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Simulations with Multiple Physical Approximations
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netValence 1.0;
Ran_cyt_diffusionRate  10.0;
Ran_cyt_init_uM 0.0;
RanC_cyt_diffusionRate 10.0;
RanC_cyt_init_uM 0.0;
RanC_nuc_diffusionRate 10.0;
RanC_nuc_init_uM 4.5E-4;
Voltage_nm 0.0;

Voltage_pm 0.0;
VolumePerUnitVolume_cyt
VolumePerUnitVolume_EC
VolumePerUnitVolume_nuc

-~

cytosol::C_cyt
cytosol::Ran_cyt
cytosol::RanC_cyt
Nucleus::RanC_nuc

Function Nucleus_cytosol_membrane::]_fluxd0  (kfl * (RanC_cyt - RanC_nuc));

Function cytosol::J_r0 ((Kf * RanC_cyt) - ((Kr * Ran_cyt) * C_cyt));

Function cytosol::Size_cyt (VolumePerUnitVolume_cyt * vcRegionVolume('cytosol'));

Function ec::Size_EC (VolumePerUnitVolume_EC * vcRegionVolume('ec"));

Function Nucleus_cytosol_membrane::Size_nm (AreaPerUnitArea_nm * vcRegionArea('Nucleus_cytosol_membrane'));
Function Nucleus::Size_nuc (VolumePerUnitVolume_nuc * vcRegionVolume('Nucleus"));

Function cytosol_ec_membrane::Size_pm (AreaPerUnitArea_pm * vcRegionArea('cytosol_ec_membrane'));

CompartmentSubDomain ec {
BoundaryXm Flux
BoundaryXp Flux
BoundaryYm Flux
BoundaryYp Flux
BoundaryZm Flux
BoundaryZp Flux
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LS ModelBricks concept

 Containers for small, reusable VCell models that can be used in
larger models

* Fully annotated

e (Can be created by users and submitted for curation

e Carry parameter information and citation information
* Provides an incentive for users to create ModelBricks

 Molecular details included, no ambiguity to the intended
composition of the species

 Are VCell models, therefore can be stored in VCell database,
searched and exported to other formats

* VCell APl integration with website provides infrastructure to
disseminate the ModelBricks
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Object Properties | problems (0 Errors, 10 Warnings) | () Database File Info|

Reaction Name |IP3R_fiux_FDH
Electrical Properties incdude molecular flux indude electric current (into inside compartment "Ca_store™)
Reversible Kinetic Type | General Flux Density (uM-um/s) =) [ Convert to [molecules

J reaction rate O —r FDH-Jmax2- (1.0 -__CaC ). h-IP3 C-Ca C ) [HMum.s-:
Ca_Ca_store (IP3_C+ KD JP3 IP3R) - (Ca_C+ KD act Ca JP3R)

1 inward current density ] 0.0 pA.um-2
netValence net charge into 'Ca_store' F 0.0 1
Imax2 user defined 200.0 pM.pm.s-*
r_FDH Global Parameter 1.0 1
CaC Species Concentration Variable pM
Ca_Ca_store Species Concentration Variable KM
h Global Parameter : n?ninacﬁve{PSR. 1

( noninactivelP3R + InactivelP3R )
P3_C Species Concentration Variable pEM
KD_IP3_IP3R  (Global Parameter 0.1 UM
KD_act_Ca_IP3R |Global Parameter 0.2 M
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Rule-based vs. Full Reaction Network




Key Concepts for VCell Rule-based Modeling

Term Purpose Composition Compartmental/Spatial features

Compartment | Cellular structure A volume or a surface, corresponding to extracellular For Applications without explicit geometries,
containing species | regions, cytosol, organelles and their associated compartmental sizes are specified as surface
and reactions membranes. No specification of the relationship between | areas or volumes. For spatial Applications,

compartments (such as enclosures or adjacency) is compartments may be explicitly associated with
required. regions within a geometry.

Molecule A building block for | Comprised of sites that can bind other sites between or Can be, optionally, anchored to one or more
species. within molecules. A site may also have multiple states. In compartments. A species coﬁtaining an

this way, a molecule spawns a collection of chemical anchored molecule can be located only in one of
species — one per every combination of site occupancy these compartments.
and/or state.

Species An individual Comprised of molecules that are connected through bonds | Every species is located in a unique
chemical species between binding sites. All modification sites must be compartment. Seed species are assigned to a
that may occur in explicitly defined. A species can be a seed species (defined | compartment by the user. It may not contain
the model. as initial condition and used as a seed for reaction rules molecules that are excluded from that

application) or a generated species (a result of reaction compartment by anchoring to other
rule application). compartments.

Pattern Specifies a set of Comprised of molecules. The states of sites may be left Defined in a single compartment; all molecules
possible states of unspecified; thus a pattern may select multiple species. that comprise a pattern must be permitted to be
species to be Moreover, binding sites may have implicit binding status located in this compartment.
selected as (has external bond or may be bound) where its binding
participants in partner is not explicitly defined. Such patterns may be
reaction rules and inclusive of species that contain molecules not explicitly
in observables. specified in a pattern but being possibly bound to

molecules within it.
Observable Specify simulation Consists of one or more patterns that define features of Defined in a single compartment; all molecules

outputs of interest.

species. The result is the total population (concentration
or count) of multiple species.

that comprise an observable must be permitted
to be located in this compartment.

Reaction rule

Defines
transformation of
multiple species at
once, generating
multiple reactions

Species to be transformed are selected by reactant
pattern(s). Product pattern(s) define the end result of
transformation. Product may differ from reactant by re-
assigning molecules, adding or deleting bonds and
changing site states. A kinetic expression is also a
component of a reaction rule.

Reaction rule is defined in a single
compartment. Each reactant pattern and each
product pattern are assigned a specific
compartment, which may be different from
compartment for reactants or products.




Possible states of a site

Molecule

Sites are bound Sites are unbound

These sites can be in any state
Pattern

2 L7 ] 9)
(site M y1 X v2 X v3
?l
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