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Undesirable aggregation of 
aqueous insulin solutions 
remains a serious obstacle in 
the development of alternative 
methods of diabetes therapy.

“Design of small peptides to 
inhibit insulin aggregation”

About the 
Project
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Reference: http://pcwww.liv.ac.uk/~arnolds/publications/Mauri_thesis.pdf

Insulin oligomers are nature’s way for 
storing insulin. 

Insulin can be found in the form of 
monomers, dimers and hexamers. 

The relative concentration of each 
oligomer can be chemically controlled, 
by adjusting pH, concentration and by 
addition of metal ions in solution.

Aggregation prone: Low ph, High temp
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What ligands

BSPOTPE binds to PFI by 
hydrophobic interactions  

Polyoxometalates(POMs) binds to 
monomer, lowers the concentration 

of free monomer and shifts the 
equilibrium away from fibrillation

Why Insulin

Lots of available experimental 
studies on insulin aggregation

Easier validation of model

Ligands interact to either:
Native/PFI/Fibrils

Small size
Easier to study

Of commercial importance
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Computational 
Techniques
to be used

MD 
Simulations

GROMACS

MM-PBSA
Simulations

Based on 
interaction free 

energies

GROMACS

Molecular 
docking

Targeted 
docking

HEX, 
Flexpepdock

For refining 
structures 

obtained from 
targeted 
docking

Scoring 
function to 

rank the 
structures

Interaction of 2 
or more 

molecules to 
give the stable 

adduct 5



Reference: http://pcwww.liv.ac.uk/~arnolds/publications/Mauri_thesis.pdf

Correctly folded proteins- long term 
stability

Under physiological conditions,     
Native states- most thermodynamically 
stable

Aggregation prone: Low ph, High temp

Small size, easy to study, commercial 
importance

Lots of available experimental data
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Design of small peptides 
to inhibit 

insulin aggregation
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Identification 
and 

Generation  
of LigandsEGCG

Binds to the natively 
unfolded polypeptides

POM
Binds to monomer

Highest inhibition

Avogadro 
Molecular 
Builder

MarvinSketch
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Topology 
Generation

9Very high penalty

Moderate penalty; can 
ignore

54.600

23.057

Vestibulum 
congue 

Vestibulum 
congue 

Amber FF

AmberTools

MCPB.py

ParmEd 27

.top file in Charmm 

.str file from CGenFF server



Molecular 
Docking
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N-PFI complex dominant during insulin aggregation

Targeted docking



Molecular 
Docking

~15.62 Å

only ten residues (#1, #2, #13, #14, #44, 
#45, #46, #47, #48, #51) at which the 

ligands bind with highest probability 
during the aggregation process.
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Search radius was chosen appropriately



Molecular 
Docking
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MCPB.py for POM

Docking in HEX

Energy Minimization

Ranking with MM-PBSA
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Thank 
you!
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