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Abstract

Understanding the relationship between protein
structure and its sequence is one of the most important
tasks of current bioinformatics research. In this work,
recurring protein sequence motifs are explored with a
K-means  clustering  algorithm. No  structural
information is used during the clustering process so
that the relationship between sequence similarity and
structural similarity for sequence-based clusters can
be studied. This work focuses on characterizing
structural similarity so that the quality of sequence
clusters can be assessed accurately. Analysis of results
reveals that the combined metric of distance matrix
root mean squared deviation for sequence cluster
(dmRMSD SC) and torsion angle RMSD SC
(taRMSD_SC) can provide the reliable indication of
structural similarity for sequence clusters. Based on
our combined metric, the recurrent sequence clusters
with high structural similarity are used to generate
sequence motifs. The common 3D structure of a
sequence motif is represented by both representative
backbone torsion angles and average distance
matrices of the sequence cluster used to produce this
motif. These motifs provide the foundation to develop a
protein  vocabulary reflecting  sequence-structure
correspondence.

1. Introduction

Bystroff and Baker have used the K-means
clustering algorithm to find local sequence motifs for
proteins and to assess structural similarity for these
motifs[1].

Unlike this previous work, during the process of
generating sequence clusters, no structural information
is used so that dependence of structural similarity on
sequence similarity can be evaluated accurately. This
work focus on characterizing the structural similarity in
the sequence clusters so that the significance of
sequence clustering can be assessed. The metrics to

evaluate structural similarity of sequence clusters are
studied rigorously and systematically. Average
distance matrices and representative torsion angles are
a novel representation for representative structure of
sequence clusters.

2. Data Set

The dataset used in this work includes 2290 protein
sequences obtained from the protein sequence-culling
server (PISCES)[5]. No sequences of this database
share more than 25% identity. The structures of these
protein sequences are available from Protein Data
Bank[2].

3. Clustering of Sequence Segments in the
Sequence Space

The sliding windows with nine successive residues
are generated from protein sequences. Each window
represents one sequence segment. The sequence
segments with the length of nine are long enough to
have some structural features and are short enough to
have a statistically significant number of samples.
These sequence segments are classified into different
clusters with the K-means clustering algorithm. The
frequency profiles defined in the similarity-derived
secondary structure of proteins (HSSP) [4] are chosen
as the numerical representations for sequence
segments.

3. Four Metrics to Evaluate Structural
Similarity for Sequence Clusters after the
Clustering Process

After the K-means clustering algorithm is complete,
the following four metrics are used to evaluate the
structural similarity of sequence clusters. These four
metrics includes secondary structure similarity,
dmRMSD SC, taRMSD _SC, and cRMSD SC. The
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In this work, the sliding window size is nine. For our
protein vocabulary, the sequence profile of sequence
clusters including sequence segments with the length
of nine is considered to be the word with the length of
nine. In the next step, the size of sliding windows can
be changed in order to produce sequence segments
with lengths ranging from 5 to 15 residues in order to
make further analysis of similarity metrics for
sequence clusters.
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