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ABSTRACT 
 

Insulin plays an essential role in metabolic control of multiple cellular processes. A number of DNA 
sequences that regulate transcription of the insulin gene have already been identified. The 
regulation of carbohydrates and fats can be operated by insulin specific receptor molecules. 
Previously, insulin was found to be a polypeptide in 1928 with its amino acid sequence identified in 
1952. In fact it was considered as a dipeptide, containing A and B chains respectively, linked by 
disulphide bridges. The insulin receptor plays a critical role both in directing insulin to specific target 
tissues and in initiating the response of these tissues to the hormone. Hence, the study was 
performed to analyze the insulin gene receptor associated with regulation of various mechanism 
and also with several insulin deficiency syndromes. Identification of protein domains from 
PROSITE, Pfam and UniPROt reveals various conserved regions associated with insulin receptor 
gene (INSR). For this, various bioinformatics tools and software’s were used. 
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1. INTRODUCTION 
 
Insulin is an important hormone produced by 
specialized beta cells in the pancreas. It is mainly 
involved in regulation of carbohydrates and fats 
metabolism. It maintains normal blood glucose 
levels by facilitating cellular glucose uptake. Also, 
it supports the cell division and growth through its 
mitogenic effects. It was observed that the blood 
glucose levels fall below a certain level and the 
body begins to use stored glucose as an energy 
source through process of glycogenolysis. It 
helps in breakdown of glycogen stored in the 
liver and muscles into glucose. This glucose can 
than used as an energy source for many 
processes. 

 
1.1 Insulin linked Receptors 

 
Certain receptors are linked with insulin gene. 
The insulin receptor is known to be a 
transmembrane receptor activated by insulin 
itself. A number of different receptors belongs to 
tyrosine kinase receptor family [1]. The insulin 
receptor plays a necessary role in the regulation 
of glucose homeostasis [2,3]. Hence, the insulin 
receptor is encoded by a single gene INSR. 
Resistance against several genes exist. 
According to some studies, insulin receptor is a 
tetramer of 2 alpha and 2 beta subunits. The 
alpha and beta subunits are coded by a single 
gene and are joined by disulfide bonds [4]. 

 
The insulin interacts with target cells by specific 
receptor molecules located on surface of plasma 
membrane [5,6]. This specific receptor plays an 
important role to initiate a response of these 
tissues to hormones [7,8]. Hence, it was noticed 
that insulin receptors are present on surface of 
all cells [9,10]. Many examples were found. The 
most important is glucocorticoids which enhance 
transcription of the insulin receptor gene whereas 
comparatively insulin down-regulates its own 
receptor [11,12].  

 
It was also found that, receptor tyrosine kinase 
helps to mediate the pleiotropic actions of    
insulin. Moreover, binding of insulin leads to 
phosphorylation of several intracellular 
substrates, including the insulin receptor 
substrates and many other signaling 
intermediates. Each of these phosphorylated 
proteins can serve as docking proteins for other 
signaling proteins that contain Src-homology-2 
domains. 
 

The study was performed to analyze the human 
insulin gene receptor. The selected gene coding 
sequence was obtained with translates protein 
sequence. The genomic regions were analyzed 
with various splice variants showing several 
protein domains. This in silico study was done by 
using multiple bioinformatics tools. 
 

2. MATERIALS AND METHODS 
 
Sequence analysis of INSR gene depicted 
coding region of gene. Transcripts of INSR gene 
was analysed which are mainly involved in 
formation of functional proteins. Protein domain 
shows the conserved area of protein within the 
protein family. 
 

2.1 INSR Nucleotide and Protein 
Sequence Retrival 

 
NCBI's is used to study gene homologs, 
orthologues, protein domains and for gene 
expression studies. Nucleotide and protein 
sequence was obtained by using NCBI data 
repository.  
 

2.2 Chromosme Map  
 
Chromosome map was obtained for INSR gene 
from ensemble software. The map shows the 
exact loction of INSR. 
 

2.3 Genomic Regions 
 
The complete genomic regions were analysed 
which shows all the variations with exons. This 
was done by using bioinformatics approach. 
 

2.4 Transcript Identification 
 
Trancript map was analysed for INSR gene. This 
was done by using ensemble software. 
Ensemble assigns separate ID’s to all identified 
transcripts with complete details. Transcripts on 
total genomic regions are analysed with 
annotated gene regions and splice variants. 
 

2.5 Analysis of Splice Variants for 
Identification of Protein Domains 

 
The transcripts were analysed for identification of 
putative domains with the proetin sequence. The 
Conserved Domain Database (NCBI) is a 
resource for the annotation of functional units             
in proteins. Study of these domain models will 
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help to predict 3D structure and function of 
protein. 
 

3. RESULTS 
 
Insulin is a globular protein having two chains 
including the alpha chain which consists of 21 
residues and the Beta chain which consists of 30 
residues. Insulin is located on the short arm of 
chromosome 11 and synthesized in the β cells of 
the pancreatic islets of Langherhans. The 
analysis of INSR gene shown various transcripts, 
77 orthologues, 13 paralogs and associated with 
1 Ensemble protein familily with 27 distinguishing 
phenotypes. The results are shown alongwith 
respective findings. 
 

3.1 INSR Gene Chromosome Map  
 
The INSR gene was located on chromosome 19. 
The Fig. 1 shows the complete map of 
chromosome. 
 

3.2 Nucleotide Sequence of INSR Gene 
 
The nucleotide sequence of human INSR gene 
was retrieved from NCBI-Genbank. Fig. 2 shows 
the complete coding sequence of selected gene. 
 

3.3 Translated Sequence of INSR Gene 
 

The nucleotide sequence of gene was translated 
to analyze the protein coded by INSR gene. 

 
 

Fig. 1. Shows the chromosome map obtained from ensemble data repository 
 

 

 

Fig. 2. Shows the INSR nucleotide sequence obtained from Genbank-NCBI 
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3.4 Genomic Regions and Transcripts 
 

The analysis of total genomic content represents 
whole coding area with predicted exons and 
gene variants. Small variations due to single 
nucleotide change covers maximum region. 
Many other genetic variations are also found 
which have been found to be distributed within 
the genome. Total 147 different variants were 
found in the selected gene. The intron spanning 
regions were found dispersed over coding region 
of genome. 
 

3.5 INSR Gene Transcripts with Ensemble 
ID 

 

Transcript analysis shown 7 different transcripts 
of different sizes. Out of which 3 were found to 
be protein coding. The Fig. 5 shows different 
transcripts with their ensemble ID. 

3.6 INSR Reported Protein  
 
Analysis of INSR shows three proteins within the 
protein family. Three separate ID’s were 
assigned by ensemble software for their identity. 
The annotated sequence shows to subunits 
including alpha and beta. 

 
3.7 Splice Variants 
 
The INSR was assigned a specific ID by 
ensemble software. ENST00000302850 INSR-
001 was assigned to INSR gene. Analysis shows 
different domains from PROSITE, Pfam, Prints 
and some other protein database. The residue 
positions are indicated in the Fig. 7. The location 
of each domain and receptor molecules 
highlights the particular catalytic domain 
associated with each family. 

 

 
 

Fig. 3. Shows the translated protein sequence obtained from Just bio software 
 

 
 

Fig. 4. Shows the genomic region with variants and exons obtained from ensemble 
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Fig. 5. Shows the INSR transcripts obtained from ensemble software 
 

 
 

Fig. 6. Shows the protein family for INSR obtained from annotation reports 
 

 
 

Fig. 7. Shows the splice variants obtained from ensemble software 
 

 
 

Fig. 8. Shows the internal view of INSR 



 
 
 
 

Raza and Mubeen; JABB, 8(2): 1-7, 2016; Article no.JABB.26715 
 
 

 
6 
 

4. DISCUSSION AND CONCLUSION 
 
Insulin regulates the metabolic homeostasis and 
is mainly secreted from pancreatic beta cells in 
response to some nutrient stimulation. According 
to some previous studies, Insulin gene 
expression phenomena begins early in the 
embryonic development of the pancreas and 
supposed to be tightly-regulated throughout adult 
life. Hence, the mouse genome contains two 
insulin genes, Ins1 (GeneID: 16333) and Ins2 
(GeneID: 16334). The Ins2 gene has greater 
structural and functional similarity to other 
mammalian insulin genes, like homo sapiens 
[13].  
 
The entire 1,370-amino acid sequence of the 
insulin receptor from a cDNA clone was studied 
by some scientist [14]. It was found that the 
precursor starts with a 27-amino acid signal 
sequence, followed by the receptor alpha 
subunit, a processing enzyme cleavage site, then 
the beta subunit containing a single 23-amino 
acid transmembrane sequence. Moreover, the 
differences in in molecular mass, carbohydrate 
composition, and antigenicity between the insulin 
receptor alpha subunit in liver, muscle and 
mainly the adipose tissue [15]. 

 
Insulin plays a vital role in the regulation of 
vertebrate metabolism. The initial an important 
step in hormonal control involves the specific 
binding of insulin to the insulin receptor (INSR) 
[16-18]. However, it has been observed that 
binding of insulin to its receptor mainly triggers 
an activation of tyrosine kinase. Insulin increases 
sugar transport and initiates active protein 
synthesis. According to scientists, a 
conformational change of insulin occurs at the 
positions of two structural switches when insulin 
binds to its receptor. Also, studies shown the 
single insulin chain linked by a B29-A1 covalent 
bond is completely inactive [19]. However, 
process of insulin binding to its receptor is still 
unknown. The complex has not yet been 
characterized either by X-diffraction or by NMR. 
However, two insulin receptor mRNA transcripts 
resulting from alternative splicing of exon 11 in 
the receptor gene are expressed in a highly 
regulated tissue-specific fashion. The relative 
abundance of these 2 mRNA species in human 
tissues including the one containing exon 11 
shows a much dominance in liver, whereas the 
isoform in which exon 11 has been spliced                
out showing a comparable predominance in 
leukocytes. Hence, it was concluded that 
identification of INSR gene transcripts and 

protein domains will help to analyze the receptor 
regulatory functions. And also to study various 
syndromes associated with insulin gene receptor 
dis functioning at genomic level. This will also 
help to overcome the gene silencing problems 
and to predict 3 D structure of proteins. 
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