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VCell Tutorial 

PH-GFP binding to PIP2 and 
IP3 

Create a biomodel and 3D spatial (PDE) application to 
simulate pleckstrin homology domain (PH-GFP) reporter 

for conversion of PIP2 to IP3. 



In this tutorial… 

• Create a BioModel with reactions involving membrane 
and volume species. 

• Create a compartmental (ODE) application that uses 
events to include time-dependent triggers. 

• Create a spatial deterministic (PDE) application of a 
model using analytic equations to create a 3D 
geometry 

• Define initial concentrations that are non-uniform in 
space and create timed events in spatial models using 
Boolean expressions 

• Create output functions for more complex analysis of 
simulation results, e.g. to sum all fluorescent species in 
a compartment. 



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

Start with an empty BioModel. 



Click on the compartment tool, click the 
dotted black lines so they turn green and 
select “Add Membrane” from the 
dropdown menu. 



Click on the black lines and select “Add 
Compartment”. 



Continue creating compartments and membranes until from left 
to right your diagram reads “c0”, “m0”, “c1”, “m1” and “c2”. 
The structures will be renamed  in the next slides. 



Click the select tool. 

Next to Structure Name, type “EC”. 

You can add a text 
Annotation, such as  
“Extracellular”. 

Click on the label for “c0”. 



Next to Structure Name, type “PM” 
(for Plasma Membrane). 

Click on the label for “m0”. 



Click on the 
label for “c1”. 

Next to Structure Name, type “Cyt”. 

Next to Annotation, type “Cytosol”. 



Next to Structure Name, type “NM” 
(for Nuclear Membrane). 

Click on the label for “m1”. 



Next to Structure Name, type “Nuc”. 

Next to Annotation, type “Nucleus”. 

Click on the label for “c2”. 



Select the species tool. 

Click any two points within the “PM” membrane to create two species. 



Click any four points within the “Cyt” compartment to create four species. 



Click the select tool. 

For Species Name, type “PIP2_PM”. 

Click on “s0”. 



For Species Name, type “PIP2_PGFP_PM”. 

Click on “s1”. 



For Species Name, type “IP3_Cyt”. 

Click on “s2”. 



Click on “s3”. 

For Species Name, type 
“IP3_PHGFP_Cyt”. 



For  Species Name, type “PH_GFP_Cyt”. 

Click on “s4”. 



For Species Name, type “Stim”. 

Click on “s5”. 



Click, drag and drop each species in membrane “PM” so 
that “PIP2_PM” is directly below “PIP2_PHGFP_PM”. 

Click the select tool. 



Click, drag and drop each species in “Cyt” so 
“IP3_PHGFP_Cyt”, “Stim”, “IP3_CYT”, “PH_GFP_Cyt” 
are organized in a clockwise direction.  



Click the reaction (RX) 
connection tool. 

Drag a line from “PIP2_PM” to “PIP2_PHGFP_PM”. 
This will create a reaction node called “r0”. 



Drag a line from “PH_GFP_Cyt” to “r0”. 



Drag a line from “IP3_Cyt” to “IP3_PHGFP_Cyt”. 
This will create a reaction node called “r1”. 



Drag a line from  “PH_GFP_Cyt” to “r1”. 



Click on any point within the “Cyt”  compartment and drag your 
cursor to “IP3_Cyt”. This will create a reaction node called “r2”. 
Use the selection tool to adjust the position of “r2”.  



Click the catalyst tool. 

Drag a line from “Stim” to “r2”. 

Note that the catalyst tool only creates a dotted line for visual reference; 
When you specify the flux for that reaction, you must include that species 
concentration in the reaction explicitly.   



Selection tool. 
Click “r0”. 

For Reaction Name, type “PIP2_PH”. 



Type “.12” for the forward rate constant expression. 
Press “Enter” on your keyboard to finalize. 

Type in “(Kf*KdPIP2PH)” for the reverse rate constant expression. Press “Enter”. 



Type in “2” for the expression “KdPIP2PH”. 
Press “Enter” on your keyboard to finalize. 



For Reaction Name, type “IP3PH”. 

Click “r1”. 



Type “10” for the forward rate constant expression. 
Press “Enter” on your keyboard to finalize. 

Type in “(Kf*KdIP3PH)” for the reverse rate constant expression. 
Press “Enter” on your keyboard to finalize. 



Type in “0.1” for the expression “KdIP3PH”. 
Press “Enter” on your keyboard to finalize. 



Click the drop down menu next to Kinetic Type. Select “General [μM/s]”. 

Click “r2” 



Type “Ksynth*Stim” for the reaction rate expression. The reaction is case-sensitive.  
Press “Enter” on your keyboard to finalize. 



Type “1.0” for the expression “Ksynth”. Press “Enter” on your keyboard to finalize. 



Click “Applications”> “New 
Application” > “Deterministic”. 



Double click “Application0” under the Name column. Type in 
“Steady State”. Press “Enter” on your keyboard to finalize. 

In this first Application we determine steady state levels  using a 
compartmental  geometry (ODE),  with similar  compartment sizes as a 3D 
spatial geometry  (PDE) used in a second Application, given  starting 
concentrations for IP3 and PH-GFP and starting membrane density of PIP2.  
ODEs can be solved much faster than PDEs; the results of this Application 
can be used as the initial conditions of the spatial Application 



Select “Steady State” 
and click  on the 
“Specifications” > 
“Species” tabs 

Click “PIP2_PM” and type in “120000” for its initial condition. Click “IP3_Cyt” 
and type in “0.1” for its initial condition. Click “PH_GFP_Cyt” and type in 
“1.0” for its initial condition. Press “Enter” after each input to finalize. 



Click “Protocols” > “New” to 
create a new event. 

Protocols can be used in compartmental applications to 
create timed events. 



Select the ratio button “at a single time” and 
enter 5.0 for the event time.  Click “OK”.  



Double click “event0” and type in “Act” (Activation). 
Press “Enter” on your keyboard to finalize. 

The caution sign by the event name only signifies that an action 
has not yet been defined for this event.  We will do that next. 



With the “Act” event selected, click “Add Action” in the 
Object Properties window 



Click “OK”. 

Click the drop down menu and select “Stim” 



Type in “1.0” under “Expression to evaluate when action triggered”. 
The species “Stim” will be set  to a value of 1.0 when the event is triggered. 



Click “New” to define a 
second event that will 
turn off the stimulus. 



Select “at a single time” and 
enter a value of 6. Click “OK”.  

The second event at 6.0 s will be used to set the value of 
“stim” back to 0. 



Click “Add Action”. 



Double click “event0” and type in “Inact” (Inactivation). 
Press “Enter” on your keyboard to finalize. 



Click “OK”. 

Click the drop down menu and select “Stim”. 

0 is the default  value, so you 
don’t need to enter a number. 



Keep the default value of 0 for Stim 



Select the “Geometry” > “Structure Mapping” 
tabs to define the compartment sizes. 

In the Size column for  “Nuc”, “EC”, “Cyt”, “PM” and  
“NM” type in “33.389”, “476.817”, “489.794”, “501.804” 
and “49.8” respectively.  
Press “Enter” on your keyboard to finalize. 

Tip: If you have already created a spatial application with geometry (as you will do next), if you copy 
the spatial  application as a nonspatial deterministic application  the exact sizes will automatically  be 
copied into the  new non-spatial application. 



Go to the simulations tab and 
click the new simulation icon. 



Click the edit simulation icon. 



Click “Solver”. 

Click the drop-down menu next to Integrator.  Select 
“IDA (Variable Order, Variable Time Step, ODE/DAE)”. 

The ? provides  information about 
the solver 



Type “10” for the time samples. 

Click “OK”. 

Type “0.01” For the maximum value.  

Type “30.0” for the Ending Time Bound. 



Select the simulation and click the green play button.  

The green button will first save the BioModel to the database, 
then dispatch the simulation job to the VCell servers. 



Under “Please type a new name:”, 
type a name for your model. 

Click “Save”. 



Click the results icon once 
“Simulation0” is completed. 

As soon as results are available they can be viewed; if the simulation has not completed 
results will be updated as they are saved to the database. 



Click on various species to view their 
concentrations over time. Press “ctrl” on 
your keyboard while clicking on species to 
compare multiple species at once. 

Click “X” to close the results. 

Check the display options 
to see different graphs 



Click “Applications” > “New Application” > 
“Deterministic”. 



Double click “Application0” and type “Spatial”. 
Press “Enter” on your keyboard to finalize. 



Select “Spatial” and click “Geometry” > 
“Geometry Definition”. 

Click “Add Geometry” > 
“New”. 



Click “Analytic Equations (3D)”. 

Click “OK”. 



Click the down arrow icon to  minimize 
the object properties and create 
additional space for the  Slice View 
window. 



Double click “subdomain0” and type “EC”. 
Press “Enter” on your keyboard to finalize. 



Click “Add Subdomain” > “Analytic”. 

We will create a sphere to represent the cell. 



Click the drop-down menu next to “Select 
Subdomain Shape” and click “Sphere”. 

Type “5,5,5” for 
the center point. 

Type “5” for 
the radius. 

Click “New Subdomain”. 



Double click “subdomain0” and type “Cyt”. 
Press “Enter” on your keyboard to finalize. 



Click and drag the Z-Slicer so that the 
circle (Cytosol) almost touches the 
perimeter of square (Extra Cellular). 



Click “Add Subdomain” > “Analytic”. 

Now we create a smaller sphere to 
represent a nucleus. 



Click the drop-down menu next to “Select 
Subdomain Shape” and click “Sphere”. 

Type “3.5, 3.5, 3.5” 
for the center point. 

Type “2” for 
the radius. 

Click “New Subdomain”. 



Double click “subdomain0” and type “Nuc”. 
Press “Enter” on your keyboard to finalize. 



Click “Surface View”. 

Click and drag the slider 
to change the opacity 



Click “Structure Mapping”. 

Use the line tool to connect 
the structures to their 
corresponding subdomains.  



Click the results icon. 

Double click the steady state 
application and go to simulations. 



Click the spreadsheet icon. 



Simultaneously hold down on “ctrl” on your keyboard 
and click “IP3_Cyt”, “IP3_PHGFP_Cyt”, “PH_GFP_Cyt”, 
“PIP2_PHGFP_PM”, and “PIP2_PM”.  



Scroll down the spreadsheet and find where t = 5. Hold down 
“ctrl” while clicking the cells for  “IP3_Cyt”, “IP3_PHGFP_Cyt”, 
“PH_GFP_Ct”, “PIP2_PHGFP_PM”, and “PIP2_PM”.  

Right click and select  
“Copy cells”. 



Right click the cell in the “Initial Condition” 
column and “IP3_Cyt” row and click “Paste all”. Go back to the Spatial application 

and click “Specifications” 



Click “Select All” > “OK”. 



Check off “Clamped” 
for “Stim”. 

Type “ ((t>5)&&(t<6))” in 
the “Initial Condition” 
column for “Stim”. 



Go to simulations and click 
the add simulation icon. 



Click the edit simulation icon. 



Click “Mesh”. 

Leave “Lock aspect ratio” 
checked . Type “31” for x. 



Click “Solver”. 

Type “20.0” for the 
Ending Time Bound. 

Type “0.2” for the 
Output Interval. 

Click “OK”. 



Click “Output Functions” > “Add Function”. 



Type “IP3_PHGFP_Cyt+PH_GFP_Cyt” 
for the Function Expression.  
This function allows  you to look at the sum 
of all the different species that contribute 
to the fluorescence signal. 

Click “Next >>”. 

Type “fluorescence” for the Function Name. 

Note that species names are case sensitive 



Click “Finish”. 

Click the drop-down menu and choose “Cyt”. 



The function appears in the output function box, and will 
also appear in the simulation results. 



Back to simulations, Click 
the green play icon. 



Once completed, 
Click the results icon. 



Click and drag the Z-Slicer slider 
to adjust your view of the data. 



To change the time frame being viewed, type in a 
value under “Time” or hold down and drag the slider. 

The maximum and minimum 
correspond to the colors shown.  

Use this menu to view the 
concentrations of different species 



Use the dot tool to click on 
a point within the data. 

Click “Plot” > “Time”. 



Click to view a 
table of the data. 

Click on any species to see its graph. 
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