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Inference of function from structure

One can expect to gain insight into a protein’s function 
from analysis of other, structurally similar proteins. 
There are at least three difficulties to overcome in this 
process:
• Homologous proteins might have originated by gene 
duplication and subsequent evolution and therefore 
have acquired a different function.

• Some folds are adopted by proteins performing a 
variety of functions.

• The protein of interest might have a novel, not yet 
observed fold. 

Sequence identity → Structural similarity Sequence identity → Structural similarity

Methods for protein structure prediction

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

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

CASP: Critical Assessment of 
Structure Prediction
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CASP Scheme of 
protein 
structure 
predicition

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,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. 

Scheme of 
comparative 
modeling

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,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. 

Refinement of initial alignment
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Needleman-Wunsch alignment algorithm
Amino acid substitution matrices

Gaussian probability distribution
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Extreme value distribution
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Sensitivity and specificity

Sensitivity = TP / (TP + FN)    Specificity = TN / (TN + FP)

True positives vs. false negatives
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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,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. 

Domains
(BLAST)

Multiple sequence alignment XXX

Score of a multiple alignment Sequence 
similarity 
tree
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Hidden Markov model 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,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. 

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,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. 

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

L th t f t b t t i t l H b d• 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

Similar loops, different environment
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Immunoglobulin
antigen binding 
loops

Immunoglobulin structures

H2 hairpin loops 
of three 
immunoglobulins

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,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. 

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,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. 

Other approaches

• Construct the complete models on the basis of spatial 
constraints, i.e. compute a set of distance and dihedral angle 
probability distributions that must be satisfied by the final 
models and then build the models that are compatible with 
these distributions (Modeller).( )

• Construct several models for each target protein and 
selecting the most likely only at the end of the complete 
model-building procedure. 
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Difficulties of comparative modeling

• 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

Prediction accuracy

Alignment 
difficulty 
measure

Best alignment vs. alignment difficulty

Comparative modeling examples Literatur 

• Anna Tramontano: Protein Structure Prediction, 
Wiley-VCH, 2006.


