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Introduction

 Liposomes act as drug vehicle for effective delivery of vitamins to its targeted cells.
 Phospholipid’s transition from gel to liquid crystal phase is important to include

nutrient inside its membrane.
 A computational study on the ligand-receptor interaction will provide

comprehensive knowledge about the bilayer composition and aid in liposome
structuring.

Liposome

Objectives
• To determine the phase transition temperature of the different liposomal bilayer 

membrane combinations.
• To study the binding interaction of vitamins (B12, B9, A, D) with the lipid bilayer 

membrane.

Steps for liquid crystal phase determination 

Results and Discussion 

Minimization method: steepest 
descent method
Ensemble conditions:
• NPT- pressure and 

temperature fixed.
• Verlet integration algorithm
For production of equilibrated 
topology:
• Nsteps: 2500000
• Number of frames: 500
• Run time: 50 ns
Force field: Martini force
Box: Hexagonal
Ions: Na+, Cl-

Set up the coordinates by drawing the topology Define the box, generate ions and solvate 

Ensemble of the components under force field
After simulation

Steps for docking behaviour study
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Fig. 1: Snapshots at 50 ns simulation run time as a function of temperature in z-x plane

Docking Molecular Dynamic simulations

Vitamins
A, D, B9, B12

Ligand

Data analysis 

Ensemble the receptor & ligand components

Minimization

Equilibration in 6 steps

Simulation 

Charmm36-ff
NPT

Steepest descent algorithm; nsteps- 5000; Verlet cut-off 
scheme

Pcoupl: Parrinello-Rahman; nsteps- 1500000; run time: 3ns

Pcoupl: berendsen, Tcouple: berendsen

Ligand & receptor grid position

Based on docking score
(Binding affinity, RMSD, bonds)

Visualization

Run the grid configuration
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Table 1: Interaction of Vitamin i) A; ii) D; iii) B9 and iv) B12 with T5

i) ii) iii) iv)

Table 2: Interaction of Vitamin i) A; ii) D; iii) B9 and iv) B12 with T2

i)
ii) iii)

iv)

Conclusions
• T2 and T5 showed good stability having phase

transition at 60 ℃.
• Hydrophobic vitamins showed stronger binding

affinity than hydrophilic vitamins.
• Unfavorable interaction was observed in

hydrophilic vitamins.
• Electrostatic force showed stronger influence

over the molecules than Van der Waals
attraction.

• Docking study of multi-vitamins with the lipid
bilayer membrane suggests good binding
affinity of the ligands (RMSD ~ 0.00) that can be
used for co-encapsulation.

Fig. 2: Kinetic energy (kJ/mol) of different bilayer combinations as a function of simulation 
time (ps) at (a) 40, (b) 60 ℃

Trial No. DPPC# DPPE# DPPI# PCA# 

UL* LLα UL LL UL LL UL LL 
T1 39 39 39 39 39 39 78 78 
T2 34 34 34 34 34 34 102 102 
T3 32 32 32 32 32 32 112 112 
T4 30 30 30 30 30 30 120 120 
T5 27 27 27 27 27 27 135 135 
T6 22 22 22 22 22 22 154 154 

 

Fig. 3: (i) RMSD (nm), (ii) Energy (kJ/mol), of different bilayer combinations as a 
function of simulation time (ps) and interaction forces, respectively

Methodology

Docking of all the vitamins in T5 membrane 

Docking of all the vitamins in T2 membrane 
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