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Cellular Membranes are Highly Complex
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Classical Molecular Dynamics (MD) Simulations
Define Potential Energy 
Function (Force Field)

Integrate Newton’s 
Equations of Motion

(Velocity Verlet)

Classical MD Simulations Performed by the NIH Center 
for Macromolecular Modeling and Bioinformatics at the 

University of Illinois at Urbana-Champaign



  

Methodological Overview of xMAS Builder
(Experimentally-Derived Membranes of Arbitrary Shape)



  

Methodological Overview of xMAS Builder
(Experimentally-Derived Membranes of Arbitrary Shape)



  

ER Consists of Representative Cell Membranes
Structure: Electron Microscopy

Terasaki et al. Cell. 154:2, 285-296 (2013).

Keenan and Huang. J Dairy Sci.
55:11, 1586-1596 (1972).

Lipid Composition:
Chromatography



  

Atomistic Model of an ER Terasaki Ramp

● ~36.6 Million Lipids

● Lipid Model:                     
~4.5 Billion Atoms

● 1.97µm x 1.59µm x 0.61µm

● Hypothetical Water Box: 
~200 Billion Atoms



  

Methodological Overview of xMAS Builder



  

Optimizing Initial Lipid Placement
Motivation Strategy

Represent Lipids as Particles

Convert Mesh to Grid-Based Potential
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Application to Synthetic System

Stage 1
20ps Velocity Quenching

Stage 2A
40ps Equilibration

Stage 2B
4.96ns Equilibration 

(100x Speed in Movie)

Simulation Details
16,754 Lipids/Particles
1,177Å x 320Å x 310Å

5ns Simulation



  

Application to ER Terasaki Ramp

Stage 1
20ps Velocity Quenching

Stage 2A
40ps Equilibration

Stage 2B
4.96ns Equilibration

Simulation Details
18,610,625 

Lipids/Particles

1.97µm x 1.59µm x 
0.61µm

5ns Simulation



  

Methodological Overview of xMAS Builder



  

Automatically Correcting Complex Lipid Clashes
Motivation Strategy Complication

Results
Entanglements

6 Entanglements
System Size
16,754 Lipids

3,111 Ringed Lipids

Iteration 1: 
880 Ring Piercings
517 Lipids Frozen

Iteration 2:
12 Ring Piercings
7 Lipids Frozen

Iteration 3: 
2 Ring Piercings
1 Lipid Frozen

Iteration 4:
1 Ring Piercings
1 Lipid Frozen

Ring Piercings



  

Application to ER Terasaki Ramp

System Size
Full Upper Leaflet:
18,610,625 Lipids
3,456,671 Ringed Lipids

Simulated Piece (Red):
2,476,460 Lipids

459,037 Ringed Lipids

Ring Piercings
Iteration 1:
139,815 Ring Piercings
73,046 Lipids Frozen

Iteration 2:
11,722 Ring Piercings



  

Methodological Overview of xMAS Builder



  

Simulating the Membrane Structures

16,754 Lipids
~2.1 Million Lipid Atoms
~11.9 Million Atoms Total

10ns Simulation

Problem: BubblesProblem: Equilibration Final Result

Simulation Details
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Simulating the Membrane Structures

16,754 Lipids
~2.1 Million Lipid Atoms
~11.9 Million Atoms Total

10ns Simulation

Problem: BubblesProblem: Equilibration Final Result

Simulation Details
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Simulating the Membrane Structures

16,754 Lipids
~2.1 Million Lipid Atoms
~11.9 Million Atoms Total

10ns Simulation

Problem: BubblesProblem: Equilibration Final Result

Simulation Details
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Membrane Stable During Unbiased Simulation

16,754 Lipids
~2.1 Million Lipid Atoms
~12.0 Million Atoms Total

~50ns Simulation



  

Concluding Remarks

Model Details
Red/Blue: 

25 copies VcINDY

Orange/Purple: 
25 copies MsbA

Future Work
Add support for proteins

Add support for other 
modeling features

Make xMAS Builder more 
user friendly

Apply xMAS Builder to a 
more biomedically relevant 

system
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