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Cell Sorting Simulation using CC3D

CompucCeli3D (cc30) &

* Implements Cellular Potts Model (CPM)
* Evolves lattice by Monte Carlo Simulation




Lattice-Based Representation of Cells
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Energy Minimization
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What is Modeled in Cell Sorting Simulation?

Cells are modeled with static physical
properties that are independent of
intracellular state




Incorporation of Intracellular States
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CC3D-SOSlib Framework for Multiscale
Simulation

CompuCeli3D (cc30) &

* Implements Cellular Potts Model (CPM)
* Evolves lattice by Monte Carlo Simulation
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* Loads SBML descriptions of biochemical networks
* Translates to ordinary differential egs. (ODE)
* Numerically integrates the ODEs in step-wise manner

SBML ODE Solver Library (SOSlib) S3ML




CC3D-SOSlib Framework for Multiscale
Simulation

CompuCeli3D (cc30) &

* Implements Cellular Potts Model (CPM)
* Evolves lattice by Monte Carlo Simulation
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Cellular/Extracellular

\ Intracillular

* Loads SBML descriptions of biochemical networks
* Translates to ordinary differential egs. (ODE)
* Numerically integrates the ODEs in step-wise manner

SBML ODE Solver Library (SOSlib) S3ML

Python




Exchange of Biological Information w
CC3D-SOSlib Framework

CompuCeli3D (cc30) &

 Cellular adhesion energies, volumes,
surface areas, positions
» Extracellular concentrations
A

ithin the
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Cellular/Extracellular
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Intracellular
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* Amounts/concentrations of biochemical species and
macromolecules
* Kinetic rate parameters

SBML ODE Solver Library (SOSlib) S3ML



Changing Adhesion Energy Simulation

Cellular/Extracellular

Graphical Visualization

% I e Cellular adhesion energies I >

A

Intracellular

Sinusoidal control of
kinetic parameters

Cellular adhesion energies
computed as function of
intracellular concentration of
adhesion molecules

* Kinetic rate parameters

* Concentration of adhesion molecules

ML




Changing Adhesion Energy Simulation
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Delta-Notch Simulation with Cell Growth

Cells forced to grow at a
constant rate and divide

2108 G velUE * Neighboring cells Graphical Visualization
> | * Common (contact) surface area =

between cells

Y
Cellular/Extracellular Neighbor delta concentrations
weighted according to
common surface area

Intracellular

\ 4

* Concentrations of delta and notch
molecules




Delta-Notch Simulation with Cell Growth
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Files for Multiscale Simulation

& cc3p

e CC3D XML Input File
* PIF file for cell positions and
shapes

Python
Scripts

SBML specification of
intracellular models

BML soslib
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Tinkercell for Biochemical Network Design ©

Graphical construction
of biochemical networks
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Eudoria for Multiscale Cellular Systems Design
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Cell Fields 8 x O

Cell_Field 1 O
Cell_Field 2

Cell_Field_3

Double click to create new cell field... O O

Cell Fields —

Output Console 8 X

SLOT called: hideNetworkToolbar() -
hideNetworkToolbar slot was called.
SLOT called: showCellFieldToolbar()
SLOT called: setCellFieldMode(QAction *)
Number of actions cellFieldActions: 2
setCellFieldMode, case 0

Cell field mode set: 0
showCellFieldToolbar slot was called.

Cell field list item #2 was selected.



Eudoria with CompuCell3D
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Biochemical Networks & X Model Information & X

Double click to create new network...

Cell Fields & X

Double click to create new cell field...

Output Console J X




Eudoria in the Short Term

PIF file generation:

Specify cell types, sizes and locations

CC3D XML generation:

Specify Potts parameters, contact energies, volume and surface area
plugins, etc.

Python script template generation:

Extend basic capabilities of CC3D and allow customization by modelers

SBML generation



Eudoria in the Long Term

Move from only model-building and CC3D file-generation to
multi-methodology simulation

— Lattice-based simulation (CPM)

— Lattice-free simulation

— Hybrid simulation

Conform, internally, to methodology-independent model
specifications (CBO and SBO)

Generate model specification files in relevant markup
languages (e.g. Cell Behavior Markup Language, when it
exists)
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Changing Adhesion Energy Simulation




Delta-Notch Simulation with Cell Growth




