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The eFamily project aims to improve 
integration between protein se-
quence and structure data. One of 
the technologies being used to 
achieve this is the Distributed Anno-
tation System (DAS).  DAS is a spe-
cific Web service technology that 
performs the exchange of biological 
annotations.  DAS is motivated by 
the idea that annotations should be 
provided by independent decentral-
ised databases. Here, we describe 
DAS and compare it to other Web 
service technologies. We describe
a registry server for DAS, and Spice, 
a new DAS client with support for
protein DAS and the registry system. 
Finally, we demonstrate how Spice 
can be used to annotate proteins 
with both sequence and structure 
data.

Background
Proteins are the cogwheels that act together 
to ensure that the cellular machinery works. 
They consist of a “string of beads”, where 
the beads are amino acids.  In the cell, this 
linear chain folds into a 3-dimensional (3D) 
structure. The precise 3D structure is de-
termined by the sequence of the amino ac-
ids. Once proteins have adopted their fold, 
they can fulfil their function.  Experimen-
tally it is relatively easy to determine a prote-
in’s amino acid sequence, but harder to de-
termine its 3D structure. This is reflected by 
the respective size of the databases - cur-
rently the sequence database contains 1.5 
million entries, but only 30,000 entries can 
be found in the database of 3D structures 
[1,2].

The eFamily project [3] brings together 5 
of the worlďs leading molecular biology da-
tabases: CATH, InterPro, MSD, Pfam 
and SCOP, all based in the UK [4-8]. These 
databases are providing protein sequence or 
structure information. 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.

The resources for archiving protein sequence 
and structure have historically been devel-
oped independently, leading to difficulties in 
navigating between the two.  As the number 
of protein sequences and structures expo-
nentially increase the need to integrate the 
two types of data becomes more pressing.  
An area of research the eFamily project has 
been addressing is providing a unified view 
of protein sequence and structure re-
sources.

One technology used for this is the Dis-
tributed Annotation System (DAS) [9]. 
The DAS protocol allows data producers to 
share their results with the community 
without requiring aggregation into a central 
database [1].  DAS is a document orientated 
web service technology. It conforms to the 
service-orientated architecture (SOA) con-
cept [Figure 1]. With SOA there are three 
integral components; a service provider, a 
server requestor (client) and a service regis-
try.  As discussed below, we have addressed 
technical issues with all three components. 

Figure 1 – A service orientated architecture (SOA).  
There are three components to a service orientated archi-
tecture concept: Service provider, service requestor and 
a service registry.  Connecting these components to-
gether are three operations (publish, find and bind). 
Adapted from [12].

The Components of DAS-SOA

The Service Provider
DAS is a technology closely related to Web 
service technologies [Figures 1 & 2].   The 
arrangement of a DAS service is virtually 
identical to other web services [Figure 2].   
Within a server, typically Apache Tomcat, 
there is a servlet container.  In the case of 
Web services that use SOAP [middle, Figure 
2), the servlet container has an Axis installa-
tion, and this together with the service spe-
cific code, produces the web services.   How-
ever, in the DAS scenario, the Axis installa-
tion is replaced by Dazzle [10][left, figure 
2].  Dazzle is a Java servlet written specifi-
cally for the DAS protocol. Dazzle is a 
modular system which uses small “data-
source” plugins to provide access to a range 
of databases. These plugins provide the 
means to easily provide a new set of data us-
ing DAS.



Figure 2 – Comparison of the organisation of DAS and 
Web Services on the server.  See text for details.

In both the DAS and Web Services re-
sponses take the form of XML documents 
transported over http (Figure 2). 

Unlike Web Services that can take any form, 
with DAS, there are two main types of serv-
ers, reference and annotation servers. 
Reference servers provide the biological ob-
jects to be annotated, like protein sequences 
or structures, while annotation servers pro-
vide the actual features of annotations.

The Service Registry
A typical problem of decentralised Web serv-
ice based technologies is the discovery of 
service providers.  We have developed a reg-
istration service that lists available DAS 
services. DAS clients can connect to this reg-
istration service and retrieve a list of avail-
able services. The registration service itself 

validates DAS servers and regularly tests 
their availability. If a server becomes unavail-
able it is labeled as such. Servers that have 
been down for a longer period of time will be 
removed from the public listing. The server 
administrators can receive a notification 
email.  The registration server is imple-
mented as a standard web-service, see:

http://das.sanger.ac.uk/registry/services/das:d
as_directory?wsdl

The Service Requestor/Client
In the DAS protocol, the clients are the 
workhorses in this system.  The client ob-
tains a reference object and subsequently 
retrieves annotations for this objects from 
(multiple) DAS servers. A DAS client re-
quests data by requesting data from a URL, 
which follows a particular syntax. E.g. the 



following URL requests all annotations of 
the sequence with accession code P00280.

http://www.ebi.ac.uk/das-srv/uniprot/das/aristo

tle/features?segment=P00280

DAS servers process the request and re-
sponds with an XML document as defined 
by the DAS specification (for a detailed 
specification see [9] or 
http://www.biodas.org).  It is then the role of 
the client to combine the reference and an-
notations object to a human readable format, 
typically a graphical representation.  In the 
DAS system, the CPU load is predominately 
on the client side, rather than the server 
side.

A working example: SPICE - DAS 
client
Having described the component of the 
DAS system, it is appropriate to describe 
how a client works in reality.  To do this, we 
will use the SPICE  DAS client that has 
been produced as part of this project as an 
example [13,14].  The biological data that the 
eFamily project deals with can be communi-
cated in different coordinate systems (these 
can be considered as different languages). 
These can be genomic DNA sequence, pro-
tein sequence or protein structure. The in-
formation in which coordinate system data is 
provided is stored on the DAS registration 
server. DAS clients can use this information 

Figure 3: The SPICE client allows users to browse 
through annotations of protein sequences and structures. 
It retrieves data from different sites across the Internet 
via the DAS protocol. 



to request data only from servers providing 
data in the suitable coordinate systems or 
can identify the different coordinate systems 
being used and in-turn request a mapping 
service between the coordinate sys-
tems.  

Each of the member databases of the 
eFamily project makes a contribution to the 
data available via DAS (the publish operation 
in Figure 1). The MSD database provides a 
residue by residue mapping between the se-
quence (UniProt) and structure database.  
Protein annotations are provided by the 
CATH, SCOP, Pfam and InterPro databases. 

To visualize the data the SPICE client can 
represent both protein sequence and struc-
ture annotations [Figure 3]. SPICE can be 
started via the Internet using Java Web 
Start technology. Once it is running it con-
nects to the DAS registration server using 
Web Services to retrieve all available DAS 
service providers (the find operation in Fig-
ure 1). 

When a user requests a protein structure, by 
a PDB identifier, the client retrieves the 3D 
coordinates of protein. The SPICE client 
can either connect to a local replica of PDB 
or make a DAS request to a protein structure 
server to obtain the 3D coordinates (the 
bind operation in figure 1). For DAS to sup-
ply 3D coordinates we use the DAS exten-
sion that we have written.  

As we want to display protein annotations 
based on both protein structure and se-
quence, the client also makes a DAS request 
to get the corresponding sequence objects 

and mappings, while the 3D coordinates are 
being retrieved.  The mapping server pro-
vides the alignment between the protein se-
quence and structure objects. At the time of 
writing, the UniProt to PDB alignment used 
in SPICE is based on the MSD mapping.  If 
other alignments are made available the user 
can choose between alternative servers and 
compare the provided alignments. 

Finally the annotation features are re-
trieved from the annotation servers. These 
can be provided in either protein sequence 
position or PDB residue number coordi-
nates. The client now has all of the informa-
tion and performs the reciprocal mapping 
between the different coordinate systems 
such that the all features can be displayed on 
the protein structure [left, Figure 3] and on 
the protein sequence [right, Figure 3]. 

The 3D structure of a protein may have been 
determined several times and a structure can 
consists of several sequences. To deal with 
this many to many relationship, a window is 
available that allows users to choose which 
of the alignments to display. 

Future developments include provision of 
more data using the DAS protocol, especially 
multiple sequence and alignment data as 
provided by the project member databases. 
SPICE will be extended to support browsing 
not only through individual protein se-
quences and structures, but also through the 
network of related protein sequences and 
structures. 

SPICE is available under the LGPL. For the 
3D visualization SPICE builds on the Jmol  



library [15].  Both Jmol and SPICE are avail-
able under the LGPL.  Different open source 
viewers are available for visualization of pro-
tein sequence or structure data, e.g. Jalview 
[18] or PFAAT[19], to mention two imple-
mented in Java. These could be easily ex-
tended to support DAS by incorporating the 
DAS-client side libraries. 

Integration with the Scientific Com-
munity
DAS is an established protocol in the ge-
nome bioinformatics community; in particu-
lar it has been used extensively by Ensembl 
to exchange data as part of their genome 
visualisations [11]. To make the DAS proto-
col applicable for protein structures we de-
veloped two extensions to the DAS specifi-
cation that allow alignments and 3D struc-
ture information to be transmitted. See 
http://www.efamily.org.uk for protein DAS 
schema extensions [3], which is becoming 
referred to as protein-DAS. Nevertheless, 
due to the generic nature of these exten-
sions, they have been used by other areas of 
the community. For example DAS can now 
be used to exchange genomic DNA align-
ments.  Evidence of the versatility of DAS as 
a data grid technology means that it is not 
restricted to the member groups of the 
eFamily project. Consequently other aca-
demic groups have started to provide their 
data using protein-DAS and at the time of 
submission there are 16 protein sequence 
and structure DAS servers from 5 different 
European countries.

So, why is DAS widely used? It is simple to 
use and simple to set up.  This is partly 
due to the fact that both DAS-servers and 
client solutions are supported with imple-
mentations in multiple programming lan-
guages:

• Java - Dazzle 

http://www.biojava.org/dazzle/ 

•  Perl - Proserver  

http://www.sanger.ac.uk/Software/analys
is/proserver/

• Perl -LDAS

http://www.biodas.org/servers/LDAS.ht
ml

When new annotations become available, 
these can be published as a new DAS service 
by readily adapting simple DAS adaptor 
plugins to suit the new data. DAS-client side 
libraries are also available via the Biojava and 
Bioperl projects. 

Furthermore, biological annotations are usu-
ally made freely available to the scientific 
community, so there are no data security is-
sues.

Collaborative work within the DAS 
community and the myGrid project [16] is 
currently underway that aims to allow DAS 
server/client solutions to become compatible 
with Taverna workflows [17]. Two ways of 
interaction are currently being investigated: 
A) if a DAS-client requests data from a DAS-
server this triggers a workflow in the back-
ground. Once the workflow has finished, the 
DAS-servers caches the compiled results for 



future requests. B) A workflow that anno-
tates a set of protein sequences or protein 
structures can automatically provide results as 
a DAS server. Taverna workflows and DAS-
clients visualisation techniques are comple-
mentary and this interaction will extend the 
possibilities for both sides, in particularly, 
taking advantage of other Web services pro-

vided by the eFamily project [7] .

Availability
SPICE if available under the LGPL. 
http://www.efamily.org.uk/software/dasclient
s/spice/
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