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VCell BioModel with Multiple Applications 

 
Objective 

Create a single Biomodel of RAN nuclear transport then use different modeling 
strategies to solve simulations. 

Goals 

• Create a Biomodel Physiology with species, reactions and fluxes 

• Create a spatial deterministic application of the Physiology 

• Import fluorescence images into VCell and segment a 3D image stack within 
VCell to create a geometry  

• Create a simulation  and specify solver, time, and computational mesh. 

• Run the simulation, view results and create graphs 

 



Contents Multi-App tutorial 

Opening VCell 

Defining compartments 

Creating fluxes, reactions and 
species 

Specifying kinetic laws 

Creating applications 

Importing images 

Segmenting images 

Editing computational domain size 

Mapping geometry to 
compartments 

Specifying initial conditions 

 

 

Table of contents 

Creating a simulation 

Viewing simulation results 

Re-Open a model 

Copy an application 

Create a stochastic simulation 

Export results as spreadsheet 

Create a non-spatial 
deterministic application 

Using parameter estimation 

Create a spatial stochastic 
application 

 

 



Contents Multi-App tutorial 

  Your first time opening VCell 

You need to register as a New User if 
you want to run simulations on the 
VCell compute resources, or use the 
VCell database to store models that 
can be shared with collaborators. 



Contents Multi-App tutorial 

  Your first time opening VCell 
Guest Login Option 



Contents Multi-App tutorial 

BioModel 
Physiological representation of the model 
where the compartments, molecules, 
biochemical reactions and kinetic parameters 
are defined. 

Applications 
There may be one or multiple applications 
within one BioModel. Here, simulation-
dependent conditions are defined, such as 
initial conditions, simulation specific details, 
and changes in kinetic parameters.  

Simulations 
Execution of BioModel with defined length 
of time, time step, resolution, solver and 
parameter overrides.  
 
 

VCell BioModel Organization 



Contents Multi-App tutorial 

The VCell Interface 



Contents Multi-App tutorial 

To create a new VCell model, click “File” > “New” > “BioModel” 



Contents Multi-App tutorial 

To save your model, navigate to “File” and make your 
selection from the four “Save” options that are 
available.  



Contents Multi-App tutorial 

To re-open a model, navigate to the folder that the 
model was saved in and double-click the model name. 



Contents Multi-App tutorial 
To create the components to your model, start with creating 
a volumetric compartment by selecting the Structure Tool. 
This will automatically create  your first compartment. 

To create a new membrane, click on 
one of the black lines so they turn 
green, and select “Add Membrane”. 



Contents Multi-App tutorial 

To create a new compartment, click on the 
dotted black lines, which will become green,  
and select “Add Compartment”. 



Contents Multi-App tutorial 

If you need to rearrange compartments and 
membranes, or any other features, use the selection 
tool and drag them by their label. 

Your model  requires 3 volumetric compartments separated by 2 
membrane compartments. Continue creating two additional 
compartments that are separated by a membrane.  



Contents Multi-App tutorial 

Use the selection tool to name compartments and membranes. The 
area will turn red upon selection. Double click the structure name 
you wish to change and enter the new name. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Contents Multi-App tutorial 

You can also change the Structure Name on the 
Object Properties tab. 
You can annotate compartments and rename 
species here as well.  



Contents Multi-App tutorial 

Rename the compartments and membranes to the following: 
C0 -> EC (Extracellular) 
M0 -> PM (Plasma Membrane) 
C1 -> Cyt (Cytosol) 
M1 -> NM (Nuclear Membrane) 
C2 -> Nuc (Nucleus) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Contents Multi-App tutorial 

To create a flux reaction, click on 
the FluxReaction tool, then click in 
the area where you want to place 
the flux. 



Contents Multi-App tutorial 

To add a reactant species to the 
flux reaction, click on the species 
tool, then click in the area you 
want to place the species. 

Species – are molecules, 
compounds or states thereof. 



Contents Multi-App tutorial 

Use the reaction tool to connect a 
reactant species to a flux reaction, 
by clicking on a species and 
dragging the line to the flux symbol. 



Contents Multi-App tutorial 

To create a product of flux reaction, use 
the reaction tool to drag a line from the 
flux to a point inside the compartment 
where a product species will be 
created. 



Contents Multi-App tutorial 

To create a reaction, using the Reaction Tool, click on a 
species and drag a line from the species to a point inside 
the compartment. 
 The active line will read  <<REACTANT>>, and a reaction 
node will be created once you release the mouse button. 

To remove a species or reaction from your model, 
select the species or reaction and click on either the 
“Delete” button or the backspace button on your 
keyboard. 



Contents Multi-App tutorial 

To create a product species, use the Reaction 
Tool to drag from the reaction symbol to a point 
inside the compartment where  your product 
species will be located. 
Once you release the mouse button, the 
product species will be created. 



Contents Multi-App tutorial 

Name Description Location 

RanC_nuc Ran-Cargo Complex Nucleus 

Flux Reaction Node Nuclear Membrane 

RanC_cyt Ran-Cargo Complex Cytoplasm 

Reaction Node Cytoplasm 

C-cyt Cargo Cytoplasm 

Ran_cyt Ran- GTPase Cytoplasm 

Continue adding components to your model and naming 
them until you have the following objects as described in 
the table below.  

Note that you cannot move species, reactions, or fluxes from one compartment to another.  You must delete a 
species, flux, or reaction from one compartment and then create it in another compartment. 



If you need to rename a component, select the 
component, and on the Object Properties tab, 
use the component’s name text field to supply 
the new name. 



Contents Multi-App tutorial 

In order to define the reaction rate, first select 
the flux icon, and on the “Object Properties” tab, 
double click in the “Expression” column and type  
kfl * (RanC_cyt - RanC_nuc). 

Kfl*(RanC_cyt-RanC_nuc) 



Contents Multi-App tutorial 

With the flux icon still selected, on the Object 
Properties tab locate the user defined parameter 
“Kfl”. Double click and type in the value of 2.0 in 
the “Expression” column. 

2.0 



Contents Multi-App tutorial 

In order to define the forward rate constant, Kf, 
select the reaction node. On the Object Properties 
tab, locate the “forward rate constant” parameter 
and double click the Expression column. Type in the 
value 1.0 for this tutorial. 

1.0 



Contents Multi-App tutorial 

With the reaction node still selected, define the 
reverse rate constant, Kr. On the Object Properties 
tab, locate the “reverse rate constant”. Double click 
the “Expression” column, and type in the value 
1000.0 for this tutorial. 

1000.00 



Contents Multi-App tutorial 

Use the Reactions, Structures, Species, 
Molecules or Observables tabs to look up 
specific details of the physiology shown in a 
table view as opposed to the Reaction Diagram.  
The table view is useful when working with large 
and complicated models. 



Contents Multi-App tutorial 

To create an “Application”, select Application 
and then right click and  select “New 
Application” > Deterministic, Stochastic, or 
Network-Free. 

For this tutorial, please create a Deterministic Application. 

Alternatively, select New Application from the 
drop down menu and choose from 
Deterministic, Stochastic, or Network-Free. 



Contents Multi-App tutorial 

In this tutorial, you will need to use an example  
neuroblastoma stack of images that is provided 
for you. These images are located on the VCell 
website (vcell.org). Navigate to Support > 
Tutorial Guides. Download the Neuroblastoma 
Stack for Tutorial and extract the files to a folder 
of your choice. 



Contents Multi-App tutorial 

Once you have created an “Application”, you can expand the 
submenu and select the Application you are working with. When 
an “Application” is selected, the “Geometry Definition” tab will 
be accessible.   
From there, navigate to “Add Geometry” and either create a 
“New” geometry, or “Open from”.  
In this instance, please select “New”.  



Contents Multi-App tutorial 

Select “Image based (import images from file, zip or directory)” 
and  press “OK”, to navigate  



Contents Multi-App tutorial 

After you have selected the folder containing the series of 
images, you will be prompted with a dialogue confirming if you 
want to import the  stack. 



Contents Multi-App tutorial 

To adjust the resolution of imported images, use your cursor 
to adjust the slider to the desired scale factor of the image 
sizes, and then click “OK”. Images can either be reduced or 
enlarged according to the original size.  



Contents Multi-App tutorial 

In this tutorial, manually segment the 
image by selecting “1. Add empty 
Domain”. 



Contents Multi-App tutorial 

Define the “new Domain 
Name”  as “Nuc”, for the 
nucleus, and press “OK” to 
accept the entry. 



Contents Multi-App tutorial 

After importing the images, be sure to adjust the z 
plane so you can see your cells. The stack defaults to 
the first z level therefore you may not be able to see 
your cells until you focus up through the stack. 



Contents Multi-App tutorial 

For your convenience, the tools on the Geometry 
Editor are set up with tooltips. As you hover over 
a tool, a description of that function will appear. 



Contents Multi-App tutorial 

Use the manual or automatic crop tool 
to select a particular area of the image 
and reduce the image size. Select the 
crop tool, and use your cursor to drag 
over a specific area, let go of your cursor 
and click “OK”. 



Contents Multi-App tutorial 

Use the zoom tool to increase, 
zoom in, or decrease, zoom out, 
the image magnification. 



Contents Multi-App tutorial 

In order to reduce noise in the images, 
you can apply an averaging filter to the 
stack. 

With the Averaging Filter, each pixel and it's immediate neighbor’s intensity values are 
added together and the sum is divided by the number of neighbors. For example, in a 2-
D image, each pixel has 8 surrounding neighbors. The 9 values are added together and 
divided by 9 and that value replaces the original pixel value. 



Contents Multi-App tutorial 

Use the Histogram Tool to select pixel values 
in your image for thresholding specific 
regions. Hit “Apply” to accept the values. 



Contents Multi-App tutorial 

An “Update Domain” confirmation dialog will 
appear. You can update the domain you initially 
defined or you can create a new domain and apply 
the threshold values to either situation.  



Contents Multi-App tutorial 

Click on the Nuc domain; pixels included in that 
domain will be highlighted in orange 



Contents Multi-App tutorial 

The largest  “Nuc” domain includes pixels that are outside of the actual nucleus. 
  
Use the eraser tool to erase highlighted pixels in the membrane that are close to 
the nucleus but should not be included in the “Nuc” domain. 

Right click on the tool to access the menu for 
adjusting the brush size. 
 



Contents Multi-App tutorial 

The largest  “Nuc” domain may also miss some pixels that should be within the 
segmented nucleus. 
  
Use the paint tool to add highlighted pixels within the nucleus. 

Right click on the tool to access the menu for 
adjusting the brush size. 
 



Contents Multi-App tutorial 

Use the Domains to Image display slider to adjust the 
way your image is displayed. This can show the image 
as segmented domains, the image only, or a overlay of 
the two. 
 This tool is helpful for visualizing your cell while 
defining the domains. 



Contents Multi-App tutorial 

Scroll through the Z slider to view more slices in which the nucleus 
and membrane are in close proximity or where you need to fill in 
regions within the nucleus. 

Continue either erasing the membrane, until there are no parts of the 
highlighted membrane that touch the highlighted nucleus, or filling in the 
nucleus through all the  z sections. 



Contents Multi-App tutorial 

Click the first (largest) Nuc domain to view how effectively you 
have remove non-nuclear regions. If an item besides the nucleus 
is orange and not red, you need to continue erasing in order to 
remove the non-nuclear areas of the domain. 



Contents Multi-App tutorial 

To remove all non-nuclear regions, select all the regions except 
the most numerous bkgrnd and  Nuc regions, which are usually 
the two top regions. With the remaining regions selected, click 
“Auto-Merge”. 

Be sure to scroll through all the sections once again to ensure 
that you have properly removed all non-nuclear regions. If you 
still have some areas, repeat the process of removing and/or 
filling in areas and then Auto-Merge the non-nuclear areas. 



Contents Multi-App tutorial 

To add another domain, click “Add 
Domain”, and type in Cyt for 
cytoplasm,  in the New Domain 
dialog. Click “OK” to accept the new 
domain. 



Contents Multi-App tutorial 

Be sure that the new domain is selected, as the Active 
Domain.  
To define the new domain, use the Histogram Tool to 
highlight the region of interest, and select your desired 
domain region. 

Remember to press Apply to accept the 
threshold. 



Contents Multi-App tutorial 

Since you have already created the cytoplasmic domain, 
in the previous steps,  confirm the threshold by selecting 
“Update Domain”. 



Contents Multi-App tutorial 

To prevent the new domain selection from over-writing existing 
domain regions, click “Keep existing Domain Regions when 
overlapping”. 



Contents Multi-App tutorial 

To remove all non-cytoplasmic and non-nuclear regions, 
select all the regions except the most numerous bkgrn, Cyt, 
and Nuc regions, which are usually the three top regions. 
With the remaining regions selected, click “Auto-Merge”. 



Contents Multi-App tutorial 

To finish segmenting your images, click 
“Finish”. 



Contents Multi-App tutorial 

To send unassigned pixels to the 
background, click “Assign as 
default ‘background”.  



Contents Multi-App tutorial 

Click “Add empty border” in order to insert a blank 
(background) image on top of the 1st image and 
below the last image in the Z stack and to pad the x,y 
boundary with a row of background pixels.  

This is important to ensure that in your final geometry, a 
volume compartment intended to be enclosed by a 
membrane does not reach the edge (boundary) of the 
simulation space. 



Contents Multi-App tutorial 

Click “Slice View” in order to view the segmented 
compartments by individual slices. 

Be sure to adjust the 
scroll bars and Slice 
indicator to ensure you 
are able to see the 
displayed image.  

Press the up or down arrow to increase or decrease the window 
size in order to view more or less of the displayed image. 



Contents Multi-App tutorial 

Click “Surface View” in order to view the 
volume in 3-D. 

Adjust the opacity, from 0 – 100%,  to allow for the ease of 
visualizing the different domains within the volume.  

The cell here looks flat because there was no Z step information in the images to use to define the domain size.  
This will be corrected in the next slide by adjusting the domain size for Z. 



Contents Multi-App tutorial 

Select “Edit Domain” to alter the size of the 
volume you are working with.   

For this tutorial, change the Z value to 26 um. 
Press “OK” to accept the changes. 

(Note your X and Y values may be slightly different 
than 100, depending on how you cropped the 
image).   



Contents Multi-App tutorial 

The geometry of your model is now complete. 



Contents Multi-App tutorial 

On the Geometry tab > Structure Mapping tab, use the line tool to link 
the physiology to the geometry. You must select the line tool each time 
and drag your cursor from a structure to its corresponding subdomain. 



Contents Multi-App tutorial 

You will want to change the Initial 
Conditions concentration for 
RanC_nuc. Select “Specifications” 
and type 4.5E-4 in the “Initial 
Condition” column or in the 
Expression text field. 



Contents Multi-App tutorial 

Click on the 
“Simulations” tab and 
click the New 
Simulation icon to 
create the instance of 
a simulation.  

To edit a simulation, click the Edit Simulation icon 
to access the Edit Simulation Dialog with tabs for 
defining Parameters, the Mesh and  the Solver. 



Contents Multi-App tutorial 

Click the “Parameters” tab to view or 
edit the parameters (e.g. rate constants 
or initial concentrations in the model). In 
this tutorial you can leave the 
parameters as initially described. 



Contents Multi-App tutorial 

The larger the total size of the mesh  
elements in x,y, and z, the more accurate 
the simulation, but it will be slower.  

Use “Lock aspect ratio” to keep 
the values proportional. 

Select the “Mesh” tab to edit the mesh resolution for the simulation in the X, 
Y, and Z planes.  Select “OK” to accept your changes.  

Please note, for this tutorial, demonstration 
purposes, run the simulation using the larger 
mesh elements to save on your simulation 
time.   



Contents Multi-App tutorial 

Select the “Solver” tab to 
edit the solver run 
configuration as shown. Be 
sure to press “OK” to accept 
your changes.  



Contents Multi-App tutorial 

You will receive a warning regarding the 
size of your simulation. You should 
select “OK” and run the simulation. 



Contents Multi-App tutorial 

Be sure to select the correct simulation, if you have multiple 
simulations, and press the green arrow button to run and save a 
simulation to the VCell database. 



Contents Multi-App tutorial 

To view the status of the simulation, look under the “Running Status” 
column.  

To view the results upon completion of the simulation, click on the 
Results icon. 



Contents Multi-App tutorial 

In order to view your results, be sure to adjust 
the following three parameters: 

1. Time Point 

2. Variable 

3. Z-Slice 



Contents Multi-App tutorial 

The Data Range shows the 
minimum and maximum 
concentrations displayed in 
the blue-red  or greyscale/ 
black-white, color map. 



Contents Multi-App tutorial 

To create a time plot, select the 
time point tool and click within 
the geometry to create the 
desired point. You can define 
multiple time points within the 
geometry.  

To view the time plot, click “Plot” >  “Time”. 



Contents Multi-App tutorial 

To change what species  
concentrations are being viewed, 
click on different species under “Y 
Axis”. 



Contents Multi-App tutorial 

Creating a New Application from an Existing Application 

You can create a non-spatial stochastic copy of the existing 
application by right clicking on the application,  click “Copy As” > 
“Non-Spatial” >  “Stochastic”. 



Contents Multi-App tutorial 

Select  “OK”. 



Contents Multi-App tutorial 

To rename an application, right click on the application, click 
“Rename”,  type in a name, and press “Enter” on your keyboard. 



Contents Multi-App tutorial 

To create a new simulation, select the “Simulations” tab 
and then the new simulation icon. 

Stochastic simulations require number of molecules as units for species.  VCell 
automatically converts concentration  (for volumes) or surface density (for membranes) to 
number of molecules based on the given geometry. 



Contents Multi-App tutorial 

Click the “Solver” tab, type in the values 
for the Time Bounds, and Output Options, 
then click “OK”. 

Select the edit icon 



Contents Multi-App tutorial 

Click the green play icon to run the 
simulation. 



Contents Multi-App tutorial 

To view simulation results, select the simulation and 
click the results icon. 



Contents Multi-App tutorial 

To view a spreadsheet of the 
simulation results, click the 
spreadsheet icon. 

Change “Display Options” to 
show only species variables 



Contents Multi-App tutorial 

For this tutorial, select the “RanC_cyt” species data 
to display.  To copy the spreadsheet, right click on a 
cell and click “Copy All”. 



Contents Multi-App tutorial 

Open your favorite spreadsheet software, click on an 
empty cell, and paste the simulation results for RanC in 
the cytosol.  You will use this data later to demonstrate 
parameter estimation tools. 



Contents Multi-App tutorial 

Save the spreadsheet as a comma delimited 
format.  



Contents Multi-App tutorial 

Click “OK” 



Contents Multi-App tutorial 

Click “Yes”. 

The NonSpatial Stochastic  
application is now complete.  



Contents Multi-App tutorial 

To create a non-spatial deterministic copy of an application, right click on 
an application and click “Copy As” > “Non-Spatial” > “Deterministic”. 



Contents Multi-App tutorial 

Select OK to proceed. 



Contents Multi-App tutorial 

To rename the new application, right click on an application and 
click “Rename”. Type in a name and press “Enter” on  your 
keyboard. 



Contents Multi-App tutorial 

When you copy a spatial application to a non-spatial application, 
VCell automatically uses sizes for the compartments based on 
the image-based geometry used in the spatial application  

The NonSpatial Deterministic Application therefore is all ready to 
run simulations.  In this tutorial, you will first use data to fit one 
of the parameters for the model 



Contents Multi-App tutorial 

To create a new parameter estimation, click the “Parameter Estimation”  tab and 
click the plus sign icon. 



Contents Multi-App tutorial 

To select a parameter to fit, click on the 
specific parameter , in this case Kf, and 
click “OK”. 



Contents Multi-App tutorial 

Continue adding parameters using the “plus sign” icon until you have 
selected all the parameters you want to fit.  



Contents Multi-App tutorial 

To import experimental data, use the 
“Experimental Data Import”  tab, then “Import 
from CSV file…”  

You can use the CSV file of the simulation results  
for RanC_cyt, which was  saved from the 
nonspatial stochastic application run earlier in this 
tutorial.  Alternatively, you can download this file 
from vcell.org /support.   



Contents Multi-App tutorial 

To select experimental data to import, click the 
desired CSV file and click “Open”.  



Contents Multi-App tutorial 

To map a concentration, click “Experimental Data Mapping”, select an 
unmapped concentration, and press “Map Experimental Data…” 



Contents Multi-App tutorial 

Select the concentration to map, and 
press “OK”. 



Contents Multi-App tutorial 

To solve for parameter estimations, click “Run 
Task”> “Solve by Copasi”. 



Contents Multi-App tutorial 

To plot estimation values versus model values, click “Plot”. 

Notice how accurate the estimate is 
in relation to the model value 



Contents Multi-App tutorial 

Select the estimation and experimental parameters you wish to compare 
based on the fit of their lines. Press “Close” when finished. 



Contents Multi-App tutorial 

Now you will create a spatial stochastic  application.  Right click 
on the Spatial Deterministic application and click “Copy As” > 
“Spatial” > “Stochastic”. 



Contents Multi-App tutorial 

Right click the application and press “Rename” to type 
in a new name. Press “Enter” on your keyboard to 
accept the change. 



Contents Multi-App tutorial 

To work with number of particles instead of concentration (for stochastic models only), 
double click your new application to expand the options, and select “Specifications”.  On 
the species tab, select “Number of Particles”.  



Contents Multi-App tutorial 

To change the number of particles of a species, type in 
a value under the “Initial Condition” column. 



Contents Multi-App tutorial 

To create your new simulation, click “Simulations” and the new simulation icon. 



Contents Multi-App tutorial 

To edit your simulation, click the simulation 
and click on the edit simulation icon. 



Contents Multi-App tutorial 

To edit the mesh of a simulation, click the 
“Mesh” tab and type in the desired values. 



Contents Multi-App tutorial 

To edit the solver of a simulation, click the 
“Solver” tab and type in values. Click “OK”. 



You can now run your simulation, and view your 
results as previously described in this tutorial.  


