VCell Tutorial

FRAP: Fluorescence Redistribution
After Photo bleaching

Create a simple biomodel and spatial (PDE) application to
simulate a photobleaching experiment and view the
results.



In this tutorial...

Gain a basic introduction to the Virtual Cell
interface

Create a very simple biomodel with species but
no reactions

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

Define initial concentrations that are non-uniform
using Boolean expressions

View and analyze results of a spatial simulation
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To re-open a model, click on the folder that the
model was saved in and double-click on the model.
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Starting from a new model...
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Choose the select tool and select the compartment.
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Click on the compartment tool, and right
click the dotted black lines so that they
turn green and click “Add Membrane”.
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Select only one object (2.9, spedes, reaction, simulation) to view fedit properties.
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Click on the compartment tool, and to
the right of PM, right click on the dotted
black lines so that they turn green and
click “Add Compartment”.
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Click on the select tool and click on the newest compartment. Next to
Structure Name type “Cyt” and next to Annotation type “Cytosol”.
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> #* Reaction Diagram
. Reactions (0)
+© Structures (3) ; y< -50) 11 > 50))
>*E:} Molecules (D)
.. Observables (0)

£+ Applications (1) Click “Specifications” >
IEI." I#E FRAP “" Q ”n
= Species”.

Double click on the “Initial Condition” box for Dex and type in
72 Simulations “(10.0*((x<-5.0)| | (x>5.0) ] | (y<-5.0) | | (y>5.0)))". Press “Enter”

Parameters, Functions and Units on your keyboard to finalize. . This Boolean expression for the initial
- Pathway concentration evaluates to 10 um everywhere except from x =-5 to 5 and from
y =-5t0 5, where the expression evaluates to 0.

AY
VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | Maﬂ'ﬂodelsl Gemetries|

Biological Models
#1-_] My BioModels (astfh234) (3)
#-._ ] Shared BioMadels {0)
#-{__| Public BioModels (514)
[~ ] Tutorials {5)
[ ] Education (33)
; -] Tutorial vCell 6.0 (Rule-based) (7)

Search |

-
Object Properties | Problems {0 Errors, 0 Warnings) |

Description Parameter Expression
initial concentration for Dex  |initConc MWE- ¢ (x= -50) || (x=50) ] fy= -58) ] (v=50))
diffusion constant for Dex diff 0.0
Boundary Condition X- for Dex |BC_Xm <zero fux>
Boundary Condition ¥+ for Dex|BC_Xp <zero fux>

Boundary Condition - for Dex |BC Ym <zero fux>




File View Server Tools Help

I BioModel3

= Physiology

> #* Reaction Diagram
. Reactions (0)

- Structures (3)
'E} Molecules (D)

.. Observables (0)
= Applications (1)

= 1"’*’"'3 FRAP Type in “20” under “Diffusion Constant”.

Press “Enter” on your keyboard to finalize.

_q{(-’ Simulations
Parameters, Functions and Units
+- Pathway

AV
VCell DB | Eiol"«"lodels.netl Pathway Comm I Sabm|

BioModels | MathModels | Geometries |
Search

1 Biological Models

#1-_] My BioModels (astfh234) (3)

¥l-_ ] Shared BioModels (0)

#l-_] Public BioModels (514)

e[| Tutorials (5)

#l-_] Education (33)

; -] Tutorial vCell 6.0 (Rule-based) (7)

Object Properties | Problems {0 Errors, 0 Warnings) |

Description Parameter Expression
initial concentration for Dex  |initConc MWE- ¢ (x= -50) || (x=50) ] fy= -58) ] (v=50))
diffusion constant for Dex diff 0.0
Boundary Condition X- for Dex |BC_Xm <zero fux>
Boundary Condition ¥+ for Dex|BC_Xp <zero fux>

Boundary Condition - for Dex |BC Ym <zero fux>




File View Server Tools Help

I BioModel3

- Physiology

> #* Reaction Diagram
. Reactions (0)

- Structures (3)
'@- Molecules (D)

.. Observables (0)
= Applications (1)

=% "'_I#E FRAP

+- Pathway

d| e, Geometry | ® Specifications | Pmtocois! 72 simulations _I

Sirmulztions | Qutput chh‘onsl Generated Maﬂ’1|- A

El1'0 4

| EndTime Output Pption

Click “Simulations” and the new simulation icon. I

W

VCell DB | Eiol"«"lodels.netl Pathway Comm I Sabm|

BioModels | MathModels | Geometries |

[ Search

Biological Models
#1-_] My BioModels (astfh234) (3)
¥l-_ ] Shared BioModels (0)
#l-_] Public BioModels (514)
e[| Tutorials (5)
#l-_] Education (33)
1] Tutorial VCell 6.0 (Rule-based) (7)

-
Object Properties | Problems {0 Errors, 0 Warnings) |

Select only one object (e.q. species, reaction, simulation) to viewfedit properties,




File View Server Tools Help

I BioModel3 d| i Geometry | % spedfications | Prutocols| __ﬁc-’ Simulations
&1 Physiology
... 2 Reaction Diagram Simulations | Qutput Functions | Generated Math|

 © Reactons () EXTT »-l@m

2 Structures (3)
) Species (1) Output Option Running Status

>@. Meolecules (0) ]. ] every 0.05 sec Fully-Implicit not saved

... Observables (0)
=g Applicatinns (1)

=% "me FRAP

Double click on “Simulation0” and type in “FRAP”.
Press “Enter” on your keyboard to finalize.

+- Pathway

AV
VCell DB | BioModels.netI Pathway Comm I Sabm|

BioModels | MathModels | Geometries |
Search
| Bilogical Models
[-_] My BioModels {astth234) (3)
[ ] Shared BioModels {0)
[ ] Public BioModels (514)
[~ ] Tutorials {5)
[ ] Education (33)
-] Tutorial veell 6.0 (Rule-based) (7)

-
Object Properties | Problems {0 Errors, 0 Warnings) |

Annotation: |

max timestep output

Settings:

0.1s every 0,05 sec

Mesh: 101x101 = 10201 elements Geometry size: (22.0,22.0) microns
2 Paramatars with valias rhannad fenm dafanbts




: ru:l ODEL:

File View Server Tools Help

I BioModel3
E1- Physiology
> #* Reaction Diagram
. Reactions (0)
- Structures (3)
'E} Molecules (D)
.. Observables (0)
---Applicaﬁnns (1)
=% "me FRAP

+- Pathway

d| 4, Geometry | ® Specifications | Protocols | A& Simulations

Simulations | Quiput Functions | Generated Math |

> -l@lo

EEEE

W

VCell DB | Eiol"«"lodels.netl Pathway Comm I Sabm|

BioModels | MathModels | Geometries |

Search
1 Biological Models
#1-_] My BioModels (astfh234) (3)
¥l-_ ] Shared BioModels (0)
+1-(__] Public BioModels (514)
7] Tutorials (5)
#l-_] Education (33)
1] Tutorial VCell 6.0 (Rule-based) (7)

End Time Output Option Running Status

FRAP |L ] every 0.05 sec Fully-Implicit not saved

Click the edit simulation icon. I

Object Properties | Problems {0 Errors, 0 Warnings) |

Annotation: |

max timestep output
0.1s every 0,05 sec

Settings:

Mesh: 101x101 = 10201 elements Geometry size: (22.0,22.0) microns

=1 Paramatars with valnes channad fenm dafanltc

|



File View Server Tools Help

[T5S Biomodels —Ldr
&l Physiology £2 Edit FRAP
. 2> Reaction Diagram
,@, Reactions (0) Parameters| Mesh E:I Click “Mesh”.
) Structures (3) ]
>@_ Species (1) —I=| Mesh Size
- Molecules (0)
.. Observables (0)
= Applications (1)

=% "'_I#E FRAP

Leave “Lock aspect ratio” checked.
Type in “51” for X “Mesh Size”.

Geometry Size {um) |{22.U, 23

+- Pathway
Mesh Size (elements) Lock aspect ratio

A
VCell OB | BioModels.netI Pathway Comm I i X |51

BioModels | Maﬂ'ﬂodelsl Gemetries| ¥ |51

Search Total Size (clements) | 51x 51 = 2601

| Bilogical Models

[#1-."] My BioModels (astfh234) (3)
%| Shared BioModels {0) Ay |U.44
.| Public BioModels (514)
[ ] Tutorials {5)
[ ] Education (33)

-] Tutorial veell 6.0 (Rule-based) (7)

Spatial Step (um) Ax (0.4

| ok || cancel |

A
Mesh: 101x101 = 10201 elements Geometry size: (22.0,22.0) microns

=1 Paramatars with valnes channad fenm dafanltc




File View Server Tools Help

'- Edit: FRAP

BioModel3

> #* Reaction Diagram
. Reactions (0)

- Structures (3)
>f:} Molecules (D)

.. Observables (0)

|Parameters Mesh | Solver

Choose solver algorithm and fine-tune time conditions:

% Click “Solver”. i

Intearator Euﬂy—lmplithi.rﬂte Volume, w%] [ 2 |

| Type in “.01” for the Maximum Time Step.

Time Bound. -I

+- Pathway

AY
VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | Maﬂ'ﬂodelsl Gemetries|

[ Search

Biological Models
[-_] My BioModels {astth234) (3)
[ ] Shared BioModels {0)
[ ] Public BioModels (514)
[~ ] Tutorials {5)
[ ] Education (33)
-] Tutorial veell 6.0 (Rule-based) (7)

Time Bounds

Starting | 0.

Absolute | 1.0E-9

Ending |3.0

Relative | 1.OE-7

Local Sensitivity Analysis

Output Options

() Keep Every

(@ Output Interval

|:| time samples and at most |:| time samples

Miscellaneous

|
I Type “0.05” for the Output Interval. I

Ohject Prope

Annotation:

mﬁl Click “OK". |

OOoT

TR TMTESTEDF

dos T

Settings:
0.1s every 0,05 sec

1.0E-9

Mesh: 51x51 = 2601 elements

=1 Paramatars with valnes channad fenm dafanltc

Geometry size: (22.0,22.0) microns

| 5595 /33 MR}



File View Server Tools Help

I BioModel3 d| i Geometry | # Specifications | Pmtoco&s| __ﬁc-’ Simulations
&1 Physiology

> :I* Reaction Diagram - -
@ Reactions (0) 7 - m

-7 Structures (3) | @ % @? @ ot = '-_. @ |°

- 7 Molecules (0) FRAP every 0.05 sec Fully-Implicit not saved

@- Observables (0)
=g Applicatinns (1)
& df"*’"E FRAP Press the green play button

to run the simulation

Simulations | Qutput Functions | Generated Math |

+- Pathway

AV
VCell DB | Eiol"«"lodels.netl Pathway Comm I Sabm|

BioModels | MathModels | Geometries |

Search
1 Biological Models

#1-_] My BioModels (astfh234) (3)
¥l-_ ] Shared BioModels (0)
#l-_] Public BioModels (514)
e[| Tutorials (5)
#l-_] Education (33)
; -] Tutorial vCell 6.0 (Rule-based) (7)

Object Properties | Problems {0 Errors, 0 Warnings) |

Annotation: |

max timestep output
0.01s every 0,05 sec

Settings:

Mesh: 51x51 = 2601 elements Geometry size: (22.0,22.0) microns

=1 Paramatars with valnes channad fenm dafanltc




File View Server Tools Help @ Save document:

I BioModel3 R
- $* Reaction Diagram

. Reactions (0)
-2 Structures (3)
- Spedies (1) Sead) M Runining Status
-2 Molecules (0) ;:| Biological Models B
.. Observables (0) -] My BioModels (astfh234) (3)
= Applications (1) 2 _| Shared BioModels {0}

i {1 Public BioModels (514)

i |
= ;f’uE FRAP 1 Tutorials {5)

Advanced ==

DLE
Results

_| Education (33)
&~ ] Tutorial vCell 6.0 {Rule-based) (7)

i) Pathway Selected BioModel Summary

AV
VCell DB | Eiol"«"lodels.netl Pathway Comm I Sabm|

BioModels | MathModels | Geometries |
Search
| Bilogical Models
[-_] My BioModels {astth234) (3)
[ ] Shared BioModels {0)
[ ] Public BioModels (514)
[~ ] Tutorials {5)
[ ] Education (33)
-] Tutorial veell 6.0 (Rule-based) (7)

I Type in a name for your FRAP model. I

‘ 1
[ Click “Save”.
| Flease type a new name: I

FRAPTutorial

|
‘ Iy size: (22.0,22.0) microns
e nce

[ e o J.



File View Server Tools Help

I FRAPTutorial d| i Geometry | % spedfications | Prutocols| __ﬁc-’ Simulations
&1 Physiology
i 3¢ Reaction Diagram

-ty EIY Y »=ERO
Mame

Simulations | Qutput Functions | Generated Math |

) Structures (3)
,@, Meolecules (0) FRAP 3.0
@- Observables (0)

End Time Output Option Solver Running Status I Results
every 0.05 sec Fully-Implicit completed Iyes

+- Pathway

%
VCell OB | BioModels.netI Pathway Comm I Sabm| “« . ” 3
_ Under “Running Status” you can view the status of the
BioModels | MathModels | Geometries | . . .
simulation. . You can view the results as soon as there are

time points saved to the database.

Biological Models
#1-_] My BioModels (astfh234) (4)
#-._ ] Shared BioMadels {0)
#-{__| Public BioModels (514)
[~ ] Tutorials {5)
[ ] Education (33)
; -] Tutorial vCell 6.0 (Rule-based) (7)

Object Properties | Problems {0 Errors, 0 Warnings) |

Select only one object (e.q. species, reaction, simulation) to viewfedit properties,




: ru:l ODEL:

File View Server Tools Help

I FRAPTutorial
E1- Physiology
> #* Reaction Diagram
. Reactions (0)
- Structures (3)
'E} Molecules (D)
.. Observables (0)
---Applicaﬁnns (1)
=% "me FRAP

+- Pathway

d| 4, Geometry | ® Specifications | Protocols | A& Simulations

Simulations | Qutput Functions | Generated Math |

Ia%@@
Output Option Running Status
FRAP every 0.05 sec Fully-Implicit completed E

X BB,

Results

I Click the results icon. I

W

VCell DB | Eiol"«"lodels.netl Pathway Comm I Sabm|

BioModels | MathModels | Geometries |

Search
1 Biological Models
#1-_] My BioModels (astfh234) (4)
¥l-_ ] Shared BioModels (0)
+1-(__] Public BioModels (514)
7] Tutorials (5)
#l-_] Education (33)
1] Tutorial VCell 6.0 (Rule-based) (7)

Object Properties | Problems {0 Errors, 0 Warnings) |

Annotation: |

output

every 0,05 sec

max timestep
0.01s

Settings:

Geometry size: (22.0,22.0) microns

Mesh: 51x51 = 2601 elements

=1 Paramatars with valnes channad fenm dafanltc
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BIOMODEL: FRAPTutorial (Tue Jul 07 11:55:20 EDT

File View Server Tools Help

E_:,' FRAPTutorial £ simulation results for FRAP
- Physiology

- $* Reaction Diag
>f} Reactions (0] | Time Slice v
f:'; Structures (3 o
> 2 Species (1) : :
>'::"'_, Molecules (0]
... Observables
= Applications (1) : 6.848905627991739

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

View Data | Export Data | Post Processing

Auto (current time)

Max: 6.848905627331759

Mir:6.4356996097316355
6.4350990097316355

Color

6 N Ul ND TR

i) Gray

+-- Pathway

%
VCell DB | BioModels.net || |4 The maximum and minimum values

- Al Variabl -
EioModels L tananes e correspond to the colors shown

i Search | | =

Biological Models Dex_init_uM

#-_] My BioModels (astf}
r-. ] Shared BioMadels {
#-___| Public BioModels (5
[~ ] Tutorials {5)

[ ] Education (33)

¥ 7] Tutorial VCell 5.0 (H

e

|| I] = Paramatars with valieas rhanned feam dafanlts

| CONNECTED (astth234) | [ &5.4vB [ 83,2 |




BIOMODEL: FRAPTutorial (Tue Jul 07 11:55:20 EDT

File View Server Tools Help

E:,' FRAPTutorial £ simulation results for FRAP
- Physiology :
, *» Reaction Diag View Data | Export Data | Post Processing Stats Data | Post Processing Image Data

{2 Reactions (0} Time Siice View |
2 Structures (3|
- Species (1)
'-':"'_, Molecules (0]
l.":} Observables Max: 5.848905627991789
- Applications (1) : £.848905627991789

=% "me FRAP

-11 -k, 16 -1.76 Z.64 Data Range (Min-Max)
Auto (current time)

Mir:6.4356996097316355
I | 6.4350990097316355

Color

6 IR D TR

i) Gray

+-- Pathway

AV ]
VCell DB | BioModeIs.netI @ BlueRed

BioModels Select the line tool, click on a
# Search 1} point within the data and click
| Bilogical Models . . .
2 my Biovodets (st} | O7 another point. A line will
| shared BioModels (| | form and connect the two
#-.] Public BioModels (5 .

: -] Tutorials {5) pOII’]tS.
-] Education (33)
i) Tutorial vCell 6.0 (A

Click “Plot” > “Spatial”. I

|| I] = Paramatars with valieas rhanned feam dafanlts

| CONNECTED (astth234) | [ 74.3MB [ 83.2MB |




BIOMODEL: FRAPTut

File View Server Tools Help

I FRAPTutorial £ simulation results for FRAP
- Physiology

- #* Reaction Dia
-2 Reactions (0 Time Slice View |
g ztr“(_:t“r:}[ ! -11 -6.16 -1.76 2.6 Data Range (MinMax) ——
@ I'-‘II::EI::TIE (0 : = Auto (current time)
... Observables
= Applications (1) Values along curve

S.d

= Efth FRAP \ Plot Legend:

View Data | Export Data | Post Processing Stats Data | Post Processing Image Data

Dex []

+- Pathway

W

VCell DE | BioModels.net |

:AJI Variables

Dex

_| Biclogical Models Dex_init_uM .
j "": E“:""“E'Séialst? Click the spreadsheet icon to open
t|-__| Shared BioModels

-] Public BioModels (5 : a spreadsheet of the graph.

! -] Tutorials {5)

-] Education (33)
i) Tutorial vCell 6.0 (A

Distance (um)

| Potv || Rolw |

|| I -] Paramaterc with wvalnes channed frnm dafanlc

CONNECTED (astfh234) 57.3MB | 85. 02




= BIOMODEL: FRAPTutorial

File View Server Tools Help

I A= i . .

' E:,' FRAPTutorial £ simulation results for FRAP
= Physiology -
, *» Reaction Diag View Data | Export Data | Post Processing Stats Data | Post Processing Image Data

{2 Reactions (0} Time Siice View |
2 Structures (3|
'-':"'_, Molecules (0] -
...© Observables Max: 6.843905627991789
- Applications (1) : £.848905627991759

=% "me FRAP

-11 -k, 16 -1.76 Z.64 Data Range (Min-Max)
Auto (current time)

Mir:6.4356996097316355
. 6.4350990097316355

Color

6 IR D TR

i) Gray

+-- Pathway

W

VCell DB BioModels.net | . @ BlueRed

BioModels 1 Select the dot tool and click on
 Search 1| 5e] a point within the data and click

Biological Models
+-("] My BioModels (astfl on another point.
#-{__| Shared BioModels {
#l-|_] Public BioModels (5
: -] Tutorials {5)

-] Education (33)
¥ 7] Tutorial VCell 5.0 (H

Click “Plot” > “Time”.

|| I] = Paramatars with valieas rhanned feam dafanlts

| CONNECTED (astth234) | EEEIEE e |




BIOMODEL: FRA

File View Server Tools Help

FRAPTutorial @ simulation results for FRAP '

&) Physiology
. 1+ Reaction Diag | V"% D313 | Export Data | Post Processing Stats Data | Post Processing Image Data

.

g Time Plot

Selected Points

P[0] {-0.879,-0.579)
P[] {-7.92,4.9)

Plot Legend:

Dex atP[0] []

DexatP[1] []

Dex
Dex_init_uM
Size_Cyt
Size_EC
vcRegionVolume

Click the spreadsheet icon to open
a spreadsheet of the graph.

| Potv || Rolw |

|| I -] Paramaterc with wvalnes channed frnm dafanlc




Next VCell tutorial: FRAP
with Binding
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