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Protein structure 

• Primary structure – amino acid 
sequence 

• Secondary structure – regular 
substructures 

• Tertiary structure – three-
dimensional structure 

• Quaternary structure – complex 
of protein molecules 
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         Protein structure alignment problem 

Objective – an optimal alignment between two 
protein amino acid structures. 

This problem is NP-hard since it  
can be polynomially reduced to  
the maximum clique problem. 

Proteins of similar 3D-structure 
usually have same functions 
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Existing methods 

• CMO – Contact Map Overlap 
A. Godzik and J. Skolnick. Flexible algorithm for direct multiple 
alignment of protein structures and sequences. 
CABIOS, 10:587–596, 1994. 

• VAST – Vector Alignment Search Tool 
J-F. Gibrat, T. Madej, and S.H. Bryant. Surprising similarities in 
structure comparison.  
Current Opinion in Structural Biology., 6:377–385, 1996. 

• DAST – Distance-based Alignment Search Tool 
N. Malod-Dognin, R. Andonov, N. Yanev. Maximum Cliques in 
Protein Structure Comparison. 
SEA 2010 9th International Symposium on Experimental Algorithms, 
6049, 106-117, 2010. 
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Suggested approach 

• Based on the efficient branch and bound 
algorithm for the maximum clique problem 
developed by authors. 

• Applies powerful preprocessing to the input 
graph 

• Has general nature and does not depend on 
the alignment graph structure 



Protein alignment 

A protein is defined by a sequence of amino acids. 

An amino acid is specified by its 3D-coordinates    
(the coordinates of its α-carbon atom are used). 

Amino acid i of protein P1 is compatible with amino 
acid k of protein P2 (i ↔ k) if i and k belong to the 
same secondary structure element: α-helix, β-strand, 
or coil (we use KAKSI software for SSE prediction). 

Distance between amino acids i and j is measured as 
Euclidean distance:  
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Protein alignment 
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Objective – find the largest set of amino acids i1, 
i2, …, iω in P1 matching a set of amino acids k1, 
k2, …, kω in P2 so that each pair ia, ib (ia < ib) in P1 
matches the pair ka, kb (ka < kb) in P2:  
1) ia < ib, ka < kb: the order is preserved 
2) ia ↔ ka: ia, ka belong to the same SSE 
    ib ↔ kb: ib, kb belong to the same SSE 
3) |diaib – dkakb

| < τ: distances are almost the same 



Protein alignment graph 
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Vertices: (i.k) where i ϵ P1, k ϵ P2 and i ↔ k 

Edges: (ia.ka) and (ib.kb) are connected with an 
edge if ia < ib, ka < kb, |diaib – dkakb

| < τ 

Objective – find the maximum clique in the 
alignment graph 

 



Alignment graph preprocessing 
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• Heuristic solution – Iterated Local Search (ILS): 
Andrade, D.V., Resende, M.G.C., Werneck, R.F. Fast local search for the maximum 
independent set problem. Journal of Heuristics 18(4), 525-547 (2012) 

• Remove vertices for which an upper bound is not 
greater than the heuristic solution value. 



Computational results 

40 proteins with 97 – 256 amino acids from  
Skolnick test set are used: 
http://cssb.biology.gatech.edu/skolnick/people/jeff.html 

For large alignment graphs the preprocessing 
reduces the number of vertices by more than 
15% in average and the number of edges by 
more than 20%. 

For the largest graph: |V|=25100,|E|=31259143 
After preprocessing:   |V|=19268,|E|=23333871 
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Computational results 
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ACF algorithm is 9 times faster in average than Ostergard 
on these graphs. Our approach is 11 times faster. 



Computational results 

On large instances the suggested approach is 
more than 375 times faster than Ostergard 



On moderate 
instances our 
approach is 40 
times faster in 
average than 
Ostergard. ACF is 
only 20 times faster 
on such instances 



Summary 

• The suggested approach is 50 times faster in 
average than the Ostergard’s algorithm on 
protein alignment graphs. 

• The ACF algorithm is only 16 times faster than 
the Ostergard’s algorithm on these graphs. 

• The preprocessing gives more than 20% 
reduction of computational time for large graphs. 

• The algorithm does not use a special structure of 
the alignment graph as ACF does. 
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