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Membranes in a cell



https://www.sciencedirect.com/science/article/pii/S0092867419304040#fig1https://www.nature.com/articles/nature04394/figures/1
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Evolving view of membrane structure

https://www.sciencedirect.com/science/article/pii/S0092867419304040#fig1
https://www.nature.com/articles/nature04394/figures/1


Depends on cholesterol

phosphatidylcholine



Bacteria

Gram negative



Mechanical deformations of 
membranes

(in plane)

shear
(inter-leaflet)

Phillips, PBoC



In-plane compression



Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Vesicle fusion and budding are common

Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Need protein catalysts to facilitate vesicle fusion

e.g. HIV, influenza, hepatitis B, 
herpes, sars-cov-2

Need to lower this barrier

Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Andrej Kosmrlj, Princeton, MAE545_S2018/lecture16_slides.pdf



Andrej Kosmrlj, Princeton, MAE545_S2018/lecture15_slides.pdf

Volume fill fraction

Area difference between 
inner and outer leaflet



Stretching• Membrane tension

Aryal,... Tucker, Structure, 2017

Increase in cross-
sectional area: 4~5 nm2 

Membrane tension to 
activate the channels: 1~10 mN/m

1 kBT = 4 (nm2 · mN/m)

Membrane tension < 1 mN/m is not 
going to make a difference to 
mechanosensitive channels.

Membrane tension: σ ~ 0.02 mN/m
(water: σ = 72 mN/m)

• Stretching modulus

𝑈𝑈𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
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Tube extrusion

Munoz, Fletcher, and Weiner, Trends in Cell Biology, 2013

Membrane tension: σ ~ 0.02 mN/m
(water: σ = 72 mN/m)

Bending modulus: 𝑘𝑘𝑠𝑠 ~ 0.2 pN µm
(compare to kBT!)
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Mechanical energy of a tube

𝑟𝑟 =
𝑘𝑘𝑠𝑠
2𝜎𝜎

𝐹𝐹 = 2 𝜋𝜋 2𝑘𝑘𝑠𝑠𝜎𝜎



Shear flow

𝛻𝛻𝜎𝜎 = 𝜂𝜂𝛻𝛻2𝑣𝑣 +
𝜂𝜂
𝑘𝑘
𝑣𝑣

Stokes-Brinkman equation governs the flow field (𝑣𝑣 ) of lipids:

σ: membrane tension; 
η: in-plane membrane viscosity (µ h);
k: Darcy permeability coefficient ([k] = m2).  Measure of spacing between obstacles

Drag by fixed proteins



Inter-leaflet shear

Important in membrane tether extrusion



Diffusion
4 types of motions:

Flippases
accelerate

Hours – days 
spontaneously

µ – in-plane viscosity
h – thickness 
a – radius 
γ – Euler’s constant 0.5772…



Lipid solubility

CMC = critical micellar concentration



Phase transitions

Liquid disorderedGel phase

Ripple phase



Binary phase transitions

Imaging coexisting fluid domains in biomembrane models coupling 
curvature and line tension
Tobias Baumgart, Samuel T. Hess and Watt W. Webb
Nature 425, 821-824(23 October 2003)
doi:10.1038/nature02013

sphingomyelin,
dioleoylphosphatidylcholine (DOPC) 
cholesterol

http://www.nature.com/nature/journal/v425/n6960/full/nature02013.html


Proteins in membranes



Tether 1 Tether 2

Double tether experiment to measure propagation of tension within cells
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