What follows is a highly truncated version of the aggregate ontology we have been constructing with arrow+ellipses marking abbreviated portions of the ontological graph.  One issue to note is that 

· Ligand:  a set of chemicals generated, transmitted and consumed by neurons and other neuro-anatomical entities in different parts of the brain (KEGG, PubChem, ChEBI, CAS RN, etc.). 

· Neurotransmitter 
· Biogenic amine neurotransmitter [CHEBI:22879; MeSH2007 ID: D001679]

· Biogenic Monoamine neurotransmitter [CHEBI:25375; MeSH2007 ID: D015306]

· Catecholamine neurotransmitter [CHEBI:33567; MeSH2007 ID: D002395]
· Dopamine (PD) [KEGG Compound: C03758; PubChem CID: 681; ChEBI 18243; CAS RN: 51-61-6; MeSH2007 ID: D004298]

· Acetylcholine (AD) [KEGG Compound: C01996; ChEBI: 15355; CAS RN: 51-84-3; MeSH2007 ID: D000109; UMLS CUI: C0001041]
· Neurotransmitter metabolites
· Levodopa (PD) [synonym: L-DOPA; ChEBI: 15765; CAS RN: 59-92-7; KEGG Compound: COO355; PubChem CID: 6047]

· Macromolecule: brain-localized macromolecules. 

· Peptides (IMR, MeSH)
· Amyloid beta (A4) precursor protein (human) (AD)[synonyms: APP, ABeta; MeSH2007 ID: D016229; Entrez Gene ID: 351; UniProt ID: P05067]

· APP proteolytic product
· Abeta1-42 (AD)

· Abeta56 (AD)
· Brain-derived neurotrophic factor [synonym: BDNF; IMR ID: 0704167; Entrez Gene ID: 627; UniProt ID: P23560]

· Complex macromolecules (SenseLab, IUPHAR NC terminology)
· Neurotransmitter receptors…
· Ionotropic Glutamate Receptor [synonym: NMDA-R; NeuronDB ID: ?]
· Dopamine Receptor [synonym: DA-R; IUPHAR ID: 1282]
· Nicotinic acetylcholine Receptor [synonym: nAch-R; NeuronDB ID: ?]
· Ion channels…
· A-type K+ Channels [IUPHAR ID: Kv3.3-4, Kv4.1-3]
· D-type K+ Channels [IUPHAR ID: Kv1.1-2, Kv1.6]

· Cellular component (GO) [GO ID: 0005575]

· Extracellular region part [GO ID: 0044421]

· Fibril [GO ID: 0043205]
· Biological Process (GO) [GO ID: 0008150]

· Cellular Process [GO ID: 0009987] ( … ( Cellular metabolism [GO ID: 0044237]
· Neurotransmitter metabolism [GO ID: 0042133]
· Neurotransmitter catabolism [GO ID: 0042135]
· Acetylcholine catabolism [GO ID: 0006581]
· Dopamine catabolism [GO ID: 0042420]
· Cellular biosynthesis [GO ID: 0044249] ( … ( Glycoprotein biosynthesis [GO ID: 0009101]
· Amyloid precursor protein biosynthesis [GO ID: 0042983]
· Cellular macromolecule metabolism [GO ID: 0044260] ( … ( Glycoprotein metabolism [GO ID: 0009100]
· Beta-amyloid metabolism [GO ID: 0050435]
· Amyloid precursor protein metabolism [GO ID: 0042982]
· Amyloid precursor protein catabolism [GO ID: 0042987]
· Molecular Function (GO) [GO ID: 0003674]

· Binding [GO ID: 0005488] ( Protein Binding [GO ID: 0005515]
· Beta Amyloid Binding [GO ID: 0001540]
· Dimerization [MeSH2007 ID: D019281]
· Protein dimerization activity [GO ID: 0046983]
· Protein heterodimerization activity [GO ID: 0046982]
· Catalytic activity [GO ID: 0003824]( … ( Omega peptidase activity [GO ID: 0008242]
· Beta-aspartyl-peptidase activity [GO ID: 0008798] (for APP processing)
· Neuron: the set of neuronal elements present in various parts of the brain. 

· CNS Neuron
· Pyramidal Neuron
· CA1 pyramidal Neuron
· BDNF neuron
· Dopaminergic Neuron 

· Anatomy: In the context of our use case we are interested in a partonomy of brain regions (FMA, BIRNLex, MeSH, SNOMED)

· Regional part of brain

· Forebrain [FMA: 61992; NN 8; BIRNLex: birnOrgAnatomy_069]
· Regional part of forebrain [BIRNLex: birnOrgAnatomy_191]
· Telencephalon [FMA: 62000; NN 12; BIRNLex: birnOrgAnatomy_193]
· Regional part of telencephalon [BIRNLex: birnOrgAnatomy_194]
· Regional part of cerebral cortex (…( Predominantly gray regional part of Hippocampal formation 

· Cytoarchitectural part of hippocampus

· CA1 cytoarchitectural part of hippocampus [FMA: 74042; NN 165; BIRNLex: birnOrgAnatomy_126]
· Regional part of basal nuclear complex [synonym: Basal Ganglia; BIRNLex: birnOrgAnatomy_200]
· Globus Pallidus [synonym: Pallidum; NN 213; UMLS: C0017651; MeSH2007 ID: D005917; BIRNLex: birnOrgAnatomy_236]
· Neostriatum [synonym: Striatum; NN 207; UMLS C0162512; BIRNLex: birnOrgAnatomy_079]
· Predominantly gray regional part of telencephalon [BIRNLex: birnOrgAnatomy_202]
· Basal nucleus [synonym: Nucleus Basalis of Mynert; NN 257]
· Midbrain

· Regional part of midbrain

· Cerebral peduncle

· Substantia nigra

· Organism Taxon: a taxonomic enumeration of organisms used as biological models for experimentation.

· Eukaryota ( … ( Coelomata [NCBI Tax ID: 33316]
· Deuterostomia [NCBI Tax ID: 33511] ( … ( Euarchontoglires [NCBI Tax ID: 314146]
· Rodentia ( … ( Mus musculus [synonym: mouse; NCBI Tax ID: 10090; ITIS Tax SN: 180366; TreeBase Taxon ID: 24661] 
· Hybrid strain of Mus musculus musculus x Mus musculus domesticus [BIRNLex ID: birnOrgAnatomy_382] ( … ( C57BL/6J inbred mouse [JAX Stock ID: 000664]

· Tg2576 transgenic mouse [IMSR ID: B6.SJL-Tg(APPSWE)2576Kha]

· Primata [NCBI Tax ID: 9443] ( … ( Macaca [NCBI Tax ID: 9539]

· Macaca mulatta [synonym: rhesus monkey; NCBI Tax ID: 9544; ITIS TSN: 180099; TreeBase Taxon ID: 6988] 

· Protostomia [NCBI Tax ID: 33317] ( … ( Melanogaster subgroup [NCBI Tax ID: 32351]
· Drosophila melanogaster [synonym: fruitfly; NCBI Tax ID: 7227; ITIS Tax SN: 146290; TreeBase Taxon ID: 8342]
· Clinical Treatment: clinical treatments that are used in neuromedicine (Clinical Trials Ontology)

· Immunization therapy (AD)

· Electrode therapy (PD) 
· Clinical Feature: conditions/symptoms typically observed in patients suffering from AD or PD. These concepts will be pre-coordinated from relevant entities elsewhere in the overall ontological framework (MeSH, PsychInfo, UMLS, Disease Ontology, ICD-10, CSP, SNOMED)
· Inflammation
· Encephalitis [synonym: brain inflammation; UMLS CUI C0014038; MeSH2007 ID: D004660]
· Post-Vaccinal Encephalitis [DOID:13664; UMLS CUI C0751101; MeSH200 ID: D004673]
· Cerebral Inflammation
· Mental and Behavioral Dysfunction [UMLS Semantic Type]
· Cognitive Impairment [synonym: disturbance in cognition; UMLS CUI: C0338656; DOID:12920]
· Memory Impairment [DOID:4761]
· Working Memory Impairment

· Mild Cognitive Impairment (MCI) [ICD-10: F06.7; BIRNLex ID: birnlexMain_105]
· Dementia [MeSH2007 ID: D003704; UMLS CUI: C0497327]
· Alzheimer’s Dementia [ICD-10: F00]
· Apraxia [synonyms: dyspraxia; UMLS CUI: C0003635; MeSH2007 ID: D001072; ICD-10: R48.2; DOID:4019]
· Ideomotor Apraxia [synonyms: Ideokinetic Apraxia, Ideomotor Dyspraxia, Transcortical Apraxia, Classical Apraxia; UMLS CUI: C0234523, MeSH2007 ID: D020240; DOID:4627]
· Ideational Apraxia [UMLS CUI: C0234526]
· Limb Kinetic Apraxia

· Gait Apraxia [UMLS CUI: C0234528; MeSH2007 ID: D020235; DOID: 4261]
· Movement Disorders [UMLS CUI: C0026650; MeSH2007 ID: D009069; DOID:480; SNOMED-CT: 60342002]
· Akinesia [UMLS CUI: C0085623]
· Bradykinesia [synonym: hypokinesia; MeSH2007 ID: D018476]
· Rigidity [UMLS CUI: C0700109]
· Extrapyramidal rigidity [MeSH2007 ID: D009127]
· Gait Impairment

· Disease: high-level diagnoses fit to the specific Use Cases (UMLS, MeSH, ICD-10, SNOMED)

· Lewy Body Disease [MeSH2007 ID: D020961; ICD-10: is a type of G31.8]

· Alzheimer's Disease [UMLS CUI: C0002395; MeSH2007 ID: D000544; ICD-10: G30; BIRNLex ID: birnlexMain_163]
· Parkinsonian Disorder [UMLS CUI: C0030567; MeSH2007 ID: D010300; ICD-10: G20]
· Huntington Disease [UMLS CUI: C0020179; MeSH2007 ID: D006816; ICD-10: G10]

Biological Mechanism: This class contains a set of biological mechanisms that are triggered in the context of clinical conditions and diseases. Examples of these are Abeta toxicity and long term potentiation which are modeled as subclasses of this class. 

Publication: This class represents the set of published information such as research articles which form the basis of evidence of various hypotheses. 

Hypothesis: This class represents a set of conjectures, assumptions and hypotheses put forwarded and investigated by biomedical researchers. Typically researchers attempt to validate or invalidate a hypothesis. Two such hypotheses are Abeta Placque Induced Pathology and Abeta Derived Diffusable Ligand Induced Pathology which are subclasses of this class. 

Results: This class represents a set of results which could be experimental results from biological experiments or results of a clinical laboratory test or a a molecular diagnostic test.
 

We now discuss some object and data type properties of the various classes in the neuromedicine ontology
Peptide isAContributingCauseOf {ClinicalFeature, Disease}: This relationship captures a potentially causal relationship between peptides such as Abeta1-42, Abeta56 and a disease such as Alzheimer's Disease or a condition such as Memory Impairment.
Hypothesis basedOn Experimental Results: This relationship captures the experimental basis of hypothesis, i.e., it relates the classes Hypothesis and Experimental Results.
Experiment hasResult Expeimental Result: This relationship captures the result of a biological experiment.
Hypothesis supportedBy Publication: This relationship captures the notion of a publication providing evidence for a given hypothesis.
Peptide hasMolecularWeight Real: This data type property identifies the molecular weight of a Peptide.
ClinicalTreatment hasMechanism BiologicalMechanism: This relationship captures the association between a Clinical Treatment and its underlying Biological Mechanism.
Disease hasSymptom ClinicalFeature: This relationship captures the association between a disease and the associated clinical symptoms and conditions it results in.
Neuron connectsTo Neuron: This relationship captures the relationship between two neurons that share a common synapse. It may be noted that pathways can be computed via traversing the connectsTo relationship.
Neuron containedIn Brain Region: This relationship captures the containment relationship of a given neuron and the region of brain to which it belongs.
Neuron releases Neurotransmitter: This relationship captures the association between a neuron and the neurotransmitters released by it.
Neuron containsReceptorFor Neurotransmitter: This relationship identifies the neurotransmitters that can be received via a receptor by a particular neuron.
Ligand bindsTo Receptor: This relationship identifies the ligands that bind to a given receptor on a neuron.
Ligand associatedWith Disease: This relationship identifies the association of ligands with diseases on which they may have therapeutic effect on.



On Jan 2, 2007, at 4:34 PM, William Bug wrote:

Re: an ontology citation for ion channel (and neurotransmitter receptor for that matter)


- Gene Ontology is concerned with classifying the molecular function :



GO:0005216 - "ion channel activity" 




GO:0005244 - "voltage-gated ion channel activity"





GO:0005249 - "voltage-gated potassium channel activity"


- the INOH Molecular Role ontology (http://www.inoh.org/inohblog/main/ontologydata/) - available via the EBI Ontology Lookup Service (http://www.ebi.ac.uk/ontology-lookup/) contains the following - including the gene names and InterPro & KEGG numbers for the specific A & D-type V-dep, K+-Channels (relevant to the BioRDF task):



IMR:0000949 - "protein"




IMR:0001049 - "membrane transport protein"





IMR:0000655 - "channel"






IMR:0000481 - "ion channel"







IMR:0100584 - "voltage-gated ion channel"








IMR:0000513 - "voltage-gated potassium channel"









IMR:0000519 - "Kv"










IMR:0000524 - "Kv1-Shaker"











IMR:0000527 - "Kv1.1" - IPR004048; K04874;
KCNA1 - potassium voltage-gated channel, Shaker-related subfamily A, member 1











IMR:0000528 - "Kv1.2" - IPR004049; K04875;
KCNA2 - potassium voltage-gated channel, Shaker-related subfamily A, member 2











IMR:0000532 - "Kv1.6" - IPR004053; K04879;
KCNA6 - potassium voltage-gated channel, Shaker-related subfamily A, member 6










IMR:0000538 - "Kv3-Shaw"











IMR:0000553 - "Kv3.3" - IPR005404; K04889; 
KCNC3 - potassium voltage-gated channel, Shaw-related subfamily C, member 3











IMR:0000561 - "Kv3.4" - IPR005405; K04890; 
KCNC4 - potassium voltage-gated channel, Shaw-related subfamily C, member 4










IMR:0000562 - "Kv4-Shal"











IMR:0000563 - "Kv4.1" - IPR004054; K04891; 
KCND1 - potassium voltage-gated channel, Shal-related subfamily D, member 1











IMR:0000564 - "Kv4.2" - IPR004055; K04892;
KCND2 - potassium voltage-gated channel, Shal-related subfamily D, member 2











IMR:0000565 - "Kv4.3" - IPR004056; K04893;
KCND3 - potassium voltage-gated channel, Shal-related subfamily D, member 3



NOTE: the "Kvn.n" nomenclature comes from IUPHAR


- the KEGG Orthology itself classifies this entire group in a single, large set



KO04000: "Receptors and channels"

On Jan 3, 2007, at 1:45 PM, William Bug wrote:

What I've laid out above for the ion channels is a compromise - at best a taxonomy - though the GO functions are, as we know, not even as straight-forward as that being a part of a DAG.  I think its helpful to include it, however, since it at least provides a clear example of how to semantically organize these entities using widely respected community classification schemes in a way that leads down to the level of a GENBANK entry (e.g., "mus musculus KCNA1" - http://www.ncbi.nlm.nih.gov/UniGene/clust.cgi?ORG=Mm&CID=40424) - the substance of the BioRDF effort.

IUPHAR (International Union of Basic and Clinical Pharmacology nomenclature compendium of V-gated Ion Channels- http://www.iuphar-db.org/iuphar-ic/)


Basically, this is a confederation of all the leading labs and grey-eminences who've worked on the structure and function of ion channels over the last 30 years.  Their classification schemes are cited by KEGG and several other controlled lexicons including these molecules and/or their function.  It's a compendium of all the known phenomenology of these macromolecular complexes - known pharmacological ligands, toxin binding sites, single-channel kinetic studies, gating current studies - all correlated to the known molecular genetics, mutational, and expression studies of the individual protein sequences.  This is actually the field I did my Ph.D. thesis work in - the molecular pharmacology and biophysics of presynaptic V-gated Ca++ channels.

You are right in hitting upon the issue of process vs. entity - and the discrepancy is most pronounced at the level of molecules.  At the level of meso- and macroscopic anatomy, there is an emerging consensus on how to represent these entities and separate structural from functional definitions essentially revolving around standard mereotopological expression - exemplified by FMA.  With molecules, IMR, ChEBI, KEGG, GO - they all take slightly different approaches to representing the continuants & occurants and they interrelations.  This tension between the continuant vs. occurant vantage at the molecular level is at the heart of much what we are trying to do with RDF & OWL - in more ways than I've seen described yet in articles by Barry and others.  It's what lies at the root of the discomfort many working biologists feel regarding the use of these formalisms to fully capture the subtlety and ephemeral nature of scientific experimentation.  Ion channels are a perfect example.  These channels (A- & D-type) are 4-Aminopyradine sensitive, K+ selective pores whose open-state probability is transiently increased by membrane voltage depolarization via overlapping activation & inactivation processes.  Try to capture that in a simple hierarchy.  This is especially complicated by the fact they are polypeptides consisting of multiple membrane-spanning domains (6 or 7 - referred to as S1 - S7) derived from a series of genes containing evolutionarily related coding cassettes, where the S4 domain contains the charged moieties responding to membrane voltage change leading through allosteric interactions to the complex gating dynamics.  Functional channels consist of tetramers of these peptides - both homo- and hetero-tetramers.  Some subfamilies (Kv5, Kv6, Kv8, & Kv9) consist of "modifier" S1-S6 containing monomers that can heteropolymerize with peptides of other subfamilies (e.g., Kv2), while still other subfamilies include "beta" peptides that associate with the channel but do not consist of the standard S1-S6 cassettes.  Finally, some of the individual genes include well documented splicing variants.  Convolve on top of that the specific physiological functions these channels have been associated with (repolarization phase of the neuronal action potential, taste sense, learning & memory, etc.).

The bottom line is KEGG, IUPHAR, InterPro, and IMR are all mapping down to the level of the genomic unit, since that avoids addressing the functional complexity of the tetrameric complexes.  The numbering sequence - Kv1.1, Kv1.2, Kv1.3, ...Kv1.n was a somewhat arbitrary fallout of the IUPHAR compendium review process, whereas the core numbering Kv1.x, Kv2.x, Kv3.x, etc., is a reflection of the phylogenetic and molecular evolutionary relations.  Over the past 15 years, the entire field of molecular biophysics & pharmacology studying ion channel & receptor structure-function has really shifted from being purely focussed on physiology & pharmacology to a phylogenetic orientation as defined by nucleotide & aa homology based on cloning, mutation, and expression studies.  They name these genomic units according to emergent, conglomerate functional properties (V-gated, K+ selective ion channel), but the taxonomy really is more representative of molecular genetic relatedness.  In the end, these are just classification schemes for the evolutionary molecular unit.  These relations themselves are also selective, as they typically derive from comparison of the most conserved aa sequence - the S1 - S6 membrane spanning regions.

There's no definition really fitting all instances one would group according to this simple, entity-oriented scheme.  "V-gating activity", "ion selective permeation", "membrane dwelling protein domain", etc. - each would have definitions based on very specific investigative techniques used to characterize these properties.  None of these nomenclatures include a simple definition, though IUPHAR Pharm Reviews articles do include detailed descriptions of each of the elements in their taxonomy - e.g. toxin & drug Kds, relative ion permeability & selectivity profiles, voltage-gated kinetic & steady-state parameters, cellular disposition of the channels, known physiological function, etc. - really a very empirically derived, phenomenological description, as opposed to a definition.  The Gene Ontology ID (GO:0005216) "ion channel activity" includes a definition that is itself given more as a description in contrast to chemical-energy driven transporters:


"Allows the regulatable energy-independent passage of ions across a lipid bilayer down a concentration gradient. [source: GOC:cy]"

as opposed to the chemical-potential transduction enzyme - i.e., an energy transduction event exchanging latent bond energy for an increase in ion gradient chemical activity (e.g., Na+-K+ ATPase)  or chemical activity (pH gradient driven mitochondrial transporters) for another type of chemical potential (electron transport cascades).  

That's really only describing one facet of "ion channel activity".  In the case of A-type & D-type channels, it completely disregards the subtle details of the v-gated action and the pharmacological sensitivity (e.g., selectivity for 4-AP and DTX).

So - the bottom line is there really aren't clean, distinct definitions for these entities.  In the case of these particular channels - A- & D-type, V-gated K+-channels, I think the best we can do is site the relevant IUPHAR compendium publication:


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16382104&query_hl=2&itool=pubmed_docsum
