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Membrane proteins

• About 25% of all human proteins are membrane 
proteins.

• The majority of proteins that are drug targets 
are membrane proteinsare membrane proteins. 

• However, less than 1% of the protein structures 
in the PDB are membrane proteins.

• Membrane proteins are difficult to crystallize.
• Membrane proteins are insoluble in water and 
thus difficult to study by NMR spectroscopy. 

Membrane with an 
embedded protein

Two membrane proteins

Membrane protein structure and 
function

• Membrane proteins are either α-helix bundles 
or β-barrels

• Most of the important membrane proteins are 
helical β barrel membrane proteins areα-helical. β-barrel membrane proteins are 

found only in the outer membrane.
• Functions:
- Transport of ions/molecules through the
membrane

- Signal transduction (e.g. G-protein coupled
receptors; GPCR)

Hydrogen bonding in membrane 
proteins

• In soluble proteins hydrogen bonds can be formed 
between protein atoms and to the solvent (water).

• In the hydrophobic environment of membrane proteins 
only intra-protein hydrogen bonds can be formed.y p y g

• The energy cost of burying a pair of unsatisfied 
hydrogen bond donors/acceptors is high: ~ 4 kcal/mol.

• Transmembrane segments that are α-helices or β-
strands involve all main chain polar atoms in hydrogen 
bonds.

• Random coil structures within the membrane bilayer is 
energetically unfavorable and rare.
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Membrane protein structure 
prediction

• The present data base of known membrane 
protein structures is small.

• Less structural variability than for soluble 
proteinsproteins

• Prediction of transmembrane helices based on 
secondary structure prediction and 
hydrophobicity

Which features of membrane 
protein structure can be predicted?

• Discrimination between globular and 
membrane proteins

• Identification of individual transmembrane
helices

• Location of loops on the inside/outside of the 
membrane 

• Topology

Chou-Fasman propensities for α, β, 
and coil secondary structure

Chou-Fasman secondary structure 
prediction

Neural 
network 
nodes

Neural network layers
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PHD 
secondary 
structure 
prediction 
algorithm

Free energy of transfer for a 
molecule between two media

Hydrophobicity plot Hydrophobicity plot for rhodopsin

Helical wheel and hydrophobic 
moment vectors

TMHMM: Hidden Markov model for 
transmembrane topology prediction
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TMHMM performance

• Discrimination globular/membrane: 
sensitivity and specificity > 98%

• Correct topology: 65-70%
Si l b h li id ifi i• Single transmembrane helix identification: 
sensitivity 96%, specificity 98%

• Training set:
160 membrane proteins, 650 globular proteins

http://www.cbs.dtu.dk/services/TMHMM/
Krogh et al., J. Mol. Biol. 305, 567-580 (2001)
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