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Abstract: In cases where the structure of a single protein is rep-
resented by an ensemble of conformations, there is often a need to
determine the common features and to choose a “representative”
conformation. This occurs, for example, with structures deter-
mined by NMR spectroscopy, analysis of the trajectory from a
molecular dynamics simulation, or an ensemble of structures pro-
duced by comparative modeling. We reported previously auto-
matic methods for (1) defining the atoms with low spatial variance
across an ensemble (i.e., the “‘core” atoms) and the domains in
which these atoms lie, and (2) clustering an ensemble into confor-
mationally related subfamilies. To extend the utility of these meth-
ods, we have developed a freely available server on the World
Wide Web at http://neon.chem.le.ac.uk /olderado/. This (1) con-
tains an automatically generated database of representative struc-
tures, core atoms, and domains determined for 449 ensembles of
NMR-derived protein structures in the Protein Data Bank (PDB) in
May 1997, and (2) allows the user to upload a PDB-formatted file
containing the coordinates of an ensemble of structures. The server
returns in real time: (1) information on the residues constituting
domains; (2) the structures that constitute each conformational
subfamily; and (3) an interactive java-based three-dimensional
viewer to visualise the domains and clusters. Such information is
useful, for example, when selecting conformations to be used in
comparative modeling and when choosing parts of structures to be
used in molecular replacement. Here we describe the OLDERADO
server.
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The analysis is performed in three stages: (1) definition of the core
atoms; (2) definition of the rigid body(ies) (domains) in which
these lie; and (3) definition of conformationally related subfami-
lies. Our core-defining procedure takes a Protein Data Bank (PDB;
Bernstein et al., 1977, Abola et al., 1987) formatted coordinate file
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as input, and uses dihedral angle order (Hyberts et al., 1992)
followed by application of a penalty function to define atoms as
“core” or “non-core” (Kelley et al., 1997). Pairwise interatom
distance variances are then automatically clustered to define sets of
core atoms that lie in rigid bodies or “domains.” Core definition is
based purely on structural variance across the ensemble, and no
average structures are computed. The structures are then super-
posed in a pairwise manner on the largest domain identified by the
procedure above, and the RMSD is calculated. The resulting RMSD
matrix is used as the basis for clustering in conformational space,
and a penalty function is used to determine automatically the clus-
tering cut-off. Each resulting cluster comprises ensemble members
that lie in the same conformational subfamily (Kelley et al., 1996).

We have applied this procedure to 449 ensembles of NMR-
derived protein structures in the PDB as of May 1997, and depos-
ited the results in our database, known as OLDERADO (On Line
Database of Ensemble Representatives And DOmains). This ser-
vice has some similarity to the “internet library of protein family
core structures” (LPFC; Schmidt et al., 1997; http://www-smi.
stanford.edu/projects/helix/LPFC/), in that the LPFC provides
information about core structures but based on different members
of a protein family rather than an ensemble of conformations rep-
resenting a single protein. OLDERADO affords access to the re-
sults of these analyses (as tabular data or interactively in a java-
based three-dimensional viewer; Fig. 1) as well as the original
programs used to generate them. In addition, if working on their
own ensemble of protein structures, users may upload their coor-
dinates for real-time analysis over the internet. Other applications
of OLDERADO include selecting conformations to be used in
comparative modeling and choosing parts of structures to be used
in molecular replacement.

Results and discussion: To demonstrate the ease of analysis of en-
sembles using OLDERADO, we illustrate its application to the set
of structures determined for troponin C (PDB accession code ITNW;
Slupsky & Sykes, 1995). Once the “SEARCH” button (Fig. 1A) has
been selected, there are two options. If the PDB accession code is
known, this can be entered directly, and the results returned. Alter-
natively, the PDB accession code can be determined via the link
to the PDB’s 3DB Browser (http://www.pdb.bnl.gov/pub-bin/
pdbmain; the PDB has integrated links to OLDERADO into their
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Fig. 1. OLDERADO browser interface, showing the results of a search for PDB accession code 1TNW (Slupsky & Sykes, 1995). A:
Main browser window showing the domains and clusters in tabular form, and the Java 3D viewing mode for (B) domains and (C)
clusters, respectively. These three-dimensional viewing windows allow real-time rotation and scaling of the protein structure.

3DB Browser). A table of results is then returned (Fig. 1A). At the
top is a summary that defines the largest domain and most repre-
sentative model. Under this, there are two tables—the first detail-
ing (in order of domain size) the core and domain(s), and the second
(in order of cluster size), the representative structure(s) and cluster
membership. Two major domains are identified for troponin C: an
N-terminal domain (residues 5-22, 24-32, 36—-86) and a C-terminal
domain (residues 95-126, 128-158).

This domain composition is in close agreement with the authors’
definition of domains (Slupsky & Sykes, 1995), which states that
the N-terminal domain comprises residues 5-85 and the C-terminal
domain, residues 95-158. These two domains are not simulta-
neously superposable because they are connected by a flexible
linker region (residues 86—94). Based on superposition of residues
in the largest domain, four clusters are defined—each of which

corresponds to a different orientation of the C-terminal domain
with respect to the N-terminal domain. Both the defined domains
and the clusters can be viewed interactively in three dimensions
via the “View Domains” and “View Clusters” buttons, respectively
(Fig. 1B,C).

This analysis was performed automatically without any user-
intervention or pre-programmed parameters for core, domain, or
cluster definition. All of these essentially “subjective” criteria are
determined by the programs for each individual ensemble.

Supplementary material in Electronic Appendix: The supple-
mentary material includes a list of PDB accession numbers in
the file 449.ENS. The title is: List of PDB accession numbers of
the 449 NMR-derived ensembles of protein structures in the
OLDERADO database.
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