
Material in Alberts text book edition 5 (English version): 

Chapters 9, 10, 12, 13, 16 and in chapter 25 pages 

1431-1440. 

I recommend that you read chapters 1-3 for 

general background !!! 

!

This will strengthen your understanding of the 

science of Biology!!

Schertler part of the course



Topic: Membrane proteins 
Chapter 10

• What do membrane proteins do? 

• Different categories of membrane 

proteins 

• Lateral mobility of membrane proteins



Topic: How to work with membranes 

 Recommended reading Chapter 8 

•Patch clamping  

•Fractionation of cells and organelles 

•Tissue culture 

•Affinitiy purification 

•Use of detergents  

•Structurebestimmung: NMR, EM, and 

Crystallography  

•Immunoblotting 

•Membrane reconstitution



Three views of a cell membrane



The fraction of genes encoding membrane 

proteins is 20-25%, and rather invariable 

between organisms



Protein:lipid:carbohydrate ratios 

in different membranes



Membrane proteins are needed to modify 

and diversify properties of the lipid bilayer
• Modify permeability properties in order to: 

– allow transport of substances across (ions, nutrients, vitamins, 
waste products, water) 

– receive and transmit signals (transfer of information) 

– generate gradients and a membrane potential 

– control osmotic properties 

• Increase mechanical resistance 

• Carry out biosynthetic and other enzymatic activities 

• Induce or stabilize curvature 

• Mediate fusion and fission (cell fusion and division, secretion, 
endocytosis) 

• Allow recognition of the membrane and cell 

• Support binding to other structures (cytoskeleton, extracellular 
matrix, other membranes, chromatin) 

• Provide regulation of size, shape, composition, motility, etc. 

• Provide membrane specializations and domains (i.e. synapses, junctions) 

 



Membrane proteins are either ‘dissolved’ in the 

bilayer phase (in one leaflet only, or both), or 

attached to the surface of it. Alone without lipids 

they cannot form a membrane.

How membrane proteins associate 

with the lipid bilayer



Classical categories of membrane proteins
A. Peripheral 
Detached by manipulating 
conditions in the water phase 
(high salt, extremes of pH)

!
Bound peripherally to other 
membrane proteins, to the 
polar head groups of lipids. 
These proteins are polar. 
Behave like soluble proteins 
when not attached to 
membrane

B. Integral 
Detached only by solubilizing the 
membrane by detergents

Type 1 Single membrane span 

C-terminus in the cytosol

Type 2 Single span 

N-terminus in the cytosol

Polytopic Have various lipid groups 

attached covalently to 

polypeptide chain

Lipid-anchored Multiple spans 

Location of terminae is 

variable 



Glycosylphosphatidyl inositol (GPI) 

anchor



Covalent lipid modifications in eukariotic membrane 

proteins
• Myristylation (C14).  

– amide-linkage, permanent, via amide linkage to N-terminal 
glycine. Co-translationally added in the cytosol. Not sufficient 
alone for membrane anchoring. Nearby positive charges that 
bind electrostatically to negatively charged lipids often help to 
increase affinity. 

• Palmitylation (C16), acylation. 
– Thioester bond with cystein residue, reversible, cytosolic, 

usually palmitic acid, double palmitylated proteins often occur 
in lipid rafts 

• Prenylation (farnesyl [C15] or geranylgeranyl [C20] 
group) 
– Thioether bond, permanent, C-terminal, cytosolic  

• Glycosylphospatidyl inositol (GPI) anchor  
– C-terminal, permanent, extra-cytosolic, permanent, plasma 

membrane, synthesized and added to proteins in the ER



There are other types of membrane 

attachments:  
Some proteins are bound to one bilayer leaflet via amphipathic helices 

(in the helix the hydrophobic amino acid residues are located on side 

and the polar residues on the other) 



Unsual integral 

proteins: 

Caveolin-1,an 

integral protein in 

caveolae, has a 

hydrophobic domain 

(a ‘loop’) that does 

not span the 

membrane. 
In addition, it is 

palmitylated, and 

binds cholesterol.



Periferal proteins are numerous 

and important
• Some are permanently bound 
• Others switch between soluble cytosolic and 

membrane-bound forms  
• Switching is regulated by conformational changes, 

covalent modifications, addition Ca++, etc. 
• They bind to lipid head groups, or to external protein 

domains in membranes 
• Some associate with the bilayer interior, and have the 

characteristics of integral proteins when bound  
• Some are partially inserted via exposed covalent lipid 

or hydrophobic groups including amphiphatic alpha 



Example: Some periferal proteins bind to lipid head groups. 

This can play important role in signal transduction: Here a so 

called FYVE domain in a protein that binds to the inositol 

group of phosphatidyl inositol 3 phosphate,PI(3)P. It also 

interacts hydrophobically via Leu 185 and Leu 186 



Example:  

Positive charges 

are sometimes 

found to promote 

interaction of a 

protein with 

negatively charged 

phospholipid head 

groups 
Human beta-2-glycoprotein I  

Bouma EMBO J 18:5166  
 

Positive surface is shown with blue 



Some proteins have domains that induce or sense 

membrane curvature 
• A wedge: Amphipathic helix inserted in one 

membrane bilayer  
• So called C2 domains: Calcium ion binds to 

such domains and induces exposure of a small 

hydrophobic membrane  insertion patch 
• BAR domains: Banana shaped protein dimers 

that bind the membrane on their convex 

surface



A large group of integral membrane proteins serve to modify 

the membrane’s permability properties. Permeability of a 

protein-free lipid bilayers is limited to hydrophobic molecules 

and some small uncharged polar molecules.



Proteins can promote passive transport 

specific substances down an electro-

chemical gradient, or active transport 

against such a gradient.  



Proteins are mobile 

in the plasma-

membrane: Here a 

classic experiment 

with fused mouse/

human hybrid cells 



Fluorescence recovery after bleaching (FRAP) 

allows lateral mobility to be measured



Lateral and rotational diffusion of 

membrane proteins

• The lateral diffusion rate of membrane proteins 
in  biological membranes is generally 10-30 times 
slower than in liposomes. 

• Translational diffusion rate is relatively 
insensitive to size (linearly dependent on radius r) 

• Rotational diffusion is quite sensitive to size 
(function of r3)



Different ways to restrict lateral 

movement of plasma membrane proteins



Lipid rafts contain a distinct set 

of integral proteins



The above classification is 

oversimplified
• Many membrane proteins are oligomeric 
• Some are composed of subunits that belong to 

different classes of membrane proteins 
• Some proteins occur both in soluble and 

membrane-bound forms 
– Some cytosolic proteins use conformational changes  

and/or lipid modifications to switch from membrane-
bound to soluble forms. In the membrane bound 
form, they can be either integral or periferal. 

– Many toxins convert from soluble to membrane-
bound forms 

• Addition or removal of lipid groups 
• Conformational change 

!



α-helical, trans-membrane (TM) 

segment of integral membrane protein



Some characteristics of TM segments
•Typical length of alpha-helical trans membrane 
 segment is 18-28 residues depending on angle of tilt 
• Sequence is hydrophobic, but not necessarily uniformly so. 
• The ‘positive inside rule’.  
 The location of positive charges on the cytosolic side of TM. 
 This not only correlates with orientation of TM,  
 but controls it during synthesis. 
• Aromatic amino acids (Tyr, Phe, Trp) usually positioned in the 
 phospholipid head group region 
• In polytopic membrane proteins the ‘loops’ outside the membrane are  
 often quite short (average 10-15 amino acids) 
• In polytopic proteins the amino acid side chains of the helices 
 pack against each other in ‘lock and key’ fashion 
 



Why restricted secondary 

structures in the membrane?

 α-helices and β−sheets allow all main chain -NH- and 
  =CO groups to form hydrogen bonds in the absence of 

water. These secondary structures are therefore 
energetically favored. 

 Note the positions of the amino acid side chains; they 
alternate from one side to the other of the beta-sheet

β−sheets

 α-helix



Localizing potential TM sequences in a ‘hydropathy 

plot’. Computer programs calculate hydrophobicity 

in a 10-20 residue window ‘sliding’ along the 

sequence.



Trans-membrane proteins have at 

least three distinct domains

In type 1 and 2 proteins the three domains often fold 

independently of each other. For example, a recombinant anchor-

free ectodomain can often fold correctly as a soluble protein.

extracellular domain

membrane domain

intracellular domain



Example: Type 1  

Major Histocompatibility Antigen Class I 

A hetero-dimeric glycoprotein



Transferrin 

receptor 

 

A type 2 

homodimeric 

membrane 

glycoprotein  
Function: trapping and 

internalization of iron-carrying 

transferrin from the blood stream 

into the cell. 

Single span 

N-terminus in the cytosol



Figure 10-25  Molecular Biology of the Cell (© Garland Science 2008)

Biosynthesis of multipass proteins occurs 

in two steps: Insertion of TM sequences into the bilayer is  

followed by helix-helix contacts



Example:Bacteriorhodopsin, a light-driven 

proton pump 

Polytopic (seven-spanning membrane protein family member)



First view of a GPCR 
cryo-EM Projection of Rhodopsin 

35



! Nat

36

Arrangement  of 7 GPCR membrane helices 1997 

Unger, Villa and Schertler Nature 1997

Schertler, EyeEye (1998) 12,504-510



Figure 10-20  Molecular Biology of the Cell (© Garland Science 2008)

(Attached to N-

terminal glycin residue 

in the cytosol)

Either farnesyl (C15) 
or the longer  
geranylgeranyl (C20) 
Group at the  
C-terminus

Covalently bound lipids anchor 

some proteins to membranes



Li, Edwards and Schertler JMB 2004

The Structure of rhodopsin has 
revealed an important internal hydrogen bond network  

partially mediated by water

PDB: 1GZM



Data collection  

beta 1 adrenergic receptor

Relatively long exposures 
!
Narrow wedges (10º) 
!
1º oscillations 
!
Recording from good 
 positions only 
!

At least 18 wedges (180º of data  
for 100% data completeness due 
to monoclinic space group)



Beta1 Adrenergic  Receptor

R68S

M90V

F338M

F327A

A282L

Y227A



How does a ligand  bind to a GPCR? 

Structure of stabilised beta 1 adrenergic 

receptor 

For the antagonists Carazolol and Cyanopindolol 13 

residues  from 4 helices and 2 residues from the second 

extra cellular loop between helix 4 and 5  contact the 

beta blocker.



Channel Selectivity Filter



Channel: Voltage-sensor Paddel



2D crystals of Voltage Gaited Channel

3D structure of Channel in 2 Dimensional crystals obtained by cryo-EM 

Prepared in the Biomolecular Research Laboratory at PSI 

by Ching Ju Tsai with Xiao Dan Li propject start 2010 

Cryo-EM projection structure of 2D 

crystalPurified

channel

Suspension of 2D crystal on carbon 

film



3D structure of 
Channel

115 Å

81.3 Å

35.2 Å

46.1 Å

48.8 Å

75.9 Å

27.1 Å



Transporter



Membrane embedded Enzyme 

• Lizak C, Gerber S, Numao S, Aebi M, Locher KP. X-ray structure of a bacterial oligosaccharyltransferase.

Nature 474: 350-355 (2011).



Photosynthetic reaction center 

Rhodopseudomonas viridis Four subunits; 
and numerous hemes



Why restricted secondary 

structures in the membrane?

 α-helices and β−sheets allow all main chain -NH- and 
  =CO groups to form hydrogen bonds in the absence of 

water. These secondary structures are therefore 
energetically favoured. 

 Note the positions of the amino acid side chains; they 
alternate from one side to the other of the beta-sheet

β−sheets

 α-helix



Example 3: Porin in gram negative 

bacterial outer membrane 

Anti parallel beta-barrel, homotrimer 

Extended Beta Sheett



Alpha-toxin of 

Staphylococcus 

Aureus 

 

Soluble protein that 

can heptamerize and 

insert into bilayers 

as a beta barrel, and 

thus create a channel



Drug Efflux System
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More Seminars Coming...

iBioSeminars is a seminar room always open and available to you –  
through web streaming, or download to a computer, iPod or iPhone. 

Sponsored by the American Society For Cell Biology, with the support of the Howard Hughes Medical Institute, the University of 

California, San Francisco Global Health Sciences, and the Carnegie Corporation of New York

iTunes, iPod, and iPhone are trademarks of Apple Inc., registered in the U.S. and other countries.

Bringing the World’s Best Biology to You

(Visit the iBioSeminars web site at the ASCB – www.ascb.org/ibioseminars – 

or search for "iBioSeminars" in iTunes.)
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