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DATABASE OF TWO-HELICAL MOTIFS OF PROTEIN MOLECULES AND
COMPUTER SERVICES FOR THEIR ANALYSIS

Application notes

Abstract

This paper is devoted to the development of structural motifs database of protein molecules consisting of two elements of a
secondary structure that have unique spatial stacking of a polypeptide chain. The motives investigated are pairs of any type of
helix, connected by a different non-zero length and different conformation of the connection. For each structure, geometric
parameters are calculated. The database interface allows you to perform searches, sorting, filtering on all parameters, which
makes it possible to obtain samples of structures with given geometric characteristics. Also, the system interface allows for
statistical analysis and the construction of histograms for the distribution of various characteristics of structures in the sample.
Thus, it is possible to investigate the correlation of the geometry of the spatial structures of the investigated motifs with the
amino acid sequences. The system allows uploading of the received samples to the file system in CSV format. The upload
format and set of uploaded data is configured in the interface. Downloading can contain both all the geometric characteristics
of the structures of interest, and the corresponding amino acid sequences. The database interface also allows you to view 3D
models of structural motifs.

Keywords: protein structural motifs, database, helix pairs, inter-helix distances, helix axis angles, area of helix projection
intersection.
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BA3A JAHHBIX IBYXCIIMPAJIBHBIX MOTHUBOB BEJIKOBbBIX MOJIEKYJI
N BBIYUCJIMTEJBHBIE CEPBUCHI 1JISA UX AHAJIN3A

Texauueckas CHGHI/I(bI/IKaHI/IH

AHHOTAIIUSA

JlanHas paboTa MOCBsIIEHAa CO3JaHUIO 0a3bl JAHHBIX CTPYKTYPHBIX MOTHBOB OEIIKOBBIX MOJIEKYJN, COCTOSIIIMX M3 JABYX
JJIEMEHTOB BTOPUUYHON CTPYKTYpbI, MIMEIOIINX YHUKAIbHBIE YKIAJAKH MOJUIENTUAHOMN Liemu B mpocTpaHcTee. Mccnenyembie
MOTHBBI TIPEJICTABIISIIOT COOOH IMaphl JII0O0r0 THMA CIIUpasel, COeqMHEHHBIMUA MEXy COOOH pa3IMYHOW HEHYJIEBOW JUITMHBI U
pa3nn4HON KoH(opManuy NepeTsHKKH. [ KakIoi CTpyKTYphl pacCUMTaHbl TeOMeTpUUecKre mapaMeTpsl. VHTepdeiic 6a3bl
JITAaHHBIX TIO3BOJISIET BBINIONHSATH ONEPAIlH MOUCKA, COPTUPOBKH, (HILTPALMM MO BCEM MapamerpaMm, 4YTO JAaeT BO3MOXXHOCTh
TIOTy4aTh BBHIOOPKH CTPYKTYP € 3aJaHHBIMH T€OMETPUYECKUMH XapaKTepUCTHKaMH. Tarke MHTepdeic CHCTEeMbI ITO3BOJISIET
IIPOBOJIUTH CTAaTUCTHUUECKUI aHANW3 M CTPOUTh TUCTOrPaMMBbl PACHpPEAETICHUS Pa3IMYHBIX XapaKTEPUCTHK CTPYKTYp B
BbIOOpKe. Takum o00pa3zoM, mMMeeTcss BO3MOXKHOCTB HCCIIEAOBATH KOPPEISIMIO T€OMETPUHU IPOCTPAHCTBEHHBIX CTPYKTYpP
HCCIeyeMbIX MOTHBOB C aMMHOKHCIIOTHOH ITOCIIe/IoBaTeIbHOCTRI0. CHcTeMa MO3BOJISIET BBHITPYKATh MTOTy4YEeHHBIE BEHIOOPKH B
¢aiinoByto cucremy B ¢opmare CSV. dopMaT BBITPY3KH W Ha0Op BBITPY)KaeMBIX JaHHBIX HacTpauBaercsi B MHTep(elice.
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BeIrpy3zka MOXeT cofepKaTh KaK BCE FEOMETPUUECKHE XAPAKTEPUCTUKHA UHTEPECYIOIUX CTPYKTYP, TaK U COOTBETCTBYIOIINE
aMUHOKHCIIOTHBIE TIOCTIeJoBaTeIbHOCTH. VIHTepdeiic 0a3pl JaHHBIX II03BOJNSET Takxke npocMartpuBate 3D momenun
HMHTEPECYIOIIUX CTPYKTYPHBIX MOTHBOB.

KuiroueBble €JI0BA: CTPyKTYpHBIE MOTHBBI OEIKOBBIX MOJEKYN, 6a3a JAHHBIX, CIHPAIbHBIC MAPBI, MEKCIUPAIbHBIC
PacCTOSIHUSA, YIIbl MEXY OCAMU CIUpAe, IUIOalb NEPECEUEHUS IPOCKIUI CIUPATIEH.

1. Introduction

The importance of creating a database of structural motifs that have unique spatial styling of the polypeptide chain and
their further study follows from the interest of researchers in these structures [1], [2], [3], [4], [5]. [6]., [7]. Structural motifs
formed by two a-helices located in the polypeptide chain one after another and interconnected by constrictions are described in
[2], [3]. They are compact spatial structures. It is also known from the literature that the densest packing of two a-helices is
achieved with antiparallel, perpendicular and so-called beveled orientation between the helices. Examples of such packages are
super-secondary structures: a-a-corners, a-a-hairpins, L-shaped and V-shaped structures [3]. Thus, the creation of a database
of all structural motifs of protein molecules registered in the bank of PDB protein structures [8], which allows a comprehensive
analysis of structures, is an extremely important and urgent task [9], [10], [11], [12], [13]. This work is aimed at the creation of
a database of helix pairs formed by two helices of any type located in a polypeptide chain one after another and interconnected
by constrictions of different lengths having different conformations. In published works [14], [15], [16], the approach we
developed for the selection of helical pairs in the structures of protein molecules presented in PDB was described. In these
studies, structures were studied in the formation of which two helices of any type participate: a-helices (type H helix), 310-
helices (G-helix) and =-helices (I-helix). A point model of a helix pair was proposed, which describes structures with four
points in space. Indeed, if we approximate both helices by cylinders onto which the helices formed by a thread passing through
Ca atoms are wound, then the beginnings and ends of the axes of the cylinders will give us those four points that completely
describe this super-secondary structure.

Important characteristics of helix pairs are inter-helix distances (interplanar distance, minimum distance and distance that
describes the relative location of the helices in the helix pair), angles between the axes of the helices and the intersection area
of the projections of the helices.

Other main characteristics of the studied structures and their descriptions are presented below:

» PDB code - a unique code of a protein molecule in Protein Data Bank in which the structure is detected;

* beginning of structure - the number of amino acid residue corresponding to the beginning of the first helix in the protein
molecule;

* beginning of the connection- the number of amino acid residue corresponding to the beginning of the banner;

« end of structure - the number of amino acid residue corresponding to the end of the structure;

* end of structure — number of amino acid residue corresponding to the end of the second helix;

» angle between the axes of the helices is the interhelix angle o;

» distance between planes - interplanar distance d;

* projection intersection area — the area of the intersection of the projections of the cylinders;

* secondary structure of DSSP - the result of processing the structure with the DSSP program [17];

* Helix A primary structure — amino acid sequence corresponding to the first helix of the structure;

« the primary structure of the constriction is the amino acid sequence corresponding to the constriction;

« helix B primary structure — amino acid sequence corresponding to the second helix;

« connection length - the amount of amino acid residues in the hauling;

« helix A structure length - the number of amino acid residues in the first helix;

« helix B structure length - the number of amino acid residues in the second helix.

2. Methods
2.1. Server side

The server part of the portal is written in the Python programming language. This language was chosen for several reasons:

1. Python is one of the most commonly used languages for developing applications related to Data science, and has a wide
range of tools for processing data;

2. Python has developed tools for working with biological data, for example BioPython;

3. the existence of ready-made modules for importing Matlab files into Python.

The simplicity and convenience of developing Internet applications in Python, especially in conjunction with existing
frameworks, also played an important role. This project used the Django framework as the basis for the site.

An ORM system (Object-relational mapping, converting relational DBMS data into objects of a programming language)
can significantly simplify and speed up the development of interaction with the database, as well as abstract from direct work
with the database as such, which makes it possible, if necessary, to replace it with minimal effort DB.

To store data at this stage, relational DBMS (Database Management System) MySQL is used. The choice of the DBMS
was determined, first of all, by the ease of installation and integration with the application. In the future, in order to support
broader and more flexible capabilities, it is planned to switch to non-relational (relational DBMSs work with data in the form
of tables and relationships between them; non-relational DBMS include any other DBMS) ElasticSearch DBMS, which has the
following capabilities and advantages:

- high performance when working with large volumes of data;
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- convenient and functional interface for integration with software;
- the ability to store and index arbitrary data structures, including nested ones;
- wide possibilities for data search.

2.2. Client side

The client part is divided into three parts: tabular data view interface; interface for viewing distributions; interface
visualization of molecules and functional elements.

The tabular data viewer interface is written in JavaScript + HTML + CSS to adhere to the basic standards applicable to
technologies for developing sites on the Internet and there is no need for complex client-side logic that could require the use of
CSS preprocessors, visual HTML editors or JavaScript frameworks.

The distribution histogram viewing interface was created using the Google Charts library, which provides the necessary
functionality with ease of integration and a fairly high speed. The visualization interface uses the JSmol display system, which
allows viewing the visualization of molecules and fragments of molecules in a web browser. This solution is non-alternative
for such functionality. In this case, the displayed fragments of molecules are placed in the file system as files in the PDB
format. JSmol also uses its own server-side script in php, which in the future is planned to be replaced with its own backend,
which allows you to use data from the database, and not directly as files.

3. Results

The work presents a database of structural motifs of protein molecules, consisting of two elements of the secondary
structure, having unique stackings of the polypeptide chain in space. The studied motifs are pairs of any type of helices,
interconnected by constrictions of different nonzero lengths and various conformations. For each structure, geometric
parameters are calculated. The database of double-helix motifs of protein molecules is available on the Internet
URL:http://protdb.org. The developed database allows you to build samples of structural motives according to geometrical
parameters of interest, and also provides the opportunity to study the relationship of the spatial structure geometry with the
amino acid sequence using the developed tools.

The database interface allows you to search, sort, filter by all parameters, which makes it possible to obtain samples of
structures with specified geometric characteristics. Also, the system interface allows for statistical analysis and histograms of
the distribution of various characteristics of structures in the sample. The system allows you to upload the resulting samples to
a file system in CSV format. Unloading may contain both all geometric characteristics of the structures of interest, and the
corresponding amino acid sequences. The database interface also allows you to view 3D models of structural motives. The
implemented basic functionality for viewing structural elements with a limited set of analytical tools implies further expansion
of capabilities.

It is also planned to implement the import functionality of structures created using the Matlab application.
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