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CPM modeling Scope

e Cellular behaviors:

e Location

e Volume

e Shape

* Movement

e Adhesion

* Mitosis

Death
Differentiation

Polarization
e Etc...



Subcellular modelling

e Biochemical Kinetics:
— Cell-Cycle
— Circadian rhythms
— Cardiac rhythms
— cAMP oscillations
— Delta-Notch patterning
— WNT pathway
— FGF pathway
— Etc...
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Subcellular modelling
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Multiscale model - Somitogenesis




CC3D+SBML
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CC3D+SBML
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Integration with CC3D — 1 cell

e CC3D:




Integration with CC3D — cell type
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Integration with CC3D — Simulation

e CC3D:




Integration with CC3D — cell

class <someClass>(SteppableBasePy):
def init (self, simulator, frequency):
SteppableBasePy. init__ (self, simulator, frequency)

def start(self):
# Define a SBML model
Path = <ModelPath> # Path where the model i1s stored
Name <Mode IName> # Name of the model
Step <timeStep> # Time step of iIntegration

# Add SBML model to a cell
for cell in self_celllList:
self.addSBMLToCel 1 (_modelFile=Path, modelName=Name, _cell=cell, _stepSize=Step)

def step(self,mcs):
# lterate the model (run it for the time step specified on the load command)
self._timeStepSBML()

# Get the parameter value or molecular concentration from a cell
for cell in self_celllList:
<var> = self._getSBMLValue(_modelName=<Name>, _valueName=<param/molecule>, cell=cell)

# Set a new parameter value or molecular concentration value for a cell
self_setSBMLValue(_modelName=<Name>, valueName=<param/molecule>, value=<val>, cell=cell)

# Change integration step of a cell
self._setStepSizeForCell (_modelName=<Name>, _cell=cell, _stepSize=<newStep>)

# Copy a SBML model from one cell to another
self._copySBMLs(_fromCell=celll, _toCell=cell2, _sbmINames=[<ModelNamel>,<ModelName2>,..])

# Delete a SBML model from a cell
self_deleteSBMLFromCel 1 (_modelName=<Name>, _cell=cell)



Integration with CC3D — cell id

class <someClass>(SteppableBasePy):
def init (self, simulator, frequency):
SteppableBasePy. init__ (self, simulator, frequency)

def start(self):
# Define a SBML model
Path = <ModelPath> # Path where the model i1s stored
Name <Mode IName> # Name of the model
Step <timeStep> # Time step of iIntegration

# Add SBML model to a cell
for cell in self_celllList:
self.addSBMLToCelllds(_modelFile=Path, _modelName=Name, _i1ds=[cell.i1d], _stepSize=Step)

def step(self,mcs):
# lterate the model (run it for the time step specified on the load command)
self._timeStepSBML()

# Get the parameter value or molecular concentration from a cell
for cell in self_celllList:
<var> = self._getSBMLValue(_modelName=<Name>, _valueName=<param/molecule>, cell=cell)

# Set a new parameter value or molecular concentration value for a cell
self_setSBMLValue(_modelName=<Name>, valueName=<param/molecule>, value=<val>, cell=cell)

# Change i1ntegration step of a cell (overwrites the initial step value)
self. setStepSizeForCelllds(_modelName=<Name>, _i1ds=[cell.id], _stepSize=<newStep>)

# Copy a SBML model from one cell to another
self_copySBMLs(_fromCell=celll, _toCell=cell2, _sbmINames=[<ModelNamel>,<ModelName2>,..])

# Delete a SBML model from a cell
self._deleteSBMLFromCel llds(_modelName=<Name>, _ids=[1dl1l,1d2,..])




Integration with CC3D — cell types

class <someClass>(SteppableBasePy):
def init (self, simulator, frequency):
SteppableBasePy. init__ (self, simulator, frequency)

def start(self):
# Define a SBML model

Path = <ModelPath> # Path where the model is stored
Name = <ModelIName> # Name of the model
Step = <timeStep> # Time step of iIntegration

# Add SBML model to a cell type (all cells of that cell type will have 1t)
self.addSBMLToCel ITypes(_modelFile=Path, modelName=Name, types=[self.TYPELl.], stepSize=Step)

def step(self,mcs):
# lterate the model (run it for the time step specified on the load command)
self._timeStepSBML()

# Get the parameter value or molecular concentration from a cell
for cell in self_celllList:
<var> = self._getSBMLValue(_modelName=<Name>, _valueName=<param/molecule>, cell=cell)

# Set a new parameter value or molecular concentration value for a cell
self_setSBMLValue(_modelName=<Name>, valueName=<param/molecule>, value=<val>, cell=cell)

# Change integration step of a cell type (overwrites the initial step value)
self._setStepSizeForCellTypes(_modelName=<Name>, _types=[self.TYPEl,.], _stepSize=<newStep>)

# Copy a SBML model from one cell to another
self_copySBMLs(_fromCell=celll, _toCell=cell2, _sbmINames=[<ModelNamel>,<ModelName2>,..])

# Delete a SBML model from a cell type (all cells of that type will loose the model)
self.deleteSBMLFromCel ITypes(_modelName=<ModellName>, types=[self.TYPEL,..])




Integration with CC3D — outside cells

class <someClass>(SteppableBasePy):
def init_(self,_simulator, frequency):
SteppableBasePy. init__ (self,_simulator, frequency)

def start(self):
# Define a SBML model
Path = <ModelPath> # Path where the model i1s stored
Name = <ModelName> # Name of the model
Step = <timeStep> # Time step of iIntegration
# Add a free floating SBML
self.addFreeFloatingSBML(_modelFile=Path, _modelName=Name, _stepSize=Step)

def step(self,mcs):
# Iterate the model (run it for the time step specified on the load command)
self._timeStepSBML()

# Get the parameter value or molecular concentration from a free floating SBML
<var> = self.getSBMLValue( modelName=<Name>, valueName=<param/molecule>)

# Set a new parameter value or molecular concentration value for a free floating SBML
self._setSBMLValue(_modelName=<Name>, _valueName=<param/moleculle>, _value=<val>)

# Change integration step of a free floating SBML (overwrites the initial step value)
self._setStepSizeForFreeFloatingSBML(_modelName=<Name>, _stepSize=<newStep>)

# Delete a SBML model from a free floating SBML
self._deleteFreeFloatingSBML(_modelName=<Mode IName>)




Integration with CC3D

e Other commands:

self_timestepSBML() # time step all models
self_timestepCellISBML() # time step all models associated with cells
self_timestepFreeFloatingSBML() # time step all free floating models

# check 1T a model i1s loaded Into a cell
self_getSBMLSimulator(_modelName="", cell=)

# check 1T a free floating model i1s defined
self._getSBMLSimulator(_modelName="")

# returns dictionary with all parameters and concentration values
state = self._getSBMLState(_modelName="", cell=)

state = self.getSBMLState(_modelName=“myModel”, cell=cell)
state >> {“S1°:1.0, “S27:0.0, “k’:0.1}

# sets new values for all parameters and concentrations defined In the dictionary
self.setSBMLState(_modelName="", cell=, state={})

newState = {“S17:2.0, “S27:0.5}
self.setSBMLState(_modelName=“myModel”, cell=cell, state=newState)



Cell Cycle
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Cell Cycle

Cyclin is produced at constant rate
Cyclin activates cdc2 (M* -> M)
Cdc2 activates protease X

Vi

Protease degrades Cyclin

» Cyclin




Cell Cycle

« X ¢ kqC
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— C :cyclin concentration
— M : fraction of active cdc2 kinase
— X :fraction of active cyclin protease
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Cell Cycle

i X ¢ kqC
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— C :cyclin concentration
— M : fraction of active cdc2 kinase
— X :fraction of active cyclin protease
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Cell Cycle
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Mitosis occur when fraction of active Cdc2 kinase (M) reaches 0.7.



Cell Cycle
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