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Phospholipid bilayer

Separation

Polarity



Function of  lipid bilayers



Transmembrane proteins

• Lipid bilayer is impermeable to most molecules

• Gates are needed – TM proteins

Transport

Signal transduction

Energy conversion 



Transport



Signal transduction



Photosynthesis



Mitochondrium

Krebs cycle, aerobic respiration



Occurence

• Bacteria 1-2% of  genome

• Eukaryotes ~25%
• important drug targets; 134 GPCR targets

• at least 35% of  all drug targets are GPCRs

• PDB: 2%; uderrepresented; hard to crystallize



Structure

• Alpha

• Beta

Structure is needed

to understand

their function



Structure

Alpha: from unicellular to mammals

Beta: bacteria and mitochondria

Number of  TM segments

1: 40%

6,7: frequent



Orientation of  TM helices



Topography

• Position of  TM regions

Size of  TM regions

30 Å ~ 20-25 aa



Topology

• Localization



TM sequences

• Hydrophobic residues, low complexity

• Stucture is stabilized with internal H-bond

• Positive inside rule

• Ampiphatic helices; anchors

• Proline is a helix breaker, but present in TM helices
missing amide hydrogen - > partial charge

important for function; ion transport



PDBTM database



TM folds

Globular folds < 10k

Large sizes, but small variations

90% of  TM proteins belong to < 500 folds



TMDET



OPM



Experimental methods

• Immuno localization; antibodies

• Glycosylation sites

• Reporter enzyme fusion; GFP

Data collected in TOPDB



TOPDB



Methods use for TM proteins

• Signal peptide identification

• Differentiate TM and globular sequences (DAS-TMfilter)

• Topology prediction (HMMTOP)

• Fold recognition (TOPDOM)

• Homology modelling

• Membrane positioning (TMDET, OPM)



TOPDOM



Topology prediction

• Structure determination if difficult

• Prediction methods are needed
Machine learning

Neural networks

Hidden Markov model

Support Vector Machine



HMMTOP

The most likely topology is the one that maximizes this difference.

Hypothesis: the topology is 

determined by the difference in 

the amino acid distributions.

o->h->i->h->o hidden Markov

model



Incorporation of  experimental data



CCTOP



Other methods



Dense Alignment Surface method (DAS)

Hydrophobic

TM helices

are similar to

each other



DAS-TMfilter



Intrinsically Disordered Proteins

• Exception to the Anfinsen dogma

• IDP ~ IUP 

• lack of  stable (steady) 3D structure

• highly dynamics structures

• usually many interaction partners

• different amino acid composition

usually with low complexity



Cellular tumor antigene p53

regulator 

of  the cell

cycle and 

apoptosis



Experimental validation

• Lack of  secondary structure; CD spectroscopy

• Lack of  X-ray electron density

• Radius of  gyration



DisProt database



Order / disorder promoting residues



Residue frequency

unfoldability by TOP-IDP scale increasing

prefers

ordered

stucture

prefers

disorder



Dentin sialophosphoprotein

>sp|Q9NZW4|DSPP_HUMAN Dentin sialophosphoprotein OS=Homo sapiens OX=9606 GN=DSPP PE=1 SV=2 

MKIITYFCIWAVAWAIPVPQSKPLERHVEKSMNLHLLARSNVSVQDELNASGTIKESGVLVHEGDRGRQENTQDGHKGEGNGSKWAEVGGKSFSTYSTLANEEGNIEGWNGDTGKAETYG 

HDGIHGKEENITANGIQGQVSIIDNAGATNRSNTNGNTDKNTQNGDVGDAGHNEDVAVVQEDGPQVAGSNNSTDNEDEIIENSCRNEGNTSEITPQINSKRNGTKEAEVTPGTGEDAGLD 

NSDGSPSGNGADEDEDEGSGDDEDEEAGNGKDSSNNSKGQEGQDHGKEDDHDSSIGQNSDSKEYYDPEGKEDPHNEVDGDKTSKSEENSAGIPEDNGSQRIEDTQKLNHRESKRVENRIT 

KESETHAVGKSQDKGIEIKGPSSGNRNITKEVGKGNEGKEDKGQHGMILGKGNVKTQGEVVNIEGPGQKSEPGNKVGHSNTGSDSNSDGYDSYDFDDKSMQGDDPNSSDESNGNDDANSE 

SDNNSSSRGDASYNSDESKDNGNGSDSKGAEDDDSDSTSDTNNSDSNGNGNNGNDDNDKSDSGKGKSDSSDSDSSDSSNSSDSSDSSDSDSSDSNSSSDSDSSDSDSSDSSDSDSSDSSN 

SSDSSDSSDSSDSSDSSDSSDSKSDSSKSESDSSDSDSKSDSSDSNSSDSSDNSDSSDSSNSSNSSDSSDSSDSSDSSSSSDSSNSSDSSDSSDSSNSSESSDSSDSSDSDSSDSSDSSN 

SNSSDSDSSNSSDSSDSSNSSDSSDSSDSSNSSDSSDSSDSSNSSDSSDSSDSSDSSDSSNSSDSNDSSNSSDSSDSSNSSDSSNSSDSSDSSDSSDSDSSNSSDSSNSSDSSDSSNSSD 

SSDSSDSSDGSDSDSSNRSDSSNSSDSSDSSDSSNSSDSSDSSDSNESSNSSDSSDSSNSSDSDSSDSSNSSDSSDSSNSSDSSESSNSSDNSNSSDSSNSSDSSDSSDSSNSSDSSNSS 

DSSNSSDSSDSNSSDSSDSSNSSDSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSNSSDSSNSSDSSNSSDSSDSSDSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSDSSDSSD 

SSESSDSSDSSNSSDSSDSSDSSDSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSNSSDSSDSSESSDSSDSSDSSDSSDSSDSSDSSDSSDSSNSSDSSDSSDSSDSSDSSDSSD 

SSDSSDSSDSSDSSDSSDSSDSSDSSDSSDSNESSDSSDSSDSSDSSNSSDSSDSSDSSDSTSDSNDESDSQSKSGNGNNNGSDSDSDSEGSDSNHSTSDD

Calcium binding, mineralizatrion of  dentin



SLiMs: Short Linear Motifs
protein sequences mediating protein-protein interactions

linear, no real 3D structure

MoRFs

Molecular Recognition Features

motif-like peptides in disordered
regions

disordered -> ordered



ELMs

Eukaryotic Linear Motif resource



Prediction of  disorder

• Physics based approach
• IUPred

• Machine learning
• PONDR VSL2

• DISOPRED3

• Spritz

Metaservers



A rendezetlenség jóslása - IUPred

…..QSDPSVEPPLSQETFSDL WKLLPENNVLSPLPSQAMDDLMLSPDDIEQWFTEDPGPDEAPRMPEAAPRVA PAPAAPTPAAPAPA…..

Local 

residue

composition

A – 10%

C – 0%

D – 12 %

E – 10 %

F – 2 %

stb…

Energy

estimation High energy high disorder probability

Az algoritmus:

The IUPred method
• Physics based approach using statistical pairwise

potentials based on globular proteins

• transform observed frequencies of  amino acid pair 
interactions into energy‐like functions based on the 
Boltzmann statistics

• Idea: if the neighbour residues do not contribute to a low
energy, no order structure is 

A – 7.67%

C – 2.43%

D – 4.92 %

E – 5.43 %

F – 3.19 %

…



Output



Anchor

• Prediction of  disordered binding sites in globular proteins

• If the calculated energy if

more favourable in a globular

environment binding site



MDM2

RPA70N
Tfb1 Tetramerization

S100

CBP

Sir2



Mutual Folding Induced by Binding



Oligomeric states in MFIB



RSAMP

• Residue with Solvent Accessible Main-chain Patches 



Amino acid compositions



Number of  buried residues



Burial of  residues in monomers / dimers


