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•  Structure modeling: 
- Homology modeling  
- Fold recognition 
- ab initio modeling 

Outline 

Structure modelling	




3	


Sequence identity à Structural similarity 

BUT: 
Structural similarity à Sequence identity X

Methods for protein structure prediction 

Methods are distinguished according to the relationship 
between the target protein and proteins of known structure: 
• Comparative modelling: A clear evolutionary relationship 

between the target and a protein of known structure can  
be easily detected from the sequence. 

• Fold recognition: The structure of the target turns out to  
be related to that of a protein of known structure although  
the relationship is difficult, or impossible, to detect from  
the sequences. 

• New fold prediction: Neither the sequence nor the structure 
of the target protein are similar to that of a known protein. 
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Protein Structure Prediction Servers 

http://predictioncenter.org 

PSI Protein Model portal (PMP) 	


www.proteinmodelportal.org/ 
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PSI Protein Model portal (PMP) 	


www.proteinmodelportal.org/ 

CASP: Critical Assessment of 
Structure Prediction 

http://predictioncenter.org 
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CASP: Critical Assessment of 
Structure Prediction 

CASP 



7	


Percent of residues (Cα) 

D
is

ta
nc

e 
cu

to
ff 

(Å
) 

most groups had the right 
prediction for this structure  
(but not those at arrow 2) 

most groups had the wrong 
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Scheme of 
protein 
structure 
predicition 

Comparative protein 
structure modelling 
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Classical procedure for construction of  
a homology model 

1.  Given a protein of unknown structure, identify proteins of 
known structure that are evolutionarily related to it. 

2.  If they exist, construct a reliable alignment, i.e. deduce the 
correspondence between related amino acids in the core, 
i.e. in regions other than those affected by insertions, 
deletions, and local refolding. 

3.  Assign the coordinates of the backbone atoms of the 
corresponding amino acids of the target protein according 
to the sequence alignment. 

4.  Model the regions outside the conserved core. 
5.  Model the positions of the side-chains of the target. 
6.  Optimize the final three-dimensional structure.  

Scheme of 
comparative 
modelling 
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Building structurally divergent regions 

• Reinspect alignment, e.g. shift gaps/insertions outside 
regular secondary structure elements 

• Short canonical loops (type I, type II etc.) 
• Rely on sequence pattern 
• Loops that form compact substructures: internal H-bonds 
• Packing inward pointing side-chain between secondary 

structure elements connected by the loop 

Loops with 
similar 
conformation 
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Similar loops, different environment 

Classical procedure for construction of  
a homology model 

• Given a protein of unknown structure, identify proteins of 
known structure that are evolutionarily related to it. 

•  If they exist, construct a reliable alignment, i.e. deduce the 
correspondence between related amino acids in the core, i.e. 
in regions other than those affected by insertions, deletions, 
and local refolding. 

• Assign the coordinates of the backbone atoms of the 
corresponding amino acids of the target protein according to 
the sequence alignment. 

• Model the regions outside the conserved core. 
• Model the positions of the side-chains of the target. 
• Optimize the final three-dimensional structure.  
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Classical procedure for construction of  
a homology model 

• Given a protein of unknown structure, identify proteins of 
known structure that are evolutionarily related to it. 

•  If they exist, construct a reliable alignment, i.e. deduce the 
correspondence between related amino acids in the core, i.e. 
in regions other than those affected by insertions, deletions, 
and local refolding. 

• Assign the coordinates of the backbone atoms of the 
corresponding amino acids of the target protein according to 
the sequence alignment. 

• Model the regions outside the conserved core. 
• Model the positions of the side-chains of the target. 
• Optimize the final three-dimensional structure.  

Difficulties of comparative modelling 

•  Identification of domain boundaries 
•  Identify correct template 
• Find correct alignment between target and template sequence  
• Prediction of loop structures 
• Side-chain conformation prediction 
• Energy refinement is not effective in finding a better model. 
• Multi-domain proteins when using different templates for 

individual domains 
• Active sites are better modeled than regions with less 

evolutionary constraints 
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Prediction accuracy 

Comparative modelling examples 
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Fold recognition 

Methods for protein structure prediction 

Methods are distinguished according to the relationship 
between the target protein and proteins of known structure: 
• Comparative modelling: A clear evolutionary relationship 

between the target and a protein of known structure can  
be easily detected from the sequence. 

• Fold recognition: The structure of the target turns out to  
be related to that of a protein of known structure although  
the relationship is difficult, or impossible, to detect from  
the sequences. 

• New fold prediction: Neither the sequence nor the structure 
of the target protein are similar to that of a known protein. 
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Structural similarity → Sequence identity X 

Non-uniform distribution of folds 

• Few (~10) folds are shared by a large number 
(~30%) of known proteins 

• Large diversity in sequences and functions 
among members of these “superfolds” 

Examples: 
• Immunoglobulin fold 
• Rossman fold 
• TIM barrel fold 
• Globin fold 



18	


Inverse protein folding problem 

Which amino acid sequences fold into a 
known three-dimensional structure? 

Protein folding problem 

Which three-dimensional structure is adopted by a given 
amino acid sequence? 

Fold recognition methods 

• 3D profile methods 
Physico-chemical properties of the amino acids of the 
target protein must “fit” with the environment in which 
they are placed in the modeled structure.  

• Threading 
Sequences are fitted directly onto the backbone 
coordinates of known protein structures. 
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Profile method for fold recognition 

Bowie, Lüthy & Eisenberg. Science 253, 164-170 (1991) 

Threading 

Nature 358, 86-89 (1992) 

•  Sequences are fitted 
directly onto the 
backbone coordinates 
of known protein 
structures. 

•  Matching of 
sequences to 
backbone coordinates 
is performed in 3D 
space, incorporating 
specific pair 
interactions explicitly. 
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Threading 

• A library of different protein folds is derived from the 
database of protein structures. 

• Each fold is considered as a chain tracing through space; 
the original sequence being ignored completely. 

• The test sequence is then optimally fitted to each library 
fold, allowing for relative insertions and deletions in loop 
regions. 

• The ‘energy’ of each possible fit (or threading) is 
calculated by summing the proposed pairwise interactions 
and the solvation energy. 

• The library of folds is then ranked in ascending order of 
total energy, with the lowest energy fold being taken as the 
most probable match. 

Knowledge-based (pair) potentials 

E(r) = -kBT ln[f(r)] 
 
r  distance between two atoms  

 (or some other parameter, like dihedral angles or solvent  
  accessible surface)  

E(r)  is the energy at r 
f(r)  is the probability density at r 
kB  is the Boltzmann constant  
T  is the absolute temperature 
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Statistically derived potentials  

Fold recognition results from CASP 
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New fold prediction 

Methods for protein structure prediction 

Methods are distinguished according to the relationship 
between the target protein(s) and proteins of known structure: 
• Comparative modelling: A clear evolutionary relationship 

between the target and a protein of known structure can  
be easily detected from the sequence. 

• Fold recognition: The structure of the target turns out to  
be related to that of a protein of known structure although  
the relationship is difficult, or impossible, to detect from  
the sequences. 

• New fold prediction: Neither the sequence nor the structure 
of the target protein are similar to that of a known protein. 
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CASP: Fragment-based predictions 

Fragment-based approaches  

• Rosetta (David Baker) 
• Fragfold (David Jones) 
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Science 309, 1868–1871 (2005) 

Steps of fragment-based structure 
prediction 

• Split sequence into fragments 
• For each fragment, search the database of 
known structures for regions with a similar 
sequence (“neighbors”) 

• Use an optimization technique to find the best 
combination of fragments 
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Fragment 
search 

Energy vs. accuracy 

Plots of Cα-RMSD (x axis) against all atom energy (y axis) for refined 
natives (blue points) and the de novo models (black points). Red arrows 
indicate the lowest energy de novo models. 
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ROSETTA 
results in 
CASP5 
Ribbon diagrams of predictions 
made by using the fragment 
insertion approach. The native 
structure and best submitted model 
are shown colored from the N-
terminus (blue) to C-terminus (red). 
For T148, the best generated 
model is also shown, and for T156, 
both template-based and fragment 
insertion based models are shown. 
For targets T173, T135, T156, and 
T191, colored regions deviate from 
the native structure by <4 Å, and 
gray regions deviate by >4 Å. For 
targets T129 and T156, colored 
regions deviate from the native 
structure by <6 Å Cα RMSD, 
whereas the gray regions deviate 
by >6 Å. 

High-resolution de novo structure 
predictions 

Superposition 
of low-energy 
models (blue) 
with experimental 
structures (red) 
showing core 
side chains. 
 
A: Hox-B1 
B: Ubiquitin 
C: RecA 
D: KH domain of    
Nova-2 
E: 434 repressor 
F: Fyn tyrosine 
kinase 
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http://robetta.bakerlab.org 

Robetta 
protein 
structure 
prediction 
server	


Unterlagen zur Vorlesung 

http://www.bpc.uni-frankfurt.de/guentert/wiki/index.php/Teaching 


