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Osmotic Pressure Results Motivation 

Intermembrane forces play a significant role in 

biological processes such as fusion, shape 

transformations, and lipid-protein interactions.  

Forces suggested to govern intermembrane interactions 

include van der Waals attraction, membrane undulations, 

hydration force, and lipid protrusions.  How do the 

regimes of these forces overlap and how can we 

experimentally study them?  
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Intermembrane Forces Experiments Performed 
Osmotic Pressure1 

•Use an osmolyte (PEG 
1500) 

•Competes for membrane 
(DMPC) water (dehydrates) 

•Yields osmotic pressure (Π) 

•Measure with NMR 
spectroscopy 

Gravimetric Dehydration1 

•Control water content by 
weight 

•Yields waters per lipid 
(nW/L ) 

•Measure with NMR 
spectroscopy 

•Equivalent to osmotic 
pressure? 

• We can consider our lipid 
membrane (DMPC) in 
osmotic equilibrium with 
the PEG osmolyte. 

 

• The equilibrium 
condition: Π1 = Π2 

 
• nW/L can be measured 

gravimetrically! 

 

Stresses from dehydration and osmotic pressure 

are thermodynamically equivalent, because the 

change in chemical potential when transferring water 

from the interlamellar space to the bulk water phase 

corresponds to an induced pressure.1,2 

Undulation Contribution3 

Pressure: Coefficient: 

Protrusion Contribution4 

Pressure: Coefficient: 

Non-ideal interactions (intermembrane forces) 

within the membrane system are treated in terms of 

an osmotic coefficient (ϕ).  Intermembrane forces 

have differing temperature dependences and can be 

separated by the temperature variation of the osmotic 

coefficient.  

At lower osmotic pressures (larger intermembrane 

separation) the osmotic coefficient has a linear 

temperature dependence, agreeing with theoretical 

predictions for thermal undulations.  At high 

pressures (smaller intermembrane separation) the 

osmotic coefficient becomes independent of 

temperature, in accord with predictions for lipid 

protrusions.  Our evidence shows that undulations 

dominate at intermediate intermembrane distances 

and protrusions dominate at short distances.  We 

provide a new method for understanding 

intermembrane forces.  This understanding is needed 

for the interpretation of membrane fusion, shape 

transformations, and lipid-protein interactions. 
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