CHAPTERI1

INTRODUCTION
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role. Progress of discovering the structure of proteins has been driven slowly in many
individual laboratories around the world.

The proteins have to be purified in large amounts (about 1 mg.) and crystallized.
Then either x-ray crystallography or nuclear magnetic resonance (NMR) is used in

order to find information about the protein’s structure at the atomic level, yielding the



location of every atom in the protein. A single three-dimensional structure of each
protein can be determined one at a time by individual labs. The demand of structural
proteomics methods has been increasing rapidly, but the progress is still slow.

The limitations of structural proteomics are the processes of preparation of
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Currently, the number of known protein structures exceeds 20,000, much higher
than those known 250 protein structures in 1988. The experimental determination of
structure is still slow and costly. In addition, the gap between sequences and structure

determinations is wider by the sequencing technology that becomes more advanced.



It is not only the protein structures that have to understand alone, but it is also
fundamental molecular biology that has to be worked out. Understanding the structure
of proteins leads to understand biological reactions and how they play within an

organism.

to predict secondary stru o depends on identifying types, location and extent

of each secondary structures ele yn structures. The main types are a-

helices, S-strands, whigh examined y ihef: 4 que igtions. In order to simplify
the prediction the othiet type structu ‘ ertypes of helices, turns, and
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The three-ﬂ, ‘Hcﬂl '%mﬂ%J ‘ﬂt@ 19"5*3%11 ’}ﬂe‘ﬁ'\e include secondary

structures, Wthh must be assigned o amino acids, by examinatiow of the structural
coordin%sﬁt’}:l ﬁr}j 1ﬂh§>§uﬁl’l mgsgnm&&(alﬂn methods are
based on the correlation between amino acid sequence and secondary structure. From
the assumption, a short stretch of sequence tends to form a particular kind of
secondary structure (e.g. helix) over another kind (e.g. sheet). Therefore, many
methods examine a sequence window of 13-17 residues as a pattern of conformation

of amino acid.



Moreover, a further problem in prediction of structure is that tertiary structure of
protein may not be the function of the amino acid sequence alone. There are other
molecules that can cause the structure of protein as well.

There is evidence that the interaction within the primary amino acid chain
influences the local secondary structure. The length up to 5 residues of the same
amino acid sequence can be found in different secondary structures. Furthermore,

“chameleon” which is an mnW1th length of 11 residues, has been
found to form an a- hehces&

sertSd 1 of a primary protein sequence
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secondary structure prgiction [8, 9]. The advanced tedﬂ'liques of machine learning

methods sucwwﬁlwgmgwﬂ% ?d Nearest-Neighbor

Classification haye been used as the core of class1fy1ng algonthm for the structural
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class1ﬁcat10n method based on statistical learning theory, has been applied to the
problem of secondary structure prediction. Due to the good results of high percent
accuracy together with a good generalization performance, SVM becomes a major

classification method at the present.



Performance of the learning model used for predicting of secondary structure class
depends on two main factors, designing of classification network model and
preprocessing of input data. The former factor has been considered by many
researcher groups and some efficient models of network design have been proposed.

The later factor, on another hand, is not well studied. The efficient feature extraction

method based on biological ;@‘ugym been explored. The method of

reducing the input dimen@e kegping the Essential feature of protein pattern
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structure predict%n, two-dimensionalstructure inf&.rmation is oftewsed to predict the
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predictior? of regions of the protein likely to undergo structural change [14] and in the
classification of proteins for genome analysis [15]. For example, in a matching
attempt between a candidate sequence in a sequence database or a protein motif

database, if there is a significant matching result on known secondary structure, the



candidate protein may share the three-dimensional structural features of the matched

protein.

Table 1.1 Three formulated problems and the proposed solutions.
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1.4 Scope and Organization

This dissertation is organized into four chapters starting with Introduction chapter that
summarizes the basic background of protein element and protein structure. This
chapter also reviews a conventional method of finding the protein structure, limitation

of laboratory experiment to obtain t ’ } tures, and importance of the structure

the problem formulation and

is chapter.

In Chapter 2, existi i of structure prediction are

reviewed and divided i encrati he theoretical mathematical

preprocessing techrp;mle, the “multl ers Mz
it e used to implement and
test our approach is exp amed In Chapter 4, the 1mprovmg results of our experiments

are presented ﬂi w,@t%@ ‘ﬂ&ﬁ' %ﬁ}ﬂﬂ@muonauy, optimizing

parameters as wqfl as improving network design are discussed. Finally, the conclusion
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