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Protein	  Structure	  

Similarity	  
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•  Structure comparison 
•  Structural similarity search 

Outline 

Structure comparison 
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Translation  
to superimpose 
center of mass 

Optimal superposition of structures	


Rotation 
to achieve 

minimal RMSD 

Are these two 
structures similar? 

Measures of structural similarity	


• RMSD: Average (root-mean-square) deviation of 
atom positions  
 

• GDT-TS: Percentage of residues that can be 
superimposed under given distance cutoffs 
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RMSD (root-mean-square deviation)	


•  Zwei Strukturen mit n Atomen und 
Koordinaten x1, x2,…, xn und y1, y2,…, yn 
 
 
 
 
 

•  Minimum über alle Rotationen R und 
Translationen t → optimale Überlagerung 
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RMSD values of structure bundles	


0.5 Å 

16 Å 8 Å 4 Å 

2 Å 1 Å 
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Residue ranges for superpositions 

•  RMSD values and superposition results are 
dominated by the most divergent parts of the 
structures. 

•  Unstructured parts of a protein (e.g. flexible 
tails, disordered loops, surface side-chains) 
should be excluded from RMSD calculation. 

•  Selecting proper residue ranges is important for 
meaningful RMSD calculations and structure 
superpositions. 

•  RMSD are given for a particular residue range 
and only for backbone atoms, or all 
“heavy” (non-hydrogen) atoms. 

All Residues CYRANGE Domains 
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Residue ranges for 
superpositions 

•  Important for RMSD calculations,  
structure superpositions, structure validation 

•  Inconsistent choices of residue ranges  
→ not comparable validation results 

•  Angular order parameters not suitable  
because they measure local order only 

•  Automated residue range determination:  
- without protein-specific parameter adjustment 
- ranges as large and as simple as possible 
- find domains in multi-domain proteins 
- for high- and low-resolution structure bundles 

CYRANGE algorithm for  
residue range determination 

Structure bundle 
(PDB file) 

Identify domains  
using angular order parameters  

and distance variance matrix 

For each (extended) domain:  
Determine residue range  

by removing residues one-by-one 
until (gap-weighted) RMSD 

decrease becomes insignificant 

Residue range(s) 

NMRCORE/NMRCLUST 
Kelley, Gardner, Sutcliffe 
Protein Eng. 9, 1063 (1996) 
Protein Eng. 10, 737 (1997) 

Donata Kirchner 
BMC Bioinformatics 

12, 170 (2011) 
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Cluster Selection 

A B C D E

EA B C D

CB D EA

C D EA B

EA B C D

RMSD 
Ranges 

 
 

Donata Kirchner 
BMC Bioinformatics 

12, 170 (2011) 
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RMSD 
Ranges 

 
 

Donata Kirchner 

Application to low-
resolution (cycle 1) 
and high-resolution 
(final) structures. 

CYRANGE"
PSVS1 

FindCore2 

1 Bhattacharya A, Tejero R, Montelione GT, Proteins 2007, 66:778–795. 
2 Snyder DA, Montelione GT, Proteins 2005, 59:673–686. 
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Average 
Sequence 
Coverage1 

Average 
RMSD1 

CYRANGE 85 % 0.77 Å  

PSVS 67 % 1.72 Å 

FindCore 58 % 0.73 Å 

1  of 37 protein structures 

CYRANGE residue ranges for  
6483 NMR structure bundles in the PDB 

Number of domains Number of gaps 

% residues in ranges RMSD 



10	


www.bpc.uni-frankfurt.de/cyrange.html 
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Alternative measure 
for structure similarity 

GDT_TS	

•  The GDT (“global distance test”) algorithm searches for the 

largest (not necessarily continuous) set of residues that 
deviate by no more than a specified distance cutoff.  

•  Results are reported as the percentage of residues under a 
given distance cutoff.  

•  A popular measure is the “GDT total score”,  
 

GDT_TS = (P1 + P2 + P4 + P8)/4,  
 

   where Pd is the fraction of residues that can be 
superimposed under a distance cutoff of d Å, which 
reduces the dependence on the choice of the cutoff by 
averaging over four different distance cutoff values. 
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Structural similarity 
search 

DALI: structure similarity search 
With a rapidly growing pool of known tertiary structures, the importance of protein structure 
comparison parallels that of sequence alignment.  
 
DALI algorithm for optimal pairwise alignment of protein structures: 
(L. Holm & C. Sander: Protein structure comparison by alignment of distance matrices.  
 J. Mol. Biol. 233, 123-138 (1993)): 
•  Coordinates of each protein are used to calculate residue-residue (Cα-Cα) distance matrices.  
•  Distance matrices are first decomposed into elementary contact patterns, e.g. hexapeptide-

hexapeptide submatrices. 
•  Then, similar contact patterns in the two matrices are paired and combined into larger 

consistent sets of pairs. A Monte Carlo procedure is used to optimize a similarity score. 
Several alignments are optimized in parallel, leading to simultaneous detection of the best, 
second-best and so on solutions.  

•  DALI allows sequence gaps of any length, reversal of chain direction and free topological 
connectivity of aligned segments. Sequential connectivity can be imposed as an option.  

•  DALI is fully automatic and identifies structural resemblances and common structural cores 
accurately and sensitively. 
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DALI: structure similarity search	


http://ekhidna.biocenter.helsinki.fi/dali_server 

DALI: Example result	


http://ekhidna.biocenter.helsinki.fi/dali_server 
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DALI: Example result	


http://ekhidna.biocenter.helsinki.fi/dali_server 

Unterlagen zur Vorlesung 

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


