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Lipids self-assemble into bilayers in water
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Phase separation in model lipid membranes:
Giant Unilamellar Vesicles (GUVs)
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Simple lipid bilayers undergo
complex physical behavior

Video: Aurelia Honerkamp-Smith



A role for lipid domains in biology: yeast vacuoles

Vacuole membranes
reversibly separate into
coexisting liquid
phases
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Cell-derived membrane: Giant Plasma Membrane
Vesicle (GPMV)
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GPMV:s retain the biological complexity
(>100 lipid types) of the cell membrane
without the cytoskeleton
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A zoo of length scales
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We induce small-scale features in model
GUVs
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Small-scale features persist
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What conditions give rise to small length scales in

membranes?

Andelman & Rosenweig 2009, J. Phys. Chem. B
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And in a lipid bilayer?

Order parameter
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Non-macroscopic

phase behavior
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Macroscopic
phase behavior

Shlomovitz, R. et al 2014, Biophys. J.

Modulated phase:

A thermodynamic equilibrium state in which the
appropriate order parameter shows a spatial
modulation.
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Length scales of lipid membrane phases

Modulated
phase

S

Two phases

S

dots

stripes

G(r)
(arbitrary units)

histogram of

domain sizes

slow decay
(e.g. a power law)
due to fluctuations

distance

distance

Microemulsion Ordinary
fluid

0 - Modulated >
" phase 4
! Triple line  / -phas istence
'1 I B A T SR | T
-2 -1 0 1

11



What "knobs™ can | turn to change the physical
parameters of the membrane?

Temperature Tension Lipid ratios
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How do domain lengths scale with temperature?

temperature

Prediction:

Temperature
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Length scales decrease with increasing temperature

Cornell, C.E., et al 2018, Biophys. J.



Length scales increase with increasing membrane tension
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How do domain lengths scale with membrane tension?

tension

Prediction:

Membrane tension
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Length scales increase with increasing membrane tension

Tension
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What role does the ratio of lipids play?

We introduce a mean bilayer spontaneous curvature
by adding extra lipids into the outer leaflet of the bilayer

Domains in antiregistration Domains in registration
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How do we determine bilayer registration?

Prediction for anti-registered bilayer:
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The area fraction of the dark area increases linearly

~25% dark

)

~80% dark

Lo-Lg4 coexistence
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Maijority of area relatively bright. Maijority of area relatively dark.

Cornell, C.E., et al 2018, Biophys. J. 20



General conclusions:

Parameter My results

Harden et al.

[2]

Andelman et al.

[3]

Temperature Length scale
increase decrease
Tension Length scale
increase increase

Lipid ratio Transition from

(increase line stripes to

tension) hexagonal dots

Mathematical challenge: What is the mechanism in our system?

[1] Shlomovitz, R. et al 2014, Biophys. J.
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Calculation of auto-correlation G(r)

Contrast between grey value vector
and average image grey value:

op(r) = p(r) —p

Image average grey value:

/drp(r)

p

/ dr

2D radial distribution function:

(6p(r" +7)dp(r))
(6p(r))°

g(r)=

Grey value vector in matrix representation:

m,n
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g(r) = g(rij) =



A helpful aside: Gibbs phase triangles and how to read them
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