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Anything you see here that has a boundary has a 
lipid membrane! 

Membranes Define Boundaries

The core purpose of the membrane is to define boundaries 
and keep the cell functional.  
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Q: How do membranes achieve this? 

Membranes are vital to cell processes like cell division and diffusion. However, these 
processes must still occur while maintaining a strong boundary EX: Blood cells need 
to be flexible enough to flow, but not break!

Balancing Flexibility and Rigidity 
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Q: How do membranes achieve this? 

A: Lipids! 

Balancing Flexibility and Rigidity 



Cross Section of a Membrane

Biomembranes adjust their mechanical 
properties by changing their lipid 
composition  

Clark, M. A., Douglas, M., & Choi, J. (2018). Lipids. In 
Biology 2e. Houston, Texas: OpenStax. Retrieved from 
https://openstax.org/books/biology-2e/pages/3-3-lipids

By SuperManu - Own work, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=2918850
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Biologically Common Lipids

DPPGDPPC

DPPS

POPS
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Tails Headgroup

POPC

Neutral Charged
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The bilayer’s resistance to 
mechanical compression

Area Compressibility (𝐾஺)



Combining Scattering and Simulation

How can we measure the mechanical properties of 
tiny bilayers?

8

Magnetic neutron scattering from spherical nanoparticles 
with Neel surface anisotropy: Atomistic simulations -
Scientific Figure on ResearchGate. Available from: 
https://www.researchgate.net/figure/Sketch-of-the-
neutron-scattering-geometry-The-applied-magnetic-field-B-
0-e-z-is_fig1_360640775
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Neutron Scattering Analysis Is Hard!
Vlahovska, Petia M., and Rony Granek. “Equilibrium 
Fluctuations of a Quasi-Spherical Vesicle: Role of 
the Membrane Dissipation.” Soft Matter, 2026, 
10.1039.D6SM00156D. 
https://doi.org/10.1039/D6SM00156D.



Getting KA Through Simulation

Select lipid 
composition Select temperature & 

pressure

Extract box size

Analyze!
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Venable, R. M., Brown, F. L. H., & Pastor, R. W. (2015). 
Mechanical properties of lipid bilayers from molecular 
dynamics simulation. Chem. Phys. Lipids, 192, 60–74. 
https://doi.org/10.1016/j.chemphyslip.2015.07.014
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How do charged lipids affect 
area compressibility?



APL Increase, KA (Nearly) Unchanged

DPPC / DPPG: Area Compressibility 

% Concentration of Charged Lipid (mol%)
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- Measure of the average space 
occupied by a lipid in the 
bilayer

- Measure of the organization of 
the bilayer 



DPPC/DPPS: Very Different Behavior!

PS vs PG Effects in DPPC: Area Compressibility 

% Concentration of Charged Lipid (mol%)
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4:6 DPPC:DPPS Becoming Gel

Gel 4:6 DPPC:DPPS

Liquid Bilayer
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DPPS DPPG

Charge Distribution of DPPG & DPPS

Positive charge

Net negative charge 

-
-+ -
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Charge Distribution of PS vs PG

PG headgroups repel each otherPS headgroups attract each other

Negative

Positive



Charge Distribution of DPPG & DPPS
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POPS: APL Still Decreases

PS Comparison in DPPC vs POPC: Area Compressibility 

% Concentration of Charged Lipid (mol%)



Summary
- PS and PG lipids have different 

effects on the membrane despite 
having the same charge 

- Area per lipid is fairly impacted but 
not the area compressibility 

Future Work
- Evaluating Polymer brush model 

(a well-known theory in bilayer 
studies)

- Applications to experimental/material 
design

- Applications to analysis on NSE data 
of bilayers (recently collected at ILL, 
soon to be collected at NCNR!) 
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Summary & Future Work

Rawicz ... Evans. Biophysical Journal 79, 1 (2000): 328-39
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Tsim(°C)Tm (°C)Tailslipid

5038.316:0EggSM

504116:0DPPC

504116:0DPPG (-)

505416:0DPPS (-)

25-216:0-18:1POPC

251416:0-18:1POPS (-)
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Supplementary: Lipid Phase Transitions



Q: Why does POPC/POPS start at a higher APL than 
DPPC/DPPS? 

A: Due to having an extra bend in the tail, the POPS 
takes up more space than the DPPS, resulting in 
more APL.  
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Supplementary: POPC/POPS



Gel 4:6 
DPPC:DPPS
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Liquid ESM 

Supplementary: Gel vs Liquid
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Na+

DPPS 

DPPC 

1:9 DPPS:DPPC 
All-atom MD, CHARMM36 FF

Supplementary: DPPS/DPPC
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Supplementary: 4:6 DPPC:DPPS


