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ABSTRACT 

One of the main tasks towards the prediction of protein β-sheet structure is to predict the native alignment of β-strands. The alignment of two β-strands 

defines similar regions that may reflect functional, structural, or evolutionary relationships between them. Therefore, any improvement in β-strands align-
ment not only reduces the computational search space but also improves β-sheet structure prediction accuracy. To define the alignment scores, previous 

studies utilized predicted residue-residue contacts (contact maps). However, there are two serious problems using them. First, the precision of contact map 

prediction techniques, especially for long-range contacts (i.e., β-residues), is still not satisfactory. Second, the residue-residue contact predictors usually 
utilize general properties of amino acids and disregard the structural features of β-residues. In this paper, we consider β-structure information, which is 

estimated from protein β-sheet data sets, as alignment scores. However, the predicted contact maps are used as a prior knowledge about residues. They are 

used for strengthening or weakening the alignment scores in our algorithm. Thus, we can utilize both β-residues and β-structure information in alignment of 
β-strands. The structure of dynamic programming of the alignment algorithm is changed in order to work with our prior knowledge. Moreover, the Four 

Russians method is applied to the proposed alignment algorithm in order to reduce the time complexity of the problem. For evaluating the proposed meth-

od, we applied it to the state-of-the-art β-sheet structure prediction methods. The experimental results on the BetaSheet916 data set showed significant 
improvements in the execution time, the accuracy of β-strands’ alignment and consequently β-sheet structure prediction accuracy. The results are available 

at http://conceptsgate.com/BetaSheet. 
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1 INTRODUCTION 

Prediction of three dimensional structure of protein from its amino acid sequence, also known as protein structure prediction 

(PSP), is the focus of interest of various research communities. The prominence of this field can be investigated in two directions. 

One is its close association with protein functions and another includes its role in narrowing the gap between known protein se-

quences and structures. However, PSP is one of the most complex and significant open problems in computational biology. One 

aspect of this complexity arises from the fact that the conformational space of protein structure increases exponentially with the 

number of amino acids in protein chains. A promising approach to overcome this challenge is to divide the PSP problem into a 

number of sub-problems such as prediction of contact map, secondary structure elements and their arrangements, and local struc-

tures. Although each of them has a certain level of inaccuracy, they can provide vital information regarding the spatial structure of 

proteins.  
An important intermediate step towards the prediction of protein structure is known as β-sheet structure prediction problem. 

This step is essential not only for reducing the search space of PSP methods [1], [2], but also for elucidating folding pathways [3], 

[4], designing new proteins [5], [6] and studying its effect on many human diseases ranging from cancer and AIDS to Alzheimer’s 

and mad cow [7]. β-sheets and α-helices are predominant local structures found in proteins. More than 80% of the proteins in the 

Protein Data Bank (PDB) [8] contain β-sheets [9]. They are formed by pairwise interaction of β-strands which are stabilized by 

non-local hydrogen bonds running in parallel or antiparallel direction. In this type of interaction, adjacent β-strands bring distant 

amino acids into close contact with one another. 

Accurate prediction of protein β-sheets is regarded as the primary bottleneck in prediction of 3D structure of protein. The main 

challenge in this phase is the presence of non-local hydrogen bonds in proteins. In contrary to α-helices that are stabilized through 

local interactions, β-sheets are more complex which are formed by residues at distant positions in the protein chain. The nature of 

such a long distance interactions are still a challenging problem and leave room for further improvements in β-sheet structure pre-

diction approaches. Prediction of a protein β-sheet, when its secondary structure is known, can be regarded as the prediction of (i) 

β-strand pairings, (ii) their interaction types (i.e., parallel or antiparallel) and (iii) β-residue interactions (contact map) [10]. Several 

methods have been proposed to predict each sub-solution and also there are many efforts underway to improve the full identifica-

tion of β-sheet structure (all three levels). Each of these predictions has a certain level of inaccuracy so it is necessary to propose 

more and more precise predictors to avoid inaccuracy propagation. In addition, it should be noted that the assumption of knowing 

the correct secondary structure for protein β-sheet structure prediction (as it is considered by [2], [9], [10]) may be unrealistic. One 

solution is to use secondary structure predictors but the problem is that they have some inaccuracies and are not always reliable. To 

overcome this problem, for example, the authors in [11] utilize PSIPRED [12] to predict the secondary structures and then try to 

reduce the inaccuracies of the predictions. 

The first step in prediction of protein β-sheet structure is to predict the native alignment of β-strands. Thus, for any pair of β-

strands, the optimum alignment is determined in both parallel and antiparallel directions. The alignment scores, which reflect the 

tendency of strands for pairing, are then used for the next steps of prediction. The alignment of two β-strands identifies similar 

regions that may be as a result of functional, structural, or evolutionary relationships between them [13]. Also, correct β-strand 

alignment would reduce the computational searching space and significantly improve the accuracy of β-sheet prediction algo-

rithms. In almost all previous studies, residue contact statistics are used to define the alignment scores. Predicted contact maps of a 
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