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Virtual Cell is developed by the Center for Cell Analysis and Modeling at the University of Connecticut Health Center. It
is funded as a Biomedical Technology Research Resource by the National Institute of General Medical Sciences (NIGMS)
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VCell Tutorial

PH-GFP binding to PIP2 and IP3

Objective: 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 you will:

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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You can start with an empty BioModel, or you
can re-open a saved model. Click on the folder

that the model was saved in and double-click
on the model.

F % 4
¥Cell DB BMDE Pathway Comm Szbio

BioModels  MathModels Geometries

L
Search 1 < =
_:I Ejologlin:al Models e | | Pathway Links | e |
El_l My BioModels
L1 multiapp tutorial -tProperties Annotations Problems (0 Errors, 0 Warnings) ©) Database File Info
B_I Pr-cre pplication Provenance

; e JFrivate Fri May 03 13:54:20 EDT 201
[+ PUDIC BioMoOels (688)
tl Tutorials (3)

{:I Education (33)

-] Published BioModels (171)

COMNMECTED




File Server Window Tools Help

@ BIOMODEL: BioMedell (MoVersion) (MeDate) -- VCell 7.1.0 (build 3)

BioModel1
& Physiology

k8 Reaction Diagram

----- ) Reactions (0)

.....

- () Structures (1)

-2 Species (0)
- 3 Molecules (0)

----- ) Observables (0)

----- Applications (0)

----- Parameters, Functions and Units
[+ Pathway

— O *
{3 Reaction Dagram 3 Reacton Creating a new BioModel
R 90| |=l @@l ol FE %= otfet ‘

Select the compartment tool.

Click the dotted black lines so they turn
green and select “Add Membrane” from
the dropdown menu.

Add Compartment
Add Membrane
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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.




Use the “Select” tool to
click the label for “c0O”.

On the “Object Properties” tab, type “EC”
in the “Structure Name” text field.

Annotations  Problems (0 Errors, 0 Warnings) ﬂ Database File Info




Select the Annotations tab, and enter
“Extracellular” under the “Text
Annotations” heading.

Text Annotations




“Select” tool, select
the “m0” compartment.

Select the Object Properties tab.
Type “PM” (Plasma Membrane) in the
“Structure Name” text field.
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membrane voltage: "Voltage_PM" = voltage(inside (+) compartment) - voltage(outside (-) compartment)
inward currents: from compartment “outside () compartment”into compartment “inside (+) compartment”
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Select the “c1” compartment

On the “Object Properties” tab, type
“Cyt” (Cytosol) in the “Structure
Name” text field.
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Select only one structure to edit properties
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Select the “Annotations” tab and type “Cytosol”,

in the “Text Annotations” text field.




Select the “m1” compartment.

On the “Object Properties” tab, type
type “NM” (Nuclear Membrane), in the
“Structure Name” text field.
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Select the “c2” compartment.

On the Object Properties tab, type “Nuc”
(Nucleus) in the “Structure Name” text field.




[Muc ]

MNucleus

Select the “Annotations” tab and
type “Nucleus” in the “Text
Annotations” text box.
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)

Click four points within the “Cyt”
compartment to create four species.
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Use the “Select” tool to
click “s0O”.
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Select the “Object Properties” tab and
type “PIP2_PM” in the “Species Name”
text field.
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p— Use the “Select” tool
| k I and click on “s2”.

On the “Object Properties” tab, type
“IP3_Cyt” in the “Species Name” text field.

(Object Properties

Speceshame It |




Use the “Select” tool to
| k click on “s3”.

IP3_Cyt

On the “Object Properties” tab, type
“IP3_PHGFP_Cyt” in the “Species
Name” text field.

CObject Properties

EEdESNEInE IP3_PHGFP_Cyt |




: Use the “Select” tool to
‘ﬂ click on “s4”.

On the “Object Properties” tab, type “PH_GFP_Cyt”
in the “Species Name” text field.

CObject Properties

Species Name |PH_GFP_Cyt




ﬂ Use the “Select” tool to
2 click on “s5”.

On the “Object Properties” tab, type
“Stim” in the “Species Name” text field.

Object Properties




!T Click the “Select” tool.

St
PIPZ_PM

PIPZ_PHGFR_PM
PH_GFP_Cyt

Arrange each species in membrane “PM” and compartment
“Cyt”, such that they appear as seen above.
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ki

Use the “RX Connection” tool to drag a Ips_pHE;.Fp_cvt
line from “PH_GFP_Cyt” to “r0”.




IP3_PHGFP_Cyt IP3_Cyt

Use the “RX Connection” tool to drag a line from
“IP3_Cyt” to “IP3_PHGFP_Cyt”.
This will create a reaction node called “r1”.
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Cyt

Sk

Click on any point within the “Cyt” compartment and use the
“RX Connection” tool to connect 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 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.




Use the “Select” tool -
to select the rO node. PIP2_PH
B

‘Reaction Name PIP2 PH |

On the “Object Properties” tab, type “PIP2_PH” in the “Reaction Name” text field.
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Reaction Diagram _5;‘

Object Properties

Type in “2.0” for the expression value for “KdPIP2PH”,

and uM for the defined units.
Press “Enter” to accept the changes.




Reactinn Diagram k |

Use the “Select” tool
to select the r1 node.

On the “Object Properties” tab, type “IP3PH”in the “Reaction Name”
text field; press Enter to accept the change.




+2» Reaction Diagram

Reactiun Diagram m

Make sure the IP3PH reaction node
is still selected.

On the “Object Properties” tab, type “10” for the
“forward rate constant” expression.
Press “Enter” on your keyboard to accept the entry.

Type “(Kf*KdIP3PH)” for the “reverse rate constant” expression.

_ Press “Enter” on your keyboard to accept the entry. -



Reaction Diagram

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




Reaction Diagram R

On the “Object Properties” tab, click the “Kinetic Type” drop down

menu and select “General [uM/s]”.




Reaction Diagram

Make sure “r2” is still selected.

On the “Object Properties” tab, type “Ksynth*Stim” in the “reaction
rate” text field.

Please note the reaction is case-sensitive.
Press “Enter” on your keyboard to accept the entry.




Reaction Diagram

Make sure “r2” is still selected.

On the “Object Properties” tab, type “1.0” for the expression for
“Ksynth”.

Press “Enter” on your keyboard to accept the entry.

user defined | [ | [10
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Make sure “Steady State” is
selected, and then expand the
menu tree:
“Applications”>"Steady State”>
“Specifications”.

i specifications

—E_-:-m
Cyt 1.0 [um]
PIP2_PM —E—-:-
Y S S N N e T

Enter the following “Initial Condition” values for the following species,
according to the table below.
Press “Enter” to accept each value.

Species Initial Condition

IP3_Cyt 0.1

PH_GFP_Cyt 1.0
PIP2_PM 120000




[

Select the “Protocols” tab,

“Events”>“New”.

You can use protocols in compartmental applications to create timed events.




File Server Window Tools Help

ik Physiclogy
> #* Reaction Diagram
- Reactions (3)
- Structures (5)
(2 Species (6)
> 'E:! Molecules (0)
.7 Observables (0)
=l Applications (1)
- dry - Steady State

74 Geometry

-__ﬁc-’ Simulations

.} Parameter Estimation
----- Parameters, Functions and Units

Marnl Y 5 %

@ BIOMODEL: PH-GFP (Wed Jun 19 16:18:30 EDT 2019) -- VCell 7.1.0 (build &)

E PH-GFP A

T

24 Geometry P Specifications

Protocols 42 Simulations |/ Parameter Estimation

i

VCell DB BMDB Pathway Comm Sabio

BioModels MathModels  Geometries
~[+ Search

|| Biological Models
=1 My BioModels
| @] multiapp tutorial
=1 PH-GFP
(i) Private Wed Jun 19 12:18:30 EDT 20
_| Shared BioModels (0}
[#)-__] Public BioModels (533)
_| Tutorials (9)
_| Education (33)
-1 Published BioModels {171)

Events FElectrical Rate Rules

Search |

Delete Selected

@ event trigger

(®) at a single time

() variable exceeds upper limit

i) variable below lover limit

1 lizt af time=

single time” text field.

W

Chject Prope

() log time range

() when condition becomes tru =

Pre-Defined Trigger conditions

5.0
P3_Cyt o |
P3_Cyt v |

lnn

For the event time, enter 5.0 in the “at a

Click “OK”, to accept the value.

B =1L L=t |J

I x

Mn |10

Max |100.0

= values | 3

HiNN NN EpEp.

| ok

‘ Cancel

CONNECTED

162. 7B

'322,4MB




E: Protocols

Double click “event0” and type in “Activation” in the “Event

Name” text field.
Press “Enter” on your keyboard to accept your entry.

The caution sign by the “Event Name” signifies that an action has not yet

been defined for this event. You will define that event next.




[

Make sure “Activation” is selected.

Click “Add Action” on the “Object Properties” tab.




Select “Stim” from the drop down menu.

Click “OK”.




Hr-orocor]

On the “Object Properties” tab, type in “1.0” in the “Expression to
evaluate when action triggered” text field.

The species “Stim” will be set to a value of 1.0 when the event is triggered.
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' event trigger

() variable below lower limit

() list of times

Enter 6.0 in the “at a single
time” text field; click “OK”.

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




|

B Protocols| Double click “event0” and type in “Inactivation”.

Press “Enter” on your keyboard to accept the entry.




Bl Protocols| With “Inactivation” selected, press “Add Action”.




& Inactvation L—..‘ time of 6.0 s "*‘ actions defined
|

o H ”
B protocots| From tlrje- N’few Action Event” drop down menu,
select “Stim”.

New Action Event

Press “OK” to accept your selection.




File Server Window Tools Help

&1 Physiology

> #» Reaction Diagram
- Reactions (3)

- Structures (5)
@ Spedies (6)

f:} Molecules (0)

... Observables (0)
[=-- Applications (1)

- Protocols

Nealil AT B

% BIOMODEL: PH-GFP (Mon Jul 08 20:59:36 EDT 2019) -- VCell 7.1.0 (build &) — O >

E PH-GFP ~

e

VCellDE BMDE Pathway Comm

BioModels  MathModels Geometries
[+ Search

|| Biological Models

=] My BioModels

- @[] multiapp tutorial
&= PH-GFP

_| Shared BioModels (1)

-] Public BioModels (534)

-] Tutorials (9)

_| Education (31)

-] Published BioModels (176)

£

----- {0 Private Mon Jul 08 16:59:36 EDT 201

COMMECTED

b N

2k Geometry 4 Spedifications Protocols __f,qc-’ Simulations [ Parameter Estimation
| Events Electrical Rate Rules
Search Mew Delete Selected
Ewvent Name Trigger Condition Actions
Activation at time of 5.0 =5 on trigger reset Stim

Inactivation at time of 6.0 5 on trigger reset Stim

Keep the default value of O for “Stim”.

kil

Object Properties  Annota ions  Problems (0 Errors, 1 Warnings) () Database File Info

Trigger: Sinc lETriggerTime Edit Trigger... Plot Trigger...

Action Delay (sec): |0.C | (®) evaluate at trigger time () evaluate after delay |

Event Actions: Add Action Delete Action

Variable to modify | Expression to evaluate when action triggered | Units

| stm ______loo M
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File Server Window Tools Help

1 Physiology

> #» Reaction Diagram
- Reactions (3)

> ‘.:} Structures (5)
@ Spedies (6)

f:} Molecules (0)

- Observables (0)
=- Apphcatlons (1)

B ﬂ'f# Steady State

----- @" Specifications

E PH-GFP Py ;

% BIOMODEL: PH-GFP (Mon Jul 08 20:59:36 EDT 2019)

-- VCell 7.1.0 (build &)

Select “Geometry”, which will

bring you

> “Structure Mapping” tab.

COMMECTED

ek Geometry | ® Specifications

I

Protocols __f,qc-’ Simulations [ Parameter Estimation

Structure Mapping ~ Geometry Definition  Kinematics

Physiolog

yd

to the “Geometry”

structures)

Geomekry {subdg

Comparkmenk

be copied into the new non-spatial application.

G5, 546 / 213

E ----- Protocols
----- __r,a{-’ Simulations ¥
------ | Parameter Estimation < :
----- Parameters, Functions and Units
L 00 Dindth h
Y Structure Size ]
VCellDE BMDE Pathway Comm
BioModels MathModels Geometries EC 50000 [ pme ]
Search
: oyt 50000 [ pm
_| Biological Models | | e | =
_| My BlnMndels AW e
|3 _| PH-GFP
] b= @ Prwate I"«‘Inn JuI 08 16:59: 35 EDT 201 |
l | shared B Nuc 33.389
“ _iewlicBe Enter the following values for the “Size” - 489 .794
-0 ] Tutorial . . .
jE; == of each “Structure” as listed in the table. y
- ucation
4 Jrubishes Press “Enter” to accept your entry. NM 49.8
EC 476.817
PM 501.804
Tip: If you have already created a spatial application with geometry (as you will do next), if you copy
< the spatial application as a non-spatial deterministic application, the exact sizes will automatically

3MB




@ BIOMODEL: PH-GFP (Mon Jul 08 20:59:36 EDT 2019) -- VCell 7.1.0 (build &) — O >

File Server Window Tools Help

E PH-GFP 2 2k Geometry 4 Spedifications

E} Parameter Estimation

£ Physiology
> #» Reaction Diagram

- © Reactions (3) IESFY 1 >»u ER| O
Narme | Resul

- () Structures (5)
. © Spedies (6) | EndTime | outputo ition | solver Running Status

f:& Molecules (0)
[ Observables (0) Go to the “Simulations” tab and

[~ Applications (1) . . . .
click the “New Simulation” icon.

| Simulations | Qutput Functions  Generated Math

] simuiations|

------ | Parameter Estimation
----- Parameters, Functions and Units

| o Dtk
e

VCellDE BMDE Pathway Comm S=bic

BioModels  MathModels Geometries
Search ]
;_l Biological Models

El_l My BioModels —

i[5 muitiapp tutorial Object Properties  Annotations  Problems (0 Errors, 1 Warnings) () Database File Info
=) PH-GFP

&g Private Mon Jul 08 16:59:36 EDT 201
_| Shared BioModels (1)

-] Public BioModels (534)
-] Tutorials (9)

_| Education (31)

-] Published BioModels (178)
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@ BIOMODEL: PH-GFP (Mon Jul 08 20:59:36 EDT 2019) -- VCell 7.1.0 (build &)

File Server Window Tools Help

E PH-GFP 2 2k Geometry 4 Spedifications

: Simulations  Qutput Functions Generated Math

> #» Reaction Diagram
Click the “Edit Simulation” icon. N I

- Reactions (3) o=
- Structures (5) | @' @ -
{ Mame End Time QOutput Option Saolver Running Status Results
omb d IDA QD 0 a | 0

@ Spedies (6)

f:& Molecules (0)
- Observables (0)
= Applications (1)

Protocols - Simulations |7 Parameter Estimation

b

ation 0 3

] simuiations

------ |~ Parameter Estimation
----- Parameters, Functions and Units

| o Dtk
e

VCellDE BMDE Pathway Comm S=bic

BioModels  MathModels Geometries
Search ]
;_l Biological Models

=-{_1 My BioModels —
t¥-L_1 muitiapp tutorial Object Properties  Annotations  Problems (0 Errors, 1 Warnings) () Database File Info

= PHGFP

&g Private Mon Jul 08 16:59:36 EDT 201 || onnotation: ~
_| Shared BioModels (0)
[-__| Public BioModels (634)

AW : Settings:
| Tutorials (%) 1.08 keep every 1 sample, at most 1000

Max timestep Output Rel tol | Abs tol | Sensitivity Analysis
1.0E-9 | 1.0E-5 no

_| Education (31)
[ Published BioModels {178) —=| Parameters with values changed from defaults
Parameter Mame | Default Mew Value Expression Scan

IS 5/ 210.8MB

CONMECTED




Select the “Solver” tab.

Press “?” for information
about the solver.

orward Euler (First Order, Fixed Time Step)
ge-Kutta (Second Order, Fixed Time Step)

!; Simulations

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




Type “30.0” for the “Ending Time Bounds”.

- Simulations

~ Disable Border Extrapolation




e moioton]

Type “10” for “Keep Every” time
sample.
Press enter to accept your entry.




@ BIOMODEL: PH-GFP (Tue Jul 09 21:40:27 EDT 2019) -- VCell 7.1.0 (build &)

File Server Window Tools Help

E PH-GFP ~

b N

24, Geometry # Spedifications

Protocols| - Simulations |7 Parameter Estimation

& Physiology

> #» Reaction Diagram

Simulations | Qutput Functions Generated Math

- Reactions (3)

>»e || O

- Structures (5)

@ Spedies (6)

ﬁ:} Molecules (0)

- Observables (0)
- Applications (1)

BF] cimuiations

------ | Parameter Estimation
----- Parameters, Functions and Units

Nealil AT B
.,

VCellDE BMDE Pathway Comm S=bic

BioModels  MathModels
Search ]
| Biological Models

Geometries

End Time

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

Output Option Solver Running Statu

0 =a LA ot saved

i Run and Save Simulation

Select the simulation and click the green play button.

.

=-{_] My BioModels (staurovsky) (2)
- -] multiapp tutorial

i Object Properties
=] PH-GFP

Annotations

Problems (0 Errors, 1 Warnings)

7} Database File Info

&g Private Tue Jul 09 17:40:27EDT 2018 || onnotation:

_| Shared BioModels (1)

-] Public BioModels (533) Max timestep

Cutput Rel tol | Abs tol | Sensitivity Analysis

_| Tutorials (3) Settings: e

keep every 10 samples, at most 1000

1.0ES | 1L.OES o

_| Education (31)
[ Published BioModels {178)

—=| Parameters with values changed from defaults

Parameter Mame

Default Mew Value Expression

COMNMECTED (staurowvsky)

33.4MB | 3




| @ BlGMGDEL: PH_GEB AAf - Lol TN AEILED CIYT 2N W= TNl BN
Navigate to File and then select

File _emver wwimuaow

New one of the Save options. o
Open H] _5 |
Close Crl+W Advanced =5
Save | b | @ @ | o
Save Mew Version Iﬂ‘ MI Running Status Results
Tevrn O _| Biological Models
Save As Local...
Revert to Saved : _| PH-GFP
: [#-{_] Shared BioModels {0}
e -] Public BioModels (599)
Permissions... -] Tutorials (3)
: _| Education (31)
Medsl Annetation .. -] Published BioMadels (176)
Preferences ... F
Edit Annotafion Selected BioModel Summary
W
Field Data...
Import...
Export...
Exit
EI_| My BioModels I_
- ) multiapp tutorial a [
(SRR FH-GFP
@ Private Wed Jul 10 15:39:53 EDT 201 E
_| Shared BioModels (0)
L] Public BioModels (699)
-] Tutorials (3)
L] Education (31) Type in the name for your model.
[#-___| Published BioModels (178)
Plezse type a new name:
FH-GFP
. Click “Save”. L Save

COMMECTED

EYRITG (713, 4MB




| Sratns |

Simulationd 30.0 keep every 10 samples DA completed |ves

-A_.ppil:atinns{l}
Click the “Results” icon once “Simulation0” is completed.

E Simulations

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




" Xand Y display options for
graphing the results.

0,03 —
v

Click on various species to view their
3 simulations JSI°3_PHGEE_crt concentrations over time.

Press “ctrl” on your keyboard while
selecting multiple species to compare
them at once.




1 Select “Applications” then click your right mouse button

Application

to access “New Application” >“Deterministic”.

Stochastic
MNetwork-Free




@ BIOMODEL: PH-GFP (Wed Jul 10 13:39:33 EDT 2019) -- VCell 7.1.0 (build &) — a X
File Server Window Tools Help

E PH-GFP : MName Math Type Annotation
- Physiology
- #* Reaction Diagram
© Reactions (3) IApplicationd| lexplicit network model, compartmental, deter
) Structures (5)
) Species (6)
f:'} Molecules (D)

*"fdtg Steady State explict network model, compartmental, deter...

----- ) Observables (0)
=1 Applications (2) Double click “Application0” and type in “Spatial”.

- dfg = Application0

- dgy 2 Steady State

----- Parameters, Functions and Units
[ Pathway

Press “Enter” on your keyboard to accept your entry.

VCellDE BMDE Pathway Comm Szbio
BioModels MathModels Geometries
Search ]

;lEiulogimI Models | Mew Application - | | Delete | | More Copy Actions | Compare... Search |
EI_I My BioModels

W

-] multiapp tutorial
-] PH-GFP
-££0) Private Wed Jul 10 11:39:53EDT 201 || Appiication Name | Applicationd |
(- | Shared BioModels ()
-] Public BioModels (558) Annotation
_| Tutorials (3)
_| Education (31}
-] Published BioModels (175)

Object Properties  pnnotations ~ Problems (0 Errors, 1 Warnings) £ Database File Info

Summary |4 Deterministic
-, Compartmental
# math not generated

COMMECTED

B [ 243.3MB




i Geometry

Geometry Definition

n_.ppimtinns (2)
E] J.;‘E Spatial

R ceometry] “Geometry” to open the “Geometry” tab. Click “Add Geometry” >
Go to the "Geometry Definition” tab to gain “New”.

access to “Add Geometry”.

Expand the menu under “Spatial” and click
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File Server Window Tools Help

E PH-GFFP - : ek Geometry | §® Specifications Protocols __f,qc-’ Simulations [ Parameter Estimation
= Physiclogy T =
. ¢ Reaction Diagram Structure Mapping Geometry Definiion | Kinematics
f:l' Reactions (3) Domain: 0D, compartmental Edit Domain... Export... Edit Image E Add Geometry « i
- Structures (5) :
-1 Species (6)
r Choose new geomet e to create *
R _ ® geometry typ
-7 Observables (0) “ . . ” —
1. Applications (2) Select “Analytic Equations (3D)".
D dfdt Spatlal L= =N
. _____ lm Analytic Equations (1D
= {® Specifications Analytic Equations (20) Front
5 ----- Protocols | Analytic Equations (30 Back
""" ..‘.’ic" Simulations Image based (mport from file, zip or directory) Add Subdomain
""" ~ £ Parameter Estimation Mesh based (import from STL file) Delate
i dge : Steady Siiate _ ” Mew Blank Image Canvas
PN Constructed Solid Geometry (307
VCellDE BMDE Pathway Comm S=bic
BioModels  MathModels Geometries Click “OK”.
Search ]
;l Biological Models L
=-{_] My BioModels —
' 38 11 multiapp tutorial ot
E} _| PH-GFP |
I &g Private Wed Jul 10 11:39:53 EOT 201 0K Cancel
l "] Shared BioModels {0}
! | Public BioModels (598)
-] Tutorials (3)
_| Education (31)
[ Published BioModels {178)
£ >

COMMECTED 191.2MB [ 243.3M




@ BIOMODEL: PH-GFP New (Tue Jun 02 18:49:21 EDT 2020) -- VCell 7.2.0 (build 39) — O

File Account Window Tools Help

(L) PH-GFP New
= Physiology
- ¥ Reaction Diagram

= Applications (2)
5 474 spatial
Ry | Geometry

- djy - Steady State

A7 N

.1
AY

VCellDE BMDB Pathway Comm

BioModels MathModels Geometries
i+ Search

4, Geometry @ Specifications Protocols _1? Simulations
Structure Mapping Geometry Definition  Kinematics
Domain: 3D, size=(10.0,10.0,10.0), origin=(0.0,0.0,0.0) Edit Domain... Export... Edit Image Replace Geometry »
Name Value Front
Back
Add Subdomain v
Delete

Slice View  Surface View Geometric Region Details

| | Biological Models

=L 4 My BioModels
(-] BioModel1
(-] BioModel2
(+-__] FRAPBinding
Er_] MultiAppTutorial
(- ) PH-GFP

=) PH-GFP New

Er_] SimpleFrap

(-] SimpleFRAP2

[-_¢ Shared With Me (0)

[#-___] Tutorials (9)

= _“ Public BioModels (790)
[#-_gg Published (173)

<

..i&%) Private Tue Jun 02 14:49:21 EDT

1] 3 & 10
0.0 ~ q Qn.?
o slice [0-100]
2.0 Z[0]=0
3.0 I
4.0
- v Axis: @Xxy Oxz Qvz
Info Click the up/down arrows to minimize or
aw < maximize the “Object Properties” and

Object Properties ' Annotations  Preblen “Slice View” windows.
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File Server Window Tools Help

[ PH-GFP ”
-I- Physiology

- % Reaction Diagram

- () Reactions (3)

- () Structures (5)

b

7, Geometry | §® Specifications Protocols __f,qc-’ Simulations
Structure Mapping Geometry Definition | Kinematics

Domain: 3D, size=(10.0,10.0,10.0), origin=(0.0,0.0,0.0) Edit Domain. ..

Export...

Edit Image

Replace Geometry «

-7 Species (6)
l::: Molecules {D}
-7} Dbservables (D)

—|- Applications (2}

Mame Value
subdomaind —

Sk

Add Subdomain +

Delete

= diy[8 Spatial
= fa GEOMEtTY Double click “subdomain0” and type “EC”.
& Spediications - pocs “Enter” on your keyboard to accept your entry.
e Protocols
- __f,qc-’ Simulations I

+- 47 = Steady State Slice View  Surface View Geometric Region Details

----- Parameters, Functions and Units

Hanl ; Y 0 PR ¥ . i y lu

% 0.0
VCellDE BMDE Pathway Comm 10
BioModels MathModels Geometries el
+ Search =

|__| Biological Models 4.0
—_| My BioModels c.0
+_| multiapp tutorial .
. =[] PH-GFP :
&g Private Wed Jul 10 11:39:53 EOT 201 Fdt
+-{_| Shared BioModels (0) 2.0
+1-___1 Public BioModels (698) a0
+-{__| Tutorials (3) 10,0
+_| Education (31)
+-__] Published BioMadels (175)

XA

Slice [0-100]

Z[o] =0

Info

< >

Adis: @xy Oxz (Ovz

COMMECTED
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% BIOMODEL: PH-GFP (Wed Jul 10 15:3%:53 EDT 2019) -- VCell 7.1.0 (build &)

E‘ PH-GFP ) : 4, Geometry | @8® Specifications Protocols __f,qc-’ Simulations
- Physiology o
e e e Structure Mapping Geometry Definiion |Kinematics
- () Reactions (3) Domain: 3D, size={10.0,10.0,10.0}, origin={0.0,0.0,0.0) Edit Domain. .. Export... Edit Image Replace Geometry =
- () Structures (5)
) Species (6) Name You will create a sphere to represent the cell for the Geometry.
-7 Molecules (0) -
-7} Dbservables (D) .
|- Applications (2) Back
- dzyE spatial :
“dt|g 2patia . “ el u . | Add Subdomain =
-t [— Click “Add Subdomain” > “Analytic”. _
1P Specifications Analytic ..
- Protocols | Constructed Sohid
- __f,qc-’ Simulations
+- 47 = Steady State Slice View  Surface View Geometric Region Details
----- Parameters, Functions and Units
W 1} 3 E in
Mimdhasr—ar
AV 0.0
VCellDE BMDE Pathway Comm 10
BioModels MathModels Geometries =
+ Search EX]
L1 Biological Models 4.0
=] My BioModels co \ C-K é‘m?
¢ [ multiapp tutorial .
. E-[]PHGFP '
{50 Private Wed Jul 10 11:39:53 EDT 201 a8
+-|_] Shared BioModels (T .0
+-___] Public BioModels (598) a0
+_| Tutorials (9) 10,0
+_| Education (31)
+-__] Published BioModels (175)
Slice [0-100]
Z[] =0
Axis: @XY (Oxz (OYzZ
Info
£ >
AV
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% BIOMODEL: PH-GFP (Wed Jul 10 15:3%:53 EDT 2019) -- VCell 7.1.0 (build &)

[ PH-GFP

-I- Physiology

- % Reaction Diagram
- () Reactions (3)

- () Structures (5)
-7 Species (6)

-7 Molecules (0)
-7} Dbservables (D)

—|- Applications (2}

- Protocols
------ __f,qc-’ Simulations
+}- dfdt : Steady State

----- Parameters, Functions and Units
[ EN 2 SRR
.

>
b

ek Geometry | ® Specifications

Domain: 3D, size=(10.0,10.0,10.0), origin=(0.0,0.0,0.0)

Protocols __f,qc-’ Simulations

Structure Mapping Geometry Definition | Kinematics

Edit Domain. ..

Export...

Edit Image

Replace Geometry «

Value

MNarme

Slice View|

VCellDE BMDE Pathway Com

BioModels mMathModels Geom
+ Search
|| Biological Models
—_| My BioModels
: +_| multiapp tutorial
=1 PH-GFP

+_| Shared BioModels (1)
+_| Public BioModels (A9
+-[] Tutorials (9)

+-] Education (31)
+-{] Published BioModels (175)

£

----- {0 Private Wed Jul 10 11:39:53 EDT 201

Click “New Subd

W
0 5.0,5.0,5.0
]

Type “5.0” for
the radius.

Select Subdomain Shape:

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

}

Sphere -

Center Point (x,y,z)

Radius

Analytic Expression

ﬁ :

Sk

f Add Subdomain

Delete

[x-5.0)"2 + (y-5.0)"2 + (z-5.0)"~2 < 5.02

XA

Copy Expression

Help Mew Subdomain Cancel

Slice [0-100]

Z[o] =0

COMMECTED

Adis: @xy Oxz (Ovz
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COMMECTED

IE' PH-GFP - : 7, Geometry | @® Spedifications Protocols 2 Simulations
=) Physiology o
e I Structure Mapping Geometry Definition | Kinematics
f:-f Reactions (3) Domain: 3D, size=(10.0,10.0,10.0), origin=(0.0,0.0,0.0) Edit Domain. .. Export... Edit Image Replace Geometry «
- [ Structures (5)
-7 Species (6) Mame Value
2 Molecules (0) subdomaind Front
- Observables (0)
=1 Applications (2) [ [=e 10 —
=, "'_farE Application0 Add Subdomain +
- :.d; Gen Delete
- Specifications . .
Double click “subdomain0” and type “Cyt”.
; ----- Protocols
o" n
------ - 7% Simulations Press “Enter” on your keyboard to accept your entry.
[y 2 Steady State JliLE WIEW  Surtace View  Geometric Hegion Details
----- Parameters, Functions and Units
L 1] 3 E in
Wm0 1| Sy
AV 00
VCell DB BMDE Pathway Comm 1.0
BioModels  MathModels Geometries 20
Search 30
;l Biological Models 40
EI _| My BioModels c. \ C'K éﬂ?
l 7] multiapp tutorial -
= _| PH-GFP '
- -{§0) Private Wed Jul 10 11:39:53 EDT 20 7
. ] Shared BioModels () 20
! ] Public BioModels (598) an
-] Tutorials (3) 10,0
_| Education {31)
[-__] Published BioModels (164)
Slice [0-100]
Z[0] =
ads: @XY Oxz ()2
Info
£ >
e
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[ PH-GFP

-I- Physiology

- % Reaction Diagram
- () Reactions (3)

- () Structures (5)
-7 Species (6)

-7 Molecules (0)
-7} Dbservables (D)

—|- Applications (2}

- Protocols
------ __f,qc-’ Simulations
+}- dfdt : Steady State

----- Parameters, Functions and Units
[ EN 2 SRR
.

VCellDE BMDE Pathway Comm

BioModels  MathModels Geometries
+ Search

|__| Biological Models

—_| My BioModels
: +_| multiapp tutorial
-] PH-GFP

-__| Shared BioModels (1)
-1__|| Public BioModels (698)
- | Tutorials (9)

| Education (31)

1| Published BioModels (164)

£

&g Private Wed Jul 10 11:39:53 EOT 201

COMMECTED

b N

7, Geometry | §® Specifications Protocols __f,qc-’ Simulations

Structure Mapping  Geometry Definition | Kinematics

Export...

Edit Image

Replace Geometry «

Mame Value

Cyt 2.0 20 2.0 2.0
(((ix-90)) +((y-308)) +({z-30)) J)=(38) )

B cc 1.0

Sk

Add Subdomain +

Slice View  Surface View Geometric Region Details

] 3 & 0

0.0
1.0

A

2.0
0
4.0
5.0 Cellular).
E.0
]
2.0

9.0
10,0

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

Alternatively, select the area and use
your arrow keys to adjust the position.

Slice [0-100]
Z [49] = 4.9

Axis: @xy Oxz (Ovz

IEEERL B / 353.3MB




% BIOMODEL: PH-GFP (Wed Jul 10 15:39:53 EDT 2019) -- VCell 7.1.0 (build &) = O =
File Server Window Tools Help
[_J:.l PH-GFFP 2 : 7, Geometry | §8® Spedifications Protocols __f,qc-’ Simulations
- Physiology =
.. %%+ Reaction Diagram Structure Mapping  Geometry Definition | Kinematics
~ {2 Reactions (3) Domain: 3D, size=(10.0,10.0,10.0), origin=(0.0,0.0,0.0) Edit Image Replace Geometry

-7 Structures (5)
-7 Species (6)

-~ Molecules (0)
-7} Dbservables (D)
—|- Applications (2}

5. dz, 2 Application0
- -ﬂ

i i Specifications

- ----- Protocols
------ __r,a{-’ Simulations
+- 47 = Steady State
----- Parameters, Functions and Units

(I ¢ T 3 T
e

VCellDE BMDE Pathway Comm

BioModels MathModels Geometries
+ Search
|__| Biological Models
—_| My BioModels
- @[] multiapp tutorial
-] PH-GFP
&g Private Wed Jul 10 11:39:53 EOT 201
-__| Shared BioModels (1)
-1__|| Public BioModels (698)
- | Tutorials (9)
| Education (31)
1| Published BioModels (164)

< >

COMMECTED

MNarme l

Next you will create a smaller sphere to represent the nucleus.

+ (T -mi)

Cyt
ff (X -2ur )+ -ney )
B cc 1.0

Click “Add Subdomain” > “Analytic”.

Slice View  Surface View Geometric Region Details

] 3 & 0

0.0
1.0

2.0
20
4.0
Ea
B0
a0
2.0

9.0
10,0

Info

Add Subdomain +

Analytic ...
Constructed Solid Geometry

Slice [0-100]
Z [49] = 4.9

Adis: @xy Oxz (Ovz
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% BIOMODEL: PH-GFP (Wed Jul 10 15:3%:533 EDT 2019) -- VCell 7.1.0 (build &)

[ pr-FP A
- Physiology

- % Reaction Diagram

- Reactions (3)

- Structures (5)

- (T Species (6)

-T2 Molecules (0)

- (T} Observables (D)

- Applications (2)

5. d7u [ Application0

point.
A
VCell DE

Type “2.0” for the radius.

BioModels  MathModels Geometries

+ Search
|| Biological Models

—_| My BioModels
: +_| multiapp tutorial
=[] PH-GFP

@ Prlvate II.'I'.II':"'-I Tl 47 1420, 02 ENT 904
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Click “Surface View” to
view the 3-dimensional
representation of your
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Click and drag the slider
to change the opacity,
which will allow you to
visualize the nucleus.

Tutorials (3)
Education (31)
Published BioModels (164)
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Structure Mapping  Geometry Definition | Kinematics
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Goto .the Structure  ctructure Maooi
Mapping” tab.
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Geometry (subdomains

Ir Cyk_EC_membrane

Use the line tool to connect
|_ Cyk_Muc_membrane

the structures to their
corresponding subdomains.
Do note, you have to
reselect the line tool for
each mapping.

Membrane boundary conditions are chosen alphabetically among the adjacent subdomains.
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-.17) Spedies (6) Mame End Time Output Option
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[~ Applications (2)

5 4/ Soatil Double click the “Steady State”

application and select “Simulations”.

AV
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Solver

Running Status " esults

0 ad

Make sure “Simulation0” is
selected and then click the
results icon.
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|£| Results for Simulation Simulation0

Click the spreadsheet icon.




|£| Results for Simulation Simulation0

IP3 Cyt
IP3_PHGFP_Cyt
PH_GFP_Cyt remaining Species.

Ei:—i:ﬁf’*‘ All of the Species should be selected except “Stim”.

Select “IP3_Cyt” then use the “Shift” key to select the




|£| Results for Simulation Simulation0

Scroll down the spreadsheet and find where t = 5.
Select the cells for “IP3_Cyt”, “IP3_PHGFP_Cyt”, “PH_GFP_Ct”,
“PIP2_PHGFP_PM”, and “PIP2_PM".

IP3_Cyt
IP3_PHGFP_Cyt
PH_GFP_Cyt
PIP2_PHGFP_PM
PIP2_PM

_ 5 |5.9722045E-7 |2, 779553664 | 1. 1380060E-5 |587.42193  |119417.58

Right click your mouse
and select “Copy Cells”.
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[ Applications (2)
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- Protocols Click the “Simulations” tab and click the “New Simulation” icon.
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Mame | “dit Simulation [IME Output Option

ick the “Edit Simulation” icon.

.
Object Properties  Annotations  Problems (0 Errors, 1 Warnings)

{7} Database File Info

Annotation:

Max timestep Output Rel tol | Abs tol

Settings:
0.1s every 0.05sec | 1.0E-7 | 1.0E-9

Mesh: S51x51x51 = 132651 elements

Geometry size: (10.0,10.0,10.0) microns

~= Parameters with values changed from defaults

Parameter Name | Default

New Value [Expression | Scan
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piuatlnns (2)

' Edit: Simulation

‘

, Select the “Mesh” tab.

Leave “Lock aspect ratio” checked and enter “31” for X.
The other fields should automatically update to 31.

[+] Lock aspect ratio

no




I x

Select the “Solver” tab.

‘
|
Solver

no

Enter “20.0” for the

= “Ending Time Bounds”.

Enter “0.2” for the

Output Interval |0,
| @uputintend 02 s “Output Interval”.

=




| mmutFL.ncﬁons

| ddFuncton |

Select the “Output Functions” tab and then
click “Add Function”.




Qutput Functions

Type “Fluorescence” for the “Function Name”.

£2 Add Output Function

Type, or select the “Species” to
define the “Function Expression” as
“IP3_PHGFP_Cyt+PH_GFP_Cyt”".
**Note that the species names are
case sensitive. **

£# Add Output Function

>
esntone Fwesee

Function Expression |IP3_PHGFP_Cyt+PH_GFP_Cyt

Click “Next >>".

This function allows you to look at the sum of all the different
species that contribute to the fluorescence signal.




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

£2 Add Output Function X

Appimtinns (2)

DefinedIn: Cyt o

e e
Click “Finish”.
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It will also appear in the simulation results.
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[lun and Save Simulation

F

COMMECTED

Object Properties  Annotations  Problems (0 Errors, 1Warnings) () Database File Info

Annotation: ~

Abs tol
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1.0E-7

Max timestep Qutput

0.1s every 0.2 sec
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Slice View

Click on any species to see its graph.

E Fluorescence

Click to view your
data; Plot or Table
view.
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