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ABSTRACT

RegulonDB is a database on mechanisms of
transcription regulation and operon organization in
Escherichia coli K-12. The current version has
considerably increased numbers of regulatory
elements such as promoters, binding sites and
terminators. The complete repertoire of known and
predicted DNA-binding transcriptional regulators
can be considered to be included in this version. The
database now distinguishes different allosteric
conformations of regulatory proteins indicating the
one active in binding and regulating the different
promoters. A new set of operon predictions has been
incorporated. The relational design has been modified
accordingly. Furthermore, a major improvement is a
graphic display enabling browsing of the database with
a Java-based graphic user interface with three zoom-
levels connected to properties of each chromosomal
element. The purpose of these modifications is to make
RegulonDB a useful tool and control set for tran-
scriptome experiments. RegulonDB can be accessed
on the web at the URL: http://www.cifn.unam.mx/
Computational_Biology/regulondb/

INTRODUCTION

RegulonDB is a relational database containing information on
mechanisms at the level of transcriptional initiation as well as
operon organization with their terminator signals in the
Escherichia coli K12 chromosome. The database is updated
constantly by searching in original publications, and it is
complemented by computational predictions. All this information
is mapped in the genome sequence. This accumulated
knowledge includes 2996 MEDLINE and PubMed links to the
literature, plus 2451 links to GenBank. Computational predic-
tions and their methods have been published previously (1,2).
Previous publications in this yearly issue explain the initial
relational design and subsequent modifications (3-5). The
relational design keeps a constant evolution given the enriched
expansion of the type of information that is added.

This paper describes the major updates and changes during
the previous year to the database. There has been an increase in
the number of all objects, such as promoters, binding sites and
operons. What we consider the complete repertoire of 314
DNA-binding transcriptional regulators, both known and
predicted, has been incorporated (6). The set of predicted operons
has been updated (7). Furthermore, we have modified the database
to incorporate different conformations of regulatory proteins that
depend on their allosteric or covalent modifications, and that
enable addition of not only effector metabolites involved in the
allosteric interactions, but also the changes in the conditions
that provoke the regulated changes in the cell. Furthermore, an
innovation in this new version is a set of Java-based graphic
user interfaces starting from the whole genome, to a region
encompassing on average 18 genes, down to selecting
individual operons with their transcription units, and their
associated regulatory elements. All these graphic descriptions
enable navigation to the text describing the properties of the
different chromosomal elements. Table 1 lists links to Supple-
mentary Material illustrating several aspects mentioned here.

OVERVIEW OF THE CURRENT DATA

As in previous versions, the database contains both information
gathered from the literature and with the associated
MEDLINE, PubMed and/or GenBank link to the original litera-
ture. Important additions include a total of 314 transcriptional
DNA-binding regulators out of which 165 have experimental
evidence and the rest have been predicted based on their helix—
turn—helix DNA binding motif (6); we have also changed the
complete set of predicted operons, to 578 predicted operons,
resulting from a well-defined method based on distances in-
between genes and their functional classes when available (7).
Relevant information about binding sites and promoters
published in a specialized Escherichia coli book on regulation
(8) were all obtained and included in the database, involving
additional searches to complement their relative position or
regulated promoters in many cases.

Moreover, we have expanded the design of the database to
take into account the different conformations available for
regulatory proteins based on their interactions with small
metabolites (usually allosteric interactions) or covalent
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Main page of RegulonDB (3.2)
Graphic user interface
Summary table

Conditions and effector metabolites

http://www.cifn.unam.mx/Computational_Biology/regulondb
http://www.cifn.unam.mx/Computational_Biology/regulondb_graph
http://www.cifn.unam.mx/Computational_Biology/regulondb/docs/summary.html

http://www.cifn.unam.mx/Computational_Biology/regulondb/docs/signal_condition.html

modifications (phosphorylation, methylation, etc). By far most
regulatory proteins have two allosteric conformations, one
capable of binding to DNA and affecting transcription and the
other unbinding from the DNA. There are, however, few cases
of proteins interacting with more than one metabolite and
affecting transcription differentially, such as the case of TyrR
interacting with phenyalanine, tyrosine and tryptophan (9-11).
The design we implemented is not limited to two conformations
for each protein. For each regulatory interaction, however,
only one conformation is the ‘active’ one, that is the one that
binds to DNA and has a defined positive or negative effect on
a given promoter. This enables encoding in the database cases,
for example, of a protein that binds in two conformations and
activates and represses a single promoter. For instance, AraC
binds to DNA and activates in the presence of arabinose the
araBAD operon (12)—this is one regulatory interaction—
whereas in the absence of arabinose it binds to a similar site but
now repressing the same promoter, and therefore supporting a
different regulatory interaction as defined in the database.
Similar cases are those of Ada binding unmethylated (repressing
at high concentration) as well as methylated (activating) ada
promoter, whereas it only activates the alkA promoter (13).
Note that what we call ‘active’ conformation has nothing to do
with activators or repressors but with the configuration that is
able to bind DNA and have a defined regulatory effect.

To date, RegulonDB contains information that is knowledge
supported on the molecular biology of the different systems.
We consider that it is useful, especially for analyzing transcrip-
tome experiments, to expand the database in order to include
knowledge from genetic studies in the absence of details of the
molecular machinery. Thus, knowing for instance, that in the
presence of lysine E.coli represses lysP gene (in the absence of
a detailed mechanism) is potentially useful information (14) in
the analysis and interpretation of transcriptome experiments.
An important effort has been in gathering information on the
effector molecules that interact with these proteins, and by
these means modify the activation or repression of different
genes and operons.

COMPUTATIONAL INFRASTRUCTURE AND GRAPHIC
USER INTERFACE

We have, as mentioned above, modified the database to
include the expansions described previously. These are basi-
cally the addition of a table for conformation previously of
regulatory proteins, and the encoding of conditions and their
link to a regulatory protein, an effector metabolite, and the
effect (inducing or repressing) on the regulated genes. We can
then include associations between conditions, i.e. glucose as
carbon source, and its effect diminishing cAMP and by these
means affecting regulation of CRP-controlled promoters. In

less characterized genes there may only be an association
between, for instance, high osmolarity in the medium and the
repression of mdoGH genes (15).

We have spent considerable effort in improving the graphic
capabilities of RegulonDB. A Java applet display (Java™
Development Kit JDK™ 1.1.3 Product of Sun Microsystem,
Inc.) starts with a circular representation of the whole E.coli K-12
genome. In this graph forward and reverse genes are easily
identified. This circular representation is clickable and a new
window is generated displaying all known and predicted
objects within a range of 18 kb centered at the selected
position, and with arrows at each extreme that enable
‘walking’ through the chromosome in either direction. Genes
and their clustering into operons are displayed, as well as
regulatory elements. We have colored the genes based on their
functional classification from Riley (16). An additional
window is displayed showing the color code.

Further navigation enables the user to get the detailed
information about a particular gene, or to focus on a particular
operon. The window on the individual operon displays the
operon organization, its regulatory elements and the different
transcription units associated to it. The different elements
(operons, genes, regulatory elements) are clickable in order to
obtain text information about their individual properties.
Briefly, this new version of RegulonDB has an increased
amount of information and a much more attractive graphic
browsing interface. A new server supporting the database will
speed its access on the web.

AVAILABILITY

RegulonDB 3.2 can be accessed through the URL: http://
www.cifn.unam.mx/Computational_Biology/regulondb/. We
kindly ask users of RegulonDB to cite this article.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at NAR Online.
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