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Singer-Nicholson fluid mosaic model 
of a biological membrane organization (1972)
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Only part of biological membranes is solubilized
after treatment at low T (≤4oC) with:

Triton X-100 (NP-40) 

Brij-58 

CHAPS

The remaining membranes are soluble in:

octyl glucoside

above mentioned detergents at higher T



4

Basic lipid structures

Lipids exist in:
- gel state (semi-frozen)

- liquid-disordered state (fluid mosaic)

- liquid-ordered state
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Biological membranes possess an intrinsic order:

raft concept

Galbiati et al. (2001) Cell 106, 403-411.



6



7

Cholesterol can induce fluid-fluid immiscibility

liquid-disordered liquid-ordered

liquid-ordered

liquid-disordered

Sprong et al. (2001) Nat. Rev. Mol. Cell. Biol. 2, 504-513.
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Lateral sorting of membrane proteins

Sprong et al. (2001) Nat. Rev. Mol. Cell. Biol. 2, 504-513.
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Cholesterol is 
concentrated in
lipid rafts

Endothelial cell PM

Smooth muscle cell PM

filipin-cholesterol
precipitate

caveolae
coated pit

coated pit

caveolae

caveolae

Mineo & Anderson (2001) Histochem. Cell Biol. 116, 109-118.
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Common tools to disrupt lipid rafts

Simons & Toomre (2000) Nat. Rev. Mol. Cell Biol. 1, 31-40.
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Techniques to identify lipid rafts

Simons & Toomre (2000) Nat. Rev. Mol. Cell Biol. 1, 31-40.
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Solubilization of biological membranes in 
2% (v/v) TR X-100 at 4 or 30oC followed by

sucrose gradient centrifugation (flotation) analysis.

PLAP (PLacental Alkaline Phosphatase) VSV-G (Vesicular Stomatitis Virus Glycoprotein)

higher lower density higher lower density

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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Patching (clustering) of membrane components

Jacobson & Dietrich (1999) Trends Cell Biol. 9, 87-91.
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Bulk separation of membrane phases caused by clustering
(patching) of membrane components

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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Stabilization of membrane domains by Ab crosslinking of 
a GPI-protein PLAP, 

transiently expressed in nonpolarized fibroblastoid BHK 21 cells

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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Patching of GPI-anchored PLAP (red) and influenza HA (green)
transiently coexpressed in nonpolarized BHK-21 cells

Fixed BHK cells

PLAP and HA
copatch

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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Patching of GPI-anchored PLAP (green) and hTfR (red)
transiently coexpressed in nonpolarized BHK-21 cells

Fixed BHK cells

PLAP and hTfR segregateHarder et al. (1998) J. Cell Biol. 141, 929-942.
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Certain proteins exhibit a weak but significant raft interaction which is
not detectable by the TR X-100-solubility criterium

(1) copatching (80% overlap)
(2) partial copatching
(3) random distribution
(4) segregation

Soluble in TR X-100

Soluble in TR X-100 Soluble in TR X-100

Insoluble in TR X-100

PLAP copatching

TR X-100 solubility

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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PLAP (A-C) and hTfR (D-F) were transiently coexpressed
in Jurkat T-lymphoma cells. 

Specific involvement of lipid interactions in the copatching phenomenon

PLAP and GM1
copatch

hTfR and GM1
segregate

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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Accumulation of src-like Tyr kinase fyn
in membrane domains formed by patched PLAP 

transiently expressed in nonpolarized BHK-21 cells.

Distribution of overexpressed fyn
in fixed BHK cells is even.

Patches of PLAP

Distribution of fyn
in PLAP patched cells

Harder et al. (1998) J. Cell Biol. 141, 929-942.
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Jacobson & Dietrich (1999) Trends Cell Biol. 9, 87-91.
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Principle of

F luorescence
R esonance
E nergy
T ransfer FRET pairs:

CFP-GFP
FITC-rhodamine

Cy3-Cy5
GFP-Cy3
GFP-Cy5

Lippincott-Schwartz et al. 
(2001) NRMCB 2, 444-456.

donor

acceptor
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FRET assay for detecting lipid rafts
FRET as a function of donor and acceptor surface density

Lippincott-Schwartz et al. (2001) NRMCB 2, 444-456.
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Galbiati et al. (2001) Cell 106, 403-411.
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Raft distribution and trafficking
is cell type-dependent

Polarized epithelial cells
- accumulated in apical PM 

Neurons
- accumulated in axonal PM

Lymphocytes and fibroblasts
- uniform distribution
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Raft nomenclature

Simons & Toomre (2000) Nat. Rev. Mol. Cell Biol. 1, 31-40.
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Caveolae
highly specialized raft subcategory

Galbiati et al. (2001) Cell 106, 403-411.
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Parton (2001) Science 293, 2404-2405.

Hu fibroblast
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Caveolins (Cav)

- Essential for the formation of caveolae.
- Cav gene family structurally and functionally conserved

from worms (C. elegans) to humans. 
- Cav-1(α and β), -2 and -3 in mammals (21- to 25-kDa). 
- Integral membrane proteins (tri-palmitoylated).
- Cav-1 and -2 are coexpressed, Cav-3 is muscle-specific.
- Polymerize (14-16) and shape up caveolae. 
- Bind cholesterol, fatty acids and interact with the broad 

range of signal transducing molecules (e.g. Tyr kinase R, 
eNOS, heterotrimeric G proteins).

- Not present in lymphocytes and neurons.
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Disappearance of caveolae from cells in cav-1 (-/-) mice

as – alveolar space
cap – capillary
av – arterial vessel
en – endothelium
ep – epithelium
bm – basal membr.

Drab et al. (2001) Science 293, 2449-2452.
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Patomorphological defects in lungs
and physical disability of cav-1 (-/-) mice

- increased content of 
extracellular fibrillar
matrix (fibrosis)

results in:

Thickening of
alveolar walls

caused by:

- uncontrolled 
endothelial cell 
proliferation

physical weakness.

Drab et al. (2001) Science 293, 2449-2452.
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Parton (2003) Nature Rev. MCB 4, 162-167.

Features of caveolin-defficient mice
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