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EMBL-EBI . Biological entities...
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e can have different states

— covalent modification
- binding to other molecules
— alternate conformation

— multimerization
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EMBL-EBI .:

Two simple examples

,,,,,,,,,,

II I NMDA + CaMKIl <=> NMDA-CaMKIl
g — NMDAc + CaMKllc <=> NMDAc-CaMKIlIc
II I I NMDAo + CaMKllc <=> NMDAc-CaMKllc
. NMDAc + CaMKllo <=> NMDAc-CaMKllo

NMDAo + CaMKllo <=> NMDAc-CaMKllo
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EMBL-EBI . Increasing number of reactions
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ATP CaM
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NMDAc + CaMKllc <=> NMDAc-CaMKllc
NMDAo + CaMKllc <=> NMDAc-CaMKllc
NMDAc + CaMKllo <=> NMDAc-CaMKllo
NMDAo + CaMKllo <=> NMDAc-CaMKllo
pNMDAc + CaMKllc <=> pNMDAc-CaMKlic
pNMDAo + CaMKllc <=> pNMDAc-CaMKllc
pNMDAc + CaMKllo <=> pNMDAc-CaMKllo
pNMDAo + CaMKllo <=> pNMDAc-CaMKllo
NMDAc + pCaMKllc <=> NMDAc-pCaMKlic
NMDAo + pCaMKllc <=> NMDAc-pCaMKlic
NMDAc + pCaMKllo <=> NMDAc-pCaMKllo
NMDAo + pCaMKllo <=> NMDAc-pCaMKllo
pNMDAc + pCaMKllc <=> pNMDAc-pCaMKIllc
pNMDAo + pCaMKllc <=> pNMDAc-pCaMKlic
pNMDAc + pCaMKllo <=> pNMDAc-pCaMKllo
pNMDAo + pCaMKllo <=> pNMDAc-pCaMKllo
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EMBL-EBI .- Combinatorial explosion

5x12 state variables=

1152 900 000 000 000 000

states

(1 billion of billion)

\@) @)
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EMBL-EBI . Motivation for StochSim

Particle-based stochastic simulations

Possibility of multistate complexes

2D lattices of various geometry

Rapid equilibria

Settings in StochSim specific INI-files

Introduction Stochsim SBMLINIConverter

14/06/2007 Anika Oellrich 7



EMBL-EBI .- Algorithm
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EMBL-EBI Algorithm
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EMBL-EBI . Example: CaMKI|
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EMBL-EBI .

k n(n+nﬂ)At
d[Al/dt = -k[AI[B] P=

2VN

A

k n(n+nﬂ)At

d[A]/dt = -k[A] P =

n
0
n :# molecules in the system

n, : # pseudomolecules in the system

V :volume of the system
N, : Avogadro constant
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EMBL-EBI .:

L]

: Multistate molecules

L]

LEL B8 11

 Internal features = binary flags, states = vector of flags

Thr306P Vector with 5 state variables:

(a/i,ATP,P1,P2,CaM) -> (1,1,0,0,0)

Calmodulin
binding site
Thr286P
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EMBL-EBI .

» Reaction probabilities can be modified by the states of the
participating multistate complexes

pbase

prel

- IDbas.e X preI

: base probability

. relative probability
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EMBL-EBI . Multistates reactions

pbase X prel{D,O}

(0??07??7?) > (0?717?77)

base X prel{O,l}
-

(1??07??7?) (1?2?1727?7)

e ? = state variable does not influence reaction

* Only 4 states are needed, not 128
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EMBL-EBI .: Multistate rapid equilibrium

» predefined probabilities for the states

» probabilities can depend on other flags

S @

(050) <==> (1 50)

(051) <==> (1 51)

>——@
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EMBL-EBI .

* Neighbourhood-sensitive reactions possible in 2D-lattice

(triangle, square and hexagon)

« Does not support movement of complexes
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EMBL-EBI .- Conformational spread

uncoupled coupled

activity

methylation
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EMBL-EBI . Achievements

« Morton-Firth CJ, Bray D (1998) Predicting temporal fluctuations in an
intracellular signalling pathway. J. Theor. Biol. 192: 117-28

« Morton-Firth CJ, Shimizu TS, Bray D (1999) A free-energy-based stochastic
simulation of the Tar receptor complex. J. Mol. Biol. 286: 1059-74

« Shimizu TS, Aksenov SV, Bray D (2003) A spatially extended stochastic
model of the bacterial chemotaxis signalling pathway. J. Mol. Biol. 329: 291-
309
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EMBL-EBI . Achievements: AgentCell

« Emonet T, Macal CM, North MJ, Wickersham CE, Cluzel P (2005)
AgentCell: a digital single-cell assay for bacterial chemotaxis. Bioinformatics
21:2714-2721




EMBL-EBI .

« SBMLImport / SBMLExport (close future)

* Neighbourhood-sensitive reactions in 3D

« GUI
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EMBL-EBI .

Stochsim
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EMBL-EBI .

« 5 different types of StochSim annotations

1) Model (general settings)

2) Species type (state variables and possible values)

(1)

(2)

(3) Species (initial states)

(4) Reaction (rapid equilibria)
(5)

5) Species reference (MS reactions, involved states)
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EMBL-EBI Example
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EMBL-EBI

e
C

SBase

Species Type UML

SpeciesType

15t0fStateVariables

0.

1

ListOfStateVariables

StateVariable

+1d: SId

thame :

String {fuse=optional

1st0fPossibleStateVariableValues

ListOfPossibleStateVariableValues

possibleStatevariableValue

1..n

PossibleStateVariableValue

+1d: SId
+name: String (use=optlonal)
+value: String




EMBL-EBI . Example: Species Type

<speciesType id="typel" name="4L">

<annotation>
<ataim:atsim wwlns:stsim="htop:/fwuw. shwl .org/ 2001/ nalscochaim™ >
<z2tzim:li=zcOf3tateVariabhles>
<ZLZim:stateVariable id="activity™:>
<z2t=zim:li=t0fPos=zibleitateVariablevValues:
<atzim:possibleStateVariableValue id="inactive">0</3tsim:poszibleStateVariabhleValues
<atgim:possibleStateVariableValue id="active">l</atzim:possibleStateVariableValues
</fztzim: list0fPosziblelftateVariahleValues>
</fztzim:stateVariable:
<stsim:stateVariakble id="phosphorvlation®:>
<stzim: listOfFPossibleltateVariableValues>
<atgim:possibleltateVariableValue id="non-phosphorylated®:>0</stzim: possibleltateVariableValues
<atgim:possibleltateVariableValue id="phosphorylated”>1</3tsim: possibledtateVariableValues
<f3ataim: listO0fPossiblelftateVariableValues:>
</ataim:stateVarisble>
</stsim: list0f3tateVariables:
</stsim:stsim>
</annhotation>
</gpeciesTyper
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EMBL-EBI Species UML

SBase

Species

ist0fInitialSpeciesInstances

G, .1

ListOfInitialSpeciesinstancgs

LnitialSpeciesInstance

1..n

InitialSpeciesinstance

+initialémount: double {use="optional"}
+proportion: double {use="optional"}

peclesInstance

Speciesinstance




EMBL-EBI .: Speciesinstance UML

|
Speciesinstance

IstOfStateVariableInstances

ListOfState VariableIlnstances I

stateVariablelnstance

StateVariableinstance

1stStatevariablevalues

ListOfStateVariableValues

statevarlablevalue

StateVariableValue

+possiblestateVariableValue: SId




EMBL-EBI .- Example: Species

<species id="AL" name="L" compartiment="Compartmwentl”™ initislimount="1000"">

<annotation>
<stsim:stsim xmlns:stsim="http://wuw.shml.org/2001/ ns/stochsim"
<8tzsim: listCfInitial3peciesInstances:>
<3tzim:initial3peciesInstances
<stsim:specieslnstance>
<stsim: liscofitaceVariableInstancess
<3tzim:stateVariablelnstance stateVariable="phosphorylation™> 1
<gtsim: listOfitateVariableValues: ( . | )
<ztzimistateVariableValue
poszibled3tateVariahleValue="phosphorvylated™ />
</fstsim: listOfStateVariableValues:
<fstzim: stateVarisbhlelnstance:
<f3taim: listofStateVariableInstancess
<fataim: apeciesInstances
<stsim:initialimount>500</stsim: initialimount >
<f3taim: initial3peciesInstance:
<3tzim:initial3peciesInstances
<stsim:speciesInstance>
<ztzim: liscofitateVariableInstances>
<8tzim:stateVariablelnstance stateVariable="phosphorylation™:= (l) ())
<stsim: listof3tateVariableValues> o
<stsim:stateVariableValue possibleltateVarishleValue="non-phosphorylated™ />
<fstaim: listof3tateVariableValuess
</staim: stateVariabhleInstance:r
<fstzim: listofStateVariablelnstances:
<fstaim: speciesInstances
<3tZim: initialimount>500</st2im: initial imount >
<fstsim:initial3peciesInstance:
<fztzim: list0fInitial3peciesInstancess
</atsim: stsims>
<fannotations
</species>




EMBL-EBI . Example: Phosphorylation

« Modelled as a MS-reaction

« Using annotation of species reference both
“listOfReactants” and “listOfProducts”
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EMBL-EBI .:°

SBase

SpeciesH

eference UML

SpeciesReference

o,

.listhInitialSpeciesInStances

.1

listOfNascentSpeciesInstances

ListOfReactingSpeciesinstances

eactingSpeciesInstance

1..n

ReactingSpeciesinstance

'

speciesinstancelnfluence

Speciesinstancelnfluence

speciesInstance

.nath

Math —

[+xmlns: String {"http://www.w3. 0org/1998/Math/MathML"}

listOfparameters

ListOfParameters

'

Speciesinstance

speciesInstance

NascentSpeciesinstance

+proportion: double {use="optional" default="1"}

nascentSpeciesinstance

ListOfNascentSpeciesinstances




EMBL-EBI . Example: Phosphorylation

<reaction id="riP" name="phosphorvylation of 4i" >
<listOfFeactantss
<speciesPeference species="A":-
<annotation:>
<gtsim:stsim xmlns:stsim="http://uyw.sbml.org/2001/ ns/stochsim™ >

<2tzim: listO0fReactingipeciesInstancess
<stsim:reactingipeciesInstance>
<stsim:specieslnstance:>
<stsim: liscOf3tateVariahleInstances>
<stsim:stateVariablelnstance stateVariable="phosphorylation®>
<stsim: listOfitateVariabhleValues:
<3tzim:stateVariableValue possibleStateVariskhleValue="non-phosphorylated™ />
<fataim: listOfStateVariabhleValusa:
</atsim:stateVariablelnstance:>
<stsim:stateVariablelnstance stateVariable="actiwvity">
<stsim: liscOf3tateVariableValues:>
<3tsim:stateVariableValue possibleltateVariasbhleValue="active™ />
<fatzim: listOfStateVariableValuess>
</atsimistateVariablelnstance:
<fataim: listOf3tateVariablelnstances:
<fztgim: speciesInstancer
<s2tsim:speciesInstanceInfluence:-
<mwath xmlns="http://uvw. w3 .org/ 1995/ Math/ MathML ">
<apply:
<times/ >
<oirrelProb</ocix
<oirrdP</ois
</apply>
</ mathx
<listofParameters>

<parameter id="relFroh" wvalus="1" />
</ listOfParameterss>
</stsim:specieslnstanceInf lusnces
</atzimireactingSpeciesInatances

(1 !0) -> (1 51)



EMBL-EBI . Example: Phosphorylation

<stsim:reactingSpecieslnstance:>
<3tsim:speciesInstance>
<stsim: listofStateVariablelnstancess
<stsim:stateVarisblelnstance stateVariasble="phosphorvlation">
<ztsim: listofitateVariableValues>
<a3tzim:stateVariabhleValue possibleltateVariableValue="noh-phosphorylated™ />
<fetzim: list0fStateVariahleValues:
<fatgimistateVariablelnstances
<stsim:stateVariableInstance stateVariable="activity™>
<ztsim: listofitateVariableValues>
<atzim:stateVariableValue possibleltateVariableValue="inactiwve™ />
</stzim: listOf3tateVariableValues:>
<fatgimistateVariablelnstances
</stgim: lizcofStateVariableInstancess
</ztzim:specieslnstance>
<stzim:specieslnstancelInflusnce:
<mwath xmlna="http:/ vuw. w3 .org/ 1998/ Math/ MathML ">
<apply=
<timess >
<pirrelFrob</fois
<cirriaPo/ocis
<fapplys
</ math:>
<listOfParameters>
<pararwmeter id="relProb®” wvalus="0" />
</ liztOfParsmeterss
<fatgimispeciesInstanceInt luence:
</ataim:ireacting3peciesInstancer
</2t2im: list0fReactingSpecieslnstancesy
</staim:atsim>
</annotations>
</zpecieskeferencer
</ listOfReactantas

(0,0) % (0,1)




EMBL-EBI . Example: Phosphorylation

<listOfProducts>
<speciesReference species="A":>
<annotation>

<atsim:staim xmlns:stsiw="http: /S wuw. shml . org/ 2001/ na/stochaim™ >
<2tsim:speciesInstancex
<gtsim: listOfitateVariablelInstances>
<stsim:istateVariablelnstance stateVariable="phosphorvylation®™:
<stsim: listOf3tateVariableValues:-
<stzim:stateVariableValue
poszgibleltateVariableValue="phosphorylated™ />
<fstzim: listof3tateVarishleValues>
</atgimistateVariablelnstancer
</ataim: listof3tateVariableInstancess
</ st3im: speciesInstancesr
<fztzimiataime
</annotation:
</ apeciesReferences
</ ligtofProductar
</reaction:
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EMBL-EBI .- Example: Reaction A & B
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EMBL-EBI . Example: Reaction A & B

<reaction id="rAEBE" name="AF formation™:
<listOfReactantss
<speciesPFeference species="Aar:

<annotation:>
<s2tgim:staim xmwlns:stsim="http: /S wvw.sbml.org/ 2001/ na/stochsim™>
<stsim: listOfReactingipeciesInstances>
<stsim:reactingipecieslInstance
<8tLsim:specieslnstance:
<ztsim: listOfitateVariablelnstances:
<stzim:stateVariablelnstance stateVariable="activity™:>
<ztsim: listOfitateVariableValues:>
<gtsimistateVariableValue possibleltateVariableValue="active™ />
</3tgim: lisct0f3tateVariahleValues:>
</atsim:stateVariablelInstance:
</3tzim: listOf3tateVariableInstances:
</3tzim:speciesInstancer
<8tsim:specieslnstancelnfluence:>
<math xmlns="http:/ wvww.wd.org/ 1998/ Math/ MathML ">
<apply>
<times/ >
<oirrelProb</oix
<oixrAB</foix
</apply>
</math>
<listOfParameters>

<parameter id="relProh" wvalus="1" />
</ listOfParameterss
</3t3im:speciesInstanceInfluences
<fstsim:reactingIpeciesInstance:



EMBL-EBI . Example: Reaction A* & B

<stzim:reactingipeciesInstances
<staim:speciesInstancer
<ztsim: liscofitateVariableInstancess>
<gtzim:stateVariablelInstance stateVariable="gotivicy™>
<stsim: liscofitaceVariableValues>
<3taim:stateVariableValue possibleltateVariahleValue="inactiwve™ />
<fatzim: listofStateVariabhleValuess>
</stsim:stateVarisblelnstance>
</stzim: lizc0fStateVariablelnstancess
</stsim:specieslnstancer
<stsim:specieslnstancelnfluence:
<math xmlns="http:/ wew.wd.org/ 1998/ Math/ MathML ">
<applys-
<times/ >
<oirrelProb<fois
<oirriBe/edis
<fapplyr
</maths>
<listOfParameterss
<parameter id="relProbh"™ wvalus="0" />
</ liztOfParsmeters>
</stsim:specieslnstanceInfluence:>
<fstsimireactinglpeciesInstance:
<fatzim: listOfReactingipeciesInstances:
</stsim: stsim>
</annotations
</apeciesReferencer
<apecieaReference speciss="E" />
</ listOfReactantasr
<listOfProductss>
<apecieaReference speciss="AE" />
</ listQfProductss
</reaction>

(1,7) + B-> AB




EMBL-EBI . Example: Rapid equilibrium

« (De-)Activation of species A

« Modelled as a reaction with “fast” attribute and kinetic law of O

S @

. RE .
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EMBL-EBI . Example: Rapid equilibrium

<reaction id="iact™ name="L actiwvation®™ fast="true®™ rewverzsible="false'":>

<annotation:
<St3sim:st3im Xwlns:stsim="http://wuw.shwl.org/2001/ns/stochsim™ >
<stzim:rapidEquilibrium species="A" stateVariable="activity™>
<gstzim:listofInfluencingspeciesInstcancess>
<stsim: influencingipecieslInstance>
<stsim:speciesInstancex
<3tsim: listOofitateVariabhlelnstancess
<gtsim:stateVariableInstance stateVariable="phosphorylation™>
<stzim: listOof3tateVariableValues:
£ataim:stateVariableValue possibleltateVariableValue="unphosphorylated™ />
<fstaim: list0fS3tateVariableValuea>
</stzimistateVariableInstance:>
</stsim: list0fStateVariableInstances:
</fztzim:gspeciesInstances
<3tsim: listofitateVariableValueProbabilitiess
<stsim:stateVariableValueProbabhility>
<ztgim: stateVariableValue poszibhleltateVariableValue="active" />
<3tgim:probabilityr» 0.1 </s3tsim:probabilitys
<fgtsimistateVariableValueProbhabhilitys>
“stzim:stateVariableValueProbhabhility:>
<3taim:stateVariableValue possiblelStateVariableValue="inactive™ />
<ztgim:probability> 0.9 </stzim:probabilitys
</stzim:stateVariableValueProbabilitys>
<fztzim: lisct0fStateVariableValueProbahilities:>
<fatzim: influencingSpeciesInstances

(050) <==> (1 !0)




EMBL-EBI . Example: Rapid equilibrium

<stsim: influencingdpecieslInstance:
<8ts8im:speciesInstance-
<gtzim: listOfStateVarisbhlelInstances>
<atsim:stateVariablelnstance stateVariable="phosphorvlation™:>
<gtzim: listOofStateVar iab leValues>
<3tsim:stateVariableValue possible3tateVariableValue="phosphorvylated™ />
<fstzim: list0f3tateVariableValuess>
</ataim: stateVariableInstance:
</2tzim: listOf3tateVariablelnstancess
</3tgim: specieaInstancer
cersim: listOfStaceVarishleValweProbalbi lit 1es>
<staim:stateVariableValueProbability>
<g3t3im:stateVariableValue possiblel3tateVariableValus="active™ />
<gtzim:probability> 0.9 </stzim:probability>
</atgim:stateVariableValueProbabhilitys
<stsim:stateVariableValueProbability:>
<3tzim:stateVariableValue possibleltateVariableValue="inactive™ />
<gtaim:probability> 0.1 </stsim:probabilicys>
</3tzim:stateVariableValueProbability>
</ataim: list0f3tateVariableValueProbabhilities:
</3tgim: influencingipecieszInstances
</atgim: lizt0fInfluencinglpeciesInstances:
</stgim:rapidEgquilibr ium>
</stsim:stsim>
</annotation:>

(051) <==> (1 !1)
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