
Membrane interface



Hydrophobic forces favour formation of the lipid bilayer. But single lipid molecules are 
subjected to large stress due to this confinement.
The negative, localized interfacial tension is about 𝛾 =50 mN/m. It is counterbalanced by 
the chain positive tension, which spans over the membrane thickness, about 2.5 nm is 2 
𝛾/dL or a pressure density of about 350 atm!!



Molecular motion dynamics



Water across the interface



Therefore, lipid bilayers are very stratified, and dynamic: what is the THICKNESS then?
Of course, it depends on length and saturation of the lipids (longer and saturated are 
thicker) and on the hydration (more hydrated, thinner (dehydration makes the heads get 
closer, and the tails stretch out).
Cholesterol is a modulator of thickness! It stretches out and order fatty acid chains—more 
chol, higher thickness!
Temperature is also a modulator of thickness (higher T, thinner layer).



Bilayer thickness measurements 
(average): X-ray or neutron 
scattering



Membrane interface: role of cholesterol

Cholesterol is a modulator of thickness! It is stiff, and stretches out and order fatty acid 
chains—more chol, higher thickness!
It would prefer conformationally (solid) ordered lipid phases. At the same time, squeezing 
into ordered phase is hard…easily goes into disordered phases (when different phases are 
available).
To release the frustration, chol induces a new phase, the liquid-ordered phase



Cholesterol promotes lipid order

And increases lipid bilayer 
thickness!
Presence of chol has to have 
functional correlation

DMPC (14:0 PC)
SOPC (18:0 18:1 PC)
DOPC (18:1 PC) 



Phase transitions

SPHERIC OBJECT:      Crystalline solid     Amorphous Solid     Liquid                Gas

NON-SPHERIC OBJECT:      Crystalline solid           Smectic                 Nematic                  Liquid

Meso-phases with 
order and disorder 
elements

Phase transition 
(First-order, or 
discontinuous 
transition: 
discontinuity in the 
order at the 
transition T ) N.B.: Continous Transitions (strong fluctuations!) are the so called 

crytical phenomena (G. Parisi Nobel Price!)



Phase transitions



Phase transitions
Differential Scanning Calorimetry (DSC)



Phase transitions in lipids

Main transition is precedeed by an intermediate, ripple 
phase which facilitates transition (specific heath vs. T).

Transition  is very sharp: no 
chemical link among molecules in 
the layer, all molecules make the 
transition at the same time. 
Transition is dominated by thermal 
fluctuations

The heat (or entalpy) of transition is ∆𝐻, transition temperature Tm
Long fatty acid chain have larger ∆𝐻 and Tm, increasing degree of unsaturation, lowers Tm     
∆𝑆 = ∆𝐻/𝑇𝑚 is about 15 kB for DPPC
 ∆𝑆 = 𝑘𝐵 𝑙𝑛Ω with Ω+ number of microstatesof the system )per mol) involved in the 
transition :105-106 which are associated at the conformation of the tail



Phase transitions

In solid-order phase, chains are aligned and heads are ordered 

Liquid-disordered phase molecules are disordered as in liquids, and the 
diffusion is faster

Solid/liquid refers to positional degree of freedom
Ordered/disordered refers to degree of freedom of tails

Across the phase transition, height  and area per mol change! ∆𝐴∆𝑑𝐿 = 𝑐



Phase transitions

Phase transitions and thickness



Organisms adapt lipid composition



Phase separation, co-existence

The underlying physical mechanism for phase separation sees stronger attractive 
interactions between lipids of the same type. Phase separation gives the phase diagram 
(phases at equilibrium at given thermodinamic variable values ).
The specific heat has 2 peaks, occurring at the boundaties of the phase diagram.

f=liquid-disordered
g=solid=ordered



Phase separation, co-existence



Phase separation, co-existence



Chol role in phase transition

Chol reduces lipid cooperativity!! The new phase is called liquid-ordered phase.
Highositional degree of fredom, low conformational one!. Flkuid and stiff



Chol and permeability: dual role

Chol prevents ion permeability across the membrane!!!



Chol role in phase transition
Don’t need to change T in membranes for phase transition! Modulation of chol 
concentration

Chol stabilized lo phase in a wide 
composition range.



Condensing effect of Chol on different 
phases

Membrane thickness is changing with Chol. But in 2D, changing thickness means 
changing lateral compression: condensation! (mean area occupied by single 
molecules changes). From 70 A2 to 55 at 30% chol



Detergents to solubilize a membrane



Membrane domains



Membrane domains

How do the proteins linked at two different sides of the membrane communicate?



Membrane domains



How big is a membrane raft



Raft characterization



Membrane proteins



Lipid-protein interaction



Lipid-protein interaction



Lipid-protein interactions

Nicotinic acetylcholine receptor
activity



Lipid-protein interactions



Hydrophobic mismatch



Hydrophobic mismatch



Hydrophobic mismatch and protein 
function

ATPasi: ion pumps



Adapting to mismatch



Adapting to mismatch: thinning



Membrane proteins



The stability and conformation of the interface is controlled by conformational entropy
and by the elasto-mechanical properties of the interface.

A soft interface can be compressed (a), expanded (b), subject to shear forces (c, not 
applicable to fluid interfaces as lipid bilayers).
The curvature is characterized by the two radii, R1 and R2 (d).

Lipids and membrane curvature



Lipids and curvature



Lipids and curvature

The persistent length, i.e. the length over which they appear flat and smooth, is different. 
It is related to the bending modulus via (with c a constant):

Two soft membranes with 
different bending 
capabilities.



Forces between soft interfaces

The softness of membranes generates 
collidal forces among them. It is a 
thermodynamic force, a spatial 
derivative of the free energy G = H-TS:

r is the distance. It involves Entropy. 

There is always an entropic repulsion between soft interfaces, even in the absence of 
direct mechanical forces! The reduction in configuration entropy due to confinement 
produces repulsive forces.
We can define an entropic undulation force:
Between soft interfaces at distance d:

It increases with the decrease of bending rigidity!



Lipid membranes are really soft



Lipid membranes are really soft

Because of undulation forces by soft bilayers, vesicles/lipid bilayers are repelled by  solid 
surfaces.

How softness can be controlled at the molecular level?


