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Abstract: Insulin receptor (IR) tyrosine kinase (Tyr - K) A is well - known larger, multi - sphere and integral membrane protein. The 

well - established metabolic abnormality is the insulin resistance in which patients are found with non - insulin - dependent diabetes 

mellitus. The objective of the present study was to identify the protein engineering strategy as per hot spots for protein stability and site - 

specific mutation of IR - Tyr - K A protein by using an online tool, HotSpot Wizard (version, 3.1). The prediction results through an 

output interface where functional hot spots, stability hot spots (structural flexibility), correlated hot spots and stability hot spots (sequence 

consensus) recorded. Moreover, average B - factor along with mutability rate and score were also obtained. In conclusion, pocket 

identification and mutability prediction of IR - Tyr - K A could be led to detect structural alternation mainly in insulin resistance and 

space for ligand binding pocket in new drug discovery for disease prevention. This prediction is suggested to compare with experimental 

hotspots for IR - Tyr - K A protein as per disease therapy after new drug design.  
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1. Introduction 
 

Many studies indicated that in individuals with insulin 

resistance, the expression of the insulin receptor (IR) observes 

reduction or absent. [1 - 3] According to Whitehead et al., [4] 

insulin resistance - associated with insulin receptor substrate 

- 1 (IRS - 1) mutations, and an increasing phosphorylation of 

this substrate on serine residues may lead to the reduction of 

its tyrosine phosphorylation, ultimately develop lower insulin 

signaling. [3, 5] It was noticed in the insulin signalling pathway 

that the initial critical node is the receptor itself (IR), which is 

created two isoforms such as IRA and IRB through the 

alternative splicing. [3] 

 

The insulin receptor (IR) is a heterotetrametric structure 

consisting of two α and β subunits, which are connected by 

disulphide bonds. Insulin connects towards the α subunit of 

the IR and triggers the tyrosine kinase in the β subunit. [6] 

Once the tyrosine kinase of IR is stimulated, it promoted 

autophosphorylation of the β subunit, where phosphorylation 

observed on three tyrosine residues (Tyr - 1158, Tyr - 1162, 

and Tyr - 1163), which is essential for intensification of the 

activity of kinase. [7] 

 

In general, protein - protein interaction indicated residues of 

ΔΔG ≥ 2kcal/mol, is known as hot spot. [8] Moreover, certain 

residues in protein - protein interactions, also termed as hot 

spots. These residues have unique and variety of energetic 

properties, can be designed as an important target of protein - 

protein complex. [9] Some experiments resulted that only a 

small subset of contact residues observed significant binding 

free energy. [10] These residues have been termed ‘hot spots’ 

and if mutated then they can disrupt the interaction. [11, 12] 

 

In recent study, Yunn et al. [13] developed an aptamer, named 

IR - A43, which binds to the IR, and validated that IR - A43 

and insulin bind to the insulin receptor with mutual positive 

cooperativity. While IR - A43 individually is inactive, in the 

presence of insulin, it potentiates autophosphorylation and 

downstream signaling of the IR. As per recent research 

interest, several computational tools for protein engineering 

have been developed especially for the detection for tunnel 

and cavity, smart libraries, mutation positions, functions, etc. 
[14 - 20] 

 

A computational prediction was performed for IR - Tyr - K A 

protein to detect of hot spots for engineered protein stability, 

cavity and tunnels, catalytic activity, substrate specificity, 

enantioselectivity and site directed mutagenesis by using 

HotSpot Wizards, version 3.0.  

 

2. Materials and Methods 
 

The IR - Tyr - K A protein, the crystal structure of protein 

(PDB ID: 3ekk) was selected and incorporated the ID in the 

search box of the input interface of HotSpot Wizard (version 

3.0) online tool developed by Sumbalova et al. [19] In this 

automated prediction study, the process structure was 

determined. HotSpot Wizard 3.0 is an online tool for 

automatic detection of protein hot spots for engineered 

proteins’ stability, cavity and tunnels, catalytic activity, 

substrate specificity, enantioselectivity and site directed 

mutagenesis [15 - 17] In other words, this tool can be utilized for 

the annotation of protein structures. This present online server 

includes sequence, structural and evolutionary information 

obtained from 3 databases and 20 computational tools. [19] 

According to Bendl et al. [17] and Sebestova et al., [21] this 

online tool integrates annotated residues, which can be known 
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easily for mutagenesis and designed for suitable codons for 

each implemented strategy. Ultimately, this software helps in 

comprehensive annotations of protein structures and 

engineering with the stable design of site - specific mutations 

and targeted libraries.  

 

In the present study, this software was calculated 

automatically hotspots for function, stability, correlated and 

consensus sequences for IR - Tyr - K A (Fig.1). Bendl et al. 
[17] have developed the workflow steps in HotSpot Wizard, the 

calculation is based on the particular protein annotations, 

mutagenesis hot spots and smart library design as first, second 

and final phases respectively.  

 

For statistical analysis, Z scoring values were obtained for 

each computational tools such as DCA (Direct Coupling 

analysis), ELSC (Explicit Likelihood of Subset Variation), 

McBASC (McLachlan Based Substitution correlation), MI 

(Mutual Information), aMIc (All Microarray Clustering), 

OMES (Observed Minus Expected Squared) and SCA 

(Statistical Coupling Analysis).  

 

3. Results 
 

Fig 1 depicts three - dimensional (3D) ribbon structure of 

studied protein as IR - Tyr - K A (PDB ID: 3ekk) in which 

chain A obtained 980 - 1586 residues and 1 - 2668 atoms.  

 

 
Figure 1: 3D ribbon structure of studied protein as IR - Tyr 

- K A (PDB ID: 3ekk) 

 

Fig 2 (A - D) evaluates the results from output interface 

through Hotspots wizard for four separate prediction data 

such as functional hot spots, stability hot spots (structural 

flexibility), correlated hot spots and stability hot spots 

(sequence consensus).  

In functional hot spots, the data were obtained for activity, 

substrate specificity and selectivity, and this step identified 

residues, which were forming catalytic pocket or accessible 

tunnel that were not directly participated in the catalysis or 

located at the evolutionary - conserved position.  

 

For stability hot spots (structural flexibility), the prediction 

was done to identify the residues in flexible structure, which 

is observed mainly residues with highest B - factors (Table 1).  

 

In case of the study of correlated hot spots, the data were 

obtained same as functional hot spots along with the 

identification of correlated position through consensus 

approach resulted data from other computational tools viz. 

DCA (Direct Coupling analysis), ELSC (Explicit Likelihood 

of Subset Variation), McBASC (McLachlan Based 

Substitution correlation), MI (Mutual Information), aMIc (All 

Microarray Clustering), OMES (Observed Minus Expected 

Squared) and SCA (Statistical Coupling Analysis).  

 

For stability hot spots (sequence consensus), consensus 

design is an important strategy for the stabilization of 

proteins. It helps amino acid conservation in sets of 

homologous protein to identify likely beneficial as well as 

deleterious mutations of the target protein.  
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Figure 2: A. Functional hotspot; B. Stability hotspot for structural flexibility; C. Correlated hotspot and D. Sequence 

consensus of protein as IR - Tyr - K A 

 

Table 1: Study of functional hotspots of protein as IR - Tyr - K A 
Studied 

Protein 
Chains 

Residues & 

position 

Secondary 

structures 

Pockets & 

tunnels 

Average B - 

factor (in Å2) 
Mutability rate & score 

3ekk 

A Gly & 1149 Loop (L) 1 (catalytic), 2 25.30 High unreliable & 6 

A Val & 1060 Loop (L) 1 (catalytic), 4 16.73 Moderate unreliable & 5 

A Ala & 1078 Loop (L) 1 (catalytic), 10 16.53 Moderate unreliable & 5 

 

In Table 2, consensus z - scoring value was obtained for 

different parameters such as aMIc (2.61 2.41, 2.29, 3.05, and 

2.92), DCA (1.26, 1.88, 2.20, 2.55, and 2.08), ELSC (14.12, 

16.57, 10.74, 6.48, and 10.61), McBASC (0.50, 0.42, 0.49, 

0.54, and 0.51), MI (0.23, 0.59, 0.55, 0.43 and 0.61), OMES 

(7.56, 23.35, 16.54, 16.56 and 15.47) and SCA ( - 0.58, 1.45, 

1.53, 0.80 and 0.21) were obtained through this tool for IR - 

Tyr - K A protein as per correlated residues.  

 

Table 2: Values obtained from different tools for functional 

hot spots of IR - Tyr - K A 

Chains 
Consensus z - scoring values 

aMIc DCA ELSC McBASC MI OMES SCA 

A 2.61 1.26 14.12 0.50 0.23 7.56 - 0.58 

A 2.41 1.88 16.57 0.42 0.59 23.35 1.45 

A 

2.29 2.20 10.74 0.49 0.55 16.54 1.53 

3.05 2.55 6.48 0.54 0.43 16.56 0.80 

2.92 2.08 10.61 0.51 0.61 15.47 0.21 

A = Direct Coupling analysis, ELSC = Explicit Likelihood of 

Subset Variation, McBASC = McLachlan Based Substitution 

correlation, MI = Mutual Information, aMIc = All Microarray 

Clustering, OMES = Observed Minus Expected Squared, 

SCA = Statistical Coupling Analysis 

 

In Fig.3, it was obtained that the amino acid residues fulfilling 

the criterion of minimal frequency in the multiple sequence 

alignment. The wild type variety was observed Ser (100%), 

Gly (60%) and Val (150%) as per positions of different amino 

acids frequencies of IR - Tyr - K A protein (Fig.3A, B and C).  

 

Fig 4 predicts that mutational landscape, which mainly 

showed the estimation of the probability in relation to 

preservation of protein function for individual substitution at 

a particular site of IR - Tyr - K A protein. It was obtained that 

higher deleterious mutation in Fig 4 C, followed by Fig 4 B 

and Fig 4A.  
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Figure 3: Amino acids frequencies as per positions of IR - Tyr - K A 
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Figure 4: Amino acids mutability landscape of IR - Tyr - K A 

 

4. Discussion 
 

In the present prediction, wild - type and mutated consensus 

sequences were obtained based on hot spots. [22] Bendl et al. 
[17] supported the concept of molecular mechanisms of studied 

protein, which still unclear that how the sequences of protein 

encode the exact function? Still have not yet answered of this 

question. [23, 24] It was documented that experimental 

evolution work suffered major problems when occurred by 

several irregular study of mutagenesis and detecting of large 

sequence libraries to evaluate the mutational landscape and 

proteins showed important structural and functional 

properties. [17, 24, 25]  

 

An experimental study by Cama et al. [26] indicated that 

patient as heterozygous for a mutation substituting Isoleucine 

for Methionine at position 1153. Met1153 was found in the 

intracellular domain of the receptor near the cluster of 

tyrosine phosphorylation sites at positions 1158, 1162, and 

1163. Finally, the mutant receptor expressed in NIH - 3T3 

cells demonstrated that the Ile1153 - mutation impaired the 

ability of insulin to stimulate autophosphorylation of 

solubilized IR. Additionally, the mutation impaired the ability 

of insulin to stimulate the receptor tyrosine kinase activity to 

phosphorylate an artificial substrate [poly (Glu - Tyr)].  

 

Although, the prediction of different hotspots can be 

facilitated drug designing process and development. It was 

suggested that the starting point of a binding site of a receptor 

in the hotspots might be granted to analyze the docking of 

ligands. [27] Thus, the prediction of hotspots is a suitable tool 

to identify exact functional mechanisms of specific protein of 

interest to identify mutant residue (s) in relation to cause of 

disease and new drug discovery. [18, 20, 28] 

 

 

 

5. Conclusions 
 

It is concluded that HotSpot Wizard (version 3.0) is an online 

computational tool, which helped easily to obtain results for 

IR - Tyr - K A protein through protein engineering protocol 

by the integration of several inbuilt databases derived from 

other bioinformatics tools and all the data generated within 

short duration to prevent tedious jobs of experiment. This tool 

also helped to know mutagenic residues of the studied protein 

without prior knowledge of computational biology to set up 

input interface. The parameters like pocket identification and 

mutability prediction of this protein can lead to know 

structural alternation of particular in disease diagnosis as well 

as space for ligand binding pocket in new drug discoveries. 

The present prediction work is suggested to compare with 

experimental hotspots for this protein related to drug - ability 

assessment to prevent diabetes.  
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