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Multistate multi-component species

« Multistate: different states characterised through features
«  Multi-component: complex consisting of subunits
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Combinatorial explosion
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1152 900 000 000 000 00O states

(1 billion of billion)
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Number of reactions
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- only 4 states instead of 128
- only 2 reactions instead of 64
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Example we will use throughout the presentation
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L3M — General overview

<sbml xmIns="http://www.sbml.org/sbml/level3/version1"
xmlns:I3m="http://www.sbml.org/sbml/extension/multi/version1" >

<listOfSpeciesTypes>
<speciesType id="X" >

<I3m:listOfStateFeatures /> <listOfSpecies>

<I3m:listOfBindingSites /> <species id="X1" speciesType="X>
</speciesType> <I3m:listOfInitialSpeciesInstances />
</species>

</listOfSpeciesTypes> </listOfSpecies>

<I3m:listOfSelectors> _ _
<I3m:selector id="Y"> <listOfReactions>

<I3m:listOfSpeciesTypeStates /> <reaction id="R">
<I3m:listOfBonds /> <listOfReactants />

<I3m:listOfUnboundBindingSites /> <listOfProducts />
</I3m:selector> <listOfModifiers />

. <kineticLaw />
<l8mlistOfSelectors> <I3m:listOfReactionRules />
</reaction>
</listOfReactions>
</sbml>
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SBase

SpeciesType

SpeciesType

f

+list0fStateFeatures
0.1

ListOfStateFeatures

+stateFeature

StateFeature

+id: SId
+name: String {use=cptional}

+1listOfPossiblevalues| . .
0 1 ListOfPossibleValues
a ? Possiblevalue
+possiblevalue|tid: SId _
1, npltoame: String {use=optional}
+llsthBlnd1nuSEtei ListofBindingSites
BindingSite
+bindingSite+id: SId _

1, nlthame: String {use=optional}
+minQccur: integer {use = "optional"; default = "1"}
+maxOccur: integer {use = "optional"; default = "1"}
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<speciesType id="st_receptor" name="glutamate receptor">
<I83m:listOfStateFeatures>
<I3m:stateFeature id="pore">
<I8m:listOfPossibleValues>
<I8m:possibleValue id="closed" />
<I8m:possibleValue id="open" />
<I8m:possibleValue id="desensitized" />
</I3m:listOfPossibleValues>
</I83m:stateFeature>
</I3m:listOfStateFeatures>
<I83m:listOfBindingSites>
<I3m:bindingSite id="anchor" name="scaffolding binding
</I3m:listOfBindingSites>
</speciesType>

SpeciesType - example
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Instances of SpeciesTypes Selector
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SBase

A Selector

Selector

+id: SId
tname: String {use=optional}

+115thSepc1esTvpeSt;tei ListofSpeciesTypeStates
? SpeciesTypeState
+speciesTypeState -
1. nl|+speciesType: SId
+id: SId
+115thBgnd§ ListOfBonds
‘ +bond
T n Bond
+b1ndlnq51tegﬂferincg BindingSiteReference
+hindingSiteReference [+SPeciesTypeState: SId
# 1, .nindingSite: SId
+1ist0fUnboundBindingSites

ListOfUnboundBindingSites

0.1
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SpeciesTypeState

SpeciesTypeState

+SpeciesType: SId
+1d: SId
+name: String {use="optional"}

hsmfsmte':eaturemsmgcei ListOfStateFeaturelnstances
StateFeaturelnstance
g
+stateFeature; SId
llstofstateFeaturevaéuei ListOofstateFeaturevalues
listOfContainedSpeciesType| . R . ’ StateFeatureValue
D, l1|LlstOfCuntalnedSpenesT‘ypes stateFeatureValue :
’ 1, pltpossiblevalue: STd
ContainedSpeciesType

containedSpeciesType
1 .n|+selector: SId

+minOccur: integer {use = "optional"; default = "1"}
+max0ccur : integer {use = "optional"; default = "1"}
+connex: Boolean {default=false}

+saturated: Boolean {default=false}

27.08.2008 Multi-component multistate species in SBML EM B L- E B|




12

Selector — multicompartment example

?

. . | agonist
<I3m:selector id="sel subunitP">

<I8m:listOfSpeciesTypeStates>
<I8m:speciesTypeState id="extra" speciesType="st_extra" /> extra
<I8m:speciesTypeState id="intra" speciesType="st_intra">
<I8m:listOfStateFeaturelnstances>
<I8m:featureStatelnstance stateFeature="ser845">
<I8m:listOfStateFeatureValues>
<I3m:stateFeatureValue possibleValue="phosphorylated" />
</I3m:listOfStateFeatureValues>
</I3m:featureStatelnstance>

</I3m:listOfStateFeatureInstances> left . right
_ . ? Intra ?
</I3m:speciesTypeState>
</I83m:listOfSpeciesTypeStates> phosphorylated
<I8m:listOfBonds>
<I3m:bond>

<I8m:bindingSiteReference speciesTypeState="extra" bindingSite="toIntra" />
<I8m:bindingSiteReference speciesTypeState="intra" bindingSite="toExtra" />
</I3m:bond>
</I8m:listOfBonds>"
</I3m:selector>
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<I3m:selector id="sel_receptor">
<I3m:listOfSpeciesTypeStates>
<I8m:speciesTypeState id="extra" speciesType="st_extra" />
<I8m:speciesTypeState id="intra" speciesType="st_intra">
<I3m:listOfStateFeaturelnstances>
<I8m:featureStatelnstance stateFeature="ser845">
<I3m:listOfStateFeatureValues>
<I3m:stateFeatureValue possibleValue="nonphosphorylated" />
</I3m:listOfStateFeatureValues>
</I83m:featureStatelnstance>
</I83m:listOfStateFeaturelnstances>
</I3m:speciesTypeState>
<I8m:speciesTypeState id="receptor" speciesType="st_receptor">
<I83m:listOfStateFeaturelnstances>
<I8m:featureStatelnstance stateFeature="pore">
<I3m:listOfStateFeatureValues>
<I3m:stateFeatureValue possibleValue="closed" />
</I3m:listOfStateFeatureValues>
</I3m:featureStatelnstance>
</I3m:listOfStateFeaturelnstances>
<I8m:listOfContainedSpeciesTypes>

Selector - example

<I8m:containedSpeciesType selector="extra" minOccur="4" maxOccur="4" connex="true" saturated="true" />
<I8m:containedSpeciesType selector="intra" minOccur="4" maxOccur="4" connex="true" saturated="true" />

</I3m:listOfContainedSpeciesTypes>
</I3m:speciesTypeState>
</I3m:listOfSpeciesTypeStates>
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<I3mlistOfBonds> Selector - example

<I3m:bond>
<I8m:bindingSiteReference speciesTypeState="intra" bindingSite="right" />
<I8m:bindingSiteReference speciesTypeState="intra" bindingSite="left" />
</I3m:bond>
<I3m:bond>
<I3m:bindingSiteReference speciesTypeState="extra" bindingSite="tolntra" />
<I3m:bindingSiteReference speciesTypeState="intra" bindingSite="toExtra" />
</I3m:bond>
</I83m:listOfBonds>
<I8m:listOfUnboundBindingSites>
<I3m:bindingSiteReference speciesTypeState="receptor" bindingSite="anchor" />
<I8m:bindingSiteReference speciesTypeState="intra" bindingSite="agonist" />
</I83m:listOfUnboundBindingSites>
</I3m:selector>
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<I3mlistOfBonds> Selector - example

<I3m:bond>
<I8m:bindingSiteReferenra enanincTunaQiata_tintra® hindinaQita_lrinhi'" /<
<I3m:bindingSiteRefe’ /
</I3m:bond>
<I3m:bond>
<I8m:bindingSite Refe
<I8m:bindingSiteRefe
</I3m:bond>
</I3m:listOfBonds>
<I3m:listOfUnboundBinc
<I8m:bindingSiteRefer
<I8m:bindingSiteRefer
</I3m:listOfUnboundBin
</I3m:selector>
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Species

SBase

Species

Selector

N

1st0fInitialSpeciesInstances

0, 1

ListOfInitialSpeciesinstances
' selectorReference

initialSpeciesInstance

InitialSpeciesinstance

+1nitialAmount: double {use="optional"}
+1nitialConcentration: double {use="optional"}
+initialProportion: double {use="optional"}
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Species - example

<species id="sp_extra" speciesType="st_extra" compartment="extracellular" initialAmount="100" >
<I3m:listOfInitialSpeciesinstances>
<I8m:initialSpeciesinstance id="initialSubunit" initialProportion="1" selector="sel_freeMonomerNonGNonP"/>
</I3m:listOfInitialSpeciesinstances>
</species>
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left intra right
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SBase

Reaction

Reaction
hsmmﬂammnﬁglei ListOfReactionRules
’ rea':ti"”;m: ReactionRule
. SBase
ReactionRule
+id: sId
+name: String {use="optional"}
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listOfConditions
g..1

ListOfConditions

’ condition

Condition

1..%

1idt0fResults

01 ListOfResults

?

result

+speciesTypeRestriction: SId

Result

1..%

+speciesTypeRestriction: SId

kineticlLaw
KineticLaw |
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SimpleSpeciesReference

SBase

SimpleSpeciesReference

?listhSpeciesT',rpeFiﬂstrictiuns . . . Selector
51| ListOfSpeciesTypeRestrictions .0‘.\ —=Tecto

SpeciesTypeRestriction
+1d: SId

eRestriction
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<reaction id="PKAactivation"> ReaCti on - exam p | e

<listOfReactants>
<speciesReference species="PKA" stoichiometry="1">
<listOfSpeciesTypeRestrictions>
<speciesTypeRestriction id="res_inactivePKA" selector="sel_inactivePKA" />
</listOfSpeciesTypeRestrictions>
</speciesReference>
<speciesReference species="CAMP" stoichiometry="2" />
</listOfReactants>
<listOfProducts>
<speciesReference species="PKA">
<listOfSpeciesTypeRestrictions>
<speciesTypeRestriction id="res_activePKA" selector="sel_activePKA" />
</listOfSpeciesTypeRestrictions>
</speciesReference>
</listOfProducts>
<kineticLaw>
<math xmins="http://www.w3.0org/1998/Math/MathML">
<cn>0</cn>
</math>
</kineticLaw>
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http://www.w3.org/1998/Math/MathML

<listOfReactionRules> '
<reactionRule id="activationRule"> ReaCtlon - example
<listOfConditions>
<condition speciesTypeRestriction="res_inactivePKA" />
</listOfConditions>
<listOfResults>
<result speciesTypeRestriction="res_activePKA" />
</listOfResults>
<kineticLaw>
<math xmins="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<ci>kon</ci>

<ci>res_inactivePKA</ci>
<apply>
<power/>

<Ci>cCAMP</ci>
<cn type="integer">2</cn>
</apply>
</apply> i ) é
</math>
<listOfParameters> PKA PKA
<parameter id="kon" value="1" />
</listOfParameters>
</kineticLaw>
</reactionRule>
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Thanks for your attention!
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