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ABSTRACT PhosphaBase is an ontology-driven
database resource containing information on the
protein phosphatase family. It is the first public
resource dedicated to protein phosphatases, which
are enzymes that perform dephosphorylation reac-
tions. In conjunction with the phosphorylation ac-
tion of protein kinases, phosphatases are involved
in important control and communication mecha-
nisms in the cell. They have also been implicated in
many human diseases, including diabetes and obe-
sity, cancers, and neurodegenerative conditions.
PhosphaBase aims to centralize the growing base of
knowledge in the phosphatase research domain.
The resource is built around a formal, domain-
specific DAML�OIL ontology, and the data are col-
lected from heterogeneous biological sources using
Gene Ontology terms as a means of data extraction.
The overall ontology-driven architecture provides a
robust structure with distinct advantages for sus-
tainability and provides the potential for the devel-
opment of diagnostic tools, as well as a data reposi-
tory. Proteins 2005;58:290–294. © 2004 Wiley-Liss, Inc.
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INTRODUCTION

In the public domain, there are a growing number of
resources dedicated to specific protein families, for ex-
ample, the Protein Kinase Resource (PKR),1 TRANSFAC,2

the transcription factor database, and GPCRDB,3 the G
protein–coupled receptor database. These resources pro-
vide central data repositories specifically tailored to the
requirements of the research communities they support.
They also act as a focus for that community for the sharing
and exchange of information.

Here, we present PhosphaBase, an ontology-driven pro-
tein family resource containing information on protein
phosphatases. This is the first public resource specifically
dedicated to protein phosphatases. The architecture of the
system, using ontology to manage the data, provides a new
approach to data capture and data management that has
distinct advantages over traditional database systems in
terms of sustainability and automation. In addition, Phos-
phaBase provides other services and links to related work.
For example, a local BLAST4 program allows users to
compare their protein sequence with all the phosphatases
in the database, and information about forthcoming phos-
phatase conferences is available.

PhosphaBase is available online (http://www.bioinf.
man.ac.uk/phosphabase).

The Protein Phosphatase Family

Phosphorylation and dephosphorylation reactions are
important mechanisms of control and communication in
most cellular processes, including metabolism, homeosta-
sis, cell signaling, transport, muscle contraction, and cell
growth. These reactions allow the cell to respond to
external stimuli, such as hormones and growth factors, as
well as to cellular stress and cytokines.5–10

Regulation of the phosphorylation state of cellular tar-
gets is controlled by the interaction of protein kinases and
protein phosphatases. Since phosphorylation events play a
part in almost all biological processes, protein kinases and
protein phosphatases are important targets for medical,
pharmaceutical, and molecular biology research. Both
protein kinases and protein phosphatases have been impli-
cated in many human diseases, including cancers, diabe-
tes and obesity, and neurodegenerative conditions.11–20

Therefore, specific resources dedicated to these protein
families are essential to capture the growing knowledge in
these areas. There are already several resources dedicated
to protein kinases, for example, the PKR1 or KinBase.21

However, up until now, there has not been a public
resource specifically dedicated to protein phosphatases.

Database Content

The content and data structure of PhosphaBase was
constructed in close collaboration with phosphatase biolo-
gists. Since the database will primarily be serving the
phosphatase research community, the data contained
within it had to reflect the needs of that community. As a
result, the data in PhosphaBase range from the genomic
level to three-dimensional (3D) protein structures. The
current release has over 2800 phosphatase entries from
345 different species.

All data in PhosphaBase have been populated with data
extracted from peer-reviewed literature and from publicly
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available databases [e.g., UniProt,22 Protein Data Bank
(PDB),23 LocusLink,24 etc.]. PhosphaBase reflects the col-
lective knowledge of the phosphatase research community
and does not attempt to alter or modify those views.

MATERIALS AND METHODS
PhosphaBase Architecture Overview

PhosphaBase is an ontology-driven resource. It is con-
structed around two separate ontologies, a phosphatase
domain–specific ontology (the PhosphaBase ontology) to
manage the structure and content of the database, and the
Gene Ontology25 to facilitate extraction of relevant data
from external biological sources. The PhosphaBase ontol-
ogy was built using the ontology editor OILED26 in the
description logic language DAML�OIL.27

The structure of the PhosphaBase ontology was used to
form the PhosphaBase relational database schema. Each
of the properties necessary for ontology descriptions formed
database tables, or fields within tables, mapping the
ontology to the database.

PhosphaBase data are stored in a MySQL relational
database with a java servlet, web-accessible user inter-
face. Since java is platform-independent and both MySQL
and java are freely available, this will facilitate the
installation of local copies of the resource by users should
they wish in the future.

Figure 1 shows the overall architecture of the Phospha-
Base system.

Data Extraction

The data in PhosphaBase have been extracted from a
number of different publicly available biological data-
bases. Automatically extracting all relevant data without
introducing any irrelevant data, and without omitting
results, presented a number of problems. The same mole-
cule can have multiple names, which can have multiple
derivative abbreviations; for instance, protein-tyrosine
phosphatase 1C has also been called protein-tyrosine
phosphatase nonreceptor type 6, PTP-1C, hematopoietic
cell protein-tyrosine phosphatase, 70Z-SHP, SH-PTP1,
PTP-1C, and PTP1C. Key word searches that do not
include all synonyms may result in the omission of data.
Another problem common to most biological databases is
that some of the information, often the most pertinent or
important, is stored in free text, which is computationally
unreadable.

To overcome these problems in PhosphaBase, we do not
rely on free-text and key word searches to extract data
from biological resources. Instead, data are extracted
using terms from the Gene Ontology.

Gene Ontology

The Gene Ontology project (GO) began after whole-
genome sequencing initiatives revealed that almost all
gene products were common to Eukaryotes. The aim of GO
is to provide a controlled vocabulary to describe these
common gene products, thereby ensuring a shared under-
standing of terminology in the scientific community. There
are now over 17,500 terms in GO, and many biological

databases have been working to annotate their entries to
GO terms. Consequently, GO is becoming an important
factor in the unification of heterogeneous biological re-
sources. Problems associated with free-text searching are
greatly reduced by using the GO terms to extract relevant
data. A single GO term has associated with it all know
synonyms for a particular biological molecule, which means
that the user can extract all relevant information without
having to know all of those synonyms. For example,
searching proteins annotated to the GO term “protein
tyrosine phosphatase activity (GO: 0004725)” returned
201 results. Out of the 201 proteins, 67 had names that did
not include the key words “tyrosine phosphatase” or
“PTP.” Therefore, performing a similar search using key
words would have missed all of these proteins, unless the
names of each were incorporated into the key word list.

Figure 2 shows the resources currently accessible using
GO terms.

Fig. 1. A diagram representing the PhosphaBase architecture. The
domain-specific ontology is the central organizational point of Phospha-
Base. It was constructed using peer-reviewed literature and contains GO
terms relating to protein phosphatases. These GO terms facilitate the
extraction of data from biological resources into the database. The java
servlet user interface directly accesses the database.
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The PhosphaBase Ontology

The GO is made up of three separate ontologies: molecu-
lar function, biological process, and cellular component.
While terms from these ontologies can provide a lot of
information on individual gene products, many areas are
not covered from a protein family perspective. For ex-
ample, information on structural elements and motifs is
an important consideration when comparing closely re-
lated protein families. Similarly, GO does not address
genotype–phenotype relationships and the involvement of
a gene product in a disease state, but instead focuses only
on the “normal” state. For these reasons, we concluded
that in order to properly represent the phosphatase re-
search domain, we had to build a domain-specific ontology
that would encompass those areas identified by the commu-
nity as important.

We modeled the phosphatase research domain in a
DAML�OIL ontology. DAML�OIL is a formal, descrip-
tion logic language. In such a description logic system,
terms (or classes) in the ontology can be explicitly defined
by their relationships with other terms and by the at-
tributes assigned to them. For example, classes can be
represented in taxonomic hierarchies; an enzyme “is a”
protein and a phosphatase “is an” enzyme. They can also
be described by their properties; a tyrosine phosphatase
“dephosphorylates” tyrosine residues, protein phospha-
tase type 2A “contains” exactly 3 subunits and requires “no

metal ions” for activity. In this way, phosphatases can be
described by their functional and structural properties.

In the PhosphaBase ontology, each phosphatase subfam-
ily is described in terms of its enzyme activity, its domain
and subunit structure, known substrates, inhibitors and
activators, and functional motifs. The descriptions allow
us to distinguish any phosphatase subfamily from any
other. The result is that the computer captures the under-
standing of what a phosphatase protein is in a comparable
manner to that of a domain expert. For example, if human
experts were asked to define what a protein phosphatase
type 2B is, they would use the functional and structural
properties of the molecule. They might say that it is a
serine/threonine phosphatase, that it has two subunits,
calcineurin A and calcineurin B, and that for enzyme
activity it requires the presence of calmodulin and cal-
cium. The definition in the DAML�OIL ontology gives the
same information. The structure of the DAML�OIL means
that there are no computationally unreadable free-text
definitions. The definitions are produced from the proper-
ties and attributes of each ontology class.

Automated Classification

Using a formal DAML�OIL ontology in PhosphaBase
not only supports a robust data repository for phosphatase-
related data but also enables the development of a knowl-
edge base and diagnostic tool for phosphatase classifica-
tion. To give an example of this functionality, the classical
protein tyrosine phosphatase family (the PTP family) is
divided into 8 receptor-type transmembrane subtypes and
9 nontransmembrane subtypes.28 The GO terms for PTP
proteins, however, do not account for these subtypes. GO
divides the PTPs into receptor-type and nonreceptor-type
PTPs, as that is their functional distinction. Therefore,
extra analysis would be required to classify each PTP
annotated to the GO terms into the different subtypes. The
PhosphaBase ontology can be used to automatically clas-
sify tyrosine phosphatases into these groupings by compar-
ing the domain architecture.

Membership in a particular tyrosine phosphatase sub-
type is dependent upon the organization of functional
domains; for example, receptor-type subtypes have a trans-
membrane domain and either 1 or 2 tyrosine phosphatase
catalytic domains, whereas nonreceptor subtypes only
have 1 tyrosine phosphatase catalytic domain and no
transmembrane domain. Several nonreceptor-type sub-
types contain an F ezrin-radixin-moesin (FERM) homol-
ogy domain, but each contains a different number of
PSD-95, Dlg, and ZO-1 (PDZ) domains. By performing a
domain/motif scan of each sequence using a protein pat-
tern database, such as InterPro,29 the domain architecture
of each sequence can be determined. A comparison of the
domain architecture of each sequence and the domain
architecture “rules” for membership in each PTP subtype
in the ontology can be achieved using a description logic
“reasoner,” such as FaCT,30 over the ontology. Expressing
these relationships in the formal DAML�OIL structure
allows the reasoner to assign a place for each protein in the
family hierarchy.

Fig. 2. A diagram showing biological resources that have GO annota-
tions and are therefore accessible using GO terms. Bold lines denote
direct accessibility. Plain lines denote resources that are integrated to
those that are directly accessible.
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One of the most useful applications of an automated
classification system such as this would be the annotation
of phosphatases in new genomes.

RESULTS
Database Searching and Results

PhosphaBase is publicly available over the Internet.
Searches can be performed using a series of preformed or
“canned” queries. A quick search facility allows users to
search for specific phosphatases by name or accession
number, or for a specific phosphatase subfamily. An ad-
vanced search facility allows for more varied and complex
data queries, including disease associations, genomic posi-
tions, and GO term associations for cellular location,
biological process, and molecular function.

Search results can be returned as a simple list of
database hits, or as a series of short summaries, including
gene names, protein names, and organism and subfamily
information. Results are color-coded depending on the
classification of each phosphatase match. For example,
tyrosine phosphatases are red, serine/threonine phospha-
tases are green, and dual-specificity matches are yellow.
This allows the user to see “at a glance” the type of
molecules that match their query.

Multiple Views

All information in the database about any particular
phosphatase can be retrieved from any canned query
result using the Alternative Views button bar on each
results page. There are 6 alternative views:
Protein View contains all information specifically related
to the protein itself. This includes name(s) and identifiers,
family classifications, subunit/domain structure, amino
acid sequence(s), catalytic activity, inhibitors, activators,
substrates, cellular locations, and cellular processes.

Gene View contains all information specifically related
to the gene. This includes name(s) and identifiers, genomic
location, and LocusLink identifiers.

References currently contains all references relating to
the submission of a phosphatase to a biological sequence
database (UniProt, Trembl).

Database Links provide a list of other biological data-
bases containing the molecule and provide links to these
external sites.

Disease gives descriptions of disease states relating to
phosphatases from the Online Mendelian Inheritance in
Man (OMIM)31 database and links to OMIM.

Structure provides descriptions of existing 3D struc-
tures and provides links to the PDB.

Example Queries

Since PhosphaBase is currently the only resource dedi-
cated to phosphatase family data, queries can be per-
formed over the data that are difficult and/or not possible
elsewhere. The tutorial page in the PhosphaBase resource
details query construction and the types of queries pos-
sible. Queries can be performed for specific phosphatase
molecules, for example, “All dual-specificity phosphatase 2
proteins.” Alternatively, they can be for more generic

subfamily characteristics, for example, “What are the
known inhibitors for members of the protein phosphatase
type 2B subfamily?” Queries can also focus on functional or
biological process information (e.g., “All human phospha-
tases involved in adhesion”). The origins of query results
can be traced back to the peer-reviewed literature through
links to PubMed.

Database Sustainability

One of the greatest challenges in biological data manage-
ment is the maintenance of a resource over time. Often,
one or more full-time database curators have to be ap-
pointed to keep databases updated and annotated, and in
some disciplines, the amount of data generated per day or
per week is vast. While this method is effective, it is prone
to funding problems, especially in the academic environ-
ment. If funding is discontinued, the resource becomes
outdated quickly. The use of ontology to manage Phospha-
Base should prevent such problems. Data extraction from
external resources using GO terms reduces protein syn-
onyms and alternative nomenclature problems, enabling
automated update strategies. When external resources
issue new releases, the data are parsed for GO molecular
function terms relating to protein phosphatases, and any
new data are extracted to the database. This considerably
reduces the number of human hours required to keep
PhosphaBase updated and should sustain the life of the
resource.

DISCUSSION

PhosphaBase is a resource designed primarily for those
working on protein phosphatases but is expected to serve a
broader scientific community. The protein phosphatase
field is a growing area of research due to the diverse and
numerous roles that phosphatases play in cellular regula-
tion and disease. The amount of data being generated is
increasing at a high rate and needs to be centralized and
organized.

PhosphaBase is the first database resource to focus on
the phosphatase domain, so we hope it will be useful for
the phosphatase community. However, the scope of this
project could be greatly extended in the future. The
properties used in the ontology to describe phosphatases
are not properties that are unique to the phosphatase
family. They are essentially the same properties that
would be used to describe any other enzyme. Conse-
quently, the architecture and organization of Phospha-
Base could be used as a basis for developing similar
resources for other enzyme families. Since phosphatases
and kinases are so often involved in the control of the same
biological processes, the protein kinase family would be
the natural choice for the expansion of the system.

Many of the properties in the PhosphaBase ontology are
not only unique to enzymes but also describe the generic
properties of proteins. For this reason, it should also be
possible to extend the model even further than enzymes
and produce a generic ontology model for capturing protein
family data. We have recently been addressing this issue.
The benefits gained from using an ontology-driven system
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could be advantageous to other research communities
working on specific protein families.
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