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Abstract

We propose two methods for finding similarities in pro-
tein structure databases. Our techniques extract feature
vectors on triplets of SSEs (Secondary Structure Elements)
of proteins. These feature vectors are then indexed using a
multidimensional index structure. Our first technique con-
siders the problem of finding proteins similar to a given
query protein in a protein dataset. This technique quickly
finds promising proteins using the index structure. These
proteins are then aligned to the query protein using a popu-
lar pairwise alignment tool such as VAST. We also develop a
novel statistical model to estimate the goodness of a match
using the SSEs. Our second technique considers the prob-
lem of joining two protein datasets to find an all-to-all sim-
ilarity. Experimental results show that our techniques im-
prove the pruning time of VAST 3 to 3.5 times while keeping
the sensitivity similar.
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1 Motivation

Functional properties of proteins usually depend on
structures of the proteins rather than their sequences. Pre-
dicting functional properties of proteins is needed in a num-
ber of fields such as drug design, protein classification and
phylogenetics. There are many proteins which are struc-
turally similar but their sequences are not similar at the
level of amino acids. For example helical cytokines form
an extended family that is undetectable by sequence com-
parison. This makes structural similarity more important
than sequential similarity for protein classification. Detect-
ing structural similarities of proteins using computers will
be much faster and less expensive than wet lab experiments.
Computational results can also be used to narrow down the
possible experiments for scientists.
�
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The key problem in structural alignment of proteins is to
find the optimal mapping between the atoms in two molec-
ular structures. It is not known in advance which atoms of
one structure correspond to which atoms of the other struc-
ture. Searching all possible mappings requires an exponen-
tial number of comparisons in terms of the number of atoms
in the compared structures. This makes an exhaustive search
intractable and heuristics are frequently employed. The
Root Mean Square Distance (RMSD) between the aligned
atoms of two aligned structures is typically taken as a mea-
sure of the quality of the alignment. Given a mapping, the
problem of optimally aligning two structures through rota-
tion and translation so that the RMSD is minimized can be
solved efficiently in time linear in the number of atoms [5].

There are three classes of algorithms for structural align-
ment of proteins [8]. The first class of algorithms performs
structural alignment directly at the level of ��� atoms. The
second class of algorithms first uses the SSEs (Secondary
Structure Elements) to carry out an approximate alignment
and then uses the � � atoms. The final class of algorithms
uses geometric hashing [23].

The simplest algorithm for structural alignment [10] uses
dynamic programming to find the optimal mapping. The
DALI algorithm [11] uses distance matrices to align pro-
teins. The CE algorithm [19] performs a combinatorial ex-
tension of aligned fragment pairs. The Double Dynamic
Programming algorithm [22] and Iterative Dynamic Pro-
gramming algorithm [21] use two levels of dynamic pro-
gramming.

Hierarchical algorithms are based on rapidly identify-
ing mappings between small similar SSE fragments of
two proteins. The similarity of two fragments is defined
using length and angle constraints. Fragment pairs that
align well form the seed for extensive atom-level align-
ments. This is followed by a more detailed alignment of
the atoms themselves. We discuss the VAST algorithms be-
low. Other algorithms carrying out hierarchical alignment
are [3, 13, 15, 18, 20].

The VAST algorithm [14] carries out a hierarchical align-
ment beginning with SSEs. It begins with a bipartite graph:
vertices on one side consist of pairs of SSEs from query pro-
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