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Introduction 
In recent years, the alignment of protein structures is a fundamental problem for computational 
chemistry, computational structure biology and bioinformatics research. Alignment of protein 
structures can be performed as pairwise structure alignment (PSA) and multiple structure alignment 
(MSA). This task can be considered as an NP-hard problem. More information and reviews about this 
problem could be found in [1-5]. Initially, it is important to choose the way in which the protein 
structure will be represented - for example, it can be represented as a C-alpha-based distance map 
(C- map), secondary structure elements (SSEs) and other methods [6-7]. The next step is to consider 
the protein as rigid or flexible and choose a structure alignment method, which may consist of a scoring 
function to measure protein similarity and a search algorithm to optimize the function [8-9]. For more 
details of scoring function see Sapundzhi et al [10-11]. An important task for researchers is to evaluate 
the similarity of two protein structures. To compare the degree of similarity of two three-dimensional 
(3D) structures, the root means square deviation (RMSD) measure or the sum of squared "errors" (the 
squared distance between the corresponding points) is used. We use the RMSD function  

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =  �
1
𝑛𝑛
�𝛿𝛿𝑖𝑖2
𝑛𝑛

𝑖𝑖=1

  (1) 

where δi is the distance between atom i and either a reference structure or the mean position of 
the n equivalent atoms [12]. The purpose of this study is to present a simple procedure to calculate the 
RMSD between pairs of 3D structures and to find the minimum RMSD value. The implementation for 
the program is realized in the C# programming language. 

Results and Discussion 
In the current study, we present a program implemented in the C# programming language that can 
calculate the root mean square distance (RMSD) between two 3D structures [13,14]. The developed 

tool calculates minimal RMSD between two 
Cartesian coordinates in either. xyz or .pdb 
format (Protein Data Bank files). Both files 
(structures) must contain the same number of 
atoms in a similar order for the program to run 
correctly. The implementation of the program 
is based on the Kabsch algorithm [15,16] and 
Quaternion algorithm [17] for rotation. First, 
the structures are translated to the center of the 
coordinate system, then the covariance matrix 
and the optimal rotation matrix are calculated. 
The developed tool shows the RMSD 
calculated in three ways (Figure 1).  

The results of the program implemen-
tation with the given example from 
https://github.com/ are shown as follows: 
Normal RMSD: 1.25, Translated RMSD: 1.24; 
Rotated RMSD: 1.245. The obtained results 
are compared with the similar tools developed 
in Python [18] and Perl [19] and show that for
these implementations the algorithm gives 
almost identical results. The developed tool 

Fig.1. RMSD calculation between two structures. The 
tool accepts as arguments two files: .pdb and .xyz. 
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has an easy-to-use graphical user interface that will be uploaded to a server and can be freely used by 
researchers in the field of bioinformatics research. 
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