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Cellular Membranes are Highly Complex
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Classical Molecular Dynamics (MD) Simulations
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University of lllinois at Urbana-Champaign



Methodological Overview of XMAS Builder

(Experimentally-Derived Membranes of Arbitrary Shape)

Obtain 3D mesh from an
experimental technique
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ER Consists of Representative Cell Membranes
Structure: Electron_ Microscopy
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Lipid Composition:
Chromatography
14.19% === Cholesterol

49.65% @ POPC
23.01% @) POPE
4.38% @ POPI
3.46% @) POPS
5.21% O Sphingomyelin
0.09% o Cardiolipin

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

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



Atomistic Model of an ER Terasaki Ramp

=== Quter Leaflet
=== |nner Leaflet

=== Cholesterol

O Sphingomyelin
© Cardiolipin

e 1.97um x 1.59um x 0.61pum + ~36.6 Million Lipids

* Hypothetical Water Box:  Lipid Model:
~200 Billion Atoms ~4.5 Billion Atoms



Methodological Overview of XMAS Builder

Obtain 3D mesh from an Replace particles with atomistic lipids
experimental technique

Construct inner leaflet mesh Fix ring piercings

Generate attractive grid densities Solvate bilayer
from inner and outer leaflet meshes

Optimize lipid placement Run simulation

Simulate particles while restrained
to attractive densities
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Stage 2B
4.96ns Equilibration

(100x Speed in Movie)
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Application to ER Terasaki Ramp

Stagel  Stage2A  Stage 2B
20ps Velocity Quenching 40ps Equilibration 4.96ns Equilibration
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Methodological Overview of XMAS Builder

Obtain 3D mesh from an Replace particles with atomistic lipids
experimental technique

Construct inner leaflet mesh Fix ring piercings

Generate attractive grid densities Solvate bilayer
from inner and outer leaflet meshes

Optimize lipid placement Run simulation

Simulate particles while restrained
to attractive densities



Automatically Correcting Complex Lipid Clashes
Motivation - Strategy Complication

System Size Entanglements
16,754 Lipids 6 Entanglements

3,111 Ringed Lipids

Ring Piercings
Iteration 1: Iteration 3:
880 Ring Piercings 2 Ring Piercings
517 Lipids Frozen 1 Lipid Frozen
lteration 2: Iteration 4.
12 Ring Piercings 1 Ring Piercings

7 Lipids Frozen 1 Lipid Frozen



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
lteration 1;

139,815 Ring Piercings
73,046 Lipids Frozen

Iteration 2:
11,722 Ring Piercings



Methodological Overview of XMAS Builder

Obtain 3D mesh from an Replace particles with atomistic lipids
experimental technique

Construct inner leaflet mesh Fix ring piercings

Generate attractive grid densities Solvate bilayer
from inner and outer leaflet meshes

Optimize lipid placement Run simulation

Simulate particles while restrained
to attractive densities



Simulating the Membrane Structures
Problem: Bubbles

Problem: Equilibration
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Final Result

Simulation Detalls

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

10ns Simulation



Simulating the Membrane Structures
Problem: Equilibration Problem: Bubbles Final Result

More
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5 100 16,754 Lipids

~2.1 Million Lipid Atoms
~11.9 Million Atoms Total

Bubble Volu

10ns Simulation
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More

Attractive Potential

Less

Simulating the Membrane Structures
Problem: Equilibration Problem: Bubbles
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Bubble Volume (n

Final Result

Simulation Detalls

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

10ns Simulation



Membrane Stable During Unbiased Simulation

16,754 Lipids
~2.1 Million Lipid Atoms ~50ns Simulation
~12.0 Million Atoms Total



Concluding Remarks

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

Model Detalls

Red/Blue:
25 copies VcINDY

Orange/Purple:
25 copies MsbA
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