-O)
(H-N)

THR153:OG UNKO:H 3.69

PTEN THR153:N UNKO:H 3.11

GLY141:N UNKO:H 3.31

Hydrophobic
interactions"

(C-C)

ALA122:CB UNKO:C 3.73

LEU137;CD2 UNKO:C 3.77

VAL118:CG2 ■UNKO:C 3.01

PR0152.C UNKO:C 3.88

Ionic Bonding 
(N-O)

No ionic bonds -



3.4.2.I. TNFRSFIOB

A functional partner network of TNFRSFIOB protein was generated by the STRING 

database to explore the highly interacting proteins of the target protein. TNFSFIO protein having 

highest interaction score 0.999 with receptor protein was used as a ligand protein in protein- 

protein docking by GRAMM-X. Interaction network and protein-protein docked complex is 

shown in figure 3.30 and 3.31 respectively. Interactions of interacting residues were determined 

and analysed by PyMOL, mentioned in table 3.10.

Figure 3.30: Interaction network of TNFRSFIOB was generated by STRING database. In this 

network TNFSFWB protein showed the highest interaction score 0.999 with TNFSFIO protein. 

TNFSFIO protein is used in protein-protein docking of TNFRSFIOB.



Figure 3.31: Interaction analysis of TNFRSFIOB and TNFSFIO visualized by PyMOL tool

Table 3.10: Interacting residues showed only ionic bonding between TNFRSFIOB and TNFSFIO 

protein.

Receptor
Protein

Interacting
Protein

Interactions Type Interactions (Receptor 
residue ^  Interacting protein 
residue

Bond
Distance

ILE-58/0 ARG-130/NH1 2.9

TNFRSFIOB TNFSFIO Ionic Bonding 
(N-0)

SER-90/0 ^  SER-156/N 3.2

ALA-62/N -> ARG-130/0 3.2



3.4.2.2. INGl

Ligand of INGl protein was not reported in literature and databases so that protein- 

protein docking approach was employed for INGl protein. STRING database was used to 

determine interactor proteins of INGl protein and TP5S protein showed highest interaction score

0.998. The structure of TP53 protein was built by MODELLER and used in 1NG1-TP53 docked 

complex. Interaction network is displayed in figure 3.32 and docked complex visualized by 

PyMOL is shown in figure 3.33. Interacting residues of protein-protein docked complex was 

analysed by PyMOL shown in table 3.11.

R88P7
R8BP4

PCNA

DGCR8

Figure 3.32: Functional partners of INGl protein through STRING database. Interaction 

network showed highly interacting proteins. TP53 having highest score 0.998 was selected as a 

ligand protein in protein-protein docking of INGl protein.



Figure 3.33: INGl receptor protein shows interactions with ligand protein TP53.

Table 3.11: INGl-TP53 docked complex showed ionic interactions between interacting residues.

Receptor
Protein

Interacting
Protein

Interactions Type Interactions (Receptor 
residue Interacting protein 
residue

Bond ! 
Distance

-CYS-240/0-^ CYS-231/N 3.3

ING l TP53
Ionic Bonding 

(N-O)
ASP-167/O^ ARG-60/NH1 3.1

LYS-187/NZ^ GLU137/OE2 3.3



3.4.2.3. ORAOVl

STRING database was used to find out the functional partners of ORAOVl protein for 

protein-protein docking. FGF3 protein showed highest similarity score 0.917 among other 

protein in the interaction network shown in figure 3.34. FGF3 protein utilized as a ligand 

protein to dock with ORAOVl receptor protein by GRAMM-X. Interactions between docked 

complex were analysed by PyMOL. Docked complex is presented in figure 3.35 and interactions 

are mentioned in table 3.12.

Figure 3.34: STRING database generated network of closely related proteins of ORAOVl 

protein. The network showed the highest interaction score 0.917 with FGF3 protein. FGF3 

protein structure was retrieved from the Swiss model database as a ligand protein for docking 

with ORAOVl receptor protein.



Figure 3.35: Docked complex of ORAOVl and FGF3 protein visualized by PyMOL tool.

Table 3.12: interaction results of ORAOVl receptor with FGF3 ligand protein.

Receptor
Protein

Interacting
Protein

Interactions Interactions (Receptor residue 
—> Interacting protein residue

Bond
Distance

GLU-28/OE2-> ARG-K4/NH2 . 3.2

ORAOVl FGF3 Ionic Bonding 
(N-O)

ARG-24/N^GLU-82/OE2 3.1

TYR-23/N-> GLU-82/OE2 3.2

ILE-53/0 — ARG-132/NH1 2.8

ARG-247NH2 ARG-132/0 2.5

ARG-24/NH2-^ THR-136/0 3.0
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Discussion

Head and Neck Cancer (HNC) is a disease linked with major mortality and morbidity 

(Jemal et ai, 2011). Potential environmental agents and the multigenic nature of HNC made 

complex epidemiology of disease (Yokes et ai, 1993). Worldwide, HNC is the sixth most 

occurring cancers affecting the oral cavity, larynx and pharynx (Devasena et al, 2007) and 

second most prevalent cancer in Pakistani population (Hanif et at., 2009).

Literature survey and database searching approaches were applied in the screening of 

SCCHN candidate genes. Four genes were shortlisted for further analysis that are directly 

involved in SCCHN. In the present work, computational analysis was performed on four 

prioritized candidate genes i.e. TNFRSFIOB, INGI, PTEN and ORAOVL

In the present work, 3D structures of TNFRSFIOB, JNGl, PTEN and ORAOVl proteins 

were not resolved by X-ray crystallography and NMR techniques and also not available in PDB. 

The comparative modelling approach was used to predict 3D structures of proteins by applying 

structure prediction tool i.e. MODELLER. The most authentic templates of TNFRSFIOB, INGJ, 
PTEN and ORAOVl proteins were retrieved based on extensive literature survey and E-value for 

reliable structure prediction.

For TNFRSFIOB gene, three templates namely 2ZB9, 3NKE and 3NKD templates were 

retrieved having 3d structures in PDB. Among these templates, 2ZB9 having high alignment 

score and query coverage showed better evaluation results with respect to above mentioned 

templates. RAMPAGE showed the 93.2% residues in favoured region and 5.7% in allowed 

region whereas only 1 residue was in outlier region. 51.852% quality factor and -1.08 Z-score 

were shovm by ERRAT and ProSA evaluation tools.

For INGl gene, five suitable templates namely 4AFL, IWES, 2G6Q, 2QIC and 2VNF 

were retrieved by BLASTp. 4AFL template having 34% query coverage and 36% identity 

against target sequence showed good results with respect to other templates. 92.8% residues in 

favoured, 5.4% in allowed and 1.8% residues were in outlier regions determined by RAMPAGE 

tool. ERRAT showed 48.485% quality factor and >2.44 z-score of predicted model by ProSA.



The PTEN protein sequence was used in BLASTp to find out appropriate template and top five 

suitable templates (1D5R, 3AWF, 3AWG, 3AWE, 3V0D) against the target protein were 

retrieved.

IDFR having 81% query coverage and 89% identity was employed for homology 

modelling of the target protein. Residues of predicted model were 87.9% in favoured, 9.8% in 

allowed and 2.3% in outlier regions. Model quality as 50% quality factor and -4.24 z-score were 

determined by ERRAT and ProSA evaluation tools respectively. The ORAOVl protein sequence 

was applied to determine suitable templates by BLASTp for comparative modelling. Homology 

modelling program i.e. MODELLER showed bad resuhs by using template having less than 30% 

identity. I-Tasser online tool based on the threading approach was utilized for structure 

prediction of ORAOVl protein. Rampage showed 91.9% residues in favoured and 6.7% residues 

in allowed region. Only 2 residues were lying in outlier region. Predicted model has 72.868% 

quality factor and -3.25 z-score assessed by ERRAT and ProSA respectively.

Evolutionary tool MEGA 5 was employed for neighbour-joining trees of selected genes 

to determine the evolutionary relationship of genes among teleosts, rodents, birds, primates and 

mammals. In literature, TNFRSFIOB gene and its paralogs genes are predicted in primates and 

human. TNFRSFIOD and TNFRSFIOA are the paralogs of TNFRSFIOB gene that are used in the 

construction of a phylogenetic tree. TNFRSFIOA gene is an outgroup in TNFRSFIOB tree that 

presents TNFRSFIOA gene as an origin of other genes. TNFRSFIOA gene gave rise to 

TNFRSFIOB gene in ciona intestirialis and other cluster is further diverged into TNFRSFIOD and 

TNFRSFIOB genes. Human and Gorilla are closely related in TNFRSFIOB and TNFRSFIOA 

genes while in TNFRSFIOD, Human is closely related with Chimpanzee. Bootstrap replication 

values >50 are presented in this tree representing the reliability of topology.

ING2 and ING5 are paralogs of INGI gene that are used in phylogenetic tree to determine 

the ancestral and evolutionary history of genes. ING5 is an outgroup in the tree and inferred as an 

ancestor of other genes in the tree. Reliability of tree topology was tested by the bootstrap value 

that is mostly >50. Topology of tree showing that INGI and ING2 are diverged from ING5 gene. 

Zebrafish is more diverged in teleosts. Human is closely related to chimpanzee having similar 

evolutionary history. Primates (Chimpanzee), mammals (Dog, Elephant, Horse, and Human)



rodents (Mouse and Rat), birds (Zebra Finch and Chicken) and Teleost (Stickleback, Medaka, 

Zebrafish and Fugu) are according to their place and concealing with the specie tree.

Significant paralogs of PTEN and ORAOVl genes were not identified by Blast and 

Ensembl. The thirteen orthologs of both PTEN and ORAOVl genes were retrieved for the 

construction of the neighbour joining tree. A tree showing that the PTEN gene in teleost, rodents, 

primates and mammals is evolved from ciona intesinalis. Opossum and zebrafish are more 

diverged in birds and teleosts respectively. All orthologs are concealing with the specie tree and 

>70 bootstrap value showing the reliability of topology.

Ciona Intestinalis is an outgroup in an ORAOVl orthologs tree. Human is closely related 

to chimpanzee having more conserved sequences. Teleosts, birds, rodents, primates and 

mammals are in their respective cluster and diverged from ciona intestinalis. Reliability of 

topology was tested by number of replication values that are □> 70. Mutation rate was 0.1 per 

site in the tree of ORAOVl gene.

Mutations of candidate proteins involved in SCCHN were identified. Mutational analysis 

was performed by the HOPE server to determine the structural changes in proteins. Ala-to-Gly 

missense mutation was reported in protein at 121 location. Mutated residue is smaller than 

wild type residue and mutation led to loss of hydrophobic interactions in a protein complex. 

Mutated residue is located within the phosphate tensin type domain. Mutation introduced 

Glycine residue having different properties that disturbed the domain and stability of protein.

Three missense mutations Alal92-to-Asp, Cys215-to-Ser and Asn216-to-Ser are reported 

in INGl protein that cause SCCHN. These mutated residues having their own charge, size and 

hydrophobic properties alter the integrity of original protein. These residues are located within 

Zinc-fmger domain. Mutation in these residues disturbs the domain and interaction with other 

molecules.



Molecular docking studies were carried out on HNC candidate genes. Protein-Ligand 

docking was performed for PTEN gene using AutoDock software and protein-protein docking 

for TNFRSFIOB, INGl, and ORAOVl genes using Gramm-X and PatchDock servers. Ligand for 

protein ligand docking was retrieved from KEGG ligand database.

Prostaglandin F2alpha and Berga?r£A^ 5-Methoxypsoralen ligands were retrieved to 

explore the binding interactions of PTEN protein. Docked complex vsath Prostaglandin F2alpha 

ligand having lowest binding energy was selected for post docking analysis. Total Eight 

interactions were observed between receptor protein and ligand by VMD. No ionic interactions 

were found in this post-dock analysis. Amino acids residues located within the vicinity of 4A 

from the ligand were analysed. Four hydrogen bondings were observed between oxygen atoms of 

LYS148 and THR153 and nitrogen atoms of THR153 and GLY141 of receptor protein with 

hydrogen atoms of ligand having 3.27A, 3.69A, 3.11 A, and 3.31 A bond distances respectively. 

Four hydrophobic interactions were observed between carbon atoms of receptor protein and 

ligand. The carbon atom of ALAI22 showed hydrophobic interactions with the carbon atom of 

ligand with 3.73 A bond distance. The carbon atom of LEU137 interacted with the carbon atom 

of ligand with 3.77A bond distance. PRO 152 and VAL118 of receptor protein also showed 

hydrophobic interactions with carbon atoms of ligand compound with a bond distance 3.88A and 

3.01 A respectively.

The STRING online database was utilized for finding the interacting partners of 

TNFRSFIOB, INGl and ORAOVl proteins. GRAMM-X and PatchDock softwares were utilized 

for TNFRSFIOB, INGl and ORAOVl protein-protein docking. TNFSFIO protein showed highest 

interacting score 0.999 with TNFRSFIOB target protein belonging to the same family. TNFSFIO 

protein was retrieved as a ligand for protein-protein docking with TNFRSFIOB receptor protein. 

Post docking analysis was performed by PyMOL and hydrogen, ionic and hydrophobic 

interactions were analysed. Only ionic interactions were found in docked complex. Isoleucine-58 

of receptor protein TNFRSFIOB showed ionic interactions with Arginine-130 of ligand protein 

TNFSFIO with the distance of 2.9 A. The nitrogen atom of arginine showed interaction with 

oxygen atom of isoleucine. Serine-90 of TNFRSFIOB receptor protein showed ionic interactions 

with Serine-156 of ligand protein with a bond distance of 3.2 A. Nitrogen of serine of ligand 

protein TNFSFIO interacted with the oxygen of serine of receptor protein. Alanine-62 nitrogen of



receptor protein TNFRSFIOB interacted with arginine>130 oxygen of ligand protein TNFSFIO 

with 3.2A bond distance.

For INGl protein-protein docking, TP53 having the highest score 0.998 was selected as a 

ligand protein. Three ionic interactions were determined by PyMOL in psot dock analysis. 

Oxygen of Cysteine-240 of receptor protein INGI interacted with nitrogen of cysteine-231 of 

ligand TP53 protein with a 3.3A bond-distance. Aspartic Acid-167 of receptor INGJ protein 

showed ionic interactions with arginine-60 of ligand protein TP53 with a 3.1 A bond distance. An 

Oxygen atom of receptor protein interacted with the nitrogen atom of ligand protein. Lysine-187 

of receptor protein showed ionic interactions with Glutamic Acid-137 of ligand protein with a 

3.3A bond distance.

For ORAOVl protein, FGF3 (Fibroblast Growth factor 3) protein having the highest 

interacting score was selected for protein-protein docking with ORAOVl protein. Post docking 

analysis by PyMOL showed six ionic interactions between docked complex. An Oxygen atom of 

Glutamic Acid-28 and Isoleucine-53 of receptor protein ORAOVl showed ionic interactions with 

nitrogen of arginie-144 and arginine-132 of ligand protein FGF3 with a 3.2A and 2.8A bond 

distances respectively. A nitrogen atom of Tyrosine-23 of receptor protein ORAOVl interacted 

with oxygen of glutamic acid-82 of ligand protein FGF3 with a 3.2A bond distance. Nitrogen of 

Arginine-24 showed interactions with oxygen of three residues i.e. glutamic acid-82 , arginine- 

132 and threonine*! 36 of ligand protein FGF3 with a bond distance 3.1 A, 2.5A and 3.0A.



Conclusion and Future Prospects

The present work focused on computational analysis of Head and Neck Cancer (HNC) 

candidate genes. Highly subjective candidate approach was applied to identify the most 

prioritized genes in pathogenesis of HNC and four plausible genes {TNFRSFIOB, PTEN, INGl 

and ORAOVl) were shortlisted based on their direct involvement in the disease. Three 

dimensional (3D) structures of candidate genes, mutational analysis, structure based receptor- 

ligand and protein-protein interactions are may be used in HNC treatment, hiteractions of 

candidate genes were identified that need to be tested for further analysis.

Prostaglandin F2alpha is involved in metabolic and neuroactive receptor-ligand 

interaction pathway. Mutated PTEN gene negatively regulate the signalling pathway while 

Prostaglandin F2alpha may act as an activator that inhibits negatively Regulation of AKT/PKB 

signalling pathway. Prostaglandin F2alpha ligand could be used in-vivo experiment in mouse to 

test the effect and interactions of ligand. Analysed ligand may be used in drug designing of 

HNC. Humans and primates are sharing >70% sequence similarities that may be used in the 

prediction of novel gene families and their functions and ancestors. Our research suggested a 

baseline for functional insights into the structure and development of drugs to cure the HNC.

In future prospects, there is an urgent need to develop a biological database on HNC 

contain all the information associated with disease including pathogenesis, genetics, interacting 

proteins and drugs. There should be tools and applications for computational analysis of HNC 

candidate genes, pathways, interactions with proteins and ligands.There is an also need to 

analyse the reported ligands by in-vitro and in-vivo experiments for drug development of HNC in 

less time.
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