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ABSTRACT

Protein structure prediction aims to determine the three-dimensional
structure of proteins form their amino acid sequences. When a pro-
tein does not have similarity (homology) to any known fold, thread-
ing or fold recognition methods are used to predict structure. Fold
recognition methods frequently employ secondary structure, solvent
accessibility, and evolutionary information to enhance the accuracy
and the quality of the predictions.

In this paper, we present a residue based alignment method as
an alternative to the state-of-the-art SSEA method, originally intro-
duced by Przytycka et al. [1], and further modified by McGuffin
et al. [2]. We introduce a residue-based score function, which can
incorporate amino acid similarity matrices such as BLOSUM into
secondary structure similarity scoring and compute joint alignments.
We show that the power of the SSEA method comes from the length
normalization instead of the element alignment technique and simi-
lar performance can be achieved using residue-based alignments of
secondary structures by optimizing gap costs. In simulations with
the two benchmark datasets, our method performs slightly better
than the SSEA in terms of the fold recognition accuracy. When the
secondary structure similarity matrix is combined with the amino
acid based BLOSUM30 matrix, the accuracy of our method im-
proves further (4% for the McGuffin set and 10% for the Ding and
Dubchak set). The availability of aligning the amino acid and sec-
ondary structure sequences in a joint manner offers a better starting
point for more elaborate techniques that employ profile-profile align-
ments and machine learning methods [3,4].

Index Terms- protein fold recognition, secondary structure
alignment, amino acid alignment, score normalization, gap cost.

1. INTRODUCTION

Protein structure prediction aims to determine the three-dimensional
structure of proteins form their amino acid sequences. When a pro-
tein shows significant sequence similarity to other proteins with known
structures, comparative modeling techniques can be used to deter-
mine the three-dimensional structure with reasonable accuracy. On
the other hand, if there is little similarity (homology) to any known
fold, threading or fold recognition methods are used to predict struc-
ture.

Protein threading or fold recognition refers to a class of compu-
tational methods for predicting the structure of a protein from the
amino acid sequence. The basic idea is that the target sequence
(the protein sequence for which the structure is being predicted) is
threaded through the backbone structures of a collection of template
proteins (known as the fold library) and a goodness of fit score cal-
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culated for each sequence-structure alignment. Protein fold recog-
nition problem can be stated as the problem of assigning a protein
of unknown structure (target) to one of the known fold classes (tem-
plates) as defined in the SCOP or CATH classification standards.
Fold recognition methods can be broadly divided into two types: (1)
methods that derive a 1-D profile for each structure in the fold li-
brary and align the target sequence to these profiles; (2) methods
that consider the full 3-D structure of the protein template. A sim-
ple example of a profile representation would be to take each amino
acid in the structure and simply label it according to whether it is
buried in the core of the protein or exposed on the surface. More
elaborate profiles might take into account the local secondary struc-
ture (e.g. whether the amino acid is part of an alpha helix) or even
evolutionary information (how conserved the amino acid is). In the
3-D representation, the structure is modelled as a set of inter-atomic
distances i.e., the distances are calculated between some or all of the
atom pairs in the structure. This is a much richer and far more flex-
ible description of the structure, but is much harder to use in calcu-
lating an alignment. Also note that, methods in the second category
greatly benefit from the profile-based approaches.

Recent approaches in fold recognition follow two major direc-
tions, namely machine learning methods (neural networks and sup-
port vector machines) and alignment methods. In this paper, we
present a residue based alignment method as an alternative to the
state-of-the-art SSEA method, originally introduced by Przytycka et
al. [1], and further modified by McGuffin et al. [2]. We introduce a
score function, which allows us to incorporate amino acid similarity
scores such as BLOSUM into secondary structure alignments, which
is not possible with the SSEA method. By combining the amino acid
and the secondary structure similarity matrices, it is possible to com-
pute joint alignments of sequence and secondary structure.

2. SECONDARY STRUCTURE ELEMENT ALIGNMENT
(SSEA)

Secondary structure element alignment (SSEA) was first introduced
by Przytycka et al. [1], which is based on the alignment of secondary
structure segments instead of the residue pairs. McGuffin et al. [2]
then adopted the idea and compared a slightly modified SSEA to
other alignment methods. The result was that SSEA performed the
best of all tested sequence and secondary structure alignment meth-
ods in predicting the fold class of a given protein. The pairwise
alignment procedure described by McGuffin et al. [2] can be sum-
marized as follows:

1. Represent each sequence as the sequence of secondary struc-
ture elements and annotate the length of the elements. Dis-
card leading and trailing coils. For instance, the secondary
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