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Abstract

The eFamily project is working at improving the
navigation between the disparate resources of protein
structure and protein sequence. Integral to this work
has been the establishment of an amino acid residue
by amino acid residue mapping between the two
resources, which is held in the MSD database.
Within the project, there are also four protein family
databases, two based on protein structure (CATH and
SCOP), two based on protein sequence (InterPro and
Pfam). The mapping has allowed the information

contained in all the databases to be exchanged and
queried from a user’s point of view. In this paper, we
describe how the information contained in the
different databases is being exchanged using both the
DAS (distributed annotation system) and Web
services. Examples of a DAS client using these
resources and a Web based tool using the Web
services are presented. We also outline how these
Web services can be combined with other services to
form biological analysis pipelines.

Background to the field of Molecular Biology

In this section we briefly introduce aspects of
molecular biology that are used in this paper for the
benefit of readers outside the field. Within each of
the billions of cells in the human body resides the
genetic information in DNA. Genes are regions of
the DNA that are used to make messenger RNAs in a
process called transcription. The messenger RNAs are
then used to provide a template to produce proteins in
a process called translation. DNA, RNA and proteins
are all polymers of a small pool of monomers.
Proteins (polymers) are composed of chains of the
twenty possible amino acids residues (monomers) in
differing combinations. The series of residues that
make up proteins can be represented as a string such
as HITVEMNC, known as a protein sequence. These
liner protein sequences normally fold into complex
three-dimensional (3D) shapes. The precise structure
formed is dictated by the protein sequence. When
folded in 3D, disparate sequence motifs come

together to form functional sites that allow the
proteins to perform biochemical reactions that are
essential for life.

There has been an exponential growth in the number
of determined protein sequences (currently over
500,000) and 3D protein structures (currently over
25,000) in the public databases, with no signs of
abating. The relative numbers of known protein
structures is less than the number of known protein
sequences due to the difficulty in experimental
determination of protein structures. Given the growth
of the protein database, protein analyses may seem
like an endless task. However, the majority of
proteins appear to fall into a few thousand protein
families (1). Therefore, if we can place new
sequences and structures into existing families the
analysis task becomes much simpler.



Overview

The eFamily project brings together 5 of the world’s
leading molecular biology databases that are based in
the UK: CATH (2), InterPro (3), MSD (4), Pfam (5)
and SCOP (6). These databases are built upon protein
sequence or structure. MSD is the European database
that archives protein structures. Pfam and InterPro
classify proteins into families based on sequence,
whereas SCOP and CATH classify proteins based on
their known structure.

Historically, the resources for archiving protein
sequence and structure have been developed
independently, leading to difficulties in navigating
between the two. As the number of protein sequences
and structures increases rapidly the need to integrate
the two types of data becomes more pressing. The

eFamily project is working towards bridging these
two resources, thereby allowing seamless navigation
between protein structure and sequence to the end
user. The e-Science area that the eFamily project is
most concerned with is data grids, rather than
compute grids. Our objective is to produce a series of
well defined Web services that allow access to the
data. These Web services will allow the
establishment of analyses that are currently not
possible or would be very time consuming with the
member database’s existing Web interfaces.
Furthermore, the access to these Web services must
be simple and readily available to the end user, who
may be a non-computer expert.

Connecting Resources

A priori - Before the eFamily member databases can
be connected in a computational sense, a common co-
ordinate system must be agreed to allow data
exchange. Thus, a core element in the eFamily
project is the production of the non-trivial residue by

residue mapping between the sequence (UniProt) and
structure databases by the MSD project. Currently,
the MSD database has cross references to UniProt for
99% of protein structure entries and residue mappings
for more than 97% of protein entries.

Data Dissemination Using the DAS Standard

The distributed annotation system (DAS) provides a
communication protocol used to exchange biological
annotations (7). DAS is based on the theory that
annotation should not be provided by a single
centralised database, but rather be spread over
multiple sites. Data distribution, performed by DAS
servers, is separated from visualisation, which is
performed by DAS clients. Currently DAS usage is
bias towards genomic DNA sequence annotation

rather that protein sequence. Consequently, the
current DAS specification does not readily allow
protein structural or family data to be distributed, and
therefore no suitable clients for structure and family
data have been developed. We have proposed an
extension to the DAS specification
(http://www.sanger.ac.uk/xml/das/documentation/ne
w_spec.html) and developed a prototype client to
integrate sequence and structure data (Figure 1).

Data Dissemination Using Web Services

In addition to DAS, we are developing Web services
that allow calculation of results/information that is
beyond the scope of DAS. A prerequisite to
developing Web services for exchange of data is a
defined XML schema, referred to as the eFamily
schema. The eFamily schema has to model protein
family definitions from the four different protein
family databases, structure and sequence alignments,
database cross references and the residue by residue
mapping between UniProt and MSD. Consequently
the data model is very complex, so an API has been
developed for use with the eFamily schema. The API

has been specifically designed so it can be readily
integrated into BioPerl, with the proposal for its
integration into the core distribution submitted
recently. For example, the API allows a Pfam
alignment wrapped up in the eFamily XML to be
returned as a BioPerl alignment object and vice versa.
By integrating the connection methods and API into
BioPerl, the eFamily member databases will become
more accessible to the community at large and the
methods employed for handling the XML are
generically written so they can be readily applied to
other schemas. Furthermore, databases outside the



project can readily use the eFamily schema to export
their data.

A simple, but elegant, use of these Web services is a
Web based tool for domain comparison that integrates
results from SCOP, CATH and Pfam (Figure 2).
Upon request, the SCOP and CATH family definition

Web services are queried and the results for the
structurally defined families are compared to those
from Pfam (which are defined on sequence), a
process which relies on the MSD mappings between
structure and sequences.

Combining Services to Form Work Flows

The Web services that we are providing also allow
access to some compute resources. The Pfam
analysis tool, PfamScan, has been deployed for the
calculation of domain matches using SOAPIab.
SOAPIab, part of the myGRID project allows the
deployment of command line tools as production
quality Web services.  Production quality Web

services can then be integrated with other Web
services to perform scientific analysis. We have
found Taverna, again part of the myGRID project, an
excellent platform for the integration of Web services
from the eFamily project and external Web services.
Taverana is so appealing as it is an “off the self”
package that end users can easily install and use.

Future Work

Currently, there are only a limited collection of DAS-
and Web services. We intend to increase the number
of services drastically over the next year to allow
many different types of analyses to be performed.
The member databases will also be using the Web
services to enrich the information content of their
sites. However, Web services are based on the
client/server model, which could result in overload on
the server. While we perceive that Web services will

be the main model for disseminating the information,
in some cases it may be appropriate for users to
replicate the data locally. The replication may often
only require replication at a certain granularity of the
data, rather than the complete database. Currently,
the MSD search database is replicated at 11 sites
worldwide. Further work on replication and update
mechanisms for all of the databases in the project is
required.
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