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Early model of the erythrocyte membrane

Gorter and Grendel (1925)

The structure of the cellular membrane
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Historic picture gallery
of membrane modelling
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Current model of the cellular membrane
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The erythrocyte glycocalyx as revealed by electron
microscopy using special staining techniques.
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DPPC = di palmitoyl phosphatidylcholine
DMPC= Can you guess?
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The Common Biological Fatty Acids.
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Unsaturaied faity acids (all double bonds are civ)
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The Common Biological Fatty Acids.

Phospholipids have different acyl chains
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Dimensions of the phospholipids molecules
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Exploring lateral heterogeneity
in synthetic membranes

fa) Apove transition temperature

&) Below transition temperature

fluid or “liquid”

solid or “gel”




Phase transition and phases in DPPC
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Phase diagram of lipid bilayers of binary
mixtures of PC lipids

L‘ I-\':{ (LR DA
P A A
DPPC DEP( -+
; R -

) \
- :o ] ]
el AT 1
sk 3 i
o) Y S 1
it Wo

0304 06 08 10

Trnc
Pi.'"- 9.7, Phase dingrams of lipid bilayers for three binary mixtures of PC lipids
with different fatty-acid chain lengths. [ denotes the liguid-disordered phise and g
denotes solid-ordered phases

Voet Biochemistry 3¢ Page 389

©2004 John Wiley & Sons, Inc.

How does cholesterol affect the
physical properties of lipids bilayers?
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Phase diagram of lipid bilayers with
cholesterol
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Form detergent
resistant membranes

How to target proteins to membranes?

prollsin
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Covalent lipid modification of proteins

« Palmitoylation (16 C acyl chain)
— (Cys) thioester bond
— The most abundant
— The only reversible (can be cleaved by thioesterases)
¢ N-myristoylation (14 C acyl chain)
— In most cases not enough to anchor a protein to
membrane
— N-terminal Gly, amide bond
'« Prenylation (farnesyl or geranylgeranyl)
— Thioether linkage to a C-terminal Cys

Voet Biochemistry e
©2004 John Wiley & Sons, Inc.

Voet Biochemistry 3¢ Page 404
© 2004 John Wiley & Sons, Inc.

Protein —C

Phospho-

ethanolumine

Phosphatidylinositol

Core structure of the GPI anchors of proteins

Density of membrane proteins in the ER and Golgi
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The membrane
IS a protein-lipid composite
rather than a dilute solution
of protein in a lipid solvent

Biological membranes are different from synthetic membranes

Gortar and Grendal (1025) f Sackmann (1995)
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Protein-lipid interactions
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Protein binding domains

» Polybasic domains
— Short cluster of basic amino acids (<30)
— non-specific binding to acidic lipids
— Act synergistically with lipid modifications
» Phospho inositides binding modules

— Low affinity lipid interaction modules that regulate
transient association w/cellular membranes

— Examples:
* PH, FERM, ENTH [PI(4,5)P,]
* FYVE, PX [PI(3)P]
e Cland C2 domains
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Table 1. Occurrence of Membrane Targeting Motifs in the Human
Genome

Number of Motifs in

Membrane Targeting Motif the Human Genome
Lipid-based:
Palmitoylation ?
Myristoylation 270
Prenylation {CaaX) 214
Protein-based:
Polybasic ?
PH domains 448
ENTH domains 16
FYVE domain 66
PX domains 65
C2 domain 225
C1 domain 97
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What are lipid rafts?
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Origin of the raft hypothesis

« glycosphingolypids cluster in Golgi before being sorted

to the apical surface of polarized epithelial cell
— Biochemistry 27, 6197 (1988)

« glycosphingolypids clusters are insoluble in Triton X-100
at 4 °C, and the detergent resistant membranes are rich
in cholesterol, and GPIl-anchored proteins

— (1994)

« synthetic membranes composed of glycosphingolipids
and cholesterol recapitulate the detergent-resistant
characteristics of the glycosphingolipid clusters

- (2001)

Two lines of inquiry emerged from the
early raft studies

» exploring lateral heterogeneity in synthetic membranes

¢ addressing the functionality of glycosphingolipid-
cholesterol rich domains in biological membranes

This characterizations have proven
to be frustratingly difficult

Provisional contemporary definition of rafts

* “Membrane rafts are small (10-200 nm),
heterogeneous, highly dynamic,

sterol- and sphingolipid-enriched domains
that compartmentalize cellular processes”

— 2006 Keystone Symposium
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Suggested roles for Rafts Conclusion

. . » The existence of lipid rafts cannot be taken as a
Signal transduction pathways

. . N established fact
Apoptosis Cell adhesion and migration ] ) ]
Synaptic transmission Organization of cytoskeleton  We should proceed with caution and open mind

Protein sorting during exo- and endocytosis to alternative mechanisms for phenomena

Point of entry of viruses, bacteria, and toxins currently attributed to rafts

Site of viral assembly and formation of prion and
Alzheimer amyloid
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