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The importance of biological databases in modeling of structure-activity relationship
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Biological databases play a key role in bioinformatics research and applications. Many databases are known
that contain different types of information: DNA, sequences of proteins, molecule structures and others. They give
researchers access to a large amount of biological data. The aim of the current research is to present a brief overview of
major sequence databases and portals currently available and to underline open problems and future trends. The article
presents examples for the use of various biological databases for the study of opioid and cannabinoid compounds. This
investigation gives a brief description of the importance of biological databases and sequence analysis in bioinformatics
research.
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relationship INTRODUCTION

Biological databases play a key role in
bioinformatics research. They can be represented as
stories of biological information. They contain
information from research areas including genomics,
proteomics, metabolomics, microarray gene
expression, and phylogenetics. The databases give
researchers access to a large amount of biological
data[1, 2].

Biological data may refer to compounds or
information obtained from living organisms and
their products. There are many forms of biological
data, including sequence data, protein structure,
genomic data, and amino acids and the relationships
between them [3, 4].

Biological data are connected very closely with
bioinformatics, which is an interdisciplinary science
that focuses on analyzing and interpreting a huge
volume of biological data about DNA, RNA, protein
sequences, protein structures, gene expression
profiles, and protein interactions  [5,6].
Bioinformatics includes two evolving disciplines
such as biology and information technology, because
solving modern biological problems requires a lot of
computational —methods such as database
management, data modeling, pattern recognition,
data extraction, query processing and biological data
visualization. The most important task of
bioinformatics is the understanding of correlations,
structures and patterns in biological data, and next
this knowledge can be used in drug discovery,
genome analysis and biological control [1]. This
science is associated with the development of

* To whom all correspondence should be sent.
E-mail: sapundzhi@swu.bg

databases to store and retrieve biological data;
algorithms and statistics for analyzing and
determining the relationships in biological data; and
statistical tools for data identification and
interpretation [7-11].

The aim of the current research is to present a
brief overview of major biological databases and
portals currently available and to underline open
problems and future trends.

Effective management of the huge amount of
biological data that is generated on a daily basis is
crucial. A challenge for scientists is to integrate and
manage these data into existing biological databases.
They represent the libraries of biological sciences,
collected from scientific experiments, published
literature, high-throughput experiment technology,
and computational analysis [1-4].

In biological databases, information on gene
function, structure, localization, clinical effects of
mutations, similarities of biological sequences and
structures can be found.

BIOLOGICAL DATABASES

Biological databases can be broadly classified in
sequence and design databases. They can be
classified in primary, secondary and composite
databases (Fig. 1.).

The primary biological databases are well-
organized, user-friendly portals to the huge amount
of biological data that is produced by researchers
around the world.

The first primary databases appeared in the 1980s
and 1990s in order to store experimentally
determined DNA and protein sequences.
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Fig. 1. Types of biological databases.

Today, most protein sequences that can be found
in this databases are the product of conceptual
translation of genes and genomes determined by
DNA sequencing. They contain experimental data
such as nucleotide sequences, protein sequences or
macromolecular structures, which are submitted
directly to the database by the researchers [12].
Examples of the primary databases are the
following: GenBank (Genetic Sequence Databank)
[13], ENA (European Nucleotide Archive) [14, 15],
and DDBJ (DNA Data Bank of Japan) [16],
ArrayExpress (Archive of Functional Genomics
Data) [17], GEO (Gene Expression Omnibus) [18],
PDB (Protein Data Bank) [19]. The nucleotide
database was divided into three databases at NCBI:
Core Nucleotide database, Expressed Sequence Tag
(EST) and Genome Survey Sequence (GSS).

Primary Nucleotide Sequence Database

GenBank (Genetic Sequence Databank) [13].
The GenBank is one of the fastest growing
repositories of known nucleotide sequences. The
files from it contain data for sequence, access
numbers, gene names, phylogenetic classifications,
references to published literature, etc. It is developed
and maintained at the NCBI. GenBank is a part of
International Sequence Database Collaboration
(INSDC) which includes ENA database [14], DDBJ

98

database, and GenBank at NCBI  These
organizations exchange data on a daily basis.
EMBL  (European  Molecular  Biology
Laboratory) [20]. The EMBL database of DNA and
RNA sequences was established in 1980. It contains
a collection of scientific literature, which is provided
directly by researchers. EMBL is supported by EBI
(European Institute of Bioinformatics) and is in close

collaboration with GeneBank and DDBJ (Fig. 2).
Primary Protein Sequence Databases

There are a large number of protein sequence
databases, from simple sequence stores to expertly
selected universal databases. The databases that
include protein sequences are GenPept, RefSeq,
Swiss-Prot, PIR, PRF, and PDB.

SWISS-PROT (Swiss Institute of Bioinforma-
tics, Geneva) [21] - a protein sequence and
knowledge database established in 1986. It is a part
of UniProt consortium and provides information
about the functions of a protein, domain structure
and post translational modifications, etc. It is
characterized by a minimal level of excess and a high
level of integration with other databases.

TrEMBL (translation of EMBL nucleotide
sequence database) [22] consists of computer
annotated entries derived from the translation of all
coding sequences in the nucleotide databases. In this
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database, the records are automatically annotated
and unreviewed. It is a supplement of Swiss-Port
database and contains all translations of EMBL
nucleotide sequence entries which are not yet
integrated in Swiss-Port.
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Fig. 2. Nucleotide Sequence Database linkage.

PIR (Protein Information Resource) [23] is a
public bioinformatics resource to support genomic
and proteomic research and scientific studies. It was
established in 1984 by NBRF (National Biomedical
Research Foundation) in USA. The database offers a
variety of resources to support the distribution and
consistency of protein annotations such as PIRSF,
ProClass, and ProLINK.

PRF (Protein Research Foundation) [24] is the
source of information related to amino acids,
peptides and proteins. The information on synthetic
compounds, protein sequence data, molecular
aspects of proteins, and articles from scientific
journals are available in this site.

Secondary Protein Structure Databases

PDB (Protein Data Bank) [19] is the main
primary database for 3D structures of biological
macromolecules determined by X-ray,
crystallography and NMR. It was established in
1971 at Brookhaven National Laboratories. Since
1998 it is now supported by the RCSB (Research
Collaboratory for Structural Bioinformatics) [25].
PDB provides tools and resources for studying the
structures of biological macromolecules and their
relationships and functions with other sequences. It
accepts experimental data used to determine the
structures and homology models [26, 27].

MSD/EMD  (Macromolecular  Structure
Database) [28]. It is a European project for
collection, management and distribution of
macromolecular structures integrating current

database and IT with a solid core of expertise in
structural biology. It works closely with RCSB in the
USA and PDB;j in Japan [29].

EMD (Electron Microscopy Data Base) [30] is
part of MSD database [3]. MSD manages, organizes
and disseminates data on the structures of biological
macromolecules solved by 3D electron microscopy.

MMDB (Molecular Modeling DataBase) [31]
is a structural database of NCBI, containing
experimentally determined 3D  biomolecular
structures. The database contains information on the
biological function, the mechanisms associated with
the function, and the evolutionary history of
macromolecules and their relationships [32].

Secondary Domain Motif Database

The Domain Motif Database stores protein
sequence motif data which are a set of preserved
amino acid residues - important for protein function
and located at a certain distance from each other.

PROSITE database [33] stores documentation
describing protein domains, families and functional
sites, related models and profiles for their
identification [34]. Biologically significant sites,
models and profiles can be found in it, which will
allow the identification of the new sequence to
which family of proteins it belongs.

PRINTS [35] is a database for protein
fingerprints which are a group of conserved motifs
used to characterize a protein family. They can
encode protein folds and functionalities more
flexibly and powerfully than single motifs [36].

ProDom [37] is a protein domain database
automatically generated from the Swiss-Port and
TrEMBL sequence database [38,39]. It contains
automatic clustering of homologous domains, which
is arational way of organizing protein sequence data.

BLOCKS [40] is a server for sequence analysis
at the Fred Hutchinson Cancer Research Center in
Seattle, USA. The Blocks Database is a collection of
blocks with known protein families that can be used
to compare a protein or DNA sequence with
documented protein families.

COGs (Clusters of Orthologous Groups of
proteins COQG) [41,42] is a tool for genome-scale
analysis of protein functions and evolution. It is
designed to classify proteins from fully sequenced
genomes based on the concept of orthology.

3D Structure Databases

SCOP (Structural Classification of Protein
database) [43] classifies protein 3D structures in a
hierarchical scheme of structure classes. This
database contains detailed information on the
structural and evolutionary relationships of the
proteins from PDB [44].
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The DBAIi Database [45] is related to SCOP
which contains pairwise structural alignments
generated by different methods [46].

CATH (Class, Architecture, Topology,
Homologous) [47] contains a hierarchical
classification of protein domains based on their
folding patterns. They are obtained from protein
structures deposited in PDB [48].

Gene Expression Databases

GEO (Gene Expression Omnibus) [49] - a
public functional genomic data repository that
accepts data based on arrays and sequences and
provides tools to help users search for and download
experiments and curated gene expression profiles
[50].

GXD (Gene Expression Database) [51] is a
community resource with gene expression
information for the laboratory mouse. It provides
information on which transcripts and proteins are
produced by which genes, where and in what
amounts their products are expressed and how their
expression varies in different murine strains and
mutants. GXD is integrated with the Mouse Genome
Database (MGD).

MGED (Microarray Gene Expression data) [52]
contains microarray data generated by functional
genomics and proteomics experiments.

Metabolic Pathway Databases

KEGG PATHWAY  database (Kyoto
Encyclopedia of Genes and Genomes) [53,54]
contains graphical pathway maps for all known
metabolic pathways from various organisms. It is a
collection of databases dealing with genomes,
biological pathways, diseases, drugs, and chemical
substances.

EcoCyc [55] a bioinformatics database - E. coli
database, stores information regarding the genome
and biochemical machinery of E. coli K-12
MG1655.

LIGAND [56] is a chemical database for enzyme
reactions at the Institute for Chemical Research,
Kyoto. It is a composite database -currently
consisting of the COMPOUND, DRUG, GLYCAN,
REACTION, RPAIR and ENZYME databases.

PathDB [57] is a relational database that can
store detailed and specific metabolic information
and visualization methods that aid in the in silico
detection process. It allows the storage of
quantitative information on enzymatic and
spontaneous reactions and transport steps.

EMP (Database of enzymes and metabolic
pathways) [58] is a public server. It is an encoding
of the contents of over 10 000 original publications
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on the topics of enzymology and metabolism. This
information is transformed into a queryable
database. It plays an important role in the
interpretation of genetic sequence data.

Special Databases

TGI (TIGR Gene Indices) [59] database uses all
publicly available expressed sequence tags (EST)
and data known on gene sequence stored in
GenBank for each target species.

GPCRdb [60] contains reference data,
interactive visualization and experiment design tools
for G protein-coupled receptors (GPCRs). It controls
the alignment of sequences, structures, and receptor
mutations in the literature.

OPEN PROBLEMS AND FUTURE TRENDS

In our work we rely very much on biological
databases. The publication of the crystal structures
of MOR (mu-opiod receptor), DOR (delta-opioid
receptor), CBR1 (cannabinoid receptor type 1) and
CBR2(cannabinoid receptor type 2) helps in the
targeted drug design:

- MOR (RCSB, PDBid:4DKL) [61-64];
- DOR (RCSB, PDBid:4ej4) [65-70];

- CBR1 (RCSB, PDBid:5tgz) [71-74];
- CBR2 (RCSB, PDBid:2hff) [75-78].

The possibilities provided by computer methods
together with biological databases are related to
determining the intimate mechanism of interaction
between ligands and receptors, including
determining binding sites, binding energies, the
presence of specific groups in the structure of
ligands that promote their binding to receptor and
many others. Determining the relationship between
the structure of the ligand and its action using
computer methods shortens the time to find
potentially active compounds.

CONCLUSIONS

The biological databases are an important tool to
help scientists study and explain biological
phenomena from the structure of biomolecules to
their interaction and to understand the progression of
species. The current research presents examples
from the use of various biological databases for the
study of deferent compounds. This investigation
gives a brief description of the importance of
biological databases and sequence analysis in
bioinformatics research.
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