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 Abstract:

 The emerging area of Functional Bioinformatics is concerned with ontologies (representations) and algorithms for computing biological function. A growing number of ontologies address this need. EcoCyc <http://BioCyc.org/ecoli/>, for instance, represents key biochemical events in Escherichia coli.  Similarly, the KEGG ontology <http://www.genome.ad.jp/kegg/> captures aspects of biochemistry such as the relationships between reactants, catalysts, substrates and products.  Other ontologies represent such important aspects of biology as signal transduction, molecular function and cellular location.  The specialized area of pharmacology (the science that studies the effects of drugs on living systems), however, presents important features that are not adequately captured by existing ontologies.  For example, in the brain, the drug fluoxetine selectively inhibits the re-uptake by a protein transporter of the neurotransmitter serotonin into the pre-synaptic terminal. This is an action that has behavioral consequences. No existing gene function ontology includes all of the concepts and relationships required to properly account for such a statement.  


We describe a frame-based object-oriented knowledge representation that captures key aspects of pharmacology. We represent four conceptual object hierarchies: ligands, proteins, processes and anatomy.  Ligands (both endogenous and exogenous) interact in myriad ways with biomolecules (such as proteins), initiating, altering or even terminating diverse physiological processes.  The ligand heirarchy includes such attributes as chemical classification, target receptor, synthesis mechanism, activation mechanism, inactivation, and anatomical distribution of instances. Each one of these attributes provides essential links for making inferences concerning physiological, behavioral and pharmacological events.


Protein and process hierarchies are related to similar ones found in existing ontologies such as the Gene Ontology (GO) <http://www.geneontology.org/>.  Our anatomical concepts are primarily neurobiological, and draw on the Unified Medical Language System <http://www.nlm.nih.gov/research/umls/>, NeuroScholar <http://chasseur.usc.edu/ns/>, and Neurohomology <http://brancusi.usc.edu/scripts/webmerger.exe?/database/homologies-main.html>.  A significant difference between our knowledge-base and existing ontologies is the emphasis on being able to represent assertions about molecular interactions in particular anatomic, physiologic and behavioral contexts.  Also important in our knowledge-base is the representation of relationships among the entities in the object hierarchies.  These interactions, including physical relationships such as binding, and abstract relationships such as activation, lie at the heart of events of significance to pharmacology. 


Our initial focus has been on representing the concepts necessary to capture the effect of excess alcohol consumption in animal models.  A validation system monitors progress towards the building of the  knowledge-base. A series of algorithms monitor the relevance of entries to the initial focus, namely models  and findings of alcoholism research. The implementation is in the frame and assertion representation system from I/NET, the Conceptual Memory system (CM) <http://www.inetmi.com/ci/tech/conceptual-memory.html>.  CM provides for the making of general assertions, representation of object hierarchies, as well as the querying of facts and making inheritance inferences.

