
Topics (lectures): 
1. Introduction to the cell (1-3)
2. Biological membranes (4-5)
3. Proteins (6-7)
4. Dynamics (8-9)
5. Genomes (10-12)

Course structure: 
1. Introduction to systems and concepts
2. Description of observations and measurements
3. Estimates of relevant numbers / development of quantitative models
4. Analysis of research articles

Course content

-



• The nature of biological membranes (descriptive)
• On the springiness of membranes (model)
• Structure, energetics, and function of vesicles (example)

PBOC Chapter 11.1, 11.2

Lecture 4: Biological membranes

Goal: Calculate energy cost for bending membranes away 
from their equilibrium configurations



Biological membranes

Lecture 4, 5

Lecture 7

·



Prokaryotes and Eukaryotes

Basic facts about cells
Previously:



Prokaryotes and Eukaryotes

Basic facts about cells
Previously:



What properties should membranes have?
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The nature of biological membranes

Lipid molecules
polar , H-bonding

closed spherical shell

bilayer Conargetically
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2D sheet to hydrophobic
monolayer J effect)

How do we know lipids form bilayers?



The nature of biological membranes
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The nature of biological membranes

Lipid species
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The nature of biological membranes

Lipid shape and self-assembly
rectangula bilayers can have a non-zero

spontaneous curvature (free
energy

may
be lowered by curving). >

-> plane spheric incorporatea leaflet

incorporate
into inner leaflet

(packed cylinders)



The nature of biological membranes

Structure of biological membranes
Gorber : Grade
1920's



The nature of biological membranes

Lipid phase separation and membrane curvature
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The nature of biological membranes

Biological membranes are fluidlike in-plane
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The nature of biological membranes

Transmembrane proteins
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The nature of biological membranes

7 helices connected by 
hydrophilic loops

Transmembrane proteins



The nature of biological membranes

Lipid composition of organelles
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The nature of biological membranes

Transmembrane proteins
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Lecture 4: Biological membranes

Summary

· Membranes are made of lipids is proteins
· Membranes can self-assemble through hydrophobic interactions

· Proteins in membranes can
form channels to allow for seleive transport

· Lipids = proteins both contribute to minimum
energy shape of a membrane,

and to theeost to deform it.



The springiness of biological membranes

Membrane shape changes
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Membrane shape

The springiness of biological membranes

n(x
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Membrane shape: Curvature

The springiness of biological membranes
pr

in
ci

pa
l 

cu
rv

at
ur

es

Plane

sh
ap

es Ir Ir -
R

K
,

8 E O Ta

k
=

0 t ↑ ·



Membrane shape: Taylor expansion

The springiness of biological membranes
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Membrane elasticity

The springiness of biological membranes

change area
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Membrane elasticity

The springiness of biological membranes

analoge of Hook : Ek(*X)
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Shape deformation model

The springiness of biological membranes

Section 11.3.1



Springiness of membranes

The springiness of biological membranes

Laplace pressure

P.Po-P. T is surface tension (every



Springiness	of	membranes

The springiness of biological membranes

Laplace pressurePo
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Springiness of membranes

The springiness of biological membranes

linear force - slope-K
extension

relationship



Lecture 4: Biological membranes

Summary
· Membranes can undergo shape changes in

response
be applied forces

· Deformation modes : aven
,
curvature

,
thickness

Linear force-displacement relation -> energy
can be calculated

· Energies of deformation plus Laplace pressure allows us to estimate

elastic constant of membrane



• Membrane pulling
• Shapes of organelles
• Shapes of cells

PBOC Chapter 11.3, 11.4

Lecture 5: Biological membranes

Goal: Estimates and models of membrane shapes





The nature of biological membranes

Cells and membranes



The nature of biological membranes

Cells and membranes



The nature of biological membranes

Biological membranes are fluidlike in-plane



Motors pull membranes

The springiness of biological membranes



Shape deformation model
https://www.youtube.com/watch?v=8PZfglBI77AWhat will happen if you use optical tweezers 

to pull on a bead attached to the membrane?

The springiness of biological membranes



Springiness of membranes

The springiness of biological membranes



Proteins shape membranes

The springiness of biological membranes



Proteins shape membranes

The springiness of biological membranes



Vesicle shapes: stretch and bend

minimize free energy for 
different volumes, different 
leaflet area differences 
(inner/outer) 

The springiness of biological membranes

V/Vsphere



Red blood cell shape and disease

Malaria Sickle cell anemia Hereditary elliptocytosis

The springiness of biological membranes



Biological systems as minimizers

states: membrane shapes satisfying geometric constraints (constant area, constant volume)
energy: mechanical (elastic) energy of deformation

changes in area difference between two leaflets of bilayer

Cells as minimizersPreviously:


