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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.
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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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Creating a new Biomodel

Creating Compartments

Creating Species

Creating an Application

Creating a Geometry using analytic expressions

Mapping Geometry to Compartments
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Specifying initial conditions (using Boolean expressions for
nonuniform initial conditions)

Creating a Simulation for an Application

Editing simulation parameters

Running the Simulation
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Viewing Simulations Results
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4)

File View Server Tools Help

... ¥ Reaction Diagram

5 Biotodels RE = Click “Geometry” > “Structure Mapping”. I '
r:jphvs'obgy R =

Structure Mapping o

") Reactions (0)

All structures and subdomains must be mapped to run a simulation.

Click the line tool.

1)
-BZ FRAP

B cometry

. @ Specifications
Click the “EC” physiology. Drag and drop

m

Use line tool or drop down menu in the 'subdomain’ column.

Physioiogrfs_tructures’j

Geometry {subdomains)

your cursor to the “EC” geometry.

i VCell DB BioModds.nethaﬂ'Iw... { 4] »] "

Click the “PM” physiology. Drag and drop your
cursor to the “Cyt_EC_membrane” geometry.

~_] My BioModels (tanyamiller 1221) (3)

t)-__] Shared BioModels (0)
:j:ﬂ;g‘;’;"s‘;"e‘s (519) Click the “Cyt” physiology. Drag and drop l
- Education (33) your cursor to the “Cyt” geometry. »
Structure Subdomain Size Ratio X- X+ Y- Y+ I
EC EC 1[1] Flux Flux Flux Flux i
Cyt Cyt 1[1] Flux Flux Flux Flux ‘
PM Cyt_EC_membrane |1[1] Flux Flux Flux Flux
< 1 | r —
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BioModel3 -
=/ Physiology
¥ Reaction Diagram
) Reactions (0)
- Structures (3)
6 Species (1)
=/~ Applications (1)
=P FRAP
----- > d Specifications
- Protocols

m

Double click the “Initial Condition” box for Dex and
type “(10.0*((x<-5.0)| | (x>5.0)| | (y<-5.0)| | (y>5.0)))".

Press “Enter” on your keyboard to finalize. This
Boolean expression for the initial concentration evaluates to 10
um everywhere except from x=-5to 5 and fromy=-5to 5,
where the expression evaluates to 0.

----- Parameters and Functions -
\ 4

VCell DB | BigModels.net | Pathw... | «| »

BioModels | MathModels | Geometries |
[+ Search
_ | Biological Models

-] My BioModels (tanyamiller 1221) (3)
-] Shared BioModels (0)
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m.

E}»-ﬁ FRAP

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

v
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[+ Search
| Biological Models
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Running Status | Resuits
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E}»-ﬁ FRAP

Click “Simulations” and the new simulation icon. I

.\ 4
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> e E[NO
: Eﬂ Z — - r — R"
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| Click the edit simulation icon. | r e[| O
Running Status Results

=R Applicatlons (1) e»ery 0.05 Fully-Implicit not saved |

=& FRAP
ik Geometry
{® specifications
b Protocols
------ _719 Simulations |
----- Parameters and Functions -
\ 4

VCell DB | BioModels.net | Pathw... | «|»
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E BioModel3 Click “Mesh”. ! - |
aphvf;f':gy 5 = Mesh Size
o eaction Diagran|
B 1ie

- Species (1)

- Applications (1) Leave “Lock aspect ratio” checked. 3
=B FRAP Type “51” for X “Mesh Size”.
-4 Specifications| /
- Protocols Geometry Size (um)  |(22.0, 22 '
S -4 Simulations ¢ l

..... Parameters aM Fum' Mesh Size (dements) LOCk awect ratio

AV i -
VCel DB | BioModels.net | pac_i]| x |51 |

BioModels | MathModels | g' T l
Lo | || Total Size (elements)  |51x 51 = 2601 |

_| Biological Models ,.,,J
-] My BioModels (tanyamillds
-] Shared BioModels (0) :
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BioModel3 | Parameters | Solver tl Click “Solver”. | -
H | |
- Physiology
¥» Reaction Diagran|
- {2 Reactions (0) El ‘ w

) Structures (3)
(@ et

E—]Applicabons (1) Choose solver algorithm and fine-tune time conditions: g

= BZ FRAP
Ay Ceomelny Integrator | Fully-Impiicit Finite Volume, Regular Grid (Variable Time Step) = [z
..... Type “3.0” for the Ending Time Bound. I_I Type “.01” for the Maximum Time Step.
Time Step
- Parameters and meoaJ‘ L Time Bounds r Error Tolerance
AV | _ Minimum ] =

Absolute |LOES |

vCell DB | BioModels.net | parg'j

BioModels | MathModels | Ge‘il
|1+ Search
Biological Models
_] My BioModels {tanyamilld: -=] Output Options
[#-__] Shared BioModels (0) ® Keep Every ‘7 :
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(- __] Public BioModels (519) || — |

@~ Tutorials (5) = . "
R @ Output Interval E secs
[#-__] Education (33) IIQ sl 05 . I

string [0 ]

Default \

Relative 1.0E-7 \

1 Miscellaneous 1‘
| |

I Type “0.05” for the Output Interval. I

< 1] | »

2 = | ok |H&eameer| Click “OK”. In =
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: Solver g Status Results:
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(-] Shared BioModels (0)

(-] Public BioModels (519)
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[#-___] Education (33)
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BioModels |Maﬂ1Modelsl Geomet| Selected BioModel Summary
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- Structures (3)
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i "ﬂ"s"r"’si‘;”°de'5ﬁ"‘(’a)m"k‘fm1) () simulation. You can view the results as soon as there are '
ared BioModels (0 . .
- ) Public BioModels (519) time points saved to the database. |

— W

i __I Tutorials (5) .
[#-__| Education (33)

ONNECTED (tanyamiller 1221 [ 70.7vB / 1EFT R




Frap Tutorial Contents

53 BIOMODEL: FRAPTutorial (Wed Jul 01 16:49:40 EDT 2015) -- VCell 5.3 (build 4) =— = = P )

File View Server Tools Help
E FRAPTutorial - a| 4 Geometry | & Specifications | Protocols| & Smulations

‘l - ¥’ Reaction Diagram Simulations | Qutput Functions | Generated Math

- Reactions (0) ‘ E’ % Ex [3 I Click the results icon.
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£2 simulation results for FRAP

View Data | Export Data | Post Pr

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

“Time”.

EEIE:

-

| Time :
1.2

—T |-11

: 36

-6.16

i 2.9

= -1.76

{0.44

|2.64

. pardl

AV \7.04
VCell DB

r ¢ {11,
BioModh 3 pLL

| [+ Sean| "

1 6iolod All Variables v
-1
-] S| [Dex_init_uM
#- 18
-] 8
+-_18

Data Range (Min-Max)
[Z] Auto (current time)
Max: 6.848905627991789

................

Min:6.4356996097316355

6.4356996097316355
Color
TR s YT

The maximum and minimum values
correspond to the colors shown.
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% BIOMODEL: FRAPTutorial (Wed Jul 01 16:49:40 EDT 2015) -- VCell 5.3 (build 4)
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£2 simulation results for FRAP

==

View Data i‘_Export Data"i Post Processing Stats Data iWPost Processing Image Data |

Time | Slice View |
1.2 -11 -3.96 2.64 11 Data Range (Min-Max)
A -11.0 [¥] Auto (current time)
cA3R Max: 6.848905627991789
Sl 6.848905627991789
-3.96
e Min:6.4356996097316355
L ' 6.4356096097316355
0.44
264 Color
4,24
7.04 . LU ND (NR |
Select the line tool, click on a ) Gray
point within the data and click © BlueRed
alvarisbles | on another point. A line will
form and connect the two
[Dex_init_uM p oints.
| < 3
Info
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View Data | Export Data | Post Procesﬂ;@ FRAP : Spatial Plot :
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Time
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0
2
3
|| 4 variables v
Dex
Dex_init_uM

Slice View

-11.0
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-6.16
-3.96
-1.76
0.4
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7.04
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Info
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5.0 —
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" TM e ‘h | ; °
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1 to close.
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i - Plot Legend:
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