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Abstract. A genetic algorithm has been applied
to predict building schemas of protein secondary
structure. This research uses protein secondary
data generated by DSSP. Although the average
Q3 of this research is not the highest score
among previous researches, some fundamental
and useful building schemas of protein
secondary structure have been found. The results
of this study would be a valuable reference for
understanding the basic building patterns of

protein secondary structures.

1. Introduction

Assessing accurate secondary structures of a
protein involves in preparation a crystal of
protein, x-ray scanning and computing. These
procedures cost a lot. Researchers have
developed methods to predict secondary
structures of a protein since 1960s. Recently,
methods predicting protein secondary structure
through the use of new algorithms such as HMM
(3), neural networks (2), new evolutionary

databases (3) etc.

These algorithms do help to predict protein
secondary structure. However, some algorithms
are like “Black Boxes”. Researchers don’t the

meanings of understand enormous parameters or
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how the results of prediction come out but only
accept them. This study intends to predict
protein secondary structure schemas by genetics
algorithms. The results of this study would be a
useful reference for understanding the basic

building patterns of protein secondary structures.

2. Protein Secondary Structure
Prediction by applying Genetic
Algorithms

In past, several researches have been applied
genetic algorithms to predict protein secondary
structure. Some researches focused on global
free energy minimum of protein secondary
structure (8-12). However, these researches
could not give us a complete understanding of

the driving forces behind protein folding.

The second set of genetic algorithm methods
describes another attempt to predict protein
secondary structure by finding some useful
building schemas of protein secondary structure

using by genetic algorithm method (13).

This research intends to verify and bridge
previous genetic algorithm researches. The first
step of this research is finding the building
schemas of protein secondary structure by

applying Lin’s genetic algorithm model (13).
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Then classifying amino acid of building schemas
is taken to figure out what is the driving force of

protein folding.

3. Research Method and Materials

An implementation of a genetic system begins
with encoding potential solutions to a specific
problem on chromosome-like data structure.
Previous researches (14-16) have proved that
because of non-local interactions, information
from more distant sequence could be improving

prediction.

This research takes the first step by preparing
protein sequences of i+4, 6, 8 residues from
DSSP database (17). The DSSP program
classifies each residue into eight classes. These
are typical reclassified into three standard

classes with helices, strand, and random coil.

The structure of amino acid (i) of the sequence
presents the schema of certain protein secondary
structure (SS) as example below. (Chemical
attribute) Each chromosome contains several
schemas of all three type of protein secondary

structure.
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Figure 1. Data Structure
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Then each schema is subcategorized by its R
group into 7 families based on the chemical
properties. In this research, crossover points are
chosen at random in the population. This help us
to find the better chromosomes (sets of schemas)
Mutations occur in each point of a schema to
simplify the rule of schemas. If there are more
than schemas fitting to testing schema, then a
vote mechanism is taken. Fitness functions are
based on Q3. The modeling system of this study

is listed as Figure2.
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Figure 2. The modeling system

4. Results and Discussion

The Genetic algorithm system of this study were
run at 50 populations, each population contain
80 schemas for each secondary structure

(random coil, pleated sheet, helix) for 48 hours.

To verify schemas found by this GAPS
(Genetics Algorithm for Protein Secondary
Structure), a totally different protein data set is
prepared for another tests. Prior studies have
proved that if a total different protein data set is
taken, Q3 achieved an average score about 46%

based on different residues legth
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Although the highest Q3 of this research is not
the highest score among researches, some
fundamental and useful building schemas of
protein secondary structure information have

been found.

The results of GAPS (Genetics Algorithm for
Protein Secondary Structure) contain schema of
different orders. The word “order” of the schema
refers to the number of amino acid that effects
the construction of secondary structure of a

protein.

With increasing the order of the sequence, the
performance of Q3 rise and then falling
significantly after order 4. The results have
demonstrated that how many amino acids
actually effect the conformation of protein
secondary structure. From this study, order 1~4

of schemas achieved higher Q3 score.

Previous researches (e.g. focused on global free
energy minimum of protein secondary structure)
could not give us a complete understanding of

the driving forces behind protein folding. Why?

Previous researches take every amino acid in the
sequence into consideration. However, from the
results of this study, not all the residues in a
schemas effect the conformation of protein
secondary structure. Only few amino acids
actually effect the conformation of protein

secondary structure folding.

5. Conclusion

Although this study demonstrated some

interesting results, to state that there is a direct
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correlation between the schema and protein
secondary folding would be going too far. Some

future works would be needed.

Recently, some researches have proved that
combining different computing algorithm could
improve prediction accuracy. (5) This study only
applied genetic algorithms for protein secondary
structure prediction. Combining with new
computing technique (neutral networks, HMM,
multiple alignment) could be another way to

improve prediction accuracy.
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