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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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Click on the compartment tool, and right
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Select the species tool.
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Size X 22 pm

Origin  § ¥ -11 pm

| | Cancel

(]
T

.0

4.0
i0.0

Click “OK”.

| Back |

| Add Subdomain |

| Delete |

LSENW




@BIOMGDEL: delete (Thu Jun 28 15:27:53 EDT 2018} -- VCell 7.0.0 (build 9) = || =) =]

File Server Window Tools Help

=) Biottodels : i, Ceqmatni il Cassifantions e sstnsnla sl Cisslstinna,
- Physiology soucal Click “Front” or “Back” to rearrange the geometry order. The
i 32* Reaction Diagram th . . . .
@ Reactions (0) order determines which subdomain a point in space belongs to; the front :] [ =
=2 Doma an-a ” p Replace Geometry -
. © Structures (3) layer “hides” layers below.
>¢:,, species (1) MName Value ____ | ‘ =—
>f: Molecules (0) -
... Observables {0) Bk
I:—:I---.ﬂ_npplications (1) . EC 1.0 ‘ [ Add Subdomain +
B 1"’#@ FRAP [ Celete
: ; "" Your “Slice View” should be a circle of radius 10 um inside of I
P pec
- Protocols| N 22 X22 um square.
" 7% Simulations
----- Parameters, Functions and Units L
[ Pathway _glsl
AW 6
VCell DB | BioModeIs.netI Pathway Comm I Sabio| 44
BioModels | MathModels I Geomeh’ies| 2.2

Search
| Biological Models 22
£1-_] My BioModels (astfh234) (3)
#-. ] Shared BioMadels {0)

-] Public BioModels (514) B&
7] Tutorials (5) 8.8
[ ] Education (33) 11.0
7] Tutorial vCell 6.0 (Rule-based) (7)

4.4

Object Properties | Problems {0 Errors, & '~'-a'arnings}|

Select only one object {e.q. spedes, reaction, simulation) to view fedit properties,

[ COMECTED (zihan)
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File Server Window Tools Help

Egi BioModel3 d, Geometry Under Geometry > I

[ij...p 3 | .
nystology Structure Mapping | Geometry Def| OtrUCtUre mapping, |

i 32+ Reaction Diagram . |
,@ Reactions (0] I select the line tool. IAst be mapped to run a simulation.
{ in the 'subdomain' column,

- Structures (3)
- species (1) Physiology (structures) Geometry {subdomains)
2 Molecules (0)
... Observables (0)
= Applications (1)

- 7,8 FRAP

Drag a line from the structures to
their corresponding subdomains

[+ Pathway

AW
VCell DB | BioModeIs.netI Pathway Comm I Sabio|

BioModels | MathModels | Geometries |
Search -

Biological Models 4

-] My BioModels (astfh234) (3)
[ | shared BioMadels (0) Structure Subdomain Size Ratio X- X+ ¥- Y+

__1 Public BioModels (514) Cyt Cyt 1[1] Flux Flux Flux Flux
L1 Tutorials (5) EC EC 1[1] Flux Flux Flux Flu

[ ] Education (33)
-] Tutorial VCel 6.0 (Rule-based) (7) PM Cyt_EC_membrane 1[1] Flux Flux Flux Flux

-
Object Properties | Problems {0 Errars, 2 '."-.-'arnings}|

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

CONMECTED (Zkhan)
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E BioModel3

&1 Physiology

[ ¢ Geometr} | %° Specifications ||~ protocols [ 42 smulations|

> #* Reaction Diagram Species IR.each'on | I':.‘I:work|
-2 Reactions (0) Structure
-+ Structures (3) y < -5.0) || {y > 5.0))
>f:!- Molecules (D)
@- Observables (0)
Ei-Applications (1) Click “Specifications” >
- :;J,E FRAP ) .
.2k Geometry Species”.
- @ 5'“—“““’“5 Double click on the “Initial Condition” box for Dex and type in
. ..... Pl‘ﬂtﬂm
42 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
AV y =-5to 5, where the expression evaluates to 0.

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

BioModels | MathModels | Geometries |
Search
| 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 |
\ 4
Object Properties | Problems (0 Errors, 0 Warnings) |
Description Parameter Expression Units

initial concentration for Dex  |initConc MWE- ¢ (x= -50) || (x=50) ] fy= -58) ] (v=50)) pM &
diffusion constant for Dex diff 10.0 pm2,5-1 =
Boundary Condition ¥- for Dex |BC_Xm <zero fux> pM, pm.5-1
Boundary Condition ¥+ for Dex|BC_Xp <zere fux> pM.pm, 5-1
Boundary Condition Y- for Dex |BC Ym <zero fux> pM.pm,s-2 e
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= Physiology
> #* Reaction Diagram
- Reactions (0)

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

.. Observables (0)
= Applications (1)

=% "'_I*E FRAP

Type in “20” under “Diffusion Constant”.
Press “Enter” on your keyboard to finalize.

...... J‘F Simulations
----- Parameters, Functions and Units
[+ Pathway

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

BioModels | MathModels | Geometries |
Search
1 Biological Models
-] My BioModels (astfh234) (3)
-] Shared BioModels (0)

[#-_] Public BioModels (514)

-] Tutorials (5)

-] Education (33)

_| Tutorial Vel 6.0 (Rule-based) (7)

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

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

Boundary Condition Y- for Dex |BC Ym <zero fux>
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= Physiology
> #* Reaction Diagram
- Reactions (0)

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

.. Observables (0)
= Applications (1)

=% "'_I*E FRAP

[+-- Pathway

W

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

BioModels | MathModels | Geometries |

[ Search

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

ﬂ| 4, Geometry | 4® Spedifications | Pmtocois! 72 simulations _I

Simulations | Qutput Functions | Generated Maﬂ'1|- A

e ER O

El1-'0 4

| EndTime | output

Running Status | Resuts I

Click “Simulations” and the new simulation icon. I

il

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

Select only one object {e.q. species, reaction, simulation) to viewfedit properties,
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File Server Window Tools Help

E BioModel3 d| i Geometry | % spedfications | Prutocols| __ﬁc-’ Simulations

Simulations | Qutput Functions | Generated Math |

#* Reaction Diagram

 © Reactons () EXTT »-l@m

2 Structures (3)

) species (1) Output Option Running Status
> 2 Molecules (0) ]. 0 every 0.05 sec Fully-Implicit not saved
... Observables (0)
=~ Applicatinns (1)
=% dfdtlg 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
| Biological 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: |
i
] max timestep output rel tol | abs tol
Settings:
0.1s every 0,05 sec | 1.0E-7 | 1.0E-9
Mesh: 101x101 = 10201 elements Geometry size: (22.0,22.0) microns

=1 Paramatars with valnes channad fenm dafanlts

IEEEICIEE +5 |

MECTED (Zkhan)
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ﬂ| 4, Geometry | 4® Specifications | Protocols | A Simulations

Simulations | Quiput Functions | Generated Math |

#* Reaction Diagram

@ Reactions (0)
- Structures (3)

EEEE

> -l@lo

Running Status

. Species (1) 2 End Time Output Option
.. Observables (0)
= Applicatinns (1)
= 4 FRAP Click the edit simulation icon. I

[+-- Pathway

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

BioModels | MathModels | Geometries |

Search
1 Biological Models

-] My BioModels (astfh234) (3)
-] Shared BioModels (0)

[#-_] Public BioModels (514)

-] Tutorials (5)

-] Education (33)

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

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

Annotation: |

-

max timestep output rel tol | abs tol
0.1s every 0,05 sec | 1.0E-7 | 1.0E-9

Settings:

Mesh: 101x101 = 10201 elements

Geometry size: (22.0,22.0) microns

=1 Paramatars with valnes channad fenm dafanlts

IEEEICIEE +5 |
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= Physiology
> #* Reaction Diagram
- Reactions (0)

- Structures (3)
>*E:!- Molecules (D)

.. Observables (0)
= Applications (1)

=% "'_I*E FRAP

[+-- Pathway

L ——

| I—

£% Edit FRAP

Parameters] Mesh

E:I Click “Mesh”.

_—
—

N W

—=| Mesh 5ize

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

Geometry Size {um)

Mesh Size (elements)

W

VCell DB | BioModels.netI Pathway Comm I

BioModels | Maﬂ'ﬂodelsl Gemetries|

[ Search

Total Size (elements)

Biological Models

-] My BioModels {astth234) (3)

[ ] Shared BioModels {0)

[ ] Public BioModels (514)

[~ ] Tutorials {5)

[ ] Education (33)

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

Spatial Step {um)

\(22.0, 221

Lock aspect ratio

X |51

Y |51

51x 51 = 2601

Ax (0.4

Ay |0.44

-

-

| ok || cancel |

=1 Paramatars with valnes channad fenm dafanlts

Mesh: 101x101 = 10201 elements

A
Geometry size: (22.0,22.0) microns

MECTED (Zkhan)

IEEEICIEE +5 |
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File Server Window Tools Help W Edit: FRAP
[ Biotodels
=- Fhwmhw'
- #* Reaction Diagram
[T Reactions (0)
7 Structures (3)
- Species (1)
- Molecules (0)
~ ) Observables (0)
g gmﬁ” Integrator | Fully-Implicit Finite Volume, Regular

- -i'::f:j Type “3.0” for the Ending Time Bound.

P meters m m . «“ ”
e | N Click “Solver”. |

Choose solver algorithm and fine-tune time conditions:

=
: Protocols : olerance
@ { Simulations | Miniuen
- Parameters, Functions and Units —— Absolute  1.0-9
i eta
- Pathway | : Relative |1.06-7
P | Masimum [0.01 | '
VCell DB | BioModels.net | Pathway Comm | Sabio |
BioMod = | m| ~[# Local Sensitivity Analysis
_| Biclogical Models () Keep Every . time samples and at most time samples
-] My BioModels (astfh234) (3) ' ' ' -
| Shared BioModels (0) ¢ [ '
-0 (514 I @ Output Interval  0.05 SECS
-] Tutorials (5) '
-] Education (33) ~# Miscellaneous
&) Tutorial vCell 6,0 (Rule-based) (7)
I Type “0.05” for the Output Interval. I
F_

o | — Click “OK”. | —

T TS T O TETIOr | B0 T

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

Settings:

Mesh: 51x51 = 2601 elements Geometry size: (22.0,22.0) microns
-2 Bar tearc with I rhannad fenmn dafanltc -

| 3295 / 51T

COMNECTED (Zkhan)
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+ $* Reaction Diagram
- Reactions (0)

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

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

=% dfdtlg FRAP

[+-- Pathway

W

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

BioModels | MathModels | Geometries |

[ Search

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

ﬂ| 4, Geometry | 4® Specifications | Protocols | A Simulations

Simulations | Qutput Functions | Generated Math |

Ia%@@

Output Option

FRAP every 0.05 sec Fully-Implicit not saved

S -

SCY 16

Press the green play button
to run the simulation

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

Annotation: |

-

max timestep

output

rel tol

abs tol

Settings:

0.01s

every 0,05 sec

1.0E-7

1.0E-9

Mesh: 51x51 = 2601 elements

=1 Paramatars with valnes channad fenm dafanlts

Geometry size: (22.0,22.0) microns

IEEEICIEE +5 |




ﬂ BIOMODEL: delete (Thu Jun 28 15:27:53 EDT 2018) --
File Server Window Tools Help

BioModel3
- Physiology
¥’ Reaction Diagram

- () Reactions (0)

23 Structures (3)

- Species (1)

D Molecules (0)
. ) Observables (0)
= Applications (1)

B { simulations
- Parameters, Functions and Units
[+ Pathway

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

- My BioModels (astth234) (3)
-] Shared BioModels (0)

-] Public BioModels (514)

-0 Tuterials (5)

-] Education (33)

&) Tutorial vCell 6.0 (Rule-based) (7)

-] My BioModels (astfh234) (3)
(-] Shared BioModels (0)

-] Public BioModels (514)

-] Tutorials (5)

-] Education (33)

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

) Search
|
Advanced == N
Ly i)
| search | | showal | Running Status Resuts
[ | Biological Models :

Selected BioModel Summary

I Type in a name for your FRAP model. I

1 Click “Save”. N
Please type a new name; I

FRAPTutorial /

| sove [T Concel

size: (22.0,22.0) microns
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> #* Reaction Diagram
- Reactions (0)

- Structures (3)
>*E:!- Molecules (D)

.. Observables (0)

[+-- Pathway

%

E FRAPTutorial

| 4, Geometry | 4 Specifications | Protocols| A Smulations

Simulations | Qutput Functions | Generated Math |

IEX-Y 3"

» s @R O
End Time Output Option Saolver Running Status | Results
FRAP 3.0 every 0.05 sec Fully-Implicit completed Iyes

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

BioModels | Maﬂ'ﬂodelsl Gemetries|

—+ Search

|1 Biological Models

-] My BioModels (astfh234) (4)

#-. ] Shared BioMadels {0)

#-{__| Public BioModels (514)

[~ ] Tutorials {5)

[ ] Education (33)

_| Tutorial VCell 6.0 (Rule-based) (7)

CONNECTED (Zkhan)

Under “Running Status” you can view the status of the
simulation. You can view the results as soon as there are
time points saved to the database.

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

Select only one object {e.q. species, reaction, simulation) to viewfedit properties,
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+ $* Reaction Diagram
- Reactions (0)

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

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

=% dfdtlg FRAP

[+-- Pathway

W

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

BioModels | MathModels | Geometries |

[ Search

Biological Models
-] My BioModels (astfh234) (4)
-] Shared BioModels (0)
[#-_] Public BioModels (514)
-] Tutorials (5)
-] Education (33)
-] Tutorial VCell 6.0 (Rule-based) (7)

ﬂ| 4, Geometry | 4® Specifications | Protocols | A Simulations

Simulations | Qutput Functions | Generated Math |

Ia%@@

X BB,

FRAP every 0.05 sec Fully-Implicit completed E

Output Option

Running Status Results

I Click the results icon. I

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

Annotation: |

-

max timestep

output

rel tol

abs tol

Settings:

0.01s

every 0,05 sec

1.0E-7

1.0E-9

Mesh: 51x51 = 2601 elements

=1 Paramatars with valnes channad fenm dafanlts

Geometry size: (22.0,22.0) microns

IEEEICIEE +5 |
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File Server Window Tople—tdela

E Tutorial FRAP [£:] Results for Simulation FRAP : —=n
= Physiology To change the time frame being viewed, type in a value
f_f Reaction Diad | iey Data | Export Data | Post Processipgs] Under “Time” or hold down and drag the slider under
g | Tine sigffen | “Time”. mEO
() Species (1) 1.2 -11 ENT 176 2.6 11 Data Range (MinMax) | | Results |
, 72 Molecules (0) . 110 I I I I e
f:., Observables 9,24 i i
- Applications (1) @ attme () all imes
& d_;#E ERAP e Max: 6.848905527991789
-7 Geometry 4 : £.843905627991759
. ..... i specificat L= / 2
- Protocols Min: 6.4356996097316355
- _ﬁf.’m el 6.4356995097316355
----- Parameters, Functiof 0.44
[ Pathway 132 Color
s - EZN A e DERTE
VCell DB | BMDB | Pathway : sos ©) Gray
BioModels | MathModels | | { [ a1 variables - @ BlueR
] Search pex [N The maximum and minimum values

: Bjulu:ugical Models Dex_init_uM
[#-__]| My BioModels (Zkhg
4| Shared BioModels

correspond to the colors shown

vobj_Cytl size
N_Lyrl s

sobj_Cytl ECO_size 1.0
i) Public BioModels (&

T = vobj_ECO_size
| Tutarials (3)

_| Education (33)

-

L]t

Scan

Info

‘ 0.2MB § 257, 44B

[ ComeCTED (zran) ]
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File Server Window Togpl=ll=la -
E Tutorial_FRAP | 2| Results for Simulation FRAP =SS X
L) Physiology =
’ ## Reaction Diag | yiew Data | Export Data | Post Processing Stats Data | Post Processing Image Data

i ™) Reactions (0) |
T e View [ | i
}----fC:'Structures G Time Slice View | @ o

[ Species (1) 1.2 -1 “6.16 -1.76 264 1 Data Range (Min-Max) — |
,f:: Molecules (0) . -11.0 o I Auto range
-7 Observables -9.24 i ) i )
= Applications (1) e @ attme () all times
(=3 "'me FRAP Max: 5.848905627291759
- Geometry e 6.84890562799 1783
- ----- 4 specificat L -3.95
. _____ Protocols s Min: 6.4356996097316355
...... —ﬁqm 6.4356996097316355
----- Parameters, Functiof Ve |
[+ Pathway 132 Color
5 omintine - [ EM ENIYYN D [ NE
VCell DB | BMDB | Pathway 3 @) Gray
44 :
BioModels | MathModels | [ All Variables - ce (@) BlueRed

Search
" | Biclogi 836
Biological Models M

_| My BioModels (Zkh3

@ Shzlred BiDMdﬂdlelsi Select the line tool, click on a
[#-_| Public BioM & q anlg .
...jTEm'fiaEE;} e point within the data and click
-] Education (33) on another point. A line will

form and connect the two

points.

Scan

Info

[ COMECTED (zkhen)
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EEi Tutorial FRAP | £| Results for Simulation FRAP — =

- Physiology —
e ion i ;
-+ Reaction Diag | view Data | Export Data | Post Processing Stats Data | Post Processing Image Data

. Reactions (0) — - |
- Structures (3 Time Slice View | @ @ o
) Species (1) 1.2 L 11 c1c 170 204 14 ] Diata Range (Min-Max) Results
- © Molecules (0) , )| Spatial Plot/Dex’ [Tutorial_FRAP:FRAPLFRAPLps=0 | — 7] Auto range Hﬁ
) Observables ' < o
- Applications (1) val . \P attime () all times
: alues along curve
& "'fth FRAP ? 6.848905627991789
-2k Geometry 7.0 — . Plot Legend: 5627991739
o @ﬂ‘ SPECrﬁCat D f +...._¢_—l——+—-p—+++++++
- ----- Protocols 6.0 — Dex LM . v >
B Gimulatior | Click “X
----- Parameters, Functio - to close.
[+ Pathway '
_A_‘F . ] AM NN N
4.0 —
VCell DB | BMDE | Pathway 3 - ) Gray
- _ P i
BioModels WI_ All Varigbles « 2 3.0 — g BlusRed
Search '
— Dex -
: Bjnluglcal. Models Dex_init_uM . : :
:Il ’““;’ B'Dd’““ﬂde'sd'?:‘h(f sobj_Cytl_ECO_size Click the spreadsheet icon to open
[#-{__| Shared BioModels . . -
2. | Public B vobj_Cyt1_size a spreadsheet of the graph
_| F'LI|:I|IIZI BioModels (& vobj_ECO_size 1.0 — spre d eet o € grapn.
_| Tutorials (3) | "
-7 Education (33) - i
0.0 U L L DL L DL L L L
00 1.0 20 3.0 40 50 60 70 80 9.0 / -
Distance (pm) / “ n/f-

Scan
i

Info

| Potv |[ ROl |

COMNMECTED (Zkhan)
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File Server Window To

Ie Ll
&

[ Tutorial_FRaAP
= Physiology

. #*» Reaction Diag
- Reactions (0)

| £:| Results for Simulation FRAP

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

e =[]

=)

Search

Biological Models
_| My BioModels (Zkhg
-] Shared BioModels |
_| Public BioModels (&
_| Tutorials (8)
_| Education (33)

a point within the data and click
on another point.

vob] -
wobj_ECO_size

Click “Plot” > “Time”.

Info

: Slice View i, | W
-} Structures (3| Time 1= Ve |
- (7} Species (1) 1.2 -11 .16 -1.76 254 11 Data Range (Min-Max) Results |
-0 Molecules (0) 0 -11.0 Auto range
() Observables 974 ] )
L i@ attime ) all times
= Applications (1) a8 i .
B "'_me FRAP Max: 5.848905627991739
- 572
74, Geometry 6.848905627991789
- .EF Specificat L_.J 3.6
P Protocols . Min: 6. 4356996097316355
...... _ﬁ‘.’m ' £.4356996097316355
----- Parameters, Functio| 0.4
[+ Pathway o Colar
| Eintine s [ EM JESMIVYN MO [ NR
VCell DB | BMDE | Pathway 3 @ Gray
BioModels | MathModels Select the dot tool and click on © BlueRed

)<

Scan

= ComeCTED (znan) ]
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File Server Window Tople—tdlela

[+ Pathy

| Crmini
%

VCell DB

BioModel
[ Sears

E Tutorial_FRAP
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