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SCOP: A Structural Classification of Proteins Database
for the Investigation of Sequences and Structures

Alexey G. Murzin, Steven E. Brenner, Tim Hubbard and Cyrus Chothia*

MRC Laboratory of Molecular
Biology and Cambridge
Centre for Protein
Engineering, Hills Road
Cambridge CB2 2QH
England

To facilitate understanding of, and access to, the information available for
protein structures, we have constructed the Structural Classification of
Proteins (scop) database. This database provides a detailed and com-
prehensive description of the structural and evolutionary relationships of
the proteins of known structure. It also provides for each entry links to
co-ordinates, images of the structure, interactive viewers, sequence data and
literature references. Two search facilities are available. The homology search
permits users to enter a sequence and obtain a list of any structures to which
it has significant levels of sequence similarity. The key word search finds, for
a word entered by the user, matches from both the text of the scop database
and the headers of Brookhaven Protein Databank structure files. The
database is freely accessible on World Wide Web (WWW) with an entry point

to URL http:/ /scop.mrc-lmb.cam.ac.uk/scop/

scop: an old English poet or minstrel (Oxford English Dictionary);

ckon: pile, accumulation (Russian Dictionary).

Keywords: protein families; superfamilies; folds; evolutionary

*Corresponding author relationships

Nearly all proteins have structural similarities
with other proteins and, in many cases, share a
common evolutionary origin. The knowledge of
these relationships makes important contributions to
molecular biology and to other related areas of
science. It is central to our understanding of the
structure and evolution of proteins. It will play an
important role in the interpretation of the sequences
produced by the genome projects and, therefore, in
understanding the evolution of development.

The recent exponential growth in the number of
proteins whose structures have been determined by
X-ray crystallography and NMR spectroscopy
means that there is now a large and rapidly growing
corpus of information available. At present (January,
1995) the Brookhaven Protein Databank (PDB,
(Abola et al., 1987)) contains 3091 entries and the
number is increasing by about 100 a month. To
facilitate the understanding of, and access to, this
information, we have constructed the Structural
Classification of Proteins (scop) database. This
database provides a detailed and comprehensive
description of the structural and evolutionary
relationships of proteins whose three-dimensional
structures have been determined. It includes all

Abbreviations used: PDB, Protein Databank; scop,
Structural Classification of Proteins.
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proteins in the current version of the PDB and
almost all proteins for which structures have been
published but whose co-ordinates are not available
from the PDB.

The classification of protein structures in the
database is based on evolutionary relationships and
on the principles that govern their three-dimensional
structure. Early work on protein structures showed
that there are striking regularities in the ways in
which secondary structures are assembled (Levitt
& Chothia, 1976; Chothia et al., 1977) and in the
topologies of the polypeptide chains (Richardson,
1976, 1977; Sternberg & Thornton, 1976). These
regularities arise from the intrinsic physical and
chemical properties of proteins (Chothia, 1984;
Finkelstein & Ptitsyn, 1987) and provide the basis for
the classification of protein folds (Levitt & Chothia,
1976; Richardson, 1981). This early work has been
taken further in more recent papers; see, for example,
Holm & Sander (1993), Orengo et al. (1993),
Overington ef al. (1993) and Yee & Dill (1993). An
extensive bibliography of papers on the classification
and the determinants of protein folds is given in scop.

The method used to construct the protein
classification in scop is essentially the visual
inspection and comparison of structures though
various automatic tools are used to make the task
manageable and help provide generality. Given the
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Figure 2. A typical scop session is shown on a unix workstation. A scop page, of the Interleukin 8-like family; is displayed
by the WWWbrowser program (NCSA Mosaic) (Schatz & Hardin, 1994). Navigating through the tree structure is accomplished
by selecting any underlined entry, by clicking on buttons (at the top of each page) and by keyword searching (at the bottom
of each page). The static image comparing two proteins in this family was downloaded by clicking on the icon indicated
and is displayed by image-viewer program xv. By clicking on one of the green icons, commands were sent to a molecular
viewer program (RasMol) written by Roger Sayle (Sayle, 1994), instructing it to automatically display the relevant PDB file
and colour the domain in question by secondary structure. Since sending large PDB files over the network can be slow,
this feature of scop can be configured to use local copies of PDB files if they are available. Equivalent WWW browsers,
image-display programs and molecular viewers are also available free for Windows-PC and Macintosh platforms.
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