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ABSTRACT

Amyloid-β synthesized from
inappropriate cleavage of
amyloid precursor protein
that induces the formation of
amyloid plaques in the brain.
An excessive accumulation
of
amyloid-β
plaques
promotes the development of
dementia,
specifically
Alzheimer’s disease. Insulin
resistance and T2D condition
have a stronger correlation with Alzheimer’s disease development. An increasing concentration of amyloid-β leads to impaired binding of
insulin to its receptor. Previous studies suggested that monomeric form of amyloid β was the potential molecule, which can compete with
insulin for receptor binding. Objective of this work was to study the molecular interactions of insulin and amyloid-β to insulin receptors using
protein-protein docking and molecular dynamics simulations. Analysis of docked complexes suggested that there are common insulin receptor
residues for the binding of insulin and amyloid-β. Further molecular dynamics simulations study reveals that monomeric form of amyloid-β
interacts with similar set of receptor residues as observed in the insulin-insulin receptor complex.
Keywords: amyloid-β, insulin receptor, protein-protein docking, molecular dynamics simulations.

INTRODUCTION
Amyloid-β (A-β) is an amyloidogenic peptide synthesized by
an inappropriate cleavage of amyloid precursor protein (APP),
via the process of amyloidogenesis. APP cleavage produces Aβ
variants which include Aβ1-40, Aβ1-39, and Aβ1-42.1 An excess
of Aβ production in the human brain form senile plaque, which
is an early sign of Alzheimer’s disease (AD) development.2,3
Excess of Aβ and its accumulation in monomeric, dimeric,
trimeric, and multimeric structures results in several neuronal
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disorders.4-6 Excessive accumulation of Aβ competitively
reduced insulin (INS) binding to the insulin receptor (IR),
although the elevated amount of INS is present in the brain tissues
of AD patients.7 While the IR was discovered in the brain in
1978, the brain was long assumed to be an insulin-insensitive
organ. This view is currently revisited and numerous studies have
revealed that insulin-meditated IR signalling in the central
nervous system (CNS) affects behaviour, metabolism, and
various aspects of memory and cognition.8-10 The availability of
insulin is critical for the activation of IR in the brain and evidence
shows local production in neurons along with receptor-mediated
transport across the blood-brain barrier.11-14 The poor binding of
INS fails to activate the IR signalling mechanism and the
pathways regulated by IR.4 The study by Song et al. (2017)
demonstrated that glucose uptake significantly increases the Aβ
level in AD patients which suggests that there may be some
intricate connection between the development of T2D and AD.15-
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Aβ1-40 monomer is the most active peptide among the other
forms of Aβ peptides that can actively bind with IR.
Experimental studies has confirmed that Aβ1-40 is a direct
competitive inhibitor of insulin for its receptor binding which
reduces the downstream signalling mechanism of IR in the
brain.20 Therefore, the role of Aβ as a competitive inhibitor to
insulin needs to be explored at the molecular level.19 Present in
silico study investigates the binding potential of Aβ1-40
monomers with IR via molecular docking and molecular dynamic
Simulations study. Three-dimensional structures of IR bounded
with INS and the structure of Aβ1-40 peptide were downloaded
from the protein data bank (PDB) database. IR structure is a
trans-membrane homo-dimer protein found in V shape
conformation and consists of α and β peptide chains. The
Monomer of IR consists of six domains viz, L1-domain, a
cysteine-rich region, L2-domain, fibronectin-III-1, fibronectinIII-2, and fibronectin-III-3 (L1, CR, L2, FnIII-1, FnIII-2, and
FnIII-3), where L1-domain and α-CT-peptide (sequences 704719) is the major site for INS binding.21-22 In this study, we have
shown the monomeric form of A-β1-40 has the potential to
interact with IR at the site where INS binds with IR. The finding
supports the concepts of competitive inhibition of IR Aβ-like
peptides.
19

the major and strongest non-bonded interactions to investigate
the binding potential of ligand molecules with its receptor. The
amino-acid residue of INS-IR and Aβ-IR docking complexes
responsible for hydrogen bonding has been given in Figure 2.
Table 2 provides the list of interacting residues between the two
complexes. Interaction analysis was performed around 5 Å
regions of peptide molecules within docking complexes.
Table 1: Docking results of predicted binding energies by
HADDOCK
Binding
Binding
complexes Score

Electr VVie
ostatic w
force force

Disolv Restraints
ation
violation
energy energy

Buried RM
surfac SD
e area

Aβ-IR
complex

-89.3
+/- 6

-171.5 -59.2
+/- 9
+/- 6

-6.1
+/- 1

102.7
+/- 24

1912.7 6
+/- 10

INS-IR
complex

-100.9
+/- 5

-262
+/- 19

-31.3
+/- 2

248.1
+/- 58

1405
+/- 57

-41.9
+/- 4

Analysis of Hydrophobic interaction between receptor and
ligand peptides.
Hydrophobic interactions are naturally weak but play a
significant role in protein folding, protein-ligand binding, and
protein-protein interactions. It is used as a major parameter to

RESULTS
Docking of INS and Aβ with IR
The protein-protein docking was
performed to depict the binding poses
of peptide molecules onto the larger
protein structure. This study used
known protein structures (Aβ, INS, and
IR) to predict the behaviour of these
molecules in bounded form. Proteinprotein
docking
program
(HADDOCK)
generated
several
orientations of the Aβ and IR complex.
For detailed inspections of docking
interactions, we selected the pose in
which Aβ binds with IR at the position
where INS binds to IR (Figure 1).The
docked complexes were analysed in
terms of docking score. Docking scores
of Aβ were found very close to the
docking score of INS for IR binding
(Table 1). These docking complexes
were visually inspected using Pymol
academic version.23
Analysis of molecular docking
complexes
Docked complexes were further
analysed to explore the molecular
interactions, such as polar interaction
(hydrogen
bond),
hydrophobic
interaction, van der Waals forces, π-π
stacking, and the formation of the salt
bridge. The hydrogen bond is one of
Chemical Biology Letters
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Figure 1: Binding pose of INS with IR, represented in cartoon form. Cyan and orange colour
represent the structure of IR and INS respectively.

Figure 2: Binding pose of Aβ with IR, represented in cartoon form. The structure of IR is
represented through cyan and Aβ with salmon colour
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square deviation (RMSD), root mean square
fluctuation (RMSF), radius of gyration (Rg), and
Distance
solvent accessible surface area (SASA), H-bonds,
etc.
H-bonds
RMSD is the central criterion used to measure the
in Å
convergence of the protein structures (Figure 5).
RMSD of the peptides, receptor (IR), and complex
2.68
protein structures (INS-IR and Aβ-IR) were recorded
at different fluctuation ranges i.e. near 1.2, 0.3, and
0.4 nm, respectively throughout the 100000 ps (100
2.78
ns) simulations run. The average RMSD value of
INS-IR and Aβ-IR complexes were observed near 0.
2.67
4 and 0.45 nm after 20000 ps (20 ns), respectively,
and this range is maintained throughout simulations.
2.20
RMSD observation of both complexes shows slight
fluctuation up to 50000 ps and after, it maintained the
3.15
stability for simulation extended up to 100000 ps.
The critical analysis of the RMSD plot illustrated that
2.74
INS-IR and Aβ-IR complexes were shows approx.
similar patterns of structural deviation in the cα
backbone compare to IR. The structural deviations of
Aβ are more stable in bounded form compared to Aβ
alone.
The degree of atomic motion of protein structures
was analysed by root mean square fluctuation
(RMSF). The fluctuation in backbone residues of Cα
atoms of receptor and complex structures was analysed and
plotted in Figure 6. RMSF of IR observed that the fluctuation in
loop regions (Residues No. 160-175, 245-260) of IR is slightly
higher up to 0.5 nm compared to the fluctuation observed in
bounded form with the ligand peptides. The residual fluctuation
at the loop regions of IR was decreased when Aβ binds as
compared to INS binding. Comparative analysis of the RMSF
profile suggested that the structure of receptor molecules is more
dynamic compared to the structures present in the bounded form.
Protein compactness with peptides and without peptides can be
described in terms of the radius of gyration (Rg) (Figure 7). Rg
predicts the packaging of secondary structures from their initial
to compressed 3D structures. The method describes the massweighted root mean square distance of a protein measured from
its common centre of mass. Analysis of Rg observed that the
gyration curve in A-β-IR and INS-IR complexes was found to be
slightly lower from initial conformation compare to receptor
molecules which show a similar Rg pattern over the entire course
of Simulations at a different range. It confirmed that the protein
complexes were compact and the binding of Aβ and INS did not
cause any structural deformities like unfolding or structural
breakage.
SASA was calculated to illustrate the behaviour of AA
residues of proteins in contact with the surrounding environment
in predefined solvent condition.29 The decline in SASA scores
confirms less accessibility of AA residues to the interaction with
a solvent which is visible in the case of Aβ-IR and INS-IR
complexes (Figure 8) over the entire period of MD simulations.
Comparative analysis of SASA showed that there is a larger
accessible area available for the Aβ-IR and INS-IR complexes

Table 2. Molecular interaction analysis in terms of hydrogen bond
A_β-IR complex

INS-IR complex

Distance

INS

H-bonds
in Å

A_β

IR

Glu321 (O) Arg61(N)

2.63

Tyr313(O)

Lys288(N)

Ser327 (O)

Arg65 (N)

3.01

Gln318(N)

Asp291(O)

Ser327(O)

Glu93 (O)

2.58

Lys319(N)

Glu290(O)

His228(N)

Glu93(O)

2.62

Gly332(O)

Tyr 63(O)

His228(N)

Glu290(O)

2.59

Val327(O)

Arg301(N)

Arg340(O)

Arg301(N)

3.20

Val327(O)

Arg301(N)

Arg340(O)

Arg301(N)

2.20

Tyr344(O)

Phe298(O)

2.29

Tyr344(N)

Arg301(O)

2.93

IR

analyse the binding efficiency of molecules upon target protein,
because of their unique properties like minimal effect on protein
structure and function and is very sensitive to external stimuli.24
An interaction can be analysed in terms of hydrophobic relation
between protein chains, and that relation also plays a major role
in structural stability.25,26 Here, hydrophobic relations between
peptides (Aβ and INS) and receptors (IR) were examined using
LigPlot software27 and pictorial representation illustrated those
hydrophobic interactions of docking complexes (Figure 3, 4).
Analysis of hydrophobic interactions identified several key
residues for INS-IR and Aβ-IR binding. The residues Phe35,
Lys36, Phe60, Phe92, His294, Val299, Pro300, Pro302, and
Ser303 of IR contributes to the binding with the residues Asn304,
Gly326, Val330, Tyr334, Gly341, Phe342 and Phe343 of INS.
Similarly, the residues Phe35, Arg61, Glu93, Cys286, Pro287,
His294, Asn295, Phe298, Val299, Pro300, and Pro302 of IR
contributes to the binding with the residues Asp304, Aln305,
Glu306, Phe307, Arg308, Gly12, Ser311, Glu314, Glu325,
Asp326, Gly328, Asn330, Lys331, Ile335 and Asn336 of Aβ.
The comparative molecular interaction study suggested that
most of the residues of CT-peptide region of IR structure
contributes towards the binding with Aβ than INS.
Molecular dynamics (MD) simulations studies to investigate
the structure stability
MD simulations were performed to evaluate the stability of
protein-protein or protein-ligand docked complexes. MD
simulations are commonly used to predict the functional
behaviour of complexes in a pre-defined environment via atomic
movements.28 MD trajectories of Aβ-IR complex and INS-IR
complex were analysed and compared in terms of root mean
Chemical Biology Letters
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Figure 3: Hydrophobic interactions between IR and INS, where the pink and red ray-like structure represents the hydrophobic relation
between the protein chains, where amino acid residues of IR (chain-A) are labeled with blue and INS (chain-B) black colour. Green
dotted lines shows the polar interaction (with labelled distance) between residues of INS and IR. Ball like structure represent the residue
atoms.

Figure 4: Hydrophobic interaction between Aβ and IR, where the pink and red ray-like structure represents the hydrophobic relation
between the protein chains, where amino acid residues of IR (chain-B) label with black and Aβ (chain-A) blue colour. Green dotted
lines show hydrogen bond (with labeled distance) interaction between AA residues of Aβ and IR. Ball-like structures represent the AA
residue atoms

than the receptor alone. The larger area accessible for more
number of atomic interactions with the surroundings that occur

due to the binding of peptides increases the surface area of AβIR and INS-IR complexes.

Figure 5: Root mean square deviation of, INS Aβ, IR, INS-IR, and
Aβ-IR complex structures exploring the structure deviation
throughout 100 ns.

Figure 6: Root mean square fluctuation of IR, IR-INS, and A-β-IR
complexes over 100 ns MD simulations.

Chemical Biology Letters
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Figure 7: Radius of gyration of INS-IR, and Aβ-IR complexes over
100000 ps (100 ns) MD simulations.

Figure 8: SASA of IR, INS-IR, and Aβ-IR complexes representing
the hydrogen bond interaction with surrounding solvent over the
entire period of (100 ns) MD simulations.

Figure 9: Hydrogen bond interaction over the entire period of MD
simulations (100 ns) of IR-INS and IR-Aβ docking complexes.

The number of hydrogen bonds throughout MD simulations is
shown in Figure 9 which shows the stability of the molecule at
the binding surface during the entire period of simulation. For
both, A-β-IR and INS-IR complexes the H-bonds were observed.
Fluctuations in H-bonds interaction between the residues of A-β
and IR was observed, which reached up to 20 H-bonds near
20000 ps (20 ns) among which approximately 8 H-bonds were
Chemical Biology Letters

retained at the end of simulation that equal to the results obtained
from the docking. Whereas the INS-IR complex system initially
has less than 5 H-bonds and on average retained 7 H-bonds at the
end of simulation which is also equal to H-bonds obtained from
docking results. The results obtained from MD simulation studies
further supplemented the observations of the docking study. The
H-bonds analysis revealed that Aβ has a more or less equal
impact on the conformation and stability of simulation suggested
that the structural properties of both peptides (Aβ and INS) might
be playing a major role in order to define better binding affinity
toward IR IR. The H-bonds result obtained from MD.
PCA was used to transform the high dimensional molecular
dynamics data into low dimensional space to get a sequence of
eigenvectors and eigenvalues which reveal the overall structural
motions of protein.30 The structural transformation can be
measured in terms of eigenvalue concerning time and the plots
compare the eigenvectors between principal components 1, 2,
and 3 (Figure. 13). The first few principal components in terms
of eigenvectors record the predominant motions whose amplitude
rapidly reduces to achieve constrained and more localised
fluctuations. The PCA plots indicate the variance in the
conformational distribution, where each dot represents one
conformation of the protein. The first three eigenvectors, based
on complex dominant motion, are extracted and compared. The
colour representation (from blue to white to red) points to the
periodic jumps between these conformations. The comparison
between PC 1/2 and PC 1/3 clearly showed the
thermodynamically separate periodic jumps with a significant
energy barrier for the INS-IR complex compared to PC 2/3 which
shows the overlapping coordinates. Similarly, PC comparison of
Aβ complex showed distinct periodic jumps between PC 1/2 and
1/3, where PC 2/3 shows overlapping PC subspace that lacked an
energy barrier.
The eigenvalue scale revealed the percentage of variances
versus the eigenvalues shown in the eigenvalue rank plot. The
first PC of INS-IR complex was 34.9% and 31% for Aβ complex
is responsible for total variance as seen in the plot of eigenvalue
rank (Figure 13). Whereas the second PC of INS-IR and Aβ
complexes were 44.5% and 39.5%, respectively, and similarly
the first three PC cover 49.5% and 44.5% of the overall motion
for INS-IR and Aβ complex systems, respectively.
The binding of peptides is further evaluated by MM-PBSA
calculations, which reveal the main factor affecting the
association of Aβ and INS to IR. For each peptide-receptor bound
system, a total of 2000 frames were extracted from the structural
ensemble recorded with the time interval of 40 ps in the MD
trajectory of 100 ns. Comparative analysis of ∆G shows that the
overall binding of these peptides is stable throughout the
simulations with some fluctuations. The ∆G value of these
peptides varies between -200 to -300 KJ/mol and -600 to -700
KJ/mol for INS-IR and Aβ–IR respectively. The tendency of
binding in terms of free energy predicted by the MM-PBSA
method supports the study of Xie L et al. (2002), which suggests
that the current binding free energy is reliable and acceptable for
receptor binding.
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Figure 10: Principal component analysis (PCA) of INS-IR and Aβ complex were analyzed for the 100 ns. The spread of blue and red color
dots described the degree of conformational changes during the simulation, where the color spectrum from blue to white to red is
equivalent to the simulation's time. The blue specifies the initial time step, the white specifies the intermediate, and the red color represents
the final time step.

Figure 11: Binding free energy calculated by MM-PBSA

The lower value of free energy of a single residue shows the
stable binding with other molecules. To better explore the
binding of active residues, the total ∆G of both INS-IR and Aβ–
IR complexes were decomposed into per-residue contribution
(Figure12). Hydrogen bonding interactions of IR with both
peptides were explored with the Pymol software and the results
were shown in (Table 2). The geometric positions of active
residues of the receptor and the peptides were depicted with the
lowest energy conformations taken from the MD trajectories.
Analysis shows that most of the residues at the binding surface
participate in different kinds of interaction. The IR residues
Asp12, Asn15, Lys40, Arg65, Glu290, Asn295, Pro300, and
Arg301 along with the INS residues Ile305, Val306, Ser333,
Tyr340, Phe342, and Tyr344 are the main contributors to the
lower binding energy of the complex (Figure 12A). Residues
Tyr63, Lys288, Glu290, Asp291, and Arg301 of IR contribute to

Chemical Biology Letters

Figure 12: Contact map of binding complex A) INS-IR complex. B)
A_β-IR complex
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hydrogen bonds with the residues Glu314, Gln318, val327,
Ser329, and Gly332 of Aβ (Figure12 B).

DISCUSSION
To investigate the binding mechanism of Aβ at the site of INS
binding, several receptor proteins are identified for potential
binding.31 The study focused, on exploring the binding
complexity of Aβ towards IR to better understand the mechanism
of competitive inhibition. Insulin resistance and T2D condition
possess a greater risk of developing AD6 which also increases the
possibility for excessive accumulation of Aβ into the brain.32-35
Biochemical analysis carried out by Xie L. et al. (2002) suggested
that the Aβ1-40 peptide directly competes with INS for receptor
binding. Here, to validate the binding of Aβ, the truncated protein
structure of IR (PDB entry 4OGA), consisting of the L1 domain
and CT-peptide was selected for binding study with Aβ. Docking
study revealed that Aβ can bind at the same site where INS binds
to IR. Protein sequence alignment of Aβ1-40 and INS shows that
Aβ1-40 share a common recognition motif with INS that might
be the reason for their binding at the same site to IR.19 The
binding energy of Aβ was found comparable to that of INS which
indicated that Aβ1-40 has a more or less equal potential to bind
with IR. To validate the binding of Aβ, we have performed
another docking experiment where we tried to dock the random
peptides with IR at the site of INS binding. The docking score of
hairpin-like defense peptides and de novo mini protein was found
to be 2013.9 and 392.7 KJ/mol, respectively which indicates no
binding of these peptides with IR (for more details see
supplementary file). Comparative analysis in terms of molecular
interactions showed that Phe35, Glu93, Arg61, Ilu294, Phe298,
Val299, Pro300, Arg301, and Pro302 are common AA residues
of IR contributing toward the binding with INS and Aβ. Mostly
these common residues present in the CT-peptide and L1 domain
of IR are accessible for binding. Aβ binding stability was
investigated through an MD simulation experiment and the
generated trajectories were analysed, where the RMSD
observation suggested that INS-IR and Aβ-IR complexes have an
almost similar pattern of structure deviation after peptides (Aβ
and INS) binding (Figure 5) compared to the RMSD patterns
observed in their apo form. The close inspection of the RMSF
plot showed that fluctuation was mostly observed in the loops and
C-terminals compared to the helix and sheet region in both
complexes. Where the negligible fluctuation observed in the
domain region confirmed the stability of the complex structures.
The observed RMS fluctuations were slightly lower for the AβIR complex compared to the INS-IR complex suggesting that Aβ
binding stabilises the IR structure (Figure 6). The protein folding
was measured in terms of Rg and, the analysis of Rg indicated
the compactness in Aβ-IR and INS-IR complexes. The Rg value
of both complexes was observed to downfall compared to the
initial and based on the Rg value the Aβ-IR complex was more
compact compared to the INS-IR complex (Figure 7). Where the
receptor molecules didn’t show the specific changes in their
structure at the end of the MD simulation. The structure
compactness of the Aβ-IR complex was confirmed via SASA
analysis which indicated lower contact with the surroundings
Chemical Biology Letters

solvent compared to the IR-INS complex (Figure 8). The reason
to calculate the SASA was to depict the behaviour of the protein’s
residues that are in contact with the surrounding solvent which
will ultimately control the stability of the protein structure. Hbond plays a significant role in stable and precise binding
between two molecules. H-bond analysis of generated
trajectories indicated that hydrogen bond contribution between
peptides and receptors was sufficient for the stable connection in
terms of binding (Figure 9). PCA results suggested that the
structural movements of INS-IR and Aβ-IR complexes are quite
different and undergo a periodic shift in their conformation for
reorientation to regain the structure stability (Figure 10).
Residues-wise contact map shows the binding energies of
individual residues which suggested that there are several key
residues of IR such as Phe35, Glu93, Arg61, Ilu294, Phe298,
Val299, Pro300, Arg301, and Pro302 are common IR contribute
to the binding with both peptides Aβ and INS (Figure 11). Overall
binding energies of INS-IR and Aβ-IR complexes i.e. near -600
KJ/mol and -300 KJ/mol, respectively calculated through MMPBSA calculation suggested Aβ has the potential of binding to IR
(Figure 12).

MATERIAL AND METHOD
Crystal structure of insulin Receptor
The PDB database contains several entries for the
crystallographic structure of IR and most of them represent
truncated IR protein with few selective domains along with CTpeptide. From available structures (Supplementary Table), PDB
entry 4OGA was selected to explore the binding interaction of
INS and Aβ peptides with IR. The selected structure of receptor
protein contains the L1 domain and CT-peptide region of IR in
complex with INS. NMR structure of A-β1-40 available at PDB
entry 2LFM was downloaded and a single chain of Aβ peptide
was retrieved using the structure visualization tool Chimera.36
Insulin receptor structures preparation
Close inspection of IR structure reveals that the L1 domain
along with CT-peptide of IR is required for insulin binding.
Therefore, to reduce the complexities associated with
computation, we have selected a working model (PDB entry
4OGA) which contains the L1 domain, cysteine-rich region, and
CT-peptide, out of which L1 domain and CT-peptide were
selected. The structure breakage due to missing atoms between
the amino acid residues ASN and CYS numbers are 167-168 of
IR was prepared by protein modelling approaches using modeller
10.12.37 Monomer of Aβ was collected from the (PDB entry
2LFM) NMR structure containing 10 conformations with the
help of Chimera structure visualization tool.38
Protein-protein docking
Docking was performed using the protein-protein docking web
server HADDOCK (High Ambiguity Driven protein-protein
Docking.39 HADDOCK uses ab-initio computational approaches
to predict the appropriate conformations of the protein-protein
docking model and their molecular interactions at the atomic
level. For the modelling of biomolecular complexes, the
HADDOCK web server requires two proteins as input and the
web interface provides the options to specify the chains and the
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molecule types used for docking with the receptor protein. In a
second step, active residues numbers for both structures were
incorporated, which actively participated in interaction with each
other, and then the final step of docking was executed on the
default parameter. Protein-protein docking with HADDOCK
follows the three major steps: 1) randomise the orientations of
protein structure and energy minimisation of rigid protein, 2)
simulated annealing in torsion angle space and 3) final
refinement in Cartesian space with explicit solvent.40
Binding complexes confirmations were refined using a
simulated annealing function. The structures were clustered
based on pairwise backbone RMSD at the interface using gentle
refinement molecular dynamics (MD). The clusters of docked
conformation were ranked based on average interaction energy,
which is the sum of Eelec, Evwd, Eacs, and average buried
surface area.40 The obtained docking complexes (A-β-IR and
INS-IR) were further subjected to molecular dynamics (MD)
simulations studies to analyse the binding stability for defined
time scale and MM-PBSA for binding free energy (∆G)
calculation.
Molecular Dynamics Simulations
The protein structure stability of receptor and receptor in
complex with INS and Aβ peptide was further validated through
MD simulations. All systems for MD simulations were built in
dodecahedron periodic boundary conditions (PBC) under OPLSAA/L all-atom force field41 using GROMACS 5.1.2.29
platforms. Protein in the PBC box was placed at the centre and
systems were solvated with an explicit simple point charge (SPC)
water model at a 1-nano meter marginal radius from the surface
of the protein. The systems were neutralised by adding the 8 Na+
ions and further energy minimisation was performed to remove
the bad contacts in the system using the steepest descent method.
The system molecules were optimised by 50000 cycles using the
steepest descent minimisation method. In the NVT42 ensemble,
the systems were gradually heated up to 300 K for 10000 ps and
in NPT43 ensemble, the systems were equilibrated at 300 K and
applied 1 atm pressure for 10000 ps using a leap-frog integrator.
The final production run for all the simulated systems were
performed on a time scale of 100 ns. The time steps for the entire
period of MD were 2 fs and coordinates were stored every 20 ps.
The principal component analysis (PCA)44 was performed to
investigate the major contributing factors affecting motions in the
structure of the receptor and protein-protein docking complexes
using the Galaxy server. Analysis of resulting simulated
trajectories was carried out using GROMACS tools and the
results were visualized with GRACE tool.45

CONCLUSION
The current study investigated the molecular interaction of Aβ
and INS peptides to IR. Here we report that Aβ has potential to
compete with insulin for receptor binding. Protein-protein
docking and interaction study demonstrated that common
residues within the active site of IR play a significant role in
interaction with Aβ which was further confirmed by MD
simulation. The MD simulation results suggested that the Aβ
peptide has more or less equal potentiality of binding to IR.
Chemical Biology Letters
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