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Eukaryotic cell

Function of membranes:
- Boundary and permeability barrier
- Organization and localization of function
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Lipid membranes

Cellular membranes: lipid self-assembly

Permeability barrier > organization  and localization of function

Phosphotidylcholine (PC)
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Organelles: cellular compartments

Transport into the compartments (and cell) are controlled by 
transmembrane proteins
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Membrane-less organelles

Confocal microscopy: DNA (blue), microtubules (red) and “a protein” (green)

> Liquid-liquid phase separation
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Liquid-liquid phase separation

Oil-in-water emulsion : driven by hydrophobic interactions

https://www.masterclass.com/articles/what-is-
mayonnaise-learn-how-to-make-foolproof-
homemade-mayonnaise#how-to-store-mayonnaise
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The free energy of mixing for a regular solution (mixture of 
small molecules of two types 1 and 2):

B - interaction energies between particle pairs (1-1, 2-2, and 
1-2 contacts)
x1, x2 – molar fraction of component 1, 2

Ideal mixing model
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Effect on increasing the interaction

(enthalpic) term, B
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Miscible system:

- ΔGmix < 0 for all mixing ratios

- ΔGmix minimal for x=0.5: B < 2RT

Miscibility
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Membrane-less organelles

Confocal microscopy: DNA (blue), microtubules (red) and “a protein” (green)

Organelle composition: RNA and proteins

> charged biopolymers (macromolecules)
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Importance of electrostatic potential

interactions in biology

• Strong and long-ranged
• Most ionic compounds are crystalline solids at room T
• Became weaker in water and other media with high εr

Why are these important in Biophysics?

Most bio-macromolecules are charged!
Life on a molecular level is an aqueous solution of many components 

that need to be water soluble and to interact in a controllable 
fashion

- pH variations
- Ionic strength
- Enzymes
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DNA condensation in cells
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DNA condensation in cells

PNAS 1993;90(22):10489-10493. 

Topography of the histone octamer’s 
surface where  positive charges,  together 
with other structural  elements,  guide  
the  wrapping  of  the DNA around the 
histone complex.
Cα atoms of lysines and arginines on the 
cylindrical surface are red, and atoms 
indicating the positions of the positive 
dipole ends of helices are orange. Atoms 
of the DNA backbone are undersized to 
allow visualization of the protein surface.
Note the coincidence of positive charges 
and DNA track.
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Multivalency – monomer connectivity
monomer

polymer

From: Molecular Biology of the Cell, 6th ed. 
Alberts B et al, Garland Science, 2008

> Impact of connectivity in 
the formation of molecular 
aggregates

13

14



1/31/2022

8

15

Does not required the computation of forces
No time probing – (in principle) solely equilibrium states. 

Relies on a repeated random sampling of configurations

➢ Formation of molecular aggregates

➢Equilibrium distribution of different components:

Molecular modeling – MC simulations
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> To calculate average properties we need an ensemble of 
configurations.

How does one efficiently generates 
configurations?

> Metropolis MC method

Molecular modeling – MC simulations
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Metropolis scheme
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- Generate a random configuration of the system

- Move one particle and calculate the difference in energy 
between the old and new configuration, ΔE.

- If , ΔE < 0, the new configuration is accepted

(Common) Metropolis protocol
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- This move is accepted within a certain probability given by 
the Boltzmann factor of the energy difference, exp(-β ΔE):

A random number, ξ, between 0 and 1 is generated and 
compared to exp(-β ΔV); 
- below: the move is accepted; 
- above: the system retains its ‘old’ configuration.

(Common) Metropolis protocol
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Prosjekter i Vitber

• Arbeidsmengde – Begynn tidlig!

• 45 % av endelig karakter, 15 % per prosjekt

• Gruppedynamikk

• Jupyter vs Pycharm/Thonny

• Hardware

• Veiledning

• Siste øvingstime
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Mer info om biofysikkoppgaven

• Prosjektbeskrivelsen

• Understrekede oppgaver

• Leveringsformat og struktur

• Poenggivning

• Kom-i-gang-notebook

• Innleveringsfrist kl 16.00 mandag 14.02.
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