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Today’s lecture

• Central Question:  

• How does the plasma membrane fulfil its function(s)?



Functions of the plasma membrane

•outer boundary of the cell 

•influx and efflux of substances and information 
– intracellular ionic environment 

– membrane potential essential for example for nerve conductance 

– gases (O2 and CO2) 

– adsorbs and releases nutrients, waste products, vitamins 

– internalizes fluid, macromolecules and particles by endocytosis 

– mediates secretion by exocytosis 

– and more 

•contact with other cells, and external structures 

•starting point for signal transduction pathways 

•central role during cell division, cell fusion, fertilization



Functions of the plasma membrane (II)

• cell motility, cell size and shape 

• structural and functional polarity of cells 

• specialized structures such as cilia, microvilli, synapses 

• synthesis of cell wall in fungi and plants 

• Interacts with invading pathogens and viruses, and 

participates in the defense against them. 

• By forming a ‘skin-tight’ surface, it helps to determine the 

mechanical properties of cells.



The fluid mosaic model 
Singer and Nicolson 1972

• proteins are embedded in a lipid bilayer 

• lipids and proteins exhibit fluidity,                                                            

i.e. they diffuse laterally in PM



Composition  
of the plasma membrane 

• proteins, lipids, carbohydrates 

• i.e. more than 400 membrane proteins, 500 lipid 

species, 1000 sugar species



Basic characteristics  
of the plasma membrane 

• composed of lipids, proteins, carbohydrates (sugars) 

• is a ‘fluid’ organelle 

• thus, it can adapt to extra- and intracellular stimuli 

• exhibits polarity 

• compartmentalised 

• How does the PM fulfil its functions within the fluid 

mosaic model? How does compartmentalisation 

and polarity arise?



Functionalization of the PM

• exchange of composition 

(exo- and endocytosis)  

• compartmentalisation 

(domain formation)



Lipids in the PM
• Lipids that spontaneously form a bilayer when mixed with water.. 
  Phospholipids and some glycolipids 

• Lipids that alone cannot form a bilayer, but can be dissolved into, and 
thus accommodated in, a bilayer 

 Cholesterol, gangliosides, lysophosholipids, tri- and di-glycerides, 
isoprenoids, … 

  



Asymmetry in PM

• Phospholipids with choline head groups enriched in extra-cytosolic 

leaflet (PC,SPH) 

• Phospholipids with terminal amino group enriched in head group in 

cytosolic leaflet (PE, PS and also PI) 

• Glycolipids in the outer leaflet 

• Cholesterol in both 

• Charge difference: majority of negative phospholipids face inside 

• Asymmetry is generated by ‘flippases’ and ‘scramblases’, -> enzymes in 

ER and PM that flip specific P-lipids across



Why are membrane lipids so 
heterogenous?

• To secure fluidity of membrane at ambient 
temperature


• To allow formation of lipid micro-domains

• Some lipids bind to specific proteins

• Some serve as second messengers in signal 

transduction



Lipid fluidity

• Biological membranes must be fluid to be functional 

• Lipid composition is, in fact, adjusted to fine-tune the degree of 
fluidity in response for example to temperature changes   

• functions depend on the mobility of membrane components 

• Fusion and fission requires fluidity 

• Lateral movement needed for transport, etc.



Lipid rafts form micro 
domains



Lipid rafts

• Present in PM of eukariotic cells, often induced by 

clustering of membrane components 

• Enriched in cholesterol and sphingolipids  

• Sphingolipids have alkyl chains that are more saturated 

and longer: raft domains are therefore less fluid and thicker 

• Rafts form a separate phase in membrane 

• They are enriched in GPI-anchored proteins, signaling 

proteins, and proteins with double FA-acyl groups



Local modifications of lipids

• Local synthesis allows association of specific PIP-

binding proteins -> domain formation



Lipid-driven 
compartmentalisation

• lipid raft formation  

• leads to formation of liquid ordered domains by 

segregation of lipids and associated proteins 

• local synthesis/modification of lipids 

• PIP formation leads to association of PIP 

binding proteins and e.g. membrane bending, 

singling, etc.



How membrane proteins 
associate with the lipid bilayer

Membrane proteins are either ‘dissolved’ in the bilayer 
phase (in leaflet only, or both), or attached to the 
surface of it. Alone they cannot form a membrane.



Proteins are mobile in 
the plasma-

membrane: here a 
classic experiment 
with fused mouse/
human hybrid cells 



Lipid rafts contain a distinct 
set of integral proteins



Lateral association of 
membrane proteins



Lateral association of 
membrane proteins (II)



Macroscopic compartmentalisation 
by diffusion restriction



Interactions in the plasma membrane 
that lead to compartmentalisation

• lipid segregation into domains (rafts) 

• lipid modification (PIPs) 

• protein segregation into lipid domains 

• protein-protein interactions (lateral, outside/inside 

clustering) 

• diffusion barriers



A 20 year old enigma

• Why are macroscopic diffusion coefficient in the 

plasma membrane and artificial lipid bilayers so 

different? 

• differences 5-50 fold ? 

• needed single molecule tracking to understand



Single molecule tracking

µ opioid receptor

phospholipid



Hop diffusion matches size 
distribution of actin network ‘holes’



The picket fence model



Hydro-synamic friction effect



Signaling receptor 
immobilisation



Compartmentalization in the 
mesoscale



What we have not touched upon …
What we have not touched 

upon …

• Active organisation principles of the plasma 

membrane, i.e. transport processes


