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Abstract

 Diabetes is a degenerative disease 
caused by either the body’s inability to use in-
sulin adequately or the pancreas’s failure to 
release enough insulin. Diabetes is a glucose 
metabolic imbalance produced by the phospho-
diesterase family of protein inositol monophos-
phatase (IMPase). Inositol monophosphatase, 
an enzyme involved in the phosphatidylinositol 
signalling pathway, is encoded by the IMPA1 
gene. 

 Homology Modelling is used to create 
a 3D model of the IMPA1 protein (target). The 
FASTA sequence for the IMPase protein (265 
amino acids) (Uniprot ID H0YBL1) is obtained 
from the Uniprot server. Jpred, and NCBI Blast 
servers are used to search for templates. Based 
on the query coverage (92%) and E-score, the 
protein with the PDB ID-1IMA is identified as a 
potential template. The structural alignment (by 
ClustalW) submitted to the SWISS-MODEL ser-
vice yields a 3D model. The Swiss PDB viewer 
is used to minimise energy (E = - 10099.60 kcal/
mole). Procheck, ERRAT, and the VERIFY 3D 
server validate the model. 

 The Ramachandran plot of the 3D mod-
el indicates that 93.5% of the amino acids are in 
the allowed region and none are in the forbid-
den region. The ERRAT result shows an overall 

quality factor of up to 96.17% for non-bonded 
atomic interactions. According to NCBI blast, 
the conserved domain is between 60 - 245 ami-
no acids. The servers (ACTIVE SITE FINDER,) 
indicate binding pockets in the hydrophobic 
area, and Swiss dock is used to determine the 
active residues by protein - small ligand (Natu-
ral substrate, Fructose Biphosphatase- FBPase 
receptor ) docking to identify the active site res-
idues (Asp 90 and Thr- 95) based on visualisa-
tions and a Swiss energy value. The glucose 
metabolism can be stopped by blocking these 
residues. Key Words: Diabetes, Phosphodies-
terase family, Homology Modelling

Introduction 

  Diabetes is the world’s most 
serious health concern and the second biggest 
cause of mortality. Diabetes affects 537 million 
persons aged 20 to 79. Diabetes is expected to 
affect 643 million people by 2030 and 783 mil-
lion by 2045. Three out of every four diabetic 
adults reside in low- and middle-income na-
tions. Prevalence has been growing faster in 
low- and middle-income nations than in high-in-
come countries. Diabetes and renal disease 
caused an estimated 2 million deaths in 2019 
(1). In contrast, the likelihood of dying from any 
of the four major non-communicable illnesses 
(cardiovascular diseases, cancer, chronic respi-
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ratory diseases, or diabetes) between the ages 
of 30 and 70 reduced by 22% globally.

 Inositol monophosphatase 1 (IMPase) 
was shown to be significantly expressed in Tri-
ple Negative Breast Cancer (TNBC) tissues and 
to play carcinogenic functions via the mTOR 
pathway and the EMT process, making it an ap-
pealing method for boosting the treatment re-
sponse of IMPA1-high TNBC tumours (3).

 IMPase is necessary for dephosphory-
lating inositol monophosphates to produce ino-
sitol (4), which is a key metabolite as a precursor 
for producing phosphoinositide and hence has 
dramatic effects on gene expression and is es-
sential for cell signalling and biological activities 
(5). Recent research has linked disruption of the 
inositol cycle to a number of human illnesses, 
including cancer, neurological disorders, and di-
abetes (6).

 The Akt-mediated pathway is known to 
be involved in cell survival, growth, proliferation, 
angiogenesis, and glucose metabolism activa-
tion. It has been proven to be closely related to 
pulmonary hypertension(PAH) aetiology (7, 8). 
The proper synthesis or recycling of myo-ino-
sitol, the key precursor of all phosphatidylinosi-
tols, including phosphatidylinositol 3,4,5-tri-
sphosphate (PIP3), which binds to Akt and 
recruits it to the plasma membrane, is required 
for this pathway to be activated. since a result, 
the molecular processes involved in myoinositol 
production or recycling are critical, since they 
may influence the shift into a highly proliferative 
phenotype. 

 Inositol monophosphatase 1 (IMPase) 
is a cytosolic enzyme that converts the highly 
osmotic glucose metabolite glucose 6-phos-
phate (G6P) to nonosmotic myo-inositol, there-
fore protecting cells from osmotic stress (9). 
Based on this feature, IMPA1 has been identi-
fied as a major contributor to the inositol cycle, 
including both de novo inositol synthesis and 
inositol polyphosphate recycling (10, 11). One of 
the most prominent features of PAH is metabolic 
reprogramming of the pulmonary vascular cells, 

which results in an increase in glucose absorp-
tion and metabolism.

Materials and Methods 

 The Homology modelling approach pre-
dicts the 3D structure of a protein as precise-
ly as a low-resolution experimentally validated 
structure (12). The structural model of the target 
is created using sequence alignment and tem-
plate structure (13). The protein’s 3D structure is 
essential to understand its biology; comparative 
modelling approach. The amino acid sequence 
of the target protein (Uniprot ID: H0YBL1 _ HU-
MAN) is downloaded in FASTA format from the 
ExPASy Swiss-Prot (Expert protein analysis 
system) site (http://www.expasy.org).(14). Po-
sition -specific Iterative Basic Local Alignment 
Search Tool (PSI -BLAST) (15) Jpred (16) are 
used for template search. It is one of the most 
often used methodologies for protein structure 
prediction.

 The pairwise alignment of the target 
protein, with the sequence of selected template 
is carried out with Clustal W tool which is a se-
ries of widely used computer programs used 
in Bioinformatics for multiple sequence align-
ment (17). The alignment file is used for mod-
el generation using the Swiss model (18). The 
protein structures are visualized and analyzed 
with SPDBV, which is an interactive molecular 
graphics program which analyzes several pro-
teins at the same time (19). Clustal W is used to 
perform pairwise alignment of the target protein 
with the sequence of the selected template (17). 
The alignment file is used to generate models 
using the Swiss model (18). SPDBV, an inter-
active molecular graphics programme that anal-
yses many proteins at the same time, is used 
to visualize and analyze the protein structures 
(19). 

 The refinement of the target protein’s 
initial model is followed by energy minimization. 
SPDBV is used to minimize energy using a pre-
set cutoff Root Mean Square Deviation (RMSD) 
of 0.3 A°. PROCHECK from the Structural Anal-
ysis and Verification Server (SAVES) validates 
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the model (20) predict the stereochemical quali-
ty of the resulting protein 3D model (21, 22). By 
measuring the dihedral angles phi and psi of the 
amino acid residues, the angle at the peptide 
bond is typically 180° because the partial dou-
ble-bond feature preserves the peptide planar 
(23). ProSA server evaluates the quality of the 
local model (24). 

Active Site Prediction 

  Prediction of ligand-binding 
sites, a critical step in understanding a protein’s 
molecular recognition mechanism and function. 
The putative active site was determined using 
the portion of the IMPase protein that binds to 
its receptor. The binding domain facilitates the 
interaction of IMPase with FBPase receptor pro-
teins, resulting in the activation of a conserved 
pathway that governs critical elements of cell 
fate determination, migration, and polarity. The 
Active Site Finder server identifies the protein’s 
active site area. The Protein Active Site Predic-
tion service computes the cavities in a particular 
protein. The prediction of ligand-binding sites 
is a critical step in understanding a protein’s 
molecular recognition mechanism and func-
tion (25). The identification of putative binding 
residues, active site prediction servers such as 
CASTp (26). The specific binding residues with-
in the binding domain of the target protein. 

Results and Discussion 

  Using homology modelling, 
a 3D model of the IMPase protein was creat-
ed. The IMPase protein amino acid sequence 
(UniprotKB ID: H0YBL1) was sent to template 
search server programmes such as NCBI 
BLAST and JPred to locate a suitable template 
sequence, and the results are shown in Table 1. 
Based on factors like as identity, sequence simi-
larity, and E - value, the protein with the PDB ID 
- 1IMA is chosen as a template. 1IMA template 
protein shows a query coverage of is 92% and 
a sequence identity of 87.7% with the IMPase 
protein. As a consequence, the 1IMA protein is 
used as a template for creating the 3D model of 
the IMPase protein. ClustalW was used to per-
form pair-wise sequence alignment between the 
IMPase protein and the template protein 1IMA, 
as shown in Figure 1. The SWISS MODEL was 
used to construct the homology model once the 
alignment file and template coordinates were 
given. 

Table 1: Tools for template Search.

S.No. Server E- Score Template (PDB)
1. NCBI 4e-178 1IMA
2. JPred 1e-135 1IMA

Figure 1. Alignment of Target (HoYBL1) and 

template sequence using Clustal W.
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 The 3D model (Figure 2) was consid-
ered for further refinement and validation stud-
ies. Similar techniques were reported earlier for 
the identification of template and model building 
(27 - 29).

Figure 2: 3D model of IMPase protein. 

  The 3D model is further ener-
gy minimized using Swiss- PDB viewer (19) to 
assess the reliability of the generated 3D struc-
ture. The energies before and after energy min-
imization were –9476.8 kJ/mol and –10099.6 
kJ/ mol respectively. The stereochemical quality 
of the protein structure was assessed by us-
ing Ramachandran plot (21) (Figure 3), which 
shows 202 (93.5%) of residues in the energet-
ically most favored region, 13 (6%) of residues 
in the additionally allowed region, 1(0.5%) of the 
residues in the generously allowed region and 
none (0%) in the disallowed region. It can be 
seen that most of the amino acid residues are in 
the energetically favored region (Table 2). This 
shows that the protein was stereo chemically 
good which was generated after energy minimi-
zation. 

Figure 3. Ramachandran plot of the 3D protein. 

 Ramachandran plot obtained by Struc-
tural Analysis and Verification Server (SAVES). 
The red color in the plot indicates the most fa-
vorable region, yellow represents additionally 
allowed, light yellow indicates generously al-
lowed and white field indicates disallowed re-
gion. 

Table 2. Ramachandran plot statistics

 The Figure 4 depicts the Verify3D com-
patibility of the IMPase protein model (3D) with 
its own amino acid sequence (1D) (30, 31). The 
Verify3D server ascertained whether an atomic 
1IMA model (3D) was compatible with its amino 
acid sequence (1D). For each of the 265 resi-
dues, the scores of a sliding 21-residue window 
(from –10 to +10) are added and plotted. The 
average 3D-1D score of 84.50 % of the residues 
is greater than 0.2. 

Figure 4. VERIFY 3D plot.

The validation of the selected protein after en-
ergy minimization is by PROCHECK and Pro-
SA .The ProSA plot gives the local model qual-
ity (Figure 5) of the IMPase protein. The low 
Z-score indicates a high overall model quality 
and compares the deviation of the ProSA server 
to calculate the energy required for protein fold-
ing architecture as a function of the amino acid 
sequence. 

Figure 4. VERIFY 3D plot.

 The validation of the selected protein af-
ter energy minimization is by PROCHECK and 
ProSA .The ProSA plot gives the local model 
quality (Figure 5) of the IMPase protein. The low 
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Z-score indicates a high overall model quality 
and compares the deviation of the ProSA server 
to calculate the energy required for protein fold-
ing architecture as a function of the amino acid 
sequence. 

Figure 5. ProSA plot of IMPase. Black spot rep-
resents the 3D model falls in the NMR region 
with the Z- score= -5.42.

 ProSA-Web Z-score determined by 
X-ray crystallography (light blue) and NMR 
spectroscopy for all proteins in the PDB (dark 
blue). The black spot in Figure 5 corresponds to 
the IMPase protein and has the Z-score value 
of –5.42.The low Z-score indicates good overall 
model quality and compares the structure's total 
energy deviation from an energy distribution de-
rived from native conformations.

Figure 6. ProSA plot Energy Profile.

 Overall, the folding energies of the pro-
tein residues are quite negative, with the model 
protein's folding energy in the range of native 
conformations having a Z-score of -5. 42. Figure 
6 depicts the charting of energy as a function of 
amino acid sequence position. Positive values, 

in general, refer to problematic or incorrect sec-
tions of the input structure. The validation serv-
er tool findings indicate that the produced 3D 
structure of IMPase protein is stereo chemically 
and energetically stable. As a result, this protein 
is trustworthy for future research.

Figure 7. ERRAT Profile.

 ERRAT is a program for verifying protein 
structures determined by crystallography. Error 
values are plotted as a function of the position 
of a sliding 9-residue window. The ERRAT Pro-
file of the IMPase 3D model shows an overall 
quality factor of 96.17, against an average qulity 
factor 91% for a resolution of 2.5 – 3.0Å (32). 
The result of the ERRAT server shows a graph 
between residues and error values (Figure.7). 
The overall quality score of this input structure 
is 96.17% and this is considered good. If the in-
put structure has good resolution, then it should 
have a quality score of greater than 95%.

 IMPase has three hydrophilic hollow 
active sites, each of which bind water and mag-
nesium molecules. The 3D Structure of the IM-
Pase protein generated by homology modeling 
is presented in Figure 3. The detailed secondary 
structure of the protein is shown in Figure 8. The 
structure constitutes 9 Helices, 17 loops, 14 β 
sheets. 

Figure 8. Secondary Structure of IMPase pro-
tein.
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The secondary structure details along with the 
amino acid chain lengths are shown in Table 3. 
The topology of the target protein is shown in 
Figure 9. The topological analysis reveals that 
the N terminal region (Trp 5) and C terminal ter-
minal region (Ile 266). 

Table 3. Secondary structure Of IMPase protein

Figure 9. Topology of the amino acid residues

  The conserved domains of 
the IMPase protein are characterized using 
the NCBI BLAST tool, as illustrated in Figure 
10; NCBI blast also identified the binding site 
domains of the IMPase protein. The results 
demonstrate that the target protein includes a 
FIG domain (Amino Acid 28 – 264) from Insilico 
predictions of protein interactions utilising pro-
tein-ligand docking studies enable the discov-
ery of major residue-residue contacts involving 
target interactions. IMPase protein binding site 
residues and cavity volumes were predicted us-
ing Active Site Finder based on hydrophobicity. 
SWISS dock server was used to perform pro-
tein-natural ligand docking between IMPase 
and FBPase proteins. 

Figure 10. Conserved domain of IMPase pro-
tein. The domain shows FIG Superfamily.

The Active site Finder analysis shows a binding 
cavity which possess the following residues: 70, 
90, 92- 95, 194- 196, 213, 220. The least en-
ergy value was selected to identify the specific 
binding site residues of the IMPase protein that 
interact with its natural receptor FBPase. The 
binding modes in the protein – receptor complex 
were analyzed using Discovery Studio Visualiz-
er 3.5. The protein- small ligand binding inter-
actions in the docked complex are presented in 
Figure 11. 

Figure 11. Interaction showing Protein- Small 
ligand Docking. 

Table 4. Active site residues.
RESIDUES INTERNUCLEAR DISTANCE 
GLU 70 2.50 A° 
ASP 90 2.38 A° & 2.95 A° 
ILE 92 2.49 A° 
THR 95 2.85 A° 

 The table 4 show the binding interac-
tions of the target protein with its natural sub-
strate (FBPse) are GLU 70, ASP 90, ILE 92, 
THR 95. The above residues participate in bind-
ing to FBPase protein. 

Conclusion 

 The homology modeling method pro-
vided a reliable structure of IMPase for further 
investigation. The 3D structure of the IMPase 
protein generated using 1IMA as a template is 
comparable to the X-ray resolved protein struc-
ture with 93.5% in favorable region in Ramach-
andran plot, an average 3D-1D score of 84.50 
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% of the residues is greater than 0.2 (Verify 
3D), Z- Score of –5.42 comparable to X – Ray 
resolved structure (ProSA Server) and 96.17% 
score in ERRAT infers a reliable model for fur-
ther research. The secondary structure analysis 
reveals the 9 Helices, 17 loops, 14 β sheets. 
Protein-ligand docking of IMPase with its nat-
ural receptor confirmed the binding residues in 
the active site region. The docking studies con-
clude that GLU 70, ASP 90, ILE 92, THR 95 of 
IMPase are involved in the binding of protein to 
receptor signals. Thus, by blocking these resi-
due binding sites, protein regulates glucose me-
tabolism thereby diabetes can be controlled. 
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