Protein Ontology Guide

Version 2.1

December 2006
Protein Ontology Project
Editor: Amandeep S. Sidhu




Protein Ontology Project Guide

Short Title: PO Guide

Report Number: 2.1

Authors: Sidhu, A. S.; Dillon, T. S.; Chang, E.; and others
Series Editor: Sidhu, A. S.

Series Title: Protein Ontology Documentation

Project Title: BIOMAP Project

Institution: EXEL Research Lab

Pages:26

Last Modified Date: December 2006

Type: Online and Print

URL: http://wwww.proteinontoloqgy.info/documentation.htm

Copyright © 2002 7 2008 BIOMAPProject Team andAmandeep S. Sidhu

Protected by vaious copyright laws of Commonwealth of Australia. Page2
No reproduction should be done in any form without permission.


http://wwww.proteinontology.info/documentation.htm

Protein Ontology Project Guide

Contents
1. Protein Ontology EIEMENTS......coouuiiiiiieie e 5
2. Generic Concepts of Protein ONtologYy.........ooveviieueuiiiieeiieeieiiiie e 5
3. Derived Concepts of Protein Ormlogy ...........cccuuvuiieiiiiiiimi e 6
3.1 Derived Concepts for Protein Entry DetailS.............ooiieiiiiiiiiiienneeeeii e 6
3.2 Derived Concepts for Protein Sequence and Structure Details.................... 6
3.3 Derived Concepts for Structural Folds and Domains in Proteins................. 6
3.4 Derived Concepts for Functional Domains in Proteins..........cccccoevevviievinennnn. 6
3.5 Derived Concepts for Chemical Bonds in Proteins..........cccccoovvviiiivieeeneens 7
3.6 Derived Concepts for Constraints affecting the Protein Structural
(@] o1 {0] 1.4 T= 11 o o P 7
4. Relationships in Protein ONtolOgY..........vveiiiiiiiiiiee e 7
5. Protein Ontology as a Structured HierarChy.............ccocoiiiiiiiiieeein el 8.
6. Protein ONtology CONCEPL. .. ...t 10
7. Protein Ontology Generic CONCEPLS.......cuuuuiieiieiiiiiie e eee et e e eeeeeees 10
7.1 RESIAUES CONCEPL...uieiieiiiie ettt ettt e et e e e e e et e e e e eeneanes 10
7.2 ChaiNS CONCEPL....cevuuiiee ettt ettt ettt e et e et e e e e e eabb e e e eeeees 10
7.3 ALOMS CONCEPL. ...ttt ettt e e e et e e e et e eeees 11
7.4 FamMIily CONCEPL....coeveiiieeiieiiie ettt ee et e et e e e e eeaes 11
7.5 BN CONCEPL. ...ttt ettt e e e e e e eerennees 12
LA\ (o] 21 Te3 =11 o [ @0 s [o =T o S 12
AT 1 (=1 €T (01U o I o o =T o | PP 12
8. Protein ComplexX CONCEPL.......ccvveieeeeie e e e e e e e 13
9. Protein CompleX SUD CONCEPLS......cviuiniiiiii e 13
S I A 01 VA @0 g (o =7 o | APPSR PPIPPPPIN 13
L& 00 B TS Yol ] o 1[0 B 0] o= | AP 14
9.1.2Molecule CONCEPL......c.uuieiiie et e e e e 14
9.1.3ReferenCe CONCEPL.....cceuei e ree e e e e e e 15
0.2 SHIUCTUIE CONCEPT. et e e e e ans 15
9.2.1ATOMSEQUENCE CONCEPL....uivuiriieii et reie et e e e e eenas 15
&I A24 U L 1 (@11 | I @] Tot=7 o) S 16
9.3 StructuralDomainS CONCEPL......ccuuieiiiieeieiie e ee e e e e e e e e ee e eens 16
S IR T N o 1= [T =TS 0] o7 =T o | PN 17
9.3.2ShEetS CONCEPL......ccovii e e 17
9.3.30therFolds CONCEPL.......ccoeuiieie e e e 18
9.4 FunctionalDomains @NCEPL.......cccuuuieeiiiiie e eeeee e e eaaaas 19
9.4.1S0UrCeCEll CONCEPL......u et 19
9.4.2BiologicalFunction CONCEPL.......ccevuiiiiiii i e eea e 20
9.4.3ActiveBiNdingSiteS CONCEPL.......cuvuiiiiiiii e 21
9.5 ChemicalBonds CONCEPL..........iiiiiiiieeiie et e e e e 21
9.5.1DisulphideBond CONCEPL........cccuuieiiiii e 21
9.5.2CISPeptide CONCERAL.......ccceiiieeei e 22
9.5.3HydrogenBond CONCEPL.......c.couniiiiii e 22
9.5.4ReSIdUELINK CONCEPL .. .cvuiii e e 22

Copyright © 2002 7 2008 BIOMAPProject Team andAmandeep S. Sidhu

Protected by vaious copyright laws of Commonwealth of Australia. Page3
No reproduction should be done in any form without permission.



Protein Ontology Project Guide

9.5.5SaltBridge CONCEPL.....ccvueiiieeiieiie e e 22
9.6 CONSIAINTS CONCEPL......ueieiiiiiiiii ettt et e e 23
9.6.1GenetiCDEfeCtS CONCEPL......cciviiiiiieeeeeiiiee e e 23
9.6.2HydrophobiCity CONCEPL........oiieiiiiiiiie e 23
9.6.3ModifiedReSIdUE CONCEPL........oieiiieiiiie e ieeeeet e 23
10. Protein Ontology RelationShips...........uuiiiiiiiiiiiiee e 24
10.1 SubClassOf RelatioNSNip..........ooiiiiiiii e 24
10.2 PropertyOf RelationShip..........oooiiiiiiie e 24
10.3 PartOf RelatioNShIp.........uueiieiieei e 25
10.4 InstanceOf RelatioNShipP.........ooiiiiiiii e 25
10.5ValueOf RelatioNSNIP.........ooiiiiiie e 25
10.6 Sequence RelatioNShips...........viiiiiiiiiiii e 25
10.6.1Sequences defining PO Structure CONCEPLS.....cccvvvveveviiierieenneeeeinnnnn. 26
10.6.2Sequences defining PO StructuralDomains Concepts............c.cceevnn... 26
10.6.3Sequences defining PO ChemicalBonds Concepts.........cccceevvvvueeennns 26

Copyright © 2002 7 2008 BIOMAPProject Team andAmandeep S. Sidhu

Protected by vaious copyright laws of Commonwealth of Australia. Paged
No reproduction should be done in any form without permission.



Protein Ontology Project Guide

We are building Protein Ontology to integrate protein data formats and provide a

structured and unified vocabulary to represent protein synthesis concepts. Protein
Ontology (PO) provides integration of heterogeneous protein and biological data sources.
PO converts the enormous amounts of data collected by geneticists and molecular
biologists into information that scientists, physicians and other health care professionals
and researchers can use to easily understand the mapping of relationships insile protei
molecules, interaction between two protein molecules and interactions between protein
and other macromolecules at cellular level.

1. Protein Ontology Elements

PO consists of concepts (or classes), which are data descriptorstiynpics data and

the relationships among these concepts. PO has (1) a hierarchical classification of
concepts represented as classes, from general to specific; (2) a list of attributes related to
each concept, for each class; (3) a set of relationships between classesaadets in
ontology in more complicated ways then implied by the hierarchy, to promote reuse of
concepts in the ontology; and (4) a set of algebraic operators for querying protein
ontology instances. In this section we will briefly discuss various cosicapd
relationships that make up the Protein Ontology. More elaboration on these Protein
Ontology Elements is presented later.

2. Generic Concepts of Protein Ontology

There are seven concepts of PO, calgeneric Conceptsthat are used to define
complex PO Concepts{Residues, Chains, Atom&amily, AtomicBind, Bind, and
SiteGroup} These generic concepts are reused in defining complex PO concepts. We
now briefly describe these generic concepts.

Details and Properties of Residues in a Protein Sequeaaefined by instances
of Residues Concepinstances of Chains of Residues are defingdhains ConceptAll
the Three Dimensional Structure Data of Protein Atoms is represented as instances of
Atoms ConceptDefining Chains, Residues and Atoms as irdlial concepts has the
benefit that any special properties or changes affecting a particular chain, residue and
atom can be easily adddegamily Conceptepresents Protein Super Family and Family
Details of Proteins. Data about binding atoms in ChemicadBdike Hydrogen Bond,
Residue Links, and Salt Bridges is entered into ontology as an instaktenatBind
Concept Similarly the data about binding residues in Chemical Bonds like Disulphide
Bonds and CIS Peptides is entered into ontology as an iestdi@ind ConceptWhen
defining the generic concepts AfomicBindandBind in PO we again reuse the generic
concepts ofChain Residue and Atom All data related to site groups of the active
binding sites of Proteins is defined as instanceSit@GroupConcept In PO the notions
classification, reasoning, and consistency are applied by defining new concepts from the
defined generic concepts. The concepts derived from generic concepts are placed
precisely into a class hierarchy of the Protein Ontologyctmpletely represent
information defining a protein complex.
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3. Derived Concepts of Protein Ontology

PO provides description for protein data that can be used to describe proteins in any
organism usinglerived conceptdormed of the generic concepts.

3.1 Derived Concepts for Protein Entry Details

PO describes Protein Complex Entry and the Molecules contained in Protein Complex
are described usingntry Conceptand its sub concepts @fescription Molecule and
Reference Molecule reuses the generic cepts of Chain to represent the linkage of
molecules in protein complex to chain of residue sequences.

3.2Derived Concepts for Protein Sequence and Structure Details

Protein Sequence and Structure data are described Sungureconcept in PO with
subconceptsATOMSequencand UnitCell. ATOMSequenceepresents protein sequence
and structureand is made of generic concepts @fain Residueand Atom Protein
Crystallography Data is described using tthetCell Concept.

3.3 Derived Concepts for Structural Folds and Domains in Proteins

Protein Structural Folds and Domains are defined in PO using the derived concept of
StructuralDomainsFamily and Super Family of the organism in which protein is present
are represented iBStructuralDomainsby reference d the generic concept oFamily.
Structural Folds in protein are represented by sub conceptslioks Sheetsand Other

Folds Each definition of structural folds and domains alsoeses the generic concepts of
Chain and Residuefor describing the Secoady Structure of Proteinsielix, which is a

sub concepbf Helices, identifiesa helix. Helix has a sulzonceptHelixStructurethat

gives the dtailed composition of the heliXn this way PO distinguishes concepts for
identification and structure of sewdary structures in a protein. Other secondary
structures of proteins like sheets and turns (or loops) are represented in the similar way.
Sheetdhave a sub concef@heethat identifies a sheeSheethas a sub conce@trands

that describes detailed stture of a sheet. Similarly turns in protein structure are
repented in PO usin@therFolds Concept.Turn is a sub concept of OtherFolds that
identifies a turn and urnStructuredescribes its structure. Turns in protein structure are
categorized as Otherfets in Protein Ontology as there are less frequent than Helices and
Sheets in Protein Structure.

3.4 Derived Concepts for Functional Domains in Proteins

PO has the first Functional Domain Clagsation Model for proteins defined using the
derived conceptof FunctionalDomains Like StructuralDomainsFamily and Super
Family of the organism in which protein is present are representathttionalDomains
by reference tohe generic concept dfamily. FunctionalDomainglescribe<ellular and
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Organism SourcefdProtein usingSouceCell sub concept, Biological Functionality of
Protein usingBiologicalFunction sub concept, and describes Active Binding Sites in
Protein usingActiveBindingSitesubconcept Active Binding Sites are represented in PO
as a colletion of various Site Groups, defined usi8deGroupgeneric concept.

3.5Derived Concepts for Chemical Bonds in Proteins

Various chemical bonds used to bind various substructures in a complex protein structure
are defined usinghemicalBondsoncept in POChemical Bonds are defined biyeir
respective sulzonceptsare: DisulphideBond, CISPeptide, HydrogenBond, ResidueLink,
and SaltBridge They are defined using generic conceptsBaid and Atomic Bind
Chemical Bonds that have Binding ResiduBss(lphideBmd, CISPeptidereuse the
generic concept oBind. Similarly the Chemical Bonds that have Binding Atoms
(HydrogenBond, ResidueLink, and SaltBridgguse the generic conceptAtbmicBind

3.6 Derived Concepts for Constraints affecting the Protein Structual Conformation

Various constraints that affect final protein structural conformatierdefined using the
Constraints concept of PO.The constraints described in PO at the moment are:
Monogenetic and Polygenetic defects present in genes that are tpres@olecules
making proteins described usi@eneticDefectsub concept Hydrophobic properties of
proteins described usinglydrophobcity sub concept,and Modification in Residue
Sequences due to changes in chemical environment and mutations areedessing in
ModifiedResiduesubconcept

4. Relationshipsin Protein Ontology

Semantics in protein data is normally not interpreted by annotating systems, since they
are not aware of the specific structural, chemical and cellular interactions of protein
complexes. Protein Ontology Framework provides specific set of rules to cover these
application specific semantics. The rules use only the relationships whose semantics are
predefined in PO to establish correspondence among terms. The set of relatiitbhips
predefined semantics i$SubClassOf, PartOf, AttributeOf, InstanceOf, and ValueOf}
The PO conceptual modelling encourages the use of strictly typed relatibrir@disely
defined semanticsSome of these relationships (likBubClassOf, InstancePDfare
somewhat similar to those in RDF Schema but the set of relationships that have defined
semantics in our conceptual PO model is small to maintain simplicity of the model.

The following is a brief description of the set of qefined semantic
relatiorships in our common PO conceptual modlbClassOfelationship is used to
indicate that one concept is a specialization of another constpbuteOf relationship
indicates that a concept is an attribute of another conPaptOf relationship indicate
that a concept is a part of another concktanceOfelationship indicates that an object
is an instance of the conceptalueOfrelationship is used to indicate the value of an
attribute of an object. By themselves the relationships described abmvet impose
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order among the children of the node. We defined a special relationship called
Sequence(dh PO to describe and impose order in complex concepts defining Structure,
Structural Folds and Domains and Chemical Bonds of Proteins.

5. Protein Ontology as a Structured Hierarchy

Protein Ontology consists of a hierarchical classification of concepts discussed above
represented as classes, from general to spedificPO the notions classification,
reasoning, and consistency are applied by definig concepts from defined generic
concepts. The concepts derived from generic concepts are placed precisely into the class
hierarchy of Protein Ontology to completely represent information defining a protein
complex, as depicted in Figure 1
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*  ProteinOntology

o AtomicBind

o Atoms

o Bind

o Chains

o Family

o ProteinComplex

v ChemicalBonds

«  CISPeptide
«  DisuwiphideBond
»  HydrogenBond
« Residuelink
*  SaltBridge

«  Constraints
«  GeneticDefects

*  Hydrophobicity
*  ModifiedResidue

*  Entry
«  Descriplion
«  Molecule
*  Reference

*  FunctionalDomains
«  ActiveBinding5ites
*  BiologicalFunction
o PathologicalFunctions
o PhysiclogicalFundions

*  SowrceCell
o StructuralDomains
* Helices
o Helix
v HelixStruciure
«  OtherFolds
o Turm
. TurnStructure
* Sheects
= Sheet
«  Strands
v Structure
«  ATOMSegquence
«  UnpitCell

o Residues
o SiteGroup

Figure 1 Class Hierarchy of Protein Ontology
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6. Protein Ontology Concept

The RootConcept in PQs ProteinOntology For eachnstance of protein that is entered
into PO, the submission information is entereor ProteinOntology Concept
ProteinOntology Concéps described as:

Property Type Property Name Property Description

Data Type ProteinOntologyID Protein Ontology Identifie
(like POOOOO0O0O00ON, where
IS a integer)

Data Type ProteinOntologyDescription | Protein Ontology Details

Annotation Type | ProteinntologyAnnotation Provides Biological Descriptio

7. Protein Ontology Generic Concepts

There are seven concepts of PO, callaheric Conceptthat are used to define complex
PO Concepts{Residues, Chains, AtomBamily, Bind, AtomicBind, and SiteGrgup
These generic concepts are reused in defining complex PO concepts.

7.1 Residues Concept

Residue refers to a portion of a larger molecule; for example in biochemistry and
molecular biology, a residue refers to a specific monomer of a polysacchaoitien r
nucleic acid. In context of Protein Ontology residue represents one of the 20 amino acids
that build protein sequence represented by a {hipgeabet code like: CYResidues
Conceptin PO is described as:

Property Type Property Name Property De<cription

Data Type Residue ThreeAlphabet Residue Identifie
Data Type ResidueName Residue Name

Data Type ResidueProperty | Property of the Residue
Annotation Type ResiduesAnnotatio| Provides Biological Description

7.2 Chains Concept

Chains in ProteiOntology describe the amino acid or nucleic acid sequence of residues
in each chain of the macromolecule that was studiedProtein Data Sources they are
simply represented by sequence of residues like SEQRES in PDB fotimains
Conceptin PO is desédbed as:
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Property Type Property Name Property Description

Data Type Chain OneAlphabet Chain ldentifier
Data Type ChainName Chain Name

Data Type ChainProperty Property of the Chain
Annotation Type ChainsAnnotation | Provides Biological Description

7.3 Atoms Concept

Atom records in protein databases present the atomic coordinates for standard residues.

They also present the occupancy and temperature factor for eachA&oms. Concepn

PO is described as:

Property Type Property Name Property De<cription

Data Type Atom Atom Serial Number

Data Type AtomName Name of the Atom

Reference Type | AtomChainRef Reference to concept @hains

Reference Type | AtomResidueRef Reference to concept Bfesidues

Data Type AtomResSeqNum Sequence number of residte which
atom is attached

Data Type X X Coordinates of the Atom

Data Type Y Y Coordinates of the Atom

Data Type Z Z Coordinates of the Atom

Data Type Charge Value of electric charge on the atom

Data Type Element Element symbol for the atom

Data Type Occupancy Orthogonaloccupancy of the atom i
crystal structure of the molecule.

Data Type Segmentldentifier Specific segments of the molecu
where atom is presented

Data Type TemperatureFactor | Temperature factor for the atom

Annotation Type | AtomsAnntation Provides Biological Description

7.4 Family Concept

A protein family is a group of evolutionarily related proteins. Superfamily is a group of
protein families. More details about the classification of proteins into families and

superfamilies canébfound in SCOPEFamily Conceptn PO is described as:

Property Type Property Name Property Description
Data Type ProteinFamily Protein Family
Data Type ProteinSuperFamily Protein Superfamily

Annotation Type

FamilyAnnotation

Provides Biological Descrifon
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7.5 Bind Concept

Data about each of the both the binding residues in Chemical Bonds like Disulphide
Bonds and CIS Peptides is entered into PBiad ConceptRecords in Protein databases
identify and describe each of the disulfide bonds, probmesother peptides found to be

in the cis conformation in protein and polypeptide structures by identifying the two
residues involved in the bond3ind Concepin PO is described as:

Property Type Property Name Property Description

Reference Type | BindChainRef Reference to concept @hains

Reference Type

BindResidueRef

Reference to concept Bfesidues

Data Type

BindResSegNum

Sequence Number of Binding Residue

Data Type

BindSymmetry

Symmetry Operator

Annotation Type

BindAnnotation

Provides BiologicaDescription

7.6 AtomicBind Concept

Data about binding atoms in Chemical Bonds like Hydrogen Bond, Residue Links, and
Salt Bridges is entered into PO AsomicBind ConceptRecords in Protein databases
identify and describe each of the hydrogen borelsidue links and salt bridges found in
protein and polypeptide structures by identifying the two atoms involved in the bonds.
AtomicBind Concepth PO is described as:

Property Type | Property Name Property Description

Reference Type | AtomicBindAtomRef | Refaence to concept &toms

Reference Type

AtomicBindChainRef

Reference to concept @hains

Reference Type

AtomicBindResidueRe

Reference to concept Bfesidues

Data Type

AtomicBindResSeqNu

Sequence Number of Binding Residug

Data Type

AtomicBindSymmegr

Symmetry Operator

Annotation Type

AtomicBindAnnotation

Provides Biological Description

7.7 SiteGroup Concept

Identification of groups comprising important sites in the macromolecule is done using
Site parameter, represented as string in protein as¢éab They specify residues
comprising catalytic, cofactor, anticodon, regulatory, or other important Sitessroup
Conceptin PO is described as:

Property Type Property Name Property Description

Reference Type | SiteGroupChainRef | Reference to concepf €hains

Reference Type | SiteGroupResidueRe Reference to concept Bfesidues

Data Type SiteGroupResSeqNu|l Sequence Number of the Residue

Annotation Type | SiteGroupAnnotation| Provides Biological Description

Copyright © 2002 7 2008 BIOMAPProject Team andAmandeep S. Sidhu

Protected by vaious copyright laws of Commonwealth of Australia.
No reproduction should be done in any form without permission.

Pagel2



Protein Ontology Project Guide

8. Protein Complex Concept

A protein complexs a group of two or more associated proteins. Protein complexes are a
form of quaternary structure. Understanding the sequence, structure and functional
interactions of proteins is an important research focus in biochemistry, often referred to
as proteomis. The Main Conceptfor definition of Protein Complexes in the Protein
Ontology isProteinComplex ProteinComplex Conceptefines one or more Proteins in

the Complex Molecule, and is described as:

Property Type Property Name Property Description

Annotaion Type ProteinComplexAnnotatio| Provides Biological Description

Six sub concepts of PreinComplex: Entry, Structure, StructuralDomains,
FunctionalDomains, ChemicalBonds, and Constrapntsvide completeinderstanding of
the sequence, structure anddtional interactions of protein§hesesub conceptdefine
sequence, structuyrtunction,and chemical bindgs of the Protein Complex.

9. Protein Complex Sub Concepts

PO provides description for protein entry, sequence, structure, function, chemical
bindings and constraints usintry, Structure, StructuralDomains, FunctionalDomains,
ChemicalBonds, and Constraints Concephtstt are derived usingeneric concepts
discussed earlier.

9.1 Entry Concept

Entry describes the experiment and the biologicalroraolecules present in the protein.
Entry Concept is described in PO as:

Property Type Property Name Property Description

Data Type SourceDatabaselD Original Protein Data Source 1D

Data Type SourceDatabaseName Original Protein Data Source

Data Type SaurceSubmissionDate Original Protein Data Sourg
Submission Date

Data Type Classification Protein Classification Type

Object Type EntryFamily Protein Family Details of th
Entry

Annotation Type | EntryAnnotation Provides Biological Description

Protein Canplex Entry and the Molecules contained in Protein Complex are described
using sub concepts @ntry: Description MoleculeandReference
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9.1.1Description Concept

Data and Information about protein entry and the experiments that identify protein is
described as follows:

Property Type Property Name Property Description

Data Type Title Title for the experiment or analysis that
represented in the Entry.

Data Type Authors Names of the people responsible for
contents of the entry.

Data Type Expeaiment Describes information  about  th

experiment and identifies the experimer
technique used. This may refer to the ty
of radiation and sample, or include t
spectroscopic or modeling technique.

Data Type Keywords Contains a set of terms relevard the
entry. Keywords provide a simple means
categorizing entries and may be used
generate index files. It provides t
opportunity to add further annotation to {
entry in a concise and compuszarchableg
fashion.

9.1.2Molecule Concept

Molecuke Conceptspecifies the biological and/or chemical source of each biological
molecule in the entry. Sources are described by both the common name and the scientific
name, e.g., genus and species. Strain and/oflireelfor immortalized cells are given

when they help to uniquely identify the biological entity studigtblecule Concepis
described as:

Property Type Property Name Property Description

Data Type MoleculelD Numbers each molecu
component

Data Type MoleculeName Name of the Molecule

Data Type Synonyms List of Synonyms for the
Molecule

Reference Type MoleculeChainRef Reference to concept
Chains

Data Type BiologicalUnit Larger Biological Unit of
which molecule is the part

Data Type Fragment Specifies a domain (@
region of the Molecule
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Data Type Mutations Describes Mutations |
Molecule

Data Type Engineered Recombinant Technolog
or Chemical Synthesis

Data Type OtherDetails Other Details of the
Molecule

9.1.3Reference Concept

Reference Conceplescribes the Literature referencesgostein entry as follows:

Property Type | Property Name Property Description

Data Type CitationTitle Title of the Citation

Data Type CitationAuthors Authors of the Citation

Data Type CitationEditors Editors of the Citation

Data Type CitationPublication Name and Place of Publication

Data Type CitationReference Name of Publication or Publicatio
Status

Data Type CitationReferenceNumbe| Encoded References to Citation

9.2 Structure Concept

Protein StructureContains the collection of atomic coordinatesd describes the
geometry of the crystallographic experiment and the coordinate system transformations
Protein Sequence and Structure data are described 8simcfure concept in PO as
follows:

Property Type Property Name Property Description

Annotaion Type StructureAnnotation Provides Biological Description

StructureConcept has sub concegt$ OMSequencandUnitCell. Theyrepresent protein
sequence, protein structure amgistallographic data.

9.2.1ATOMSequence Concept

ATOMSequencis an examfe of reuse of concepts in PO; it is constructed using generic
concepts ofChains Residues and Atoms The reasoning is already there in the
underlying Protein Data, as each Chain in a Protein represents a sequence of Residues,
and each Residue is defindy a number of thredimensional atoms in the Protein
Structure ATOMSequencis described as follows:
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Property Type Property Name Property Description

Reference Type StructureChainRef Chain Details of the
Atoms in Protein Structuré

Data Type Number@Residues Number of Residue
present in the Chain

Reference Type StructureResidueRef Residue Details of th
Atoms in Protein Structuré

Object Type StructureAtomRef Atom Details of Protein
Structure

9.2.2UnitCell Concept

Protein Crystallographic Data described usingarameters, space group, and Z value. If
the structure was not determined by crystallographic means, data simply defines a unit
cube.UnitCell Conceptescribes these details as follows:

Property Type Property Name Property Description
Data Type A a in angstroms

Data Type B b in angstroms

Data Type C Cc in angstroms

Data Type Alpha alpha in degrees
Data Type Beta beta in degrees
Data Type Gamma gamma in degrees
Data Type Z Z value

Data Type SpaceGroup Space Group

9.3 StructuralDomains Concept

StructuralDomains describes the secondary structure details of a protein. It describes
helices, sheets, and turns found in protein and polypeptide strudduogsin Structural

Folds and Domains are defined in PO using derived conce@rwdturalDomains

Family and Super Family of the organism are represented by generic conEapilyf
StructuralDomains Concejist described as:

Property Type Property Name Property Description

Object Type StructuralDomainsFamily Protein Family detadl of
Structural Domains

Annotation Type | StructuralDomainsAnnotation| Provides Biological Descriptio

Structural Folds in protein are represented by sub conceptslioEs Sheetsand Other
Folds Each definition of structural folds and domains alsess the generic concepts of
ChainandResidudor describing Secondary Structure of Proteins.
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9.3.1HelicesConcept

Helix, which is a sub concemif Helices, identifiesa helix. Helix has a sultoncept
HelixStructure that gives the dtailed composition ofthe helix In this way PO
distinguishes concepts for identification and structure of secondary structures in a protein.

Helicessub concepts dflelix andHelixStructureare represented as follows:

Property Type Property Name Property Description

Data Tye HelixID Helix ldentifier

Data Type HelixNumber Helix Number

Data Type HelixClass Classification of Helix

Data Type HelixLength Length of the Helix
Helix Concept

Property Type Property Name Property Description

Reference Type

HelixChainRef

Referene to concept o
Chains

Data Type

HelixIntialResidueSeqNur

Sequence  Number ¢
Initial Residue in the Helix

Reference Type

HelixIntialResidueRef

Reference to concept ¢
Residues

Data Type

HelixEndResidueSeqNunm

Sequence Number of Er
Residue in the Helix

Reference Type

HelixEndResidueRef

Reference to concept ¢
Residues

HelixStructure Concept

9.3.2SheetLoncept

Sheetdhave a sub concef@heethat identifies a sheeSheethas a sub conce@trands
that describes detailed structure of a shBbeetsub concepts dbheetand Strandsare

described as:

Property Type Property Name Property Description
Data Type SheetlD Sheet Identifier
Data Type NumberOfStrands Number of Strands in th
Sheet
Sheet Concept
Property Type Property Name Property Description
Data Type StrandNumber Strand Number

Reference Type

HelixChainRef

Reference to concept
Chains

Data Type StrandintialResidueSeqNum | Sequence Number ¢
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Initial Residue in the

Strand

Reference Type StrandintialResidueRef Reference to concept
Resdues

Data Type StrandEndResidueSegNum | Sequence Number ¢
End Residue in th
Strand

Reference Type StrandEndResidueRef Reference to concept
Residues

Data Type StrandSense Sense of Strand wit

respect to the previod
strand in the sheet

Reference Typ StrandCurrentAtomRef Reference to concept
Atoms

Data Type StrandCurrentResidueSegNul Residue Sequeng
Number in the Curren
Strand

Reference Type StrandCurrentResidueRef Reference to concept
Residues

Reference Type StrandPreviousAtomRef Referene to concept o
Atoms

Data Type StrandPreviousResidueSeqN| Residue Sequeng
Number in the Curren
Strand

Reference Type StrandPreviousResidueRef | Reference to concept
Residues

Strands Concept
9.3.30therFoldsConcept

Similarly turns in protein stizture are repented in PO usi@gherFoldsConcept.Turnis

a sub concept of OtherFolds that identifies a turn @&ndhStructuredescribes its
structure. Turns in protein structure are categorized as OtherFolds in Protein Ontology as
there are less frequetihan Helices and Sheets in Protein Struct@¢herFoldssub
concepts offurn andTurnStructureare described as:

Property Type Property Name Property Description

Data Type TurniD Turn Identifier

Data Type TurnNumber Turn Number

Data Type TurnComment Associated Comment wit
Turn

Turn Concept
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Property Type Property Name Property Description

Reference Type TurnChainRef Reference to concept ¢
Chains

Data Type TurnintialResidueSegNun Sequence  Number ¢
Initial Residue in the Turn

Reference Type TurnintialResidueRef Reference to concept
Residues

Data Type TurnEndResidueSeqNum| Sequence Number of En
Residue in the Turn

Reference Type TurnEndResidueRef Reference to concept
Residues

TurnStructure Concept
9.4 FunctionalDomains Concept

PO has th first Functional Domain Classsation Model for proteins defined using the
derived concept ofFunctionalDomains Like StructuralDomainsFamily and Super
Family of the organism in which protein is present are representathctionalDomains
by referenceéo generic concept dfamily. FunctionalDomains Conceji# described as:

Property Type Property Name Property Description

Object Type FunctionalDomainsFamily Protein Family details o0
Functional Domains

Annotation Type | FunctionalDomainsAnnotatior] Provides Biological Descriptior

FunctionalDomainglescribeCellular and Organism Source of Protein ussarceCell
sub concept, Biological Functionality of Protein usiBgplogicalFunctionsub concept,
and describes Active Binding Sites in Protein usigjiveBindingSitessub concept.
Active Binding Sites are represented in PO as aatale of various Site Groups, defined
usingSiteGroupgeneric concept.

9.4.1SourceCellConcept

The Organism and Cellular Source where the protein resides is descriBedrogCell
Conceptas follows:

Property Type | Property Name Property Description

Data Type SourceMoleculelD Molecule ldentifier for Source Cell

Data Type SourceSynthetic Indicates a chemically synthesiz
source

Data Type SourceMoleculeFragment Domain orFragment of the Moleculg

Data Type OrganismScientific Scientific Name of the Organism

Data Type OrganismCommon Common Name of the Organism
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Data Type Strain Identifies the Strain

Data Type Variant Identifies the Variant

Data Type CellLine Line of Celk used in the Experiment

Data Type Organ Organized Group of Tissues th
carries on a specific function

Data Type Tissue Organized Group of Cells wit
common function and structure

Data Type Cell Identifies a particular cell type

Data Type Organelle Organized structure within a cell

Data Type Secretion Identifies the secretion

Data Type CellularLocation Identifies the location inside ¢
outside the cell

Data Type Plasmid Identifies the Plasmid containing tk
gene

Data Type Gene Identifies the Gene

Data Type ExpressionSystem System used to express recombin
macromolecules

Data Type ExpressionSystemVector| Defined Expression System Vect
Details

Data Type SourceOtherDetails Additional Information about th
Source

9.4.2BiologicalFunctionConcept

BiologicalFunction Concept describes biological functions of the Protein categorized
further as Physiological and Pathological Functions represented using sub concepts of

PhysiologicalFunctionandPathologicalFunctionss follows:

Property Type Property Name Property Description

Data Type GeneticFunction Genetic Function of the Protein

Data Type OrganismFunction Organism Function of the Protein

Data Type OrganFunction Organ Function of the Protein

Data Type MolecularFunction Molecular Function of t@ Protein

Data Type CellularFunction Cellular Function of the Protein
PhysiologicalFunctions Concept

Property Type Property Name Property Description

Data Type MolecularDysfunction | Molecular Dysfunction of the Proteil

Data Type CellularDysfunction Celular Dysfunction of the Protein

PathologicalFunctions Concept
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