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VCell Tutorial

FRAP with binding

Create a simple biomodel and spatial (PDE) application to
simulate a photobleaching experiment with both diffusion
and binding.



In this tutorial...

Gain a basic introduction to the Virtual Cell interface
Create a simple biomodel with species and reactions

Create a compartmental (ODE) application of the
model to determine steady state binding conditions.

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

Define initial concentrations that are non-uniform
using Boolean expressions

Created a timed event in a spatial simulation.
View and analyze results of a spatial simulation.
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In the reaction rate row, type “(Vmax2*rfB*Laser*((t>1.0)&&(t<1.5)))” under the Expression column.
Press “Enter” on your keyboard to finalize.
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-] BioModel2
_| delete
=[] FRAP-Binding

-] PHGFP Tutorial
-] PHGFP Tutorial 7.0
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Select only one object (e.g. specdies, reaction, simulation) to view fedit properties.
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----- Parameters, Functions and Units binding reaction.
- Pathway
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“Geometry” > “Structure Mapping”.

4 3

Volurme and Surface Calculator ==

Hael AT
b |

VCell DB | BioModels.netI Pathway Comm I Sabio| Structure Size
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Search
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Tl Tutorials () Select only one object {e.g. spedies, reaction, simulation) to view fedit properties,
.| Education (33)

_| Tutorial VCell 6.0 (Rule-based) (7)
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Press “Enter” on your keyboard to finalize.
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Selected BioModel Summary
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>EE:!-S jies (6) Status Results
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Choose solver algorithm and fine-tune time conditions:
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B iotions enert

------ @ Parameter Estimatio Time Step
----- Parameters, Functions and Unit| L 2ot Minimum |:| Error Tolerance
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Select only one object {e.q. species, reaction, simulation) to view fedit properties.
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Select only one object (e.g. species, reaction, simulation) to view fedit properties.

COMMECTED




, (== ])=]

@ BIOMODEL: FRAP-Binding (Tue Jun 26 15:53:48 EDT 2018) -- VCell 7.0.0 (build 9)
File Server Window Tools Help

ﬁ FRAP-Binding -
= Physiology [l
- %# Reaction Diagram
- Reactions (4)

- ) Structures (3)

4 Geometry | P Specifications | Protocols | #F simulations | [ Parameter Esﬁmaﬁon|

Structure Mapping | Geometry Definition | Kinematics |

Domain: 0D, compartmental Edit Domair. .. | Export. .. | | Edit Image | [ Add Geometry «

-7 Species (6) MName Value
-~ Molecules (0} [l compartment
-7 Observables (D) = .

= Applications (2)

Cho
: - 01 Click “Analytic Equations (2D)". I

e

- 444 - Spatial
N ceometry
- - Front
#® specifications Geometry Type | o |
Protocols Analytic Equations (10 | Back |
: __q{-’ Simulations ) ) Analytic Equations (20) | Add Subdomain - |
i d-f &cpa ra |IrtIE|EI‘“tEatllmtlﬂn Analytc Equations N | Delete |
- : Compartme
dt i ~ Image based (import from file, zip or directory)
% 4
Mesh based (import from STL file)
VCell DB | BMDE I Pathway Comm | Sabin |
Mew Blank Image Canvas
BioMadels | MathiModels I GEWEMES' Constructed Solid Geometry (3D
Search Import from FijifImaagej
Biological Models
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s Front

Back

Add Subdomain *

Delete

Slice View | Surface View | Geometric Region Details

0 3 3 10

Object Properties | Problems {0 Errors, 4 '."-s'arnings_]|

Select only one object {e.q. species, reaction, simulation) to view fedit properties.
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Under “Radius” type “10”.

.Sear\ch
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#-{_7] Public BioModels (539)

: ] Tutorials (&)

: -] Education {33)

Domain: 20, _size=| ID.DIID.Dhorigin={D.D,D.[J‘.l Edit Domain.. .
R—

Click “Circle”.

Click the drop down menu next to “Select Subdomain Shape:”.

Edit Image [ Replace Geometry =

Front
Back

% Define Mew Subdomain Shape

Add Subdomain -

Delete

|5E|Ett Subdomain Shape: Circle
. Center Paint {x,v)
24 | |0,0
Fradiee
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| ¥"2 +y~2 < 10,072
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Muc

[ 8% 1.0
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[

Back |
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Delete ]

Slice View | Surface View | Geometric Region Details
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LYENY

Object Properties | Problems {0 Errors, & '."-.-'arnings}|

Select only one object {e.q. species, reaction, simulation) to view fedit properties.
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I
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I Add Subdomain « I
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| |
|
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A:"I'l--l-l--u--“.- 3 o [P )}
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VCell DB | BMDB | Pathway Comm | “11”
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& Search I oK \ Cancel
: Biological Models T
+_| My BioModels {Zkhan) (5)
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> 2+ Reaction Diagram
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’ ) Spedies (6) Physiology (structures) Geometry {subdomains)
>@ Molecules (0)

- Observables (0)
= Applications (2)

-- dy 2 Compartmental
&1 dig B Spatial

m

r Cyt_Muc_membrane

Use the line tool to drag a line from the
structures to their corresponding
subdomains

- |

VCell DB | BioModeIs.netI Pathway Comm I Sabic|

BioModels | MamModeIsl Geornetries|

Search
] Biological Models
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.| Education (33)
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Object Properties | Problems (0 Errors, 0 Warnings) |

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

VCell OB | BMDE I Pathway Col

BioModels | MathModels | Geg

Search
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[ 1 5hared BioModels {0)
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[ 1 Tutorials (3)
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23| Results for Simulation Simulation ||
View Data
X Axis: t BS B 'E e ’ L @ @ ‘ o
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REE‘C_ﬁ"”S 21.434518 12,808538 3.595731 1.404269 3.595731
Spedes 21.756321 12.808442 3.595779 1.404221 3.595779
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24,974352 12,807944 3.506028 1.403972 3.596028 e
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----- Protocols ] Muc 0.0 0.0
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----- Parameters, Functions and Units
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\_ Biological Models
-] My BioModels (astfh234) (5)
-] Shared BioModels (0)
[ ] Public BioModels (514)
_I Tutarials (5)
_| Education (33)
-] Tutorial veell 6.0 (Rule-based) (7)
Search |
v
Object Properties | Problems (0 Errors, 0 Warnings) |
Description Parameter Expressic Units
initial concentration for r forr initConc 5.0 g -
diffusion constant for r for r diff 0.0 pm2,5-1 =
Boundary Condition X- for r for r BC_Xm <zere fux> pM, pm.5-1
Boundary Condition X+ forr forr  [BC_Xp <zero fux> pM.pm, 5-1
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..... _?-F BS nucleus initConc
""" Parameteg) rfB nucleus initCone
- Pathway -
1 ]

Click “Select All” and then click “OK”. I
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----- " Specifications Spedes Structure | Clamped Initial Condition Wel Mixed  |Diffusion Constant I
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4 [y m |
b

VCell DB |Biol'~"|odels.net| Path... { i v

In the “Laser” row and “Initial Condition” column, type
“((x>-2.0)&&(x<2.0)&&(y>-2.0)&&(y<2.0))". Press “Enter”
Search | on your keyboard to finalize. The Boolean evaluates to “1” when |

x andy are between -2 and +2; everywhere else the Boolean
evaluates to zero. In this way, the bleach reaction that is catalyzed by

BioModels | Maﬂ'ﬂ'«"lodelsl Geornetries|
Search
_| Biological Models
[#-__] My BioModels (tanyamiller 1221) (7
=1 Shared BioModels (4)

Object Properties Pmblﬂﬂ
i |

-] ACowan : Tutorial_FRAPbind - laser only happens in a define region. Ui I
@ Access[WCellSuppart, thom -

-] ACowan : Tutorial_Multispp_ initial concentration for Laser_nudeus|initConc (fme -20) &8 (x=20) &8 (y= -20) && (y=20) ) |UM

-] astfh234 : new stuff diffusion constant for Laser_nudeus |diff ) pm2.s-t

[+ astfh234 : Rule Based
(-1 Public BioModels (521)
-] Tutorials {5)

+-|_] Education (33)
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-3 Mo i
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= Applicatio

=% dy 2 Compartmental

..... Pmtmh

----- _q{(-’ Simulations

----- |ﬁ: Parameter Estimation
& 4y Spatial

m

4

- Pathway

VCell DB | BioModels.netI Pathway Comm I Sabm|

BioModels | MathModels | Geometries |
Search
| Biological Models

-] My BioModels {astth234) (5)

[ ] Shared BioModels {0)

[ ] Public BioModels (514)

[~ ] Tutorials {5)

[ ] Education (33)

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

Speced | Reaction § Network
Name Type Enabled Fast I
RAM binding Reaction
RAN_FITC binding Reaction
bleaching 1 Reaction
bleaching 2 Reaction

Click on all boxes in the Enabled column so that they
are checked off if they are not already.

Search |

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

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

s_""m.r
- Molecules (0) g d| =4, Geometry | £ specifications | Prutocolsl 2 simulations I
"::!- Observables (0} Simulations | Output Functions I Generated Maﬂ'1| A

E'II -Applications (2)

£ dfg s Compartmental | E %Hifl@ P = . @ |°

""" 4, Geometry B Output Opte Running Status
""" @ Spec'ﬁc':m“s Simulation . 1.0 keep every 1 mpIE Funge-utta-Fehlberg not saved
..... Pmtm
----- # Simulations Click “Simulations” > edit simulation icon.
----- |ﬁ: Parameter Estimation
- iy Spatial =
----- 4 Geometry p -
..... £ Specifications @ Error |i|
----- Protocols
""" ..‘?19 @ Application geometry does not match Simulation geometry
----- Parameters, Functions and Units B Update Math before editing
- Pathway -
AV
VCell DB | BioModels.netI Pathway Comm I Sabio|
BioModels | MathModels | Geometries |
Search L !
\_ Biological Models
-] My BioModels (astfh234) (5) [
(#-L_] Shared BioModels (0) Click “OK” to acknowledge the error.
[#-{__] Public BioModels (514) h . in thi =y h hf h efial
_| Tutarials (5) The error arises in this tutorial because the math for the origina
-] Education (33) compartmental application will be different from the spatial
-] Tutorial VCell 6.0 (Rule-based) (7) geometry. In the next slide we will refresh the math to fix the
error.

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

Annotation: | i

max timestep output rel tol | abs tol | Sensitivity Analysis
0.1s keep every 1sample, at most 1000 | 1.0E-9 | 1.0E-9 no

Settings:

=] Parameters with values changed from defaults 1

L Parameter Name | Default | News Valse FExnression | Sean |
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T SpeCEs (0]
T Molecules (0)

f:!- Observables (0)

& Applications (2)

=% dy 2 Compartmental

----- Protocols
----- _q{(-’ Simulations
----- |ﬁ: Parameter Estimation

m

d| =4, Geometry | £ specifications

Protocols __ﬁc-’ Simulations

| Simulaﬁonsl Output Funcﬁonl| Generated Math

hoose View: @ Math Equations -:_j-ﬁam Description Language

|| Refresh Math ||| create Math Model

;_l math description
_| constants
-] functions

L] volume domains
-] membrane domains

To fix the error message, click

“Generated Math” > “Refresh Math”.

VCell DB BjoMé
BioModels Maﬁ

..... i GE{)I'I'IEtI‘\"
..... # e
..... = =
..... _ﬁ‘.’ )
----- Parameters ,li Issues encountered during Math Generation:
[+ Pathway Units warning : expected=[uM], observed=[1] for exp = ((x > - 5.0) && (x < 5.0) && (y > - 5.0) && (y < 5.0))

= Search —|
| Biological Mog
£-{__| My BioMg

;l Shared Bitwmomers o7

#l-_] Public BioModels (514)

e[ ] Tutorials (5)

#l-_] Education (33)

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

| Click “OK”. |

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

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

MECTED (Zkhan)
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Lo JpeCics (0]
T Molecules (0)

'E:} Observables (0)

E'II Applicahnns (2)

=% dy 2 Compartmental

..... Pmtmh

----- _q{(-’ Simulations

----- |ﬁ: Parameter Estimation
& 4y Spatial

----- Protocols

----- P cimsition|

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

m

4

W

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

BioModels | MathModels | Geometries |

[ Search

Biological Models
-] My BioModels (astfh234) (5)
-] Shared BioModels (0)
[#-_] Public BioModels (514)
-] Tutorials (5)
_| Education (33)

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

ﬂ| 2k Geometry | & Spedfications | Protocols | A& Simulations

Simulations | Quiput Functions | Generated Math |

Ié%lifl@

> -l@lo

ﬁ_lm_lt Nptic

every 0.05 ec

Simulatio 11

Go back to simulations, select
Simulationl and click the edit
simulation icon.

Running Status

FuIIy-Imphclt not saved

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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T SpcCics (0] puP = — 1 -
>f:!- Molecules (0) £2 Edit: Simulation1 |i|
... Observables {0) T 0
- APPI'IGﬂﬁDIE (2) -Paralnete : I- e L= C"Ck ”M eSh”.
E} dy 2 Compartmental | I ! > = . IE | o

..... . Geometry 1 —1=| Mesh Size Results

----- & spmcteaons o
..... Pmtmh

----- 7 simulations

----- |ﬁ: Parameter Estimation
& da.»E Spatial

..... i Geometry
----- " Specifications
----- Protocols
P m:‘f nd Units Geometry Size (um) |{22.U, 22.0) .
----- ara ers, Functions a n | . o @ 1D A an g
- Pathway Mesh Size (elements) | [7] Lock aspect ratio Click “Lock aspect ratio” if it is not
A"" | | Tona o 51 < checked off already. Type in “51”
VCell DB | BioModels.net | Pathway C Sabi .
B Ul L | next to Mesh Size for x.
BioModels | MathMadels | Geometries | 4 B
Search Total Size (elements)  |51x 51=2501 |
| Biological Models .
-] My BioModels {astth234) (5) Spatial Step (um) A |U'44 |

[ ] Shared BioModels {0) Ly |U.4-4 |
[ ] Public BioModels (514)

[~ ] Tutorials {5)

[ ] Education (33)

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

-

| ok || cancel |

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

=1 Paramatars with valnes channad fenm dafanlts

| 325MB / 515l
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E'II Applicahnns (2)
=% dy 2 Compartmental

..... Pmtmh

----- _q{(-’ Simulations

----- |ﬁ: Parameter Estimation
& 4y Spatial

—ml - Pr - e ———— -
- Molecules (0) £2 Edit: Simulation1 | 2|
- Observables (0) [—— | f

| Parameters | Meshl Solver Click “Solver”. I

Choose solver algorithm and fine-tune time conditions:

N W

e )

""" 4, Geometry Integrator  Fully-Implicit Finite Volume, Regular Grid (Variable Time Step) v | 2
----- " Specifications
..... Protocols —= General
----- 2 imitions
----- Parameters, Functions and Units Time Bounds Error Tolerance
Minimum
E‘f athway Starting 0.0
Default “« ”
VCell DB | BioModels.netI Pathway Comm I Sabio| = |5|:”:I S1aif Type 50.0 next to Endlng,
BioModels | MathModels | Geometries | ximum |0.1 I under Time Bounds.
Search . )
| Biological Models Linloe ol caies I

-] My BioModels (astfh234) (5)
-] Shared BioModels (0)

[#-_] Public BioModels (514)

-] Tutorials (5)

-] Education (33)

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

—=] Output Options

() Keep Every

I:I time samples and at most I:I time samples

@ Output Interval secs |<—I Type “0.5” next to Output |

nterval. I

Miscellaneous 1

—

-

Click “OK”.

Mesh: 101x101 = 10201 elements

"
Geometry size: (22.0,22.0) microns

MECTED (Zkhan)

I =1 Paramatars with valnes channad fenm dafanlts

| 329MB / 515l R



% BIOMODEL: delete (Thu Jun 28 15:27:53 EDT 2018) -- VCell 7.0.0 {build 9)

File Server Window Tools Help

Lo JpeCics (0]
T Molecules (0)

'E:} Observables (0)

E'II Applicahnns (2)

=% dy 2 Compartmental

..... Pmtmh

----- _q{(-’ Simulations

----- |ﬁ: Parameter Estimation
& 4y Spatial

----- Protocols

----- P cimsition|

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

m

4

W

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

BioModels | MathModels | Geometries |

[ Search

Biological Models
-] My BioModels (astfh234) (5)
-] Shared BioModels (0)
[#-_] Public BioModels (514)
-] Tutorials (5)
_| Education (33)

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

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

Simulations | Output chtionsl Generated Maﬂ'1| . 2
ELY 3¢ 3CIL TRIC
End Time Output Option Runmning Status

Simulation1 50.0 every 0.5 sec Fully-Implicit not saved

I Click the green play icon to run and save the simulation. I

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

Annotation: | i

-

abs tol
1.0E-9

output rel tal
1.0E-7

max timestep

Settings:

0.1s every 0,5 sec

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

=1 Paramatars with valnes channad fenm dafanlts

IEEEICIEE +5 |
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o R B ——
& Physiology ; | 4, Geometry | i® Specifications | Pmtoco&s| 2 simulations
-+ %/ Reaction Diagram Simulations | Qutput Functions | Generated Math |
- Reactions (4) :
:>----5'.E:}Stmcturﬁ[3} |@ % @ @ .I@E |°
© Species (6) End Time Output Option Running Status
g ::;Zcr::g}m} Simulation 1 50.0 every 0.5 sec Fully-Implicit completed yes

EI---.ﬂfppIicaﬁuns (2)
‘ "'fdg Compartmental
& 448 Spatial

m

I Click the results icon when the simulation is completed. I

Protocols

------ B Simuictions|

----- Parameters, Functions and Units

=

%

-
4

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

BioModels | MathModels | Geometries |
Search
| Biological Models

-] My BioModels {astth234) (5)

[ ] 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 0,5sec | 1.0E-7 | 1.0E-9
Mesh: 51x51 = 2601 elements Geometry size: (22.0,22.0) microns

=1 Paramatars with valnes channad fenm dafanlts

| 3258 /5 1SEICI

COMMECTED
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File Server Window Topl—td=la -
[ FRAP-Binding |£| Results for Simulation Simulationl (o=@ | =
- Physiology I =
! 3—: Reaction Diad [ yiew Data | Export Data | Post Processngd 10 Change the time frame being
Reacti 4 H H “uTs ”
© Reactions (4) — sice view | | Viewed, type in a value under “Time mE (| Q
&> Structures (3 or hold down and drag the slider
) Species (6) 10.0 — 8 Data Range (Min-Ma) Resuilts
- © Molecales (0) - " under “Time”. 7] Auto range
'-':"'_‘ Observables Za.24 ] )
= Applications (2) / i@ attime () all times
LA |__._} -7 .48
[t g = Compartms Max:0.45158401927633794
: 5 E.72
& d:"d*E Spatial 0.43153401927538794
-k Geometry 3,36
. & Specificat Min: 0.481532402685458
----- Protocols e 0.431582402688453
------ P Simuaio o
----- Parameters, Functio 1,32 =L
AM ND | MR
av 308 Ed
VCell DB | BMDE | Pathway = @ Gray
4,84 E
BioModels | MathModels | 4l variables oy :
# Search - The minimum and maximum
" | Biological Models ) 838
— 1_bleaching_1
) My Bl (20 | e values correspond to the colors
[#-{_] Shared BioModels ( 1 RAN I:uindi_ng 1.0
_| Public BioMadels (& J_RAN_FITC
_| Tutorials (3) Laser it
-] Education (33) Laser_init_uM =
r Click here to view different
k species concentrations T
rfg
gobj_Mucl Cytd_size
vobj_Cyt0_size Scan
vobj_Mucl_size
L
Info
[=COMECTED (rar) ] I 55 270
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[f:l FRAP-Binding
- Physiology

| £ Results for Simulation Simulationl

I i i ) - -
- #" Reaction Diad | yiew Data | Export Data | Post Processing Stats Data | Post Processing Image Data

RN (ECH =X5

- () Reactions (4]

D@i“’

VCell DB | BMDB | Pathway 47
BioMadels MamMDdEIsl Al Variables = [ le.s

+ Search -

‘: Bju:ulngical Models 1 bleaching_1 2.36
+—| My BioModels (Zkh3 J_I:uleaching_z LG
+_| Shared BioModels (] J_R.E'.N I:uinu:li_ng d
+_| Public BioModels (& J_RAN_FITC

+_| Tutorials (&) L;ser -

+-__| Education (33)

Laser_init_uM
v

rE
rfE
sobj_Mucl_Cyt0_size
vobj_Cytl_size
vobi_Mucl_size

[— Slice View
& ) Structures (3| Time |
- [T Species (6) 10.0 -11 -6.16 -1.76 264 11 __Data Range (Min-Man)
.E—I :IIIIIIIIIIII'IIIIIIIIII'IIIIIIIIII'IIIIIIIIIIIIIIIIIII
7 Molecules (0} 5 110 2 e < Auto range
[T} Observables 924 2
S . @ at time all times
= Applications (2} as = = -
it dfgy © Compartmg > : Max:0.48158401927635794
Sod i -B.72 2
Ef,uE Spatial 3 0.48158401927638794
- n GEGmEtW -3.96 'E
... 8P Specificat L Min: 0.451582402555455
e Protocols ' .
------ A BT i
----- Parameters, Functiol 1.32 -E
W 308 'g

") BlueRed

Results |

Click on either “Gray” or

gradient.

“BlueRed” to change the color

Info

Scan

[ ConEcTED Cidan) |
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E FRAP-Binding | £ Results for Simulation Simulationl = [ 2 |
- Physiology =
Lot i i :
;_: Reaction Diag | view Data | Export Data | Post Processing Stats Data | Post Processing Image Data
! Reactions (4 . @ 1 |
L " .
Slice View il | P
2 Structures (3 = ICE View |
) species (6) 10.0 -11 616 254 11 Data Range (Min-Max) Results
: 2 Molecules (0] . -11.0 Auto range
“ 73 Observables 9,24 ] . ) .
- Applications (2) e @ attime () all imes
fit /4y Compartms Lo Max:0.48158401927535794
- i -E.72
= Yuf spatial 0.48158401927638794
b -3.96
Min: 0.481582402683458
2.2
0.4315324026588458
-0,44
----- Parameters, Functiol 137 Color
AV 208 EXl ~+ (nn IR
VCell DB | BMDE | Pathway 4 ) Gray
4,84 3
BioModels | MathMaodels | @ BlueRed

Search

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

and click on another point. A
line will form and connect the
two points.

sobj_Mucl Cyt0_size
wobj_Cyt0_size
vobj_Mucl_size

Click on a point within the data

Click “Plot” > “Spatial” to create a graph of the two

points.

LI |

Info

[ Pot~ |

[=COoMECTED Cran) ]
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File Server Window Topl=llels .
E:I| FRAP-Binding | £: Results for Simulation Simulationl = [ [E] |t
- Physiology =
o ;_: Reaction Diag | yiew Data | Export Data | Post Processing Stats Data | Post Processing Image Data
- Reactions (4) — m |
>ﬂ Structures (3} Time Slice View | @ @ u
- () Species (6) 10.0 -11 -6.16 -1.76 264 11 Data Range (Min-Max) Results
2 Molecules (0] . -11.0 Auto range
(T3 Observables “az4 ) _ ) _
= Applications (2) e i@ attme () all imes
fit- 44 = Compartms L Max:0.43153401927633794
Sod i 572
= 4 Spatial 0.48158401927638794
- l Geom Etw -3.95
@ Specificat s Min: 0.481582402685458
. ..... Protocols ' (1,43 1582402635458
. -0.44 .
£y simulation Click the dot tool.
----- Parameters, Functiof 1,37
- AM NN g egs i
o . s EX [ ND LINR |
VCell DB | BMDB | Pathwa
b 4,54 ) Gray
BioModels | MathModels | [ All Variables - ce (@) BlusRed
Search .BS i
N Ealani 8.36
_| Biological Madels 1 bleaching_1
- My BioModels (Zkhd || ne— _—
[H-_ ] Shared BioMadels (i J_blead-ll!-lg._z 1.0 - c Ag
i 1_RAN_binding Click on a point within the data
_| Public BioModels (& 1 RAN FITC
E-L] Tutorials (8) mcer and click on another point. -
L) Education (33) Laser_init_uM -
.
rE
rfg Click “Plot” > “Time”.
gobj_Mucl_Cytd_size
vobj_Cytl_size Scan
vobj_Mucl_size
Info
= B
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| £| Results for Simulation Simulationl = || E=fES

FRAP-Binding

| view Data | Export Data | Post Processing Stats Data |, Post Processing Image Data)

|2 Time Plot (Volume) [FRAP-Binding:Spatiall:[Simulationl]:ps=0 o[BS | w

Time Plot
] Selected Points

Q.0 — Plot Legend:
E-Apply  [P[O] (3.96,0.0) ~

__ df [P[1] (0.0,0.0) ]

. . re at P[0] ]
= 44 M o -
L | rBatP[1] {1

Sl wilsy rfat P[] []
1K ’ l rfatP[1] ]
- 6.0 —
..... Parar Y Axis
i ]
"% S ES -
ViCell DB 1_bleaching_1 =0
- 1_bleaching_2 -
BioModel |2 aN_binding 4.0 -
[5ean |3 RAN_FITC i
Laser . Press “ctrl” on your keyboard and click on multiple

Laser_init_uM

r /
2.0 —

species to compare concentrations over time.

wobj_Cyt0_size 1.0 —
vobj_Nucl_size - - R R
-| 0.0 T T T T T T T T T |
1 k 0.0 10.0 20,0 30.0 40.0 S0.0
t
Info
Potv || ROl |
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