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Abstract: Globally, about 82 million novel cases, and 1.56 million deaths occur due to lung 
cancer which correspond to 19.4% of all deaths due to cancer. In this research, we focused on 
the potential mutated gene, CHRNA5 - Cholinergic Receptor Nicotinic Alpha 5. We examined 
the potential mutated sites which are responsible for lung cancer. We modelled the 3D 
structure of both the normal and the mutated protein and validated it. Two major 
bioinformatics steps were involved.  First the mutated gene-coded protein was modelled and 
next, the modelled protein structure was validated by hydrophobic and hydrophilic studies 
using an advanced molecular visualization tool. . Identification of the potential drug binding 
sites is a major task in drug designing protocol. Hence, we finally conclude that the 
identification of the regions of CHRNA5 plays a vital role in structure-based drug designing.  
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1. Introduction 

Globally, the type of cancer by which men are affected most is lung cancer. It is the most-
common cancer in men in terms of both occurrence and mortality. Lung cancer has the third-highest 
incidence among women, and stands second after breast cancer in mortality. In 2012, there were 
1.82 million novel cases globally, and 1.56 million deaths because of lung cancer, denoting 19.4% of all 
deaths due to cancer. The highest numbers of deaths are in North America, Europe, and East Asia, with 
more than one-third of new cases in China that year. According to Stewart BW, Wild CP (2014), rates in 
Africa and South Asia are comparatively lesser.  

People who are above 50 years old are most likely to be affected by lung cancer, especially those 
who have a history of smoking. Jemal A et al., (2004) report that contrary to the mortality rate in men – 
which began to reduce more than 20 years ago, the mortality rates due to lung cancer in women have 
increased during the recent decades, and are just in recent times starting to stabilize. In the United States, 
the lifetime risk of getting affected by lung cancer is 8% in men and 6% in women.  

Proctor RN (March 2012) elucidate that for every 3–4 million cigarettes smoked, one lung cancer 
death can occur. The effect of "Big Tobacco" plays an important role in smoking. Nonsmokers in the 
youth group who watch  advertisements on tobacco could become potential smokers. Passive smoking is 
considered to be an important risk factor of lung cancer, resulting in policy operations to make 
nonsmokers reduce their unnecessary exposure to the tobacco smoke of others. 

Since 1960s, the incidence of lung adenocarcinoma started to rise to a certain extent compared to 
other types of lung cancer due to the manufacture of filter cigarettes. Using filters gets rid of larger 
particles from tobacco smoke, thus reducing them from getting deposited in larger airways. Nevertheless, 
the smoker ought to inhale more deeply to obtain the same amount of nicotine, thus augmenting the 
deposit of particles in small airways where adenocarcinoma is likely to arise. Kadara H et al., (2012) 
report that the rates of lung adenocarcinoma have not stopped from decreasing.  

The objectives of the current Insilico research investigation are: 
To find out the potential mutated gene involved in Lung cancer with the help of Clinical literature 

database. To predict, validate and visualize the 3D structure of CHRNA5 protein using advanced 
molecular visualization tools to perform drug docking studies.To perform the complete motif and domain 
analysis and to study its mutation effects. 
 
2. Methodology 

Target selection:  Based on the various clinical and molecular genetics literature studies, we 
chose the CHRNA5 gene which is directly involved in lung cancer in human. OMIM 
(https://omim.org/entry/118505). Sequence retrieval system: The gene coded protein sequence was 
retrieved from UniProt database in FASTA format. (https://www.uniprot.org/uniprot/P30532). Protein 
3D structure prediction: The amino acids sequence of CHRNA5 protein was converted into 3D 
structure using an automated homology modelling server called CPH 3.0 model server 
(http://www.cbs.dtu.dk/services/CPHmodels/). Hydrophobic and Hydrophilic prediction: The modelled 
protein structure was visualized and hydrophobic and hydrophilic studies were carried out using 
discovery studio software. 

3. Results and Discussion 

In this research investigation, the lung cancer target protein, CHRNA5 (UniProt: P3O532) is 
present in the 15th chromosome and the length of its gene sequence is 1407 nt and the length of its protein 
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sequence is 398 aa (Table 1). In the primary step of the investigation, we performed protein modelling 
analysis. Fig.1 shows the FASTA sequence of the amino acids in CHRNA5. 

Table 1. Protein Target Summary 

Gene 
name 

Protein name Mutation 
(amino 
acid ) 

Gene 
ID 

OMIM 
ID 

Chromosome 
location 

Nucleotide 
length 

Protein 
length 

UniProt ID 

CHRNA5 
(Lung 

Cancer) 

Cholinergic 
Receptor 

Nicotinic Alpha 
5 

398 
position  
D to N 

1138 118505 15 1407 nt 468 aa P30532 

 

According to the clinical references of Elliott K.J. et al., 1996 and Duga S. et al., 2001, the 
CHRNA5 protein mutated in 398th position, Aspartic acid (ASP) is converted to Asparagine (ASN) 
shown in Fig:1 and 2. Our aim is to model the normal amino acid structure and the mutated sequences of 
amino acids position using automated modelling server. 

 

 

Figure 1. Protein Modelling: 3D structure of CHRNA5 

 

The above picture represents the 3D structure of the CHRNA5 protein in secondary structure 
model with mutated amino acid 398 D Aspartic acid present in the coiled regions. 
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Figure 2. Protein Modelling: 3D structure of CHRNA5 

The above picture represents the 3D structure of the CHRNA5 protein in secondary structure 
model with mutated amino acid 398 N Asparagine present in the coiled regions. 

 

 

Figure 3. Protein Modelling: 3D structure of CHRNA5 

The above picture represents the 3D structure of the CHRNA5 protein in secondary structure 
model and the hydrophilic amino acids regions shown in spacefill model represented using colored atoms.  

Protein modelling studies were done using CPH model server. CHRNA5-gene coded amino acid 
sequence was converted into 3D structure to perform drug docking studies. Here, we use CPH model 
server which is a web-server predicting protein 3D-structure by use of single template homology 
modelling. The server uses a hybrid of the scoring functions of CPHmodels-2.0 and a novel remote 
homology-modelling algorithm. CHRNA5 sequence was modelled using the fast CPH models-2.0 profile-
profile scoring functions suitable for close homology modelling.  

PROTEUS JOURNAL

VOLUME 11 ISSUE 11 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 47



Nielsen M et al. 2010., and O.Lund et al.,2002, discovered the CPH model server. Based on this 
technique, CHRNA5 was applied to this server to model the 3D structure. The predicted structure was 
viewed with the molecular visualization tool, Discovery studio software. Fig.3 shows the 3D structure of 
the normal CHRNA5 protein visualized using advanced molecular visualization tools called Discovery 
studio software. Fig.5 shows the 3D structure of the mutated CHRNA5 protein visualized using advanced 
molecular visualization software, Discovery studio software.  

 

 

Figure 4. Protein Modelling: 3D structure of CHRNA5 

The above picture represents the 3D structure of the CHRNA5 protein in secondary structure 
model and the hydrophilic amino acids regions shown in spacefill model using colored atoms. The 
mutated amino acid 398 Asparagine is indicated in yellow color. 

Conclusion 

In this research, we identified the mutated sites and the hydrophobic and hydrophilic sites which 
act as potential target for drug binding. The mutated amino acid (Asparagine) position 398 lies in the 
hydrophilic region of CHRNA5 -Cholinergic Receptor Nicotinic Alpha 5. Identification of the potential 
drug binding sites is a major task in drug designing protocol. Hence, we finally conclude that the 
identification of the regions of CHRNA5 plays a vital role in structure-based drug designing.  

References 

1. B.W. Stewart BW and C.P.  Wild, “World cancer report”, Lyon: IARC Press, (2014), pp. 350–
352.  

2. Jemal, R.C. Tiwari, T. Murray, A. Ghafoor, A. Samuels, E. Ward, et al., “Cancer statistics, 
2004”, Ca,  vol. 54, no. 1, (2004), pp. 8–29.  

3. H. Kadara, M. Kabbout and I.I. Wistuba, “, Respirology”, vol. 17, no. 1, (2012), pp. 50–65.  
4. K.J. Elliott, S.B Ellis, K.J.  Berckhan, A. Urrutia, L.E. Chavez-Noriega, E.C. Johnson, G. 

Velicelebi and M.M. Harpold, “Comparative structure of human neuronal alpha(2)-alpha(7) and 
beta(2)-beta(4) nicotinic acetylcholine receptor subunits and functional expression of the 
alpha(2), alpha(3), alpha(4), alpha(7), beta(2), and beta(4) subunits”, J. Molec. Neurosci, vol. 7,  
(1996), pp. 217-228. 

PROTEUS JOURNAL

VOLUME 11 ISSUE 11 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 48



5. S.Duga, G. Solda, R. Asselta, M.T. Bonati, L. Dalpra, M. Malcovati and M.L. Tenchini, 
“Characterization of the genomic structure of human nicotinic acetylcholine receptor 
CHRNA5/A3/B4 gene cluster: identification of two novel introns in the 3' untranslated region of 
CHRNA3 and of a tail-to-tail overlap between CHRNA3 and CHRNA5”, 
Submitted (MAR-2001) to the EMBL/GenBank/DDBJ databases. 

6. Nielsen M., Lundegaard C., Lund O., Petersen TN, “CP Hmodels-3.0 - Remote homology 
modeling using structure guided sequence profiles”, Nucleic Acids Research, vol. 38, 
(2010),pp.576-581. 

7. O. Lund, M. Nielsen, C. Lundegaard, P. Worning, “CP Hmodels 2.0: X3M a Computer Program 
to Extract 3D Models”, 
Abstract at the CASP5 conference (2002,) A102. 

 

PROTEUS JOURNAL

VOLUME 11 ISSUE 11 2020

ISSN/eISSN: 0889-6348

http://www.proteusresearch.org/     Page No: 49


