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Molecules with several states

➠

�	� relative atomic coordinates 
 Interconversion;

➠ Covalent modification 
 �
� � ���� � � � ��� � ����� � � ��� � ;

➠ Non-covalent modification 
 metal or ligand binding;

➠ Multimerisation.

True situations are obviously a mixture of those cases.
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A simple case

+

+

+

+

➠ Various states are different entities $ all reactions x4;

➠ Sometimes useless (ligand does not affect the reaction itself);

➠ Loose the state information or produce four different products.% &�' ()*+



STOCHSIM: Complex molecules

A B C . . .

0 0 0 . . .

1 0 0 . . .

0 1 0 . . .

1 0 0 . . .

0 0 1 . . .

1 0 1 . . .

0 1 1 . . .

1 0 1 . . . N flags , 2N states.
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STOCHSIM: Complex molecules

Three binary flags:

➠ Ligand = bound or not bound;

➠ Calcium = bound or not bound;

➠ State = active or inactive.

4 5�6 789:



STOCHSIM: Neighbour-sensitive
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STOCHSIM: Reaction

Active and inactive states have different affinities for the ligand (al-

lostery). B C�D EFG E



STOCHSIM: Rapid equilibrium

The ratio of receptors with calcium is constant. The stabilisation of one state
depends on the state of neighbouring receptors. H I�J KLMN



SBML extension: The species
<listOfSpecies>

<specie name="Ligand" />

<specie name="Receptor" >

<listOfFeatures>

<feature name="Calcium" >

<listOfStates>

<state name="CaBound" />

<state name="noCaBound" />

</listOfStates>

</feature>

<feature name="Ligand" >

<listOfStates>

<state name="liganded" />

<state name="unliganded" />

</listOfStates>

</feature>

<feature name="State" >

<listOfStates>

<state name="active" />

<state name="inactive" />

</listOfStates>

</feature>

</listOfFeatures>

</specie>

</listOfSpecies>

Note that the following slides use the
framework previously proposed by An-
drew Finney. We’ll soon propose a more
complex extension, able to cope with
more general cases.

In its original proposal Andrew Finney
used the features together with a new
type of species, the complexSpecie.
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SBML extension: The reaction (1)
<listOfReactions>

<reaction name="Lbinding" >

<listOfSpecieInstances>

<specieInstance name="receptorI" complexSpecie="Receptor" />

</listOfSpecieInstances>

<listOfReactants>

<specieReference name="receptIn" complexSpecieInstance="receptorI" >

<listOfFeatureStates>

<featureState name="Ligand" state="unliganded" />

<featureState name="State" state="inactive" />

</listOfFeatureStates>

</specieReference>

<specieReference specie="Ligand" />

</listOfReactants>

<listOfProducts>

<specieReference name="receptOut" complexSpecieInstance="receptorI" >

<listOfFeatureStates>

<featureState name="Ligand" state="liganded" />

<featureState name="State" state="inactive" />

</listOfFeatureStates>

</specieReference>

</listOfProducts>

</kineticLaw formula="..." />

</reaction>

</listOfReactions>
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SBML extension: The reaction (2)
<listOfReactions>

<reaction name="Lbinding" >

<listOfSpecieInstances>

<specieInstance name="receptorA" complexSpecie="Receptor" />

</listOfSpecieInstances>

<listOfReactants>

<specieReference name="receptIn" complexSpecieInstance="receptorA" >

<listOfFeatureStates>

<featureState name="Ligand" state="unliganded" />

<featureState name="State" state="active" />

</listOfFeatureStates>

</specieReference>

<specieReference specie="Ligand" />

</listOfReactants>

<listOfProducts>

<specieReference name="receptOut" complexSpecieInstance="receptorA" >

<listOfFeatureStates>

<featureState name="Ligand" state="liganded" />

<featureState name="State" state="active" />

</listOfFeatureStates>

</specieReference>

</listOfProducts>

</kineticLaw formula="..." />

</reaction>

</listOfReactions>
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SBML extension: Rapid equilibrium
<listOfRules>

<listOfSpecieInstances>

<specieInstance name="receptorE" complexSpecie="Receptor" />

</listOfSpecieInstances>

<specieConcentrationRule formula="1/(K+1)" >

<specieReference name="receptCaRE" complexSpecieInstance="receptorE" >

<listOfFeatureStates>

<featureState name="Calcium" state="CaBound" />

</listOfFeatureStates>

</specieReference>

</specieConcentrationRule>

</listOfRules>

Indeed
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SBML: Neighbour-sensitive reactions

Require another extension describing the topology of
supra-molecular assemblies.
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Molecules made up of molecules

For instance proteins made up of subunits;

➠ A particular subunit exhibits states, binding sites etc.;

➠ The complete molecule exhibits states, binding sites etc.;

➠ The elementary subunits can be reactants;

➠ The complete molecule can be reactant.
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Example 1: nAChRs

Subunit:

➠ Binding sites: CW partner, CCW partner, ACh, calcium;

➠ States: unfolded, partially folded, completely folded.

Receptor:

➠ Binding sites: ACh (several), channel blockers (one);

➠ interconverting states: resting, open, desensitised.
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Example 2: network
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Brachiation
¹ º�» ¼½¾ ¼ ½
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