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ABSTRACT

The Macromolecular Structure Database (MSD)
group (http://www.ebi.ac.uk/msd/) continues to
enhance the quality and consistency of macro-
molecular structure data in the Protein Data Bank
(PDB) and to work towards the integration of
various bioinformatics data resources. We have
implemented a simple form-based interface that
allows users to query the MSD directly. The MSD
`atlas pages' show all of the information in the MSD
for a particular PDB entry. The group has designed
new search interfaces aimed at speci®c areas of
interest, such as the environment of ligands and the
secondary structures of proteins. We have also
implemented a novel search interface that begins to
integrate separate MSD search services in a single
graphical tool. We have worked closely with
collaborators to build a new visualization tool that
can present both structure and sequence data in a
uni®ed interface, and this data viewer is now used
throughout the MSD services for the visualization
and presentation of search results. Examples show-
casing the functionality and power of these tools
are available from tutorial webpages (http://www.
ebi.ac.uk/msd-srv/docs/roadshow_tutorial/).

INTRODUCTION

The Macromolecular Structure Database (MSD) is a relational
database that aims to be a single access point for all types of
data about protein and nucleic acid structures. The MSD group
works closely with the Research Collaboratory for Structural
Bioinformatics (RCSB) in the USA and PDBj in Japan, to
maintain the Protein Data Bank (PDB) (1), the single
worldwide repository of protein and nucleic acid structures.
The three centres are actively involved with the clean-up and
maintenance of the legacy archive and run deposition systems

through which new macromolecular structures can be added to
the PDB archive. There is a weekly exchange of data between
the partner sites, which ensures the consistency and uniformity
of the single archive. The approach of the MSD group to the
problems of storing, maintaining and cleaning the large
volume of PDB data has been to load it into a relational
database, as described previously (2).

In addition to our close relationship with the PDB partner
sites, the MSD group also maintains active collaborations with
several other major bioinformatics projects. These partner-
ships have allowed us to enhance the usefulness and scope of
the MSD by adding curated and actively maintained derived
data to the existing structural data from the PDB. Our partners
bene®t from access to a consistent and readily accessible
source of macromolecular structure data. Our many collabora-
tions have helped us to add a large volume of additional data,
such as cross-references to the SCOP (3) and CATH (4)
structure classi®cation databases, the sequence-centric data-
bases Swiss-Prot (5), InterPro (6), Pfam (7) and ProSite (8), as
well as the gene ontology (GO) database (9) and the PubMed
literature archive (10). The MSD is now well on the way to
achieving the goal of unifying a diverse range of biological
data resources around macromolecular structure information
from the PDB. Our emphasis is now on the creation of search
systems that will make the wealth of data in the MSD
accessible to the wider community.

MSD SEARCH TOOLS

We have developed search systems for the MSD database that
allow users to access independent areas of the database, as
well as interfaces that cover the database as a whole. Some of
these systems have been described previously (2), and here we
describe further enhancements and new developments to MSD
services and search tools.

MSDlite

MSDlite (http://www.ebi.ac.uk/msd-srv/msdlite/) is an easy to
use search tool that allows users to perform a wide range of
different queries through a single web form (Fig. 1a). The
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Figure 1. (a) The MSDlite query form. The form is divided into three panels. The two left-hand panels show search ®elds, with the most commonly used
terms found in the uppermost panel. The right-hand panel allows the user to con®gure the results that will be returned by their query. (b) A sample MSDlite
results page. Results are presented in a simple table, divided across several pages if necessary. Result items are hyperlinked to additional resources wherever
possible. For every search hit, the PDB accession code is linked to the MSD atlas page for that entry, and the `View' link allows the user to visualize the
structure using AstexViewer@MSD-EBI.
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available search ®elds include commonly used terms such as
author name, title, keywords, etc., but also include terms that
allow the user to search the MSD through cross-references to
other data resources: the interface includes search terms such
as NCBI taxonomy, GO ID, InterPro ID, Swiss-Prot ID and
accession number, and EC numbers (11). Furthermore, the
interface allows users to search the MSD based on sequence
similarity, using the FASTA algorithm.

MSDlite has been designed as a ¯exible and easy-to-use
system that allows users with different ®elds of interest to
extract information that is of direct relevance to their work. To
facilitate this, MSDlite allows the user to select the result
®elds that will be returned by their query.

The previous MSD query system was implemented using
mod_perl and Apache, but the current system is a series of
Java servlets running in the Tomcat servlet container. The core
of the system is a generic, meta-data-driven query engine that
can form the basis for multiple query interfaces. MSDlite is
one implementation of a query interface. When the user
submits their search, a description of the user's search is sent
to the query engine, which automatically constructs a valid
SQL query on-the-¯y and executes it on the MSD. The results
are returned to the interface and presented as a table of hits
(Fig. 1b). The system adds hyperlinks wherever possible,
directing the user to additional resources on the web. The
primary link for each hit leads the user to a set of `atlas pages'
(Fig. 2). These atlas pages show summary information,
sequence data, references, including full PubMed abstracts
where available, and further links to other data resources. The
result set can also be downloaded for later use, as a simple
XML ®le or a tab-delimited text ®le.

MSDsite

One of the most important uses of macromolecular structure
data is the study of the interactions between macromolecules
and bound ligands. Due to the local nature of the interactions
between ligands and macromolecules, ligand binding sites are

often more highly conserved across a functional family than
the overall structure and fold of the macromolecule. As such, a
catalogue of ligand±macromolecule interactions can be
invaluable in the wider study of structure±function relation-
ships. Furthermore, as structural genomics initiatives begin to
produce large numbers of structures, an accurate classi®cation
of ligand interactions in molecules of known function will be
increasingly important as an identi®cation tool for molecules
of unknown function.

The MSD database addresses the issues of classi®cation of
small molecules (ligands) and ligand binding sites in two
ways. As new small molecules are found in newly deposited
macromolecular structures, they are curated and added to our
database of small molecule structures (accessible through the
MSDchem search system at http://www.ebi.ac.uk/msd-srv/
chempdb/). We have further catalogued the interactions
between every ligand in the PDB and the structure with
which each is associated, classifying each individual bond or
non-bonded interaction between macromolecule and sub-
strate. Interactions are categorized according to their type
(covalent, ionic, van der Waals, etc.) and, for each one, details
such as bond distances and angles are recorded.

As well as allowing a user to obtain highly detailed
information about a speci®c macromolecule±ligand inter-
action, one of the major bene®ts of using a relational database
to store this information is that it is possible to extract statistics
describing similar interactions throughout the entire PDB. The
MSDsite service (http://www.ebi.ac.uk/msd-srv/msdsite/) is a
form-based interface to these data and statistics (Fig. 3).

MSDpro

MSDlite and MSDsite allow users to ask complex questions
over a range of subjects. In order to answer a speci®c
biological question, the researcher is compelled to combine
and consolidate the results from several distinct search
systems. MSDpro (http://www.ebi.ac.uk/msd-srv/msdpro/)
provides a system that will assist a user in answering their

Figure 2. The MSD atlas page for PDB entry 1hdk. The atlas pages present all available information for a particular PDB entry. Related information is
grouped into separate tab panes, covering sequence, ligand data, journal citations, etc. Information in the atlas pages is hyperlinked wherever possible,
directing the user to related MSD and external resources.
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biological question without having to resort to a multitude of
different resources, interfaces or bespoke applications.

The MSDpro interface is an interactive Java applet. The
applet presents the user with a palette of query components,
such as the name of the author of a PDB entry, a keyword, a
Swiss-Prot accession number, etc. Crucially, these modules
need not map directly to tables or columns in the database, but
instead encapsulate concepts that will be familiar to the expert
scientist. This abstraction is key to making the search system
amenable to users who understand the data that are stored in
the MSD, but whose knowledge of database systems may be
limited. Furthermore, the modules may represent queries that
are performed on a system that is entirely outside of the MSD.
Examples of this are the MSDfold module, which uses the

secondary structure matching service (http://www.ebi.ac.uk/
msd-srv/ssm/) to ®nd structurally similar proteins, and the
FASTA module, which ®nds protein structures that have a
similar sequence. The two services that underlie these
`external' modules are implemented as web services. The
query server architecture is such that any web service can be
similarly added as an MSDpro query component.

The user constructs a description of the query by ®rst
selecting the search components that they wish to use in the
search, and, as in MSDlite, the speci®c ®elds that they wish to
retrieve with their query. The most powerful feature of the
interface is the way in which it allows users to combine
components using the logical operations `AND', `OR' and
`NOT'. By grouping various components of a query

Figure 3. (a) The results of an MSDsite query. The results pages show the residues that interact with a given ligand, including the classi®cation of each inter-
action and geometrical information in the case of metal coordination interactions. (b) The MSDsite statistics for a ligand binding environment. The environ-
ment is described in a simple chart, showing the most commonly found residues in the environment for a given ligand. Residues may be classi®ed according
to the type of secondary structure element in which they are found. Statistics can also be obtained for a complete ligand binding environment.
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appropriately, the user can graphically construct a description
of a complex, highly speci®c question (see Fig. 4).

The results of the query are currently displayed as a simple
table in the MSDpro applet, or as a more detailed table in the
MSDlite system. Future development will add a suite of
information visualization tools, allowing users to describe and
execute queries and then analyse the results within an
easy-to-use graphical environment.

AstexViewer@MSD-EBI

An essential component of a database query system is the
provision for users to view and interpret the results of a search.
We are now looking at new and novel ways of presenting the
complex one-, two- and three-dimensional data that are
available in the MSD.

In collaboration with Astex Technology (http://www.astex-
technology.com/) we have developed AstexViewer@MSD-
EBI, a macromolecular structure- and sequence-viewing
program. This collaboration augments the functionality of
the core structure viewer that has been developed by Astex
(12). AstexViewer@MSD-EBI is capable of interactively
displaying multiple macromolecular structures and sequence
alignments (Fig. 5). The viewer further provides tools for
querying and interrogating the views of these data using
familiar tools and techniques. Regions of similarity or
difference, in either the structure or sequence view, can be
used to colour and/or highlight regions of the other view.
Better integration of data from the structure and sequence

realms is achieved by allowing various properties of either
view to be mapped onto the other.

To further enhance the integration of sequence and
structural data, we are also experimenting with new and
novel visualization tools, such as `brushing' (13) and `magic
lens' (14). The brushing tool allows a user to interactively
highlight a region of the data in one view, and see
corresponding data points in every other view. By moving
the brushing tool across the sequence view, the user
simultaneously highlights a section of the polypeptide chain
in the structure view. The magic lens is a semi-transparent area
that can be moved across a structure view, allowing the user to
overlay various types of information onto a structure without
obscuring the view of the structure itself. For example, the lens
could be used to display the sequence of a polypeptide chain as
it is moved slowly across the structure, or the location of
heterogens and their interaction with the macromolecule.

FUTURE

The MSD group continues to work closely with its partners, to
further enhance the quality and consistency of the data in the
database. Considerable efforts are being put into improving
existing services and tools, and we are working towards a
streamlined, uni®ed interface to these services.

Advances have been made in the development of software
to replicate the MSD search database at partner test sites. In
the future we will support the download and installation of the

Figure 4. The MSDpro query interface. MSDpro allows the user to describe complex queries by dragging-and-dropping search and result terms from the lists
on the left of the interface into the corresponding panels on the right. Search terms can be combined and using logical operations AND, OR and NOT.
Results of a query are presented as a simple table within the interface itself, or they can be viewed through the MSDlite result pages.
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database on third-party systems. As part of the distribution
package a comprehensive application programming interface
(API) is being developed, which will allow users to extract
data from the database programmatically.

For the past year the MSD group has been presenting
`roadshows' at various labs across Europe (http://www.ebi.
ac.uk/msd/roadshow.htm). These meetings provide us with an
invaluable opportunity to present the current state of the MSD
services, and, more importantly, to hear feedback and
comments on the systems that we provide. These presentations
and workshops will be continuing, as part of our ongoing
commitment to meeting the needs and requirements of our
users.
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Figure 5. AstexViewer@MSD-EBI allows the user to view multiple, superposed structures and aligned sequences. The viewer provides a lightweight,
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