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The subcellular localization of proteins specifies where they are and determines their ability to interact with other proteins and small metabolites in their local environment.  As subcellular localization of proteins is a key functional characteristic, there has been much work to computationally predict the localization of proteins based on sequence and expression data (Drawid and Gerstein 2000).  In addition to prediction methods, computational methods have been developed to classify subcellular localization based on natural language processing of existing abstracts and papers (Stapley et al. 2002).  Not only are computational techniques being developed to obtain more localization information, but new high–throughput experimental techniques are also being developed (Kumar, Agarwal et al. 2002).

With an increasing amount of subcellular localization data, methods of standardizing data across different sources become important.  This need has been addressed by the Gene Ontology (GO) cellular component terms (http://www.geneontology.org).  GO provides a hierarchy of cellular component concepts such as organelles, membranes and protein complexes.  These concepts are used to annotate the location of gene products in a standard fashion.  However, there remains a need to capture more aspects of the biological properties of cellular components in a standardized and computationally accessible way.

We developed an ontology including concepts for cellular components, proteins, protein complexes, enzymatic reactions and small metabolites using Protégé-2000 a knowledge base management system (KBMS) that uses frames (http://protégé.stanford.edu).  The concepts for enzymatic reactions and small metabolites are taken from the ontology underlying EcoCyc, a database of metabolic pathways in E. coli (Karp, Riley et al. 2002).  Our ontology captures the compositional nature of cellular components, and the spatial relationships of the cellular components using specific relations.  For example mitochondria are composed of a mitochondrial outer membrane, mitochondrial inner membrane, intermembrane space and mitrochondrial stroma.  Relations such as “Within_Membrane” or “Around_Space” capture the spatial relationships between these cellular components.  These cellular components are classified as either “Membranes” or “Spaces” and instances of proteins and metabolites can have specific relationships to these classes of cellular components.  We can represent whether a specific protein or small metabolite is located within a space, embedded within a membrane or to be associated with a particular side of the membrane.  The ontology is compatible with GO compartment annotations, but provides a much richer representation of spatial relations and constraints.  We can instantiate proteins and their locations in our knowledge base using mappings to GO annotations.

Protégé-2000 contains a Java-API to access, edit, and query knowledge bases.  This allows us to build applications incorporating rule-based reasoning and consistency checking over our knowledge base.  By utilizing the ontology for querying purposes, we can answer questions such as “Which proteins can possibly interact with each other?” or “Which small metabolites are created in a specific compartment?” using localization information.  Consistency checking can be achieved by formulating rules over specific cases.  For example, if we know that a particular enzyme is located in an organelle, we expect that the enzymes substrates and products will be contained in the same organelle.  Application of such rules to an existing knowledge base may facilitate discoveries of either internal conflicts between reaction, protein and metabolite localizations or new biological knowledge about the compartmentalization of cellular functions.
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