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Putting state-variables on SBML entities
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m The function of biological entities is modified by
“Internal” variables. For instance, function of
macromolecules can depend on:

- alternative conformations
- covalent modifications

- non-covalent binding

- etc.

m The result is a combinatorial explosion of species and
reactions

= We may want to track the values of the variables
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5x12 state variables=

1152 900 000 000 000 00O states

(1 billion of billion)
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rate

= '?' Flags do not affect the reaction
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f(rate,corr

= '?' Flags do not affect the reaction
m only 4 species are needed instead of 128

= only 2 reactions are needed instead of 64
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http://www.ebi.ac.uk/compneur-srv/sbml/proposals/multistatesNEW.pdf
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<speciesType id="CaMKII" name="Calcium/Calmodulin Kinase II">
<listOfStateVariables>
<stateVariable id="activ" name="activity">
<listOfPossibleStateVariableValues>
<possibleStateVariableValue id="inact" name="inactive" />
<possibleStateVariableValue id="act" name="active" />
<possibleStateVariableValue id="inhib" name="inhibited"/>
</listOfPossibleStateVariablevalues>
</statevVariable>
<stateVariable id="T286" name="threonine 286">
<listOfPossibleStateVariableValues>
<possibleStateVariableValue id="unphos" name="non-phosphorylated"/>
<possibleStateVariableValue id="phos" name="phosphorylated" />
</listOfPossibleStateVariablevalues>
</statevVariable>
</listOfStatevVariables>
</speciesType>



EVMBL-EBI i Species

Species Speciesinstance
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+initialAmount: double {use="optional"}
+initialConcentration: double {use="optional"}
+initialProportion: double {use="optional"}




EVMBL-EBI i Species

<species id="K _PSD" name="CaMKII in postsynaptic density"
speciesType="CaMKII" compartment="PSD" initialAmount="500">
<listOfInitialSpeciesInstances>
<initialSpeciesInstance initialProportion="0.9" >
<listOfStateVariableInstances>
<stateVariablelInstance stateVariable="activ" >
<listOfStateVariablevValues>
<stateVariableValue possibleStateVariableValue="inact" />
</listOfStatevVariablevalues>
</stateVariableInstance>
<stateVariableInstance stateVariable="T286" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariablevValue="unphos" />
</listOfStatevVariablevalues>
</stateVariableInstance>
</listOfStateVariableInstances>
</initialSpeciesInstance>
<initialSpeciesInstance initialProportion="0.1" >
<listOfStatevVariableInstances>
<stateVariableInstance stateVariable="activ" >
<listOfStateVariablevValues>
<stateVariableValue possibleStateVariablevValue="act" />
</listOfStateVariablevValues>
</stateVariableInstance>
<stateVariableInstance stateVariable="T286" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="unphos" />
</listOfStateVariablevValues>
</stateVariableInstance>
</listOfStateVariableInstances>
</initialSpeciesInstance>
</listOfInitialSpeciesInstances>
</species>
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simpleSpeciesReference Speciesinstance
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Red is Level 2

<reaction id="rPhosp”>
<listOfReactants>
<speciesReference species="K PSD">
</speciesReference>
</listOfReactants>
<listOfProducts>
<speciesReference species="K PSD">
</speciesReference>
</1listOfProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times/>
<ci>kon</ci>
<ci>K PSD</ci>
<ci>cell</ci>
</apply>
</math>
</kineticLaw>
</reaction>
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<listOfReactants>
<speciesReference species="K PSD">
<listOfReactingSpeciesInstances>
<reactingSpeciesInstance>
<listOfStateVariableInstances>
<stateVariableInstance stateVariable="activ" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="inact" />
</listOfStatevariablevalues>
</stateVariableInstance>
<stateVariableInstance stateVariable="T286" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="unphosp" />
</listOfStatevVariablevalues>
</statevVariableInstance>
</listOfStatevVariableInstances>
<speciesInstanceInfluence>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times/>
<ci>rPhosp</ci>
<ci>Prel</ci
</apply>
</math>
<listOfParameters>
<parameter id="Prel" value="0">
</listOfParameters>
</speciesInstanceInfluence>
</reactingSpeciesInstance>
</listOfReactingSpeciesInstances>
</speciesReference>
</listOfReactants>
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SBase

SpeciesReference Speciesinstance
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+proportion: double {use="optional" default="1"}
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<listOfProducts>
<speciesReference species="K PSD">
<listOfNascentSpeciesInstances>
<nascentSpeciesInstance proportion="0.9">
<listOfStateVariableInstances>
<stateVariablelInstance stateVariable="activ" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="act" />
</listOfStateVariableValues>
</stateVariableInstance>
<stateVariableInstance stateVariable="T286" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="phosp" />
</listOfStateVariablevValues>
</stateVariableInstance>
</listOfStateVariableInstances>
</nascentSpeciesInstance>
<nascentSpeciesInstance proportion="0.1">
<listOfStateVariableInstances>
<stateVariableInstance stateVariable="activ" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="inact" />
</listOfStateVariableValues>
</stateVariableInstance>
<stateVariableInstance stateVariable="T286" >
<listOfStateVariableValues>
<stateVariableValue possibleStateVariableValue="phosp" />
</listOfStateVariableValues
</stateVariableInstance>
</listOfStateVariableInstances>
</nascentSpeciesInstance>
</listOfNascentSpeciesInstances>
</speciesReferenc>

</listOfProducts> o s
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Implementation

= Reduced version in proprietary annotation in
StochSim's namespace: Fork of SBMLeditor as
StochSim GUI.

m Complete version of the extension will be added to
“reqular” SBMLeditor, to benchmark it.



SEMLeditor - calcium, calmodulin Kinase Il activation
File Edit 5EW Options

[ | & B ¢ & ORI 2o

o @ model: CaMiENact {calciurm/calmodulin Kinase || activation) —
notes: hidden ra
- annotation =
- Stochsim ]
disclaimer: model definition generated by X000 () Anika Oellrich 2007 id:  bealm
displainteryal: 0.001 name: binding site of calmodulin
storelnterval: 0.001
timelncrement; 0.001 Possible Values
simulationDuration: 5 icl narme walue
maximumbumberComplexes: 12200 baundcC bhound calmadulin 1
aboronResolutionErr: true frealC ho calmodulin 0
displawallLevels: false
optimiseTimelncrement: false
randomtumberCeneratar: 2
timelnits: 1
createDumpaFile: false
LzeSpatialExtensions: false
? listOfSpeciesTypes
9 speciesTypoe: CamM il (CalciumfCalmodulin Kinase I}
¢ annotation
¢ Stochiim
9 statev'ariable: batp (hinding site of ATF)
o= pound ATF: id=houndd, name=tbound ATF, value=1
o= no ATF: id=freges, name=no ATF, value=0
¢ statedariable: bealm (binding site of calmoduling
biound calmoduling id=tboundc, name=hbaund calmadulin, wvalue=1
no calmoduling id=free, name=no calmodulin, value=0
¢ statev'ariabile: TZ06 Threonine 20&)
phosphordated: id=pho20&, name=phosphordated, value=1
non-phosphordated: id=unz0&, name=non-phaosphordated, walue=0
9 statedariable: activ factivitd
arctive: id=act, name=active, value=1
inactive: id=inact, name=inactive, wvalug=0
9 statevariable: T2EE (threonine 28&)
non-phosphordated: id=un28&, name=non-phaosphordated, walue=0
phosphordated: id=phod 86, name=phosphondated, wvalue=1
? listOfCompartments
§ - Compartment: psd (post-synaptic densit 0K Reset Cancel
|




