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In this paper, we present the protein classification based on structural trees (PCBOST). This is a novel hier-
archical classification of proteins that is primarily based on similarity of overall folds of proteins as well
as on the modeled folding pathways of proteins. Amino acid sequences, functions of proteins and their
evolutionary relationship are not taken into account in this classification. To date the database includes
3847 proteins and domains grouped into six categories having structural similarity and forming six struc-
tural trees (total 10,547 PDB-entries). The work on extension of the database and construction of novel
structural trees is in progress. The service is free for all users and available at the URL <http://strees.pro-
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1. Introduction

Currently, there is a number of protein structure classification
schemes and three of them, SCOP (structural classification of pro-
teins) [1], CATH (classification-architecture-topology-homology)
[2], and Dali Domain Dictionary [3], have found widespread use
(for reviews, see, e.g., [4,5]). While the Dali Domain Dictionary is
largely automated, CATH and SCOP combine manual classification
with the automatic structural alignment programs. Both SCOP and
CATH use homology for classification, SCOP in the first two hierar-
chical levels (family and superfamily) and CATH in the first level. In
this paper, we present one more structural classification of pro-
teins that is different from the above-mentioned schemes in some
aspects. First of all, amino acid sequences, functions and evolution-
ary relationships of proteins are not taken into account in our clas-
sification. It is based on similarity of overall folds of proteins and
domains and modeled protein folding pathways which are repre-
sented as structural trees.

2. Materials and methods

The structural tree for a group of proteins having structural sim-
ilarity is a scheme that includes all the intermediate and final
structures connected by lines showing possible pathways of step-
wise growth of a starting structure [6]. The structural motif having
a unique overall fold that occurs in all proteins of the structural
group is taken as the starting structure in modeling or the root
structure of the tree. Larger structures are obtained by stepwise
addition of o-helices and/or B-strands to the root motif in accor-
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dance with a restricted set of rules inferred from known principles
of protein structures [6-8].
Among them, the following rules are the most important:

(1) At each step, the B-strand or a-helix nearest to the growing
structure along the polypeptide chain is the first to be
attached to it.

(2) a-Helices and B-strands cannot be packed into one layer
because of dehydration of the free NH and CO groups of
the B-strands.

(3) The obtained structures should be compact; a-helices and B-
strands should be packed in accordance with the rules that
govern their close packing (see e.g., [9,10]).

(4) Crossing of connections [11] and formation of knots [12] are
prohibited.

(5) All the obtained structures should have the corresponding
handedness. For example, all the B-o-B-units should be in
the form of the right-handed superhelix [13,14].

The number of possible overall folds that can be obtained from
one root structural motif is limited since the rules drastically re-
duce the number of allowed pathways of growth of starting and
intermediate structures. Thus, the structural trees are a good tool
for searching possible folding pathways and all allowed protein
folds as well as for structure comparison and protein classification.

3. Results

The increasing number of protein structures in the Protein Data
Bank (PDB) has prompted us to construct updated structural trees
that include more known protein structures and show some novel
folding pathways as compared with the first versions of the trees
[6]. Based on the updated trees, we compiled a hierarchic database
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of proteins of the corresponding structural classes. To date the
classification database for six structural classes of proteins has
been developed. The database includes: B-proteins containing
abcd-Units [15], (o + B)-proteins containing abcd-Units [16] and
o/B-proteins containing B-o-p-\-motifs, -B-o-B-motifs [17],
five-segment and seven-segment o/B-motifs. Six updated struc-
tural trees for these structural classes have been constructed. We
have also constructed computer versions of the structural trees.
Several other structural trees have also been constructed and pub-
lished [6,18-20] but their computer versions are in progress now.

Based on the structural trees, we have developed PCBOST, the
protein classification based on structural trees. This structural clas-
sification of proteins is only based on the spatial structural similar-
ity and common folding pathways simulated with the trees. The
classification disregards the amino acid sequences, functions, and
evolutionary relationships of proteins which are taken into account
in other known classifications. PCBOST is a hierarchically organized
database of protein structures. It includes several hierarchical lev-
els. Proteins and domains having the same root structural motif are
combined into the STRUCTURAL TREE (Fig. 1). Proteins and do-
mains located at horizontal levels of the structural tree are grouped
into LEVELS. All proteins and domains from one LEVEL having the
same arrangement of secondary structure elements form FOLDS.
For example, the structure of SirA protein (PDB-code: 1D(J) con-
tains an abCd-Unit. So the protein belongs to “Mixed_alpha +
beta_proteins_with abCd-Units” (STRUCTURAL TREE). The protein
has two o-helices and four B-strands: four elements form the
abCd-Unit, and two elements are added to it. So the protein be-
longs to “Mixed alpha + beta proteins with the abCd-Unit and
two added elements” (the second LEVEL). In the second LEVEL of
the corresponding STRUCTURAL TREE, it occupies the sixth posi-
tion from the left denoted by an index number 2.6. It means that
the protein belongs to “FOLD 2.6”.

To represent structural trees we used the following rules. Pro-
tein structures are described in terms of simple schemes. p-Strands
are shown as squares and o-helices as circles. The connections lo-
cated near to the viewer are shown with double lines and the far
connections with single lines. The crossovers of an element from
one layer to the other are shown with dotted lines. The growth
of the protein folds is realized by stepwise addition of secondary
structural elements to the corresponding structural motif.
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Fig. 1. A fragment of the structural tree of (o + B)-proteins containing the abCd-
Unit. The structures are viewed end-on with o-helices shown as circles and B-
strands as rectangles. Near connections are shown by double lines and far
connections by single lines. Arrows show the root structural motif (abCd-Unit),
levels and folds of the structural tree.

To date the PCBOST database includes six structural trees, 64
levels, 477 folds, 3847 proteins and domains and 10,547 PDB-en-
tries. The site has a user-friendly interface and includes pages rep-
resenting the hierarchic protein database and structural trees, a
guide page, and a system retrieving a protein of interest by its
PDB ID and PDB files. The pages are logically interconnected via
context links. The PDB files of all proteins contained in the data-
base can be downloaded and viewed using any molecular graphics
program. The work on the construction of the updated as well as
novel structural trees is now in progress.

PCBOST database is available at <http://strees.protres.ru/>.

4. Discussion

In our opinion, the structural classification of proteins should
help us to analyze the information about their structures and to
use it for research. Our approach shows structural relationship be-
tween nonhomologous proteins and suggests a mechanism of this
relationship that is demonstrated with the structural trees of pro-
teins. Thus, the structural trees are a good tool for searching of all
possible folds of the polypeptide chain, for modeling of folding
pathways of proteins and their structures, for protein structure
comparison and classification etc.
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