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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 PIP, to IP,.



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.
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[+ Pathway
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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
Mew Application = Beete Mare (!u:upy Actions = (!u:umpare. . Search

W

Object Properties  problems (0 Errors, 0 Warnings)

Select only one object (e.g. species, reaction, simulation) to view/edit properties,
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eometry F SPEdﬁEEﬁDHSi Protocols Simulations [ Parameter Estimation

Spedesf Reaction  Metwork

f* Speciﬁcations
- ----- __ﬁc-’ Simulations

------ @ Parameter Estimation

W
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VCellDE BMDB Pathway Comm Szbio

BicModels MathModels Geometries
% Search ]

“Species” tabs — Structure Depiction Clamped Initial Condition
(5) IP3_Cyt Cyt Q O 0.1 [uM]
- Species IP3_PHGFP_Cyt Cyt Q ] 0.0 [uM]
g Obsenalis }m} RO Cyt Qo O L0 [4M]
- Applications (1 PIP2_PHGFP_FM PM Q ] 0.0 [molecules. pm -7
&y dyy 2 Steady State PIP2_PM PM Q O 120000.0 [molecules.um-7]
.2 Geonpetry Stim Cyt Q ] 0.0 vy 4

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.
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_| Shared BioModels (46)

-] Public BioModels (642)
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Select only one object (e.g. spedies, reaction, simulation) to viewfedit properties.
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Event Mame | Telmooe Condifioe

Delete Selected

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

Protocols can be used in compartmental applications to
create timed events.
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Object Properties | problems {0 Errors, 1 Warnings)

Select only one object {(e.q. species, reaction, simulation) to view/edit properties.
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.
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- @ Parameter Estimation
. - () list of times o
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athway Comm S5abio o . «“ ”
T ey P enter 5.0 for the event time. Click “OK”.
athModels Geometries
Z= i ' # values |3
;.l Biological Models -~
_| My BioModels (ACowan) (102) Object Mn L0
_| Shared BioModels {48)
_| Public BioModels (542) Select| ({7 log time range Max |100.0
_| Tutorials (9)
- Education (33) = values |3
(") when condition becomes trug
Cancel
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Mo actions defined

.'t time of 5.0 5

- Geometry | Doyble click “event0” and type in “Act” (Activation).
i Specification @ P o .
Press “Enter” on your keyboard to finalize.

.

- ----- __r;{c-’ Simulations
i |42 Parameter Estimation v . . — .
The caution sign by the event name only signifies that an action

£ >
A has not yet been defined for this event. We will do that next.
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BioModels  MathModels  Geometries

Search 1T ' i

|| Biological Models Object Properties  Problems (0 Errors, 2 Warnings)
B ] My BioModels (ACowan) (102

l-L_ My BioModels (ACawan) (102) Trigger: SingleTriggerTime

Edit Trigger... Plot Trigger...

[ Shared BioModels (46)

-] Public BioModels (546
- (&46) Action Delay (sec): 0.0 (@) evaluate at trigger time () evaluate after delay

_| Tutorials (9)
Add Action Delete Action

[-___| Education (33) Event Actions:
| units

-] Published BioMadels (157)
Variable to modify | Expression to evaluate when action triggered
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Actions
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Mo actions defined

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

e W

Sea I“El'l ]
| | Biclogical Models

_| My BioModels (ACowan) (102)
_| Shared BioModels {46)

&#-L] Public BioModels (546)

_| Tutorials (3)

_| Education (33)

&[] Published BioModels {157)
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Ohject Properties

Problems (0 Errors, 2 Warnings)

Trigger: SingleTriggerTime

| Edit Trigger...

| | Plot Trigger... |

Action Delay (sec): (0.0

| (@) evaluate at trigger ﬁnv () evaluate after delay

Event Actions:

i Add Action |i Delete Action

Variable to modify |

Expression to evaluate when action triggered
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Object Properties  Problems (0 Errors, 2 Warnings)

Trigger: SingleTriggerTime

Edit Trigger... | Plot Trigger... |

Action Delay (sec): 0.0 | Click the drop down menu and select “Stim” Ir tme () evaluate after delay

Event Actions: Delete Action

Mew Action Event

Variable to modify | v | units

Variable to modifiy when action triggered

*-

I Click “OK”.
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—# Search N i
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Events FElectrical Rate Rules
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@ event trigger
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Actions
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Pre-Defined Trigger conditions

I@ at a single time &.0| I
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O ppe | Cy
variable below lower limit IPR Cyt
O
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o Select “at a single time” and
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Mir 1.0 Plot Trigger...
(O log time range BEL e @) evaluate at trigger time () evaluate after delay
= values |3 Add Action Delete Action
(") when condition becomes trug jgered Units
pM

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

|
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Select the “Geometry” > “Structure Mapping”
tabs to define the compartment sizes.
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[] volmelSurface Caloulstor

Structure | Size
Nut [33.389 [ e ]
EC f476.817 [um3 ]

Cyt 439,794 [ prn* ]
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|

[
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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.

selectonly 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.
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Ending ||2“"DI | Ending Time Bound.
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I Type “fluorescence” for the Function Name. I

% Add Qutput Functicn

VCell DE BMDE Pathway C

BioModels  MathModelz  Ge
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|1 Biological Models

i ] My BioModels (ACowa l
. {1 shared BioModels (46
- ] Public BioModels (546)
_| Tutorials (9)

_| Education (33)

-1 Published BioMadels {157)
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for the Function Expression.
This function allows you to look at the sum

of all the different species that contribute
to the fluorescence signal.

I Note that species names are case sensitive I
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Expression
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The function appears in the output function box, and will
also appear in the simulation results.

BioModels MathModels  Geometries

Search

AW AW
VCel DB BMDB Pathway Comm 1| b| Object Properties  Problems (0 Errors, 0 Warnings) () Database File Info
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Annotation: |

-

max timestep

output rel tal

abs tol

Settings:

0.1s

every 0,2sec | 1.0E-7

1.0E-5

Mesh: 51x51x51 = 132651 elements

=1 Paramatars with valnes channad fenm dafanlts

Geometry size: (10.0,10.0,10.0) microns

IEEEICIEE +5 |




&% BIOMODEL: delete (Thu Jun 28 15:27:53 EDT 2018) -- VCell 7.0.0 (build 9) (o [=@|[=]
File Server Window Tools Help

ml : . ———————
£ Physiology ; d| 4, Geometry | i® Specifications | Pmtoco&s| 2 simulations
- 3 Reaction Diagram Simulations | Output le P Maﬂ'1|

O e |@%@@ ﬂ@ﬁm

- Species (6) End Time Output Option Running Status
g ::g:mlflg}[u} Simulation1 20.0 every 0,2 Fully-Implicit completed yes
rva

=- Applicaﬁnns (2)

m

£+ 41y Spatial Once completed,
-~ Geometry Click the results icon.
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