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Summary

Signaling pathways are causal sequences of chemical reactions that end up by achieving cellular func-
tions. Much information has been accumulated in databases for signaling pathways and ontologies have been
built for sharing and reusing the information in community. However, we still have difficulties in consistent
representation of signaling pathways. We still fail to have an intrinsic definition of a signaling pathway.
We also fail to specify cooperative actions of molecules in dynamical construction of molecular complexes.
We have developed Cell Signaling Networks Ontology (CSNO) based on device ontology to address theses
difficulties. CSNO explicates that ”signal” carries two kinds of information such as ”identity” and ”causal-
ity” of a signaling pathway. Identity is coded into ”molecular recognition” predetermined in a cell, whereas
causality is coded into "activity” processed along a pathway progressively and is essential for two-layered
functions of cooperative molecules: to let activities flow (elementary function) and to control the flow of
activities (mechanical function). CSNO defines roles of complex formation as dynamical construction of a
device that performs a mechanical function generating cooperation in actions of molecules. Based on the
definitions of signaling pathways, CSNO provides us with a base of integrative and consistent representa-
tion of signaling pathways, inducing a viewpoint in which not molecules but pathways are focused in the

knowledge representation.
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[Legend of definition]
whole-concept : class constraint on the whole-concept
+p/o part role-concept : class constraint on the part role-concept
[Legend of instance]
whole-concept: instance holding the whole-concept
+p/o part role-concept : instance holding the role-concept
[Abbreviations]
TGFb, transforming growth factor-beta;
TGFbR, transforming growth factor-beta receptor;
Smad, Mothers against decapentaplegic homolog;

«goooo>>
[Definition of elementary function]
function : to-convert
+p/o medium : chemical reaction
+p/o reactant : molecule
+p/o port : molecular-structure
+p/o operand : activity
+p/o elementary-device : molecule
+p/o Bl-behavior : to-change-category
+p/o in-state : (category of) activity
+p/o target-molecule : molecule
+p/o out-state : (category of) activity
+p/o target-molecule : molecule
+p/o target-response : phenomena
[Instance of elementary function]
function : to-convert
+p/o medium : binding
+p/o component : "TGFbR1"
+p/o port : molecular-structure
+p/o domain : "kinase domain"
+p/o motif : “ GS region”
+p/o component : "Smad3"
+p/o port : molecular-structure
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+p/o domain : "MH2 domain"
+p/o operand : activity
+p/o elementary-device : "Smad3"

+p/o Bl-behavior : to-change-category
+p/o in-state : bind-activity
+p/o target-molecule : "TGFbR1"
+p/o out-state : be-phosphorylated-activity
+p/o target-molecule : "TGFbR1"
«OoOoOooo>>
[Definition of mechanical function]
function : mechanical function
+p/o operand : activity
+p/o Bl-behavior : to-change-attribute
+p/o focused-attribute : physical quantity
+p/o focused-attribute : (category of) activity
+p/o focused-port : (in-port | out-port)
+p/o mechanical-device : molecular complex
+p/o medium : chemical reaction
+p/o elementary-device : molecule
+p/o port : molecular structure
+p/o structural-object : molecular-complex
+p/o component : molecule
[Instance of mechanical function]
function : to-amplify
+p/o operand : activity
+p/o Bl-behavior : to-change-attribute
+p/o focused-attribute : concentration
+p/o effect : "increase"
+p/o focused-attribute : category-of-activity
+p/o out-state : bind-activity
+p/o focused-port : out-port
+p/o port : molecular-structure
+p/o subunit : "Smad3"
+p/o mechanical-device : molecular-complex
+p/o component : "TGFbR1"
+p/o component : "Smad3"
+p/o medium : binding
+p/o elementary-device : "TGFbR1"
+p/o port : molecular-structure
+p/o site : "phosphorylated Tyr"
+p/o elementary-device : "Smad3"
+p/o port : molecular-structure
+p/o domain : "MH2"
+p/o medium : phosphorylation-in-transient-complex
+p/o elementary-device : "TGFbR1"
+p/o port : molecular-structure
+p/o site : "active center"
+p/o elementary-device : "Smad3"
+p/o port : molecular-structure
+p/o site : "Ser-Thr"
+p/o structural-object : molecular-complex
+p/o component : “ TGFb”
+p/o component :“ TGFbR1”
+p/o component :“ TGFbR2"
+p/o component : “ Smad3”
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