Course content

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



Lecture 4: Biological membranes

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

» 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
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Basic facts about cells

Previously:

plasma DNA
membrane

Tum
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ribosomes in
cytosol

Prokaryotes and Eukaryotes

cell wall flagellum

. centrosome with
microtubule pair of centrioles

T — chromatin (DNA)
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extracellular matrix

nuclear pore
nuclear envelope

vesicles
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filaments /
i nucleolus
peroxisome
nucleus

/1
ribosomes  Golgi intermediate plasma endoplasmic
in cytosol apparatus filaments membrane reticulum

lysosome

mitochondrion



Basic facts about cells

Previously: Prokaryotes and Eukaryotes
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The nature of biological membranes

Lipid molecules
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The nature of biological membranes

Lipid bilayers |

1 9 2 4 Amonnt of i of | Surface of
Animal. bl?;d'-\i:ed chromocytes | one ch‘m- Fuactor a:b,
analysis. per ¢.mm. mocyte,
Gorter & Grendel
ES\\\\’\&L (VA W am. 0.
swrhese Dog A 40 8,000,000 | 98 2
10 6,890,000 | 90 i : 2
\,o-hbmu.if “'f"\'\&" A Sheep 1 10 9,900,000 | 208 | 2.95| 62 ||2.1
v ) 9 9,900,000 29.8 | 2.65| 5.8 ||2.2
\ W Rabbit A 10 5,900,000 | 92.5 | 5.46| 9.9 (/1.8
©090| 10 5,900,000 | 92.5 5.46 | 8.8 1.6
L__\'“‘;.;___,-—— 0.5 | 5,900,000| 925 | 0.27] 0.54 || 2
“« B 1 6,600,000! 744 | 049 0.96 || 2
10 6,600,000 74.4 | 49 | 9.8 2
10 6,600,000 744 | 49 | 9.8 2
Guinea Pig A 1 5,850,000 | 89.8 | 0.52| 1.02 || 2
1 5,850,000 ) 89.8 | 0.52| 0.97 || 1.9
Gost 1 1 16,500,000 | 20.1 | 0.33| 0.66 || 2
1 16,500,000 | 20.1 0.33| 0.69 || 2.1
10 |19,300,000( 17.8 | 3.34| 6.1 1.8
10 | 19,300,000 | 17.8 3.34| 6.8 2
1 19,300,000 | 17.8 | 0.33| 0.63 || 1.9
Man, 1 4,740,000 | 9.4 | 0.47] 092 |2
1 4,740,000 | 99.4 | 0.47| 0.8 || 1.9
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The nature of biological membranes

Lipid shape and self-assembly
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Structure of biological membranes
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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

Transmembrane proteins

Amino terminus :
o 7 helices connected by

Outside
DO hydrophilic loops

.| Hydrophobic
Hydrophilic

Hydropathy index

Residue number

Carboxyl terminus



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
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The springiness of biological membranes

Membrane shape changes

spontaneous shape change shape change because of applied forces
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membrane fusion
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The springiness of biological membranes

Membrane shape
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The springiness of biological membranes

principal

curvatures

Membrane shape: Curvature

Curved shapes
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The springiness of biological membranes

Membrane shape: Taylor expansion
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The springiness of biological membranes

Membrane elasticity
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The springiness of biological membranes

Membrane elasticity MA\.g £ oo : 5 ker)
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The springiness of biological membranes

Shape deformation model

Section 11.3.1

micropipette
vesicle tip




The springiness of biological membranes

\.mg\w_ prasswR.
R—/%:A’P; % T ¢ swhom fension ( ?Z )



The springiness of biological membranes

L Springiness of membranes
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The springiness of biological membranes

Atension (mN/m)

Springiness of membranes
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Lecture 4: Biological membranes

Summary
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Lecture 5: Biological membranes

Goal: Estimates and models of membrane shapes

* Membrane pulling
« Shapes of organelles
» Shapes of cells

PBOC Chapter 11.3, 11 .4






The nature of biological membranes
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Cells and membranes
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The nature of biological membranes

Biological membranes are fluidlike in-plane

ron]
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mitochondrion = membrane
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The springiness of biological membranes

Motors pull membranes IIIIIII

Lateral view Top view Front view

O. Campas, C. Leduc et al, Biophys. J. (2008)

On average, 9 motors are pulling the tube at the same time



The springiness of biological membranes

Shape deformation model

What will happen if you use optical tweezers https://www.youtube.com/watch?v=8PZfgIBI77A
to pull on a bead attached to the membrane?

20

force (pN)
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o

0 10 20 30 40 50 60
time (s)



The springiness of biological membranes

Springiness of membranes



The springiness of biological membranes

Proteins shape membranes

heavy chain

light chain

L |
() © 50 nm




The springiness of biological membranes

Proteins shape membranes

protein

membrane

(B)




The springiness of biological membranes

Vesicle shapes: stretch and bend 25

minimize free energy for 20
different volumes, different
leaflet area differences
(inner/outer)

1,54

1,04

0,5

0,0 - 7
0,0




The springiness of biological membranes

Red blood cell shape and disease
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Biological systems as minimizers

Previously: Cells as minimizers

changes in area difference between two leaflets of bilayer

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



