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• 2X Nvidia A6000 (48GB GDDR6) (10,752 NVIDIA®

CUDA® Cores)

• 2X Intel Xeon (40 CPU cores)

• Schrodinger® Materials Science Suite



Computational approach to understand physical systems

Ref: Chem. Rev. 2016, 116, 14, 7898–7936



Available tools for in-silico studies

Software packages Force-fields

• GROMOS

• OPLS-AA

• OPLS-3

• CHARMM

• AMBER

• CMM-CG (used by LAMMPS)

• MS-CG (Used by Schrodinger)

• MARTINI (General Purpose)



Objectives of the current study

 To simulate different lipid-based compositions

o Using two model drugs (Amphotericin and Doxorubicin)

o With three different lipids with varying characteristics (DPPC, DOPC and DSPG)

 To understand the potential for self assembly of the systems and effect of charge-based interactions in

self-assembly

 Coarse-grained simulation of microsecond timescale to capture self-assembly events

Application

 Validated model can potentially be used in early stage of drug development where availability of material is scarce



Coarse graining of molecules using Martini force field



Approach

Mapping

• Beads were mapped to structures of lipids and Drugs
• 3-4 heavy atoms were mapped to a single bead following Martini-3 protocol

Disordered
system

• Disordered system was prepared using
• 5 drug molecules
• ~901 lipid molecules
• 60311 molecules of water (containing 10% anti-freeze water)

Force field
assignment

• Martini Force field was assigned to the mapped particles in disordered system

Simulation

• Brownian minimization followed by Martini MD simulation
• NPT ensemble, Temperature 300K, Pressure 1 bar
• Time step 10 fs, Simulation time 3000 ns

Trajectory
analysis

• Analysis of Root mean squaredeviation, Radius of gyration, Cluster analysis and Radial
distribution function









Cluster Analysis

• The number of clusters of liposome model structure indicates the self-assembly and aggregation of the lipids.

• Initial high clusters are due to disordered lipids which are merged to make a closed liposome model at the end of the simulation

• DPPC/DOPC/DSPG lipids spontaneously aggregated, and then they collide together and form plate-like and disc-shaped membranes.

• Aggregation to form a single large cluster of lipid vesicle was at different time scale for DPPC/DOPC/DSPG lipids.



Root Mean Square Deviation (RMSD)

• RMSD value describes the average distance between each atom in the system at a specific time

• A molecule with an RMSD value that does not change much over time indicates a stable molecular conformation.

• The structural stability of the systems during simulation is suggested by the converging curve of RMSD

• It is evident from the simulation that the time required for attaining stable structural formations is around 1 nanosecond, after which RMSD

reaches a constant value of 100–150 Å ensuring stable structural formation for the lipids



Radial Distribution Function (RDF) (-PO4 group of the lipids)

• RDF is calculated around a (set of) atom(s) or around the center of a mass of a set of atoms or molecules

• The radial distribution function (RDF) calculated for lipids around the center of mass confirmed that the 3000 ns time scale is appropriate for

the formation and equilibration of the liposomal model for DOPC/DPPC phospholipids, while RDF for the charged DSPG does not attained

equilibrium



Radius of Gyration

• The radius of gyration of phospholipid molecules is the square of mean distance of all atoms of the DOPC/DPPC/DSPG molecules from the

axis of rotation of phospholipid molecule

• The decrease in Rg confirms the formation of elliptical and closed liposomal models with both lipids. Gyration radius of the DPPC/DOPC

depicted a sudden decrease, suggesting structural transformation, whereas such a sharp drop was not observed with the DSPG lipids.



Ambisome® Formulation

System composition

Component # of molecules

DSPG(-) 230

HSPC 560

Cholesterol 111

Amphotericin B(+) 5

Water 66342



Ambisome® Formulation

RMSD Radius of Gyr



Ambisome® Formulation

Cluster analysis
RDF



• Coarse-grained MD simulation demonstrated the formation of stable self-assembled

structures at 3000 ns with the phospholipids

• DPPC containing systems self-assembled into lamella but did not form a vesicle

• DOPC-containing systems self-assembled into vesicles of ~6-7 nm radius

• DSPG-containing systems showed drug-dependent behavior, the one with Amphotericin-B

self-assembled into a worm-like lamellar structure while the one with Doxorubicin exhibited

disc-like bilayer at the equilibrium

• The analysis of RDF, gyration radius, cluster analysis, and RMSD analysis indicates clear

vesicle formation with DOPC compared to DPPC/DSPG.

Key observations

Conclusion

• These simulations serve as a quantitative application of mathematical principles and provide a

complementary approach for investigating the structural mechanisms and stability of lipid vesicles.

• The future studies need to include complete formulation components (i.e. helper lipids, cholesterol,

buffers etc. for better understanding of the formulation.)



Thanks for your time and patience !!
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