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Biological information

Pathways

Knowing the complete sequencing of the ge-
nomes of organisms makes it possible o identify
their genetic participants. However, the activity in
an organism depends not only on the functional-
ity of genes but also on relations and regulatory
mechanisms established among them. The cell
functions have a series of interactions, which of-
ten form pathways that can be grouped togeth-
er for either organizational or functional reasons.
These pathways assemble multiple biological
data types, including metabolic pathways, sig-
nal fransduction pathways, protein-protein inter-
action networks, gene regulatory pathways and
genetic interactions.

Transcription regulation in Escherichia coli (ge-
netic pathway)

Transcription is the first step leading to gene ex-
pression; therefore, transcriptional regulation is
one of the most important regulatory mechao-
nisms. This pathway describes how genes could
be expressed, and tfranscription factors (TFs) as
one of their main participants. The role of these

factors is to coordinate and regulate the expres-

sion of the genes of an organism. The processes

occur with the participation and interaction of
different regulatory elements.

A chromosome contains several regions,
which include the following:

* genes involved in producing a polypeptide
chain or stable RNA;

e promoters that are comprised by a transcrip-
tion start site (TSS) and short conserved se-
qguences upstream of the TSS, which mediate
the binding of RNA polymerase. Each promot-
er is specific to a particular sigma factor;

* binding sites (BS) for TFs; these sites are recog-
nized by the transcription factors within a ge-
nome;

* ferminators, which are required regions to fin-
ish the transcription process.

In addition to these DNA segments, there are
other types of molecules acting in genetic path-
ways, including:

e protfeins, which perform a large number of
regulatory functions (RNA polymerase, sigma
factors (o), TFs, efc.);

* small molecules (such as phosphorus, CAMP,
iron, efc.);

* RNAs, such as mRNA, tRNA, IRNA and sRNA.

The interactions among all the elements above
mentioned parficipate in genetic regulation
pathways.

The organization of genes in a genomic
context allows making regulation process more
efficient [1]; for instance, operons express coor-
dinately a set of genes of a single promoter in
bacteria [2]. However, some cases are complex
because they may contain several promoters,
out of which some can be internal. Each pro-
moter related to an operon produces a single
MRNA, this structure is known as transcriptional
unit (TU) [3].

Regulon DB

RegulonDB contains information regarding regu-
latory elements and the events involving them
(http://fregulondb.ccg.unam.myx). This curated in-
formation is high quality, complete and updated
[4]. The last version includes a much more pre-
cise definition of biological concepts; all the ele-
ments we have already mentioned are curated
in this database.
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The events involving these elements include
the complexes formed between TFs and effec-
tors generating specific conformations, which
can be either active or inactive. The function of
the TFs depends on the binding o DNA-BS under
the control of a specific promoter. The action of
integrating all these events is called regulatory
interaction (RI).

Also, RegulonDB is linked directly to a number
of bioinformatic tools that facilitate the analysis
of data sets and tools for microarray, as well as
direct access to full papers supporting all this
knowledge. In summary, RegulonDB represents
a "gold standard” in the bioinformatics of gene
regulation design bacterial genomics [4].

Biological Databases and
Bioinformatics tools

Needs and difficulties

The number of biological databases is growing
fast. Nevertheless, the information contained in
these databases has distinct data models, ac-
cess methods, file formats and semantics. This
diversity of implementation makes it extremely
difficult to collect data fromm multiple sources,
and therefore slows down the scientific research
that involves pathways [5, 6]. This generates the
need to develop a format for biological pathway
data exchange.

Several standard exchange formats have
been developed in order to make heterogene-
ous data sources easier to use and share. The
Systems Biology Markup Language (SBML) [7] and
CellML [8] represent mathematical models of
pathways designed for quantitative simulation of
concentration profiles of components over time.
The Proteomics Standards Initiative’s Molecular
Interaction (PSI-MI) format enables to exchange
molecular interaction data sets [5]. Finally, the
Biological Pathway Exchange (BioPAX) format
enables the exchange of biological pathways in
general [9].

The aim of the BioPAX project is to develop a
standard data exchange of biological pathways
based on XML. The project is structured in several
levels. The first level provides an exchange lan-
guage of metabolic pathways; the second level
allows the access to molecular interaction dao-
tabases. The development of the third level has
been initiated and will include signal transduc-
fion and regulatory networks. We are currently
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working in collaboration with the BioPAX team,
specifically in the expansion of the ontology re-
lated to transcriptional regulation of bacteria.

The aim of this work is:

¢ to collaborate with the BioPAX team to expand
the scope of BioPAX;

* to extend the format to support gene regula-
fion information;

* to establish a relationship so that data con-
fained in RegulonDB can be franslated into
the BioPAX format;

e to implement a process to generate a BioPAX
file containing the full data of RegulonDB.

Methodology

The process of translating data from RegulonDB

into the BioPAX format can be divided in four

general activities:

¢ understanding the BioPAX format.
To make a correct translation of the data is an
important step to understand the BioPAX for-
mat in terms of structure, concepts and defini-
tions; and by means of this, the representation
of knowledge;

* indentifying entities in RegulonDB.
As we mentioned earlier, RegulonDB contains
the complete detailed information of the ele-
ments of the transcriptional regulatory network
of E. coli, thus, the RegulonDB physical entities
involved in this process need to be identified;

e expanding the format with fran-
scriptional regulation and adapta-
fion of RegulonDB entities into BioPAX.

This activity consists on mapping RegulonDB
into BioPAX. During the mapping process, it
was found that there was not a right place or
class to map some RegulonDB data; it was
therefore necessary to create or expand a
number of BioPAX classes;

e automation of the franslation process.
A computer program was developed and im-
plemented in order fo translate the RegulonDB
data into the BioPAX format.

Implementation

a) Understanding the BioPAX ontology
Considering that BioPAX is an ontology based
format, it is necessary to understand the generic
components of ontologies and how they repre-
sent biological knowledge.
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Ontology components

Individuals: also known as instances of a
class, they represent objects in the domain we
are interested in [10]. For example: the araC
gene.

Properties: the characteristics of individuals
that can also express relations with others indi-
viduals. For example: sequence, binds to.

Classes: they can be interpreted as sets that
contain individuals. They are described in for-
mal ways that state precisely the requirements
for membership to the class. For example, the
Protein class would contain all the individuals that
are proteins within our domain of interest [10].

In the BioPAX format, the root class for all the
interacting components in the onfology is called
“Entity” and represents a discrete biological unit.
The entities include pathways, interactions and
physical entities. The class that serves to represent
entities with a physical structure is called "Physical
Entity” and contains several subclasses.

An example of a class, its properties and an
individual belonging to that class is presented
below.

A class:
Class Protein
Properties Name
Cellular Location
Comment
References

Individual of this class:

Name AraC

Cellular Location | Cytoplasm

Comment Molecular Weigth: 33.384
Isoelectric point: 6.95

References Hendrickson W., et a., 1990.

b) Identifying entities in RegulonDB

We identified RegulonDB physical entities in-
volved in the transcriptional regulation process to
establish a relation (Mapping) between BioPAX
and RegulonDB (Fig.1).

c) Expanding the format that supports transcrip-
tional regulation and adaptation of RegulonDB
entities into BioPAX

The mapping process consisted on matching
the relationships of each element of the regu-

L

Physical Entities

Physical Entities — DNA components

Binding sites genes terminator Shine Dalgarno
= i A
il
/ Physical Entities — Other types

Sigma Factors Enzyme
Protein ‘
\e
a
Small molecule Amino acids | metabolites
Yvvy O.O. »
[ mRnA RNA
RNA J J J
N

| (OO
!omplex RNA polymerase [ Ribosomes]

Figure 1. RegulonDB physical entities to mapping into the
BioPAX format
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latory network with the overall framework of the
BioPAX ontology.

This was achieved by using the description of
BioPAX classes to relate each RegulonDB entity
with one or more classes. However, as BioPAX did
not have enough support to represent genetic
regulation, there was no place to map some
data from RegulonDB. We collaborated with the
BioPAX team to include details of the genetic
regulatfion specifically; as a result, the format
was improved, obtaining a better representa-
fion of it. This also allowed us o create rules to
validate errors or wamings that will be useful in
future in terms of validating gene regulation be-
havior. Thus, classes, such as Template Reaction
Regulation, Template Reaction, Dna Region,
Dna Region Reference, Rna Region and Rna
Region Reference were created and/or modified
to have a suitable representation of the genetic
information (Fig. 2).

The final relationship (Mapping) between the
RegulonDB and BioPAX is shown on Table 1.

This table contains an overview of the actual
mapping; although, we also created a detailed
document describing the specific properties
of the involved elements. This document was
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Figure.2. Example of changes on the BioPAX ontology.

used as a guide or template to translate all the
RegulonDB data o BioPAX [11].

d) Automation of the translation process
RegulonDB contains a huge amount of data;
therefore, translation must be an automated
process. A computer program was implemented
in Java; the algorithm used to franslate the data
is, in general terms, the following: load and open
the BioPAX onfology; connect to RegulonDB; cre-
ate individuals from each table. The class these
individuals belong to in BioPAX is determined by
a mapping that uses the document described
above. For instance: there are 4000 genes
stored in the RegulonDB table Gene, along with
their characteristics. The program creates 4000
individuals and places them with all their proper-
fies in the BioPAX DnaRegion class, following the
relation established in the mapping document.

Finally, when the program completes the
franslation, a file containing all the RegulonDB
datfa represented in BioPAX format is generat-
ed (http:/frequlondb.ccg.unam.mx/download/
RequlonDBSignIn.jsp); this file can be visualized
using an ontology editor such as Protégé or a
similar one.

Figure 3 shows the process described above.

Conclusions

We have collaborated with the BioPAX team 1o
include details of genetic regulation to generate
a complete and robust format. This expanded
schema proved to be adequate 1o contain tran-
scriptional regulation information, since we could
successfully tfranslate our data into the standard
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RegulonDB BioPAX
Object  External DB | Unification Xref
Link
Publication Publication Xref
Evidence Evidence and
Evidence Code
Gene Dna Region and Dna
Region Reference
Product Rna Region and Rna

Region Reference

Protein and Protein
Reference

Cellular Vocabulary

Gene Product Link

Template Reaction

Site

Dna Region and Dna
Region Reference

Promoter

Dna Region and Dna
Region Reference

Promoter Feature

Dna Region and Dna
Region Reference

Terminator Dna Region and Dna
Region Reference

Effector Small Molecule

Conformation Complex

Transcription Unit

Dna Region and Dna
Region Reference

Regulatory Interaction

Template Reaction
Regulation

Aftenuator

Dna Region and Dna
Region Reference

Dna Region and Dna
Region Reference

Attenuator Terminator

Dna Region and Dna
Region Reference

Dna Region and Dna
Region Reference

Shine Dalgarno

Dna Region and Dna
Region Reference

Rfam Dna Region and Dna
Region Reference
Motif Dna Region and Dna
Region Reference
Operon Pathway

Table 1. Relation between RegulonDB and BioPAX
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Figure.3. Diagram showing the process of mapping

format; the BioPAX file containing the full ver-
sion of RegulonDB can be downloaded from
the RegulonDB Web page at the main menu in
Downloads/Full Version option.

RegulonDB data info the BioPAX format gives
a consistent format to the database, which
also strengthens this bioinformatics platform.
Therefore, it will facilitate the process of sharing
information with other databases, as well as mak-
ing RegulonDB compatible with other standards
and allow the addition of new types of data.
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