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• Underlying molecular genetic problem.

• Empirical protein structure prediction to sequence
and structure data.

3. Classification method to secondary sequence and
structure data.

Outline
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1. Protein structures
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Ras- a molecular switch
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More signal transduction
pathways
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2. Sequence-structure alignment
• Data of a protein core (protein domain)

• Proposal of a s scoring function

• Search algorithm for an optimal sequence-structure
alignment

• Application

• Outlook



7

Data of a protein core
A protein core is composed of several quantitative and qualitative traits.
• Core segments

� Information about the position of the secondary structures.
� A segment is composed of a subsequence of the amino-acid

sequence. The elements of this subsequence are called core
elements.

� ...
• Properties of amino acids

� Hydrophobicity
� ...

• Spatial neighbourhood of the segments
� Order of segments in the tertiary structure
� Gaps between segments (amino acids not assigned to a secondary

structure) are not considered in the core.
� ...

• ...
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Core of the protein Ubiquitin
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Core of the Ras binding domain
of Raf
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Core of the Ras binding domain
of Ral-GEF
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Proposal of a scoring function
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Proposal of a scoring function
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Search algorithm
�Search for an optimal sequence-structure alignment
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�Dynamic programming approach has been implemented in the 
program Placer.
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Results of the application

Core Raf - - - - - S S S S S S - - - - - - - - S S S S S S

Core Ral S S S S S S S S - - - S S S S S S - - - H H H H H

Core Ubiquitin - - - - - S S S S S S S - - - S S S S S S S - H H

Original coreOriginal core S S S S S S S - - S S S S S S S - - - - - - H H HS S S S S S S - - S S S S S S S - - - - - - H H H

Identical structuresIdentical structures 1 1 1 1 1 3 3 0 1 2 2 2 1 1 1 2 1 2 2 1 0 0 1 2 2

Sequence positionSequence position 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5

Figure: Parts of the sequence-structure alignment of Ubiquitin
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Results of the application



15

Outlook
�Consideration of gaps between segments.
�Improvement of the probability function on the basis of
Markov random fields (MRF).

�Definition of spatial neighbourhoods according to
Voronoi contact relations (Voronoi tesselations).

�Modeling spatial neighbourhoods in graphs.

�Definition of  a MRF on the graph.

�Assuming this MRF, the probability of  the
occurrence of several neighbouring amino acids in
the core can be used for scoring the core segments.
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3. Classification of amino-acid
sequences

� Classification of an amino-acid sequence to a secondary
structure.

� State-space model
�Filtering algorithm

�Likelihood calculation

Secondary structure

Primary structure,
observed amino-acid 
sequence
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State-space model
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Filtering algorithm
Input : Model         and observed sequence� �1xH ,,,, �� nmM
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Likelihood calculation
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Results
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Summary and outlook

�Two empirical methods were applied to known protein structures.

�Improvement of the sequence-structure alignment:

�Other scoring function.

�Improvement of the classification method:

�Smoothing.

�Combination of both methods.
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