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Abstract

Protein structure prediction is one of the most significant problems in bioinformatics. Currently, there are many tools that
predict protein secondary structures, or find protein structural motifs and some specific structural segments. Sometimes the
tool results are different or contradictory. CISPred is a consensus protein structure prediction system that integrates results
of individual tools to provide consensus predictions. CISPred has an 83% average 3-state accuracy (Q3 score) on 109
CASP (Critical Assessments of Techniques for protein Structure Prediction experiment) sequences, and has an 89%
average 3-state accuracy on 1758 randomly selected sequences.

Proteins are large molecules. Every protein The a-casbon aton
molecule is a long chain of 20 types of amino acids. p

The figure on the right shows the general formula
of amino acids. The largest known protein is formed
by up to 27,000 amino acids.

Each of the amino acid can be represented by a

EDIIVVALYDYEAIHHEDLSFQKGDQMVVLEESGEWWKARSLATRKEGY IP character. The string composed by these 20

SNYVARVDSLETEEWFFKG I SRKDAERQLLAPGNMLGSFMIRDSETTKGSY

SLSVRDYDPRQGDTVK characters is called an as
shown left. Amino acid sequences are the inputs of
CISPred.

Protein secondary structures

Proteins can have very complex three dimensional
structures. However, all complex protein structures are

composed from only 9 types of structural patterns. Each EEEESS! SSS EEEEEE( EEEEEE EEEEE
of these patterns can be represented by a character. GGGEEE | TSGGGS HHHHHHHHTS EEEEECSSSTTSE
EEEEEEECTTSCE

The string composed by these 9 characters are named
as shown right.

The following are some common structural patterns.

Alpha-helix Beta-barrel Parallel beta-sheet

<—m

Anti-parallel beta-sheet Beta-strand

Beta-sheets and beta-barrels are composed from B d

Usually, all helices are represented by the letter “H”, all sheets are represented by the letter “E”, and all the other
patterns are represented by the letter “C”. The outputs of CISPred are secondary structure sequences containing “H",
“E". and “C".

Protein structures determine protein functions. However, to discover proteins structures by experimental methods such as X-
ray crystallography or NMR analysis are expensive and slow. Furthermore, the number of known protein sequences is
exponentially increasing. Therefore, the use of computer technologies becomes more and more indispensable to protein
structure prediction.

There are several
existing tools that can
predict protein
secondary structures.
However, there results
sometimes are
contradictory for
proteins.
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Methodology

CISPred integrates the following tools and databases to get consensus
predictions:

*SSPRO [1]: A protein secondary structure prediction tool using neural
networks techniques and PSI-BLAST profiles.

*PSIPRED [2]: A protein secondary structure prediction tool using four separate
neural networks.

*THREADER [3]: A tool that threads the sequence through structure libraries
and selects the best alternatives.

*PATMATMOTIES [4]: A tool that finds motifs from amino acid sequences.

*PROSITE [5]: A database containing information about protein motifs.

*PDBFINDER [6]: A database containing known protein amino acid sequences
and protein secondary structure sequences.

System architecture of CISPred
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Any computers that
can access the
Internet.
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Model: Sun Microsystems V880;
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For each of the query sequences of CISPred, I
the computations are executed on several
processors as shown on the left.

This can significantly save the execution time
of CISPred up to 8 times, as shown on the
right. 1

Experimental results

CISPred and the other two existing prediction tools PSIPRED and SSPRO are tested on 109 CASP sequences and 1785
random sequences.

1785 sequences

Accuracy
*SSPRO: 82%

*PSIPRED: 78%
«CISPred: 83%

Accuracy.

- *SSPRO: 91%
*PSIPRED: 80%
+CISPred: 89%
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