
Institute of Cell Dynamics and Imaging

University of Münster

Roland Wedlich-Söldner

Methods for isolation and analysis of 

biological membranes

I

I

C

D



Outline

1. Recap ï composition and diversity of

biological membranes

2. How to isolate membranes ïcell disruption

and cell fractionation

3. Lipid analysis ïchromatography and mass

spectrometry

4. Analysis and manipulation of membranes in

vivo ïmembrane dyes, domain formation,

lateral mobility, forced relocation
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Composition and diversity of biological membranes



Composition and diversity of biological membranes
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Lateral movement

(~107 times per second)

Flip-flop

(~ once per month)

(a) Movement of phospholipids

(b) Membrane fluidity

Fluid Viscous

Unsaturated hydrocarbon
tails with kinks

Saturated hydro-
carbon tails

Composition and diversity of biological membranes



How to isolate membranes -

cell disruption and cell fractionation
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Composition and diversity of biological membranes



- Study biological processes free from interfering 

reactions in the cell and no need to keep cells alive

- Fractions biologically active and can be stored

- Minimal equipment needed, starting material easily 

obtained

- Many protocols worked out and highly reproducible 

Subcellular fractionation



1. Cell homogenization

2. Differential centrifugation

3. Further purification on density gradients

4. Collection of fractions

5. Analysis of fractions

Fractionation steps



- Low speed ultracentrifuge w/ rotors

- High speed ultracentrifuge w/ rotors

- Spectrophotometer (protein concentration)

- Method to evaluate fractions

- Rotors: fixed angle (faster, self-forming gradients), 

swinging bucket (preformed gradients, better 
resolution)

Equipment



- Osmotic shock: cells swell/explode in hypo-osmotic buffer

- Sonication: break cells with sound waves (bacteria)

- Mechanical: shearing/grinding, cryo-mill (fungi)

- Nitrogen cavitation: N2-bubbles upon pressure release

- Dounce homogenizers (no cell wall)

- Buffers isotonic, sucrose, protease inhibitors, and pH 7.4

- Everything on ice and at 4ÁC!

Cell homogenization



Self-healing membranes

Hydrophobic exclusion in water

Microsomes



Homogenize cells

1000 g / 10 min

pellet

nuclei

supernatant

supernatant

15.000 g / 15 min

100.000 g / 60 min
pellet (LMF)

mitochondria

lysosomes

peroxisomes
pellet

vesicles (microsomes)

supernatant cytosol

Differential centrifugation

Separates particles on basis of size (sedimentation velocity)
yields crude fractions - first step in fractionation



Differential centrifugation

from Cells, A Laboratory Manual. Spector, Goldman, & Leinwand



Density gradients

Particles in suspension can be separated by either sedimentation velocity,

(differential centrifugation) or by sedimentation equilibrium (isopycnic or density

centrifugation).

Particle separation depends on their:

Sedimentation Velocity

Sedimentation Coefficient (S for Svedberg)

Diffusion Coefficient

S can be measured according to the formula:

S = 1/ɤ2r × dr/dt

ɤ angular velocity of the rotor, (radians/sec) = 0.10472 x RPM

r distance between the particle and the center of rotation (mm)

dr/dt rate of movement of the particle (cm/sec)



Density gradients (material)

Sucrose Most common material

+: cheap, soluble, broad range of densities

-: very viscous and hyperosmotic at high conc.

Nycodenz = Optiprep, Iodixanol,  iodinated derivative of tri-iodobenzoicacid

+: provides lower osmolalities for broad range of densities,

soluble in most aq. media, stable over broad pH range

-: Expensive

Percoll coated colloidal silica

+: no osmotic effect, simple to use, forms gradient during 

centrifugation in fixed angle rotors

-: Percoll particles sediment rapidly, so not good at high speeds

Ficoll400 polymer of sucrose and epichlorohydrin

+: low osmolality at low concentrations

-: very viscous at concentrations above 10%, osmolality increases 

dramatically above concentrations of 30% 



Density gradients



Purification of nuclei

10.000 g

20 min

homogenate in

25% iodixanol

30% iodixanol

35% iodixanol

nuclei

Discontinuous gradients



Density of gradient materials


