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VCell Tutorial

PH-GFP binding to PIP2 and
IP3

Create a biomodel and 3D spatial (PDE) application to
simulate pleckstrin homology domain (PH-GFP) reporter of
PIP, to IP4 conversion.
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In this tutorial...

* 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

e Create output functions for more complex analysis of
simulation results, e.g. to sum all fluorescent species in
a compartment.
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Object Properties | Problems (0 Errors, 0 Warnings) |

Select only one object (e.q. spedies, reaction, simulation) to view/edit properties.
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7 right your diagram reads “c0”, “m0”, “c1”, “m1” and “c2”.
| Delete | Pathway Links v \ Search \
av :
Object Properties | Problems (0 Errors, 0 Warnings) |
Select only one object (e.q. spedies, reaction, simulation) to view/edit properties.
|
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Click on the label for “c0O”. I

<
‘» Pathway Links » ‘ Search ‘
AV V

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

i

F | |
I Structure Name EC €

Next to Structure Name type “EC”. | |

Size Variable Name {EC [um3] ‘

Extra Cellulaz] IH Next to Annotation type “Extra Cellular”. I

I Annotation

| |EONNECTED (tanyamiller 1221
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‘ | M Click on the label for “m0”.
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Object Properties | Problems (0 Errors, 0 Warnings) |
| |

Next to Structure Name type “PM”
(which stands for Plasma Membrane)

Structure Name |PM|

Electro %)
Voltage Variable Mame |'l.|'nl13ge_PM [mv] |

Positive (inside feature) [ - ]

Megative (outside feature) [

membrane voltage: “oltage_PM" = voltage(inside (+) compartment) - voltage{outside (-) compartment)
inward currents: from compartment “outside (-) compartment” into compartment “inside (+) compartment”

Mofe: Vel reactions and fuves soegfy inwand qurrenis (- fo +) rather $han convensiona currents (+ fo =),
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Click on the label for “c1”.

%% BIOMODEL: BioModel2 (NoVersion) (NoDate) - VCell 5.3 (build 5) R - - [EENEERTS
File View Server Tools Help
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Search \

‘» Pathway Links v |
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Object Properties | Problems (0 Errors, 0 Warnings) |

: | |
Structure Name icytk .I Next to Structure Name type “Cyt”. |

Size Variable Name Cyt [um3]

I Annotation | ¢yt 6501 IH Next to Annotation type “Cytosol”.
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## Reaction Diagram | v R.eacﬁmsl 3] Structuresl () Spedes|
@@l |/| | |&KEKR"‘ & ats BNN . REL - P
e AK o. *at EAL swe AX
Click on the label for “m1”.

|
]
| Delete ] | Pathway Links | Search | |
| . 4

Object Properties | Problems (0 Errors, 0 Warnings) | = 2
! Next to Structure Name type “NM” |

Structure Name |NM| IH I |
I (WhICh stands for Nuclear Membrane). I |
||
Electro %)
L Voltage Variable Mame |'l.|'ul13ge_NM [mv] |
| Positive (inside feature) [ - ]
| || Megative (outside feature) [ v]
i membrane voltage: “oltage_MNM" = voltage(inside (+) compartment) - voltage({outside (-) compartment)
| inward currents: from compartment “outside (-) compartment” into compartment “inside (+) compartment”
i Mpfe: VCal reactions and fuxes snagfy inward currents (- fo +) rathar than convensional aurrants (+ fo =),
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Click on the label for “c2”.
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i ‘ Pathway Links v | Search ‘
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Object Properties | Problems (0 Errors, 0 Warnings) |

' ‘ | IF . - - “ ” |

| [ structwre name nuc  J€ { Next to Structure Name type “Nuc”. | |

| Size Variable Name iNuc [um3] ‘
— I . I X
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%2 BIOMODEL: BioModel2 (NoVersion) (NoDate) - VCell 5.3 (build 5) T O

File View Server Tools Help

4 +3» Reaction Diagram |DReacbons I ) Structures I pSNW|

BJ ©§] Zrl=amt Click the species tool.
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Click any two points within the “PM” membrane to create two species.

[ Delete ] [ Pathway Links v ] Search | ‘
AV
Object Properties | Problems (0 Errors, 0 Warnings) |

Species Name |s1 [
Linked Pathway Object(s)

Annotation
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%2 BIOMODEL: BioModel2 (NoVersion) (NoDate) -- VCell 5.3 (build 5)

File View Server Tools Help
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ick any four points within the “Cyt” membrane to create four species.

l
[—][Ww‘avms— e

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

Species Name fsS

Linked Pathway Object(s)

Annotation
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g BIOMODEL: BioModel2 (NoVelsion_).r (NoDate} -- VCell 5.3 (build 3)
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File View Server Tools Help
#» Reaction Diagram | (7 Reactions | (7 Structures | (2 Species|

9_._ Click the select tool. o B e

[FrPz_em |, :
s Click on “s0Q”.
©

<

[ Delete ] [ Pathway Links ¥ ] Search \
.\ 4
Object Propestes==protiemse-emrarse-vjarnings) | : - o |
, = I&% Next to Species Name type “PIP2_PM". |
ISpeues Name |PIP2_PM j
| |

Linked Pathway Object(s)

Annotation

| DISCONNECTED |

| 51vB [ESEENR
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File View Server |Toolsl Help
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I Species Name | PIP2_PHGFP_PM| H Next to Species Name type “PIP2_PHGFP_PM”.
Linked Pathway OD)
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Annotation

M| DISCONNECTED |
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[ Delete ][ Pathway Links v ]

Search \

LAY
Object WFM“.WW) |

Species Name ;TP3_Cyt

Linked Pa

Annotation

H Next to Species Name type “IP3_Cyt”.
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<

’ [ Delete ] [ Pathway Links v ] Search \

AV

Object WOFM.WW) |

Species Name |1P3_PHGFP_Cyt| Next to Species Name type “IP3_PHGFP_PM”". ! |
Linked Pa '
|
Annotation
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Click on “s4”.

<

[ Delete ] [ Pathway Links v ] Search \

Object PrqQELliesurRiablomeotatimaiianinas) |

H Next to Species Name type “PH_GFP_Cyt”. !

Annotation

|| DISCONNECTED |
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||| Delete | | PathwayLlinks v | Search | |
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Linked l'
Annotation
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File View Server Tools Help

4‘«"-’ Reaction Diagram | () Reactions | (7 Structures | (2 Species |
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[FIPZ_PHGFP_PM

xps.cwps_PHGiBHE@FP_Cvt St

Click , drag and drop each species in membrane “PM” so that
“PIP2_PM” is directly below “PIP2_PHGFP_PM”".

Species Name |PIP2_PHGFP_PM [
Linked Pathway Object(s)

Annotation

fllL__ DISCONNECTED | | 67.2v6 /| EET
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File| View Server Tools Help

,4 #» Reaction Diagram | (= Reactions | {7 Structures | (7 Species|
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Cyt

Stirn

IPS_PHG.FP_Cyt

PH_GFP_Cyt

£

Click, drag and drop each species respectively so that clock-wise
the species in compartment “Cyt” are “IP3_PHGFP_Cyt”, “Stim”,
“IP3_CYT”, “PH_GFP_Cyt”.
Linked Pathway Object(s)

Annotation

M| DISCONNECTED | | 87.6MB / 115.9V=I
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File View Server Tools Help

4 ¥ Reaction Diaa_lrgn L) Reactions | () Structures | (2 Species|

IP3_PHGFP_Cyt

PH_GFP_Cyt
@

Click on “PIP2_PM” and drag your cursor, which will create a line

marked <<REACTANT>>. Drop your cursor on “PIP2_PHGFP_PM” which ‘
| | m1 : . - -
Avoem e | will create a reaction node called “r0”. j

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

Reaction Name ‘\rO

Electrical Properties [/ include molecular flux [7] include electric current (into inside structure "undefined”)
Kinetic Type U;Ia; Acb;[molemles/@j - ‘ [ Convert to [molecules.s-4] ]
] reaction rate 7] (Ki- PIPZ_PM - Kr- PIP2_PHGFP_PM ) molecules.um-2.s-2| 4
i inward current density ¥ 0.0 pA.pm-2 |;='_||
netValence net charge valence li 1.0 1
forward rate conctant aAA o=

WE
-] Annotation and Pathway Links

i[|  DISCONNECTED |
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File View Server Tools Help
4 #» Reaction Diagram | (7 Reactions | {7 Structures | () Species|
' 7 = KA MK 2+ s% ANN *. REL 20
hl M/ |=| BEA I oA AR 5

Click on “PH_GFP_Cyt”. Drag and drop your cursor on “r0”.

Cyt

Sti

IP3_PHGFP_Cyt

\

[ Delete ‘ ‘ Pathway Links = ‘ Search ‘
AV
Object Properties | 4 Problems (0 Errors, 1 Warnings)|

Select only one object (e.q. species, reaction, simulation) to view/edit properties.

M| DISCONNECTED
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% BIOMODEL: BioModel2 (NoVersion) (NoDate] -- VCell 5.3 (build 5)

File View Server Tools Help

4 #» Reaction Diagram | (= Reactions | (7 Structures | (3 Species|

I . RA Wy 2o a% AN 2, REL o0
X M:' |%l BRI Tl R

IP3_PHGFP_Cyt

\H\GR_ Cyt

Click on “IP3_Cyt” and drag your cursor, which will create a line marked
<<REACTANT>>. Drop your cursor on “IP3_PHGFP_PM” which will create
a reaction node called “r1”.

<

[ Delete ] [ Pathway Links v ] Search \ |
AW
Object Properties | problems (0 Errors, 1 Warnings)|
Reaction Name |r1 [
Kinetic Type |Mass Action ﬁ.ﬁisﬁrecommendg for stochastic application) - J [ Convert to [molecules.s-1] ]
Name Description Global Expression Units.
] reaction rate ] ( Kf- 1P3_Cyt - Kr- IP3_PHGFP._Cyt) pM, st -
Kf forward rate constant ] 0.0 s
Kr reverse rate constant 7] 0.0 s-t 2
IP3 Cyt Specdes Concentration {_.vi Variable UM —
IP3 PHGFP Cvt Species Concentration [Z1 Variable uM i
-] Annotation and Pathway Links ]

i[|  DISCONNECTED |
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File| View Server Tools Help

ld #» Reaction Diagram | (= Reactions | {7 Structures | (7 Species|

KA MK 2o % AN 3, REL 20 ?

Contents

| OlefA =] &

N AR

% EBL ooe BX o

<
H “" ” “" ”
(oo | [ Patmeyine~ | | Click on “PH_GFP_Cyt”. Drag and drop your cursor on “r1”. | | '
AW
Object Properties | problems (0 Errors, 2 Warnings) |
Reaction Name |r1 [
Kinetic Type |Mass Action [M/s] (recommended for stochastic application) v [ Convert to [molecules.s-%] ]
] reaction rate ] { i IP3_Cyt- PH_GFP_Cyt - Kr- IP3_PHGFP_Cyt) pM.s-2 -
Kf forward rate constant ] 0.0 s-1,uM-t A
Kr reverse rate constant ] 0.0 s-t 1
IP3_Cyt Spedes Concentration ] Variable uM
IP3 PHGFP Cvt Species Concentration [Z] Variable UM i
]

{# Annotation and Pathway Links

DISCONNECTED

| 85.3v5 [ 13EiC
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g BIOMODEL: BioModel2 (NoVersion) (NoDate) -- VCell 5.3 (build 5) e M e

File' View Server Tools Help

4 #» Reaction Diagram | (= Reactions | (7 Structures | (3 Species|

I . RA Wy 2o a% AN 2, REL o0
X M:' |%l BRI Tl R

IP3_PHGFP_Cyt

| Delete | [ Pathway Links v | Click on any point within the “Cyt” compartment and drag your cursor,
' Ao;dpr - ! which will create a line marked <<REACTANT>>. Drop your cursor on
ec Tropertes |Gmblons (0 “IP3_Cyt” which will create a reaction node called “r2”.

Select only one object (e.a. spedes,lﬂ'mmrea on, simulation) to VIEw/edIt properues,

|| DISCONNECTED |

15/ 131.1MB
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%% BIOMODEL: BioModel2 (NoVersion) (NoDate) - VCell 5.3 (build 5)

File View Server Tools Help

Click on “Stim” and drag your cursor,
which will create a line marked
<<CATALYST>>. Drop your cursor on “r2”.

| Delets \ \ Pathway Links v | Search \

| lax

Object Properties | problems (0 Errors, 1 Warnings) |

Select only one object (e.q. spedies, reaction, simulation) to view/edit properties.
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File View Server Tools Help

>*e ANN 3, REL

*%* EAL eee AX

IP3_PHGFP_Cyt

I Click “r0”.

PIP2_PH

<

[ Delete ] [ Pathway Links v ] Search \

AV

Obzect Properties | problems (0 ﬁ&‘ 1 Warninﬁ)l

ReactionName PIP2 PH  f@€====1 Next to Reaction Name type “PIP2_PH". !

include molecular flux

| lindude electric current (into inside structure "undefined”)

Kinetic Type thla; Acbﬁnwleaﬂes/@j

v | | Convert to [molecules.s-3] |

N Descriptio Global Expressio Units
J reaction rate ] { KE- PIP2_PM- PH_GFP_Cyt - Kr- PIP2_PHGFP_PM) molecules.pm-2.s71) 4
1 inward current density ] 0.0 pA.pm-2 ‘:E_ll
netValence net charge valence ] 1.0 1
KE farnuard rate canctant i an o=1 1 M-2 i
{# Annotation and Pathway Links ]
N  DISCONNECTED | EEE / 1418 |
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File View Server Tools Help

4 #» Reaction Diagram | (= Reactions | (7 Structures | (3 Species|

K ©le|7 =] &

<

KA wy¢
N AR

S o% ANN S REL »o°
e % EAL eee AX oo

Cyt

Skim

IP3_PHGFP_Cyt

[ Delete ][ Pathway Links v ]

Search

Object Properties | Problems (0 Errors, 1 Warnings)l

’ Reaction Name ‘PIP 2_PH

Type “.12” for the forward rate constant expression. Press “Enter” on your keyboard to

finalize. I

\ 1 D ass ACUOI OIS CLIt 1l ‘s)]

¥ COMVET to [molecules.s~3] |

Imalasilac m=2

Press “Enter” on your keyboard to finalize.
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File View Server Tools Help

4‘«"-’ Reaction Diagram | () Reactions | (7 Structures | (2 Species |
. KA MK &+ s% ANN % REL o0
@ ©| .l/l/ |§| @\ S AR S T EAL &% AK ¢

IP3_PHGFP_Cyt

< »
| Delete | | Pathwaylinks v | Search | \
AV
Object Properties | Problems (0 Errors, 2 Warnings) g .
Reaction Name |PIP2_PH | Type in “2” for the expression of “KdPIP2PH”. | [
Blectical ropedics | Ml ivcbads molocidar fhne Press “Enter” on your keyboard to finalize. efined")
Kinetic Type [ﬁa; Mmy@j x| [ Convert to [molecules.s-4] J

|8

user defined

PIP2_PM Spedes Concentration v Variable molecules,pm-2
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[ Delete ][ Pathway Links ¥ ]

Search \

Object Properties | problems (0 Errors, 2 Warnings)| _

I —

D N

Next to Reaction Name type “IP3PH”.

l

v | Convertto [molecules.s-4] |

K Torward rate constant || 0.0 sTipM-t o
Kr reverse rate constant ] 0.0 s-t |
IP3_Cyt Spedies Concentration (2] Variable LM L
IP3_PHGFP_Cyt Speces Concentration Variable UM T
PH_GFP_Cyt Spedes Concentration ] 2 uM =
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IP3_PHGFP_Cyt | IP3PH IP3\ Cyt

< 3

[ Delete ] [ Pathway Links ] Search L ‘
LAY
Object Properties | Problems (0 Errors, 1 Warnings)l

Reaction N . . .
|| saciente | Type “10” for the forward rate constant expression. Press “Enter” on your keyboard to finalize. F
Kinetic T
L LinC, J It
| ! 4
| Name Description Global Expression Units l
I 5 seactonate 1| 7 ~ pM.s-2 A

i ” Kf forward rate constant & 10.0 i s i,uM-t A

[ “ Kr lreverse rate constant I o (KFKdIP3PH)| ! 5'* T I |
P3_Cy gp?omoncentrahon V] Vanabl UM

! Species Concentration [Z1 Variable UM i

H GEP Cyt

+

(Eow Type in “(Kf*KdIP3PH)” for the reverse rate constant expression. Press “Enter” on your keyboard to finalize.
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IP3_PHGFP_Cyt

<

[ Delete ] [ Pathway Links ¥ ] Search \

AV

Object Properties | problems (0 Errors, 1 Warnings) |

Reaction Name éIP3PH

574

Type in “.1” for the expression of ”KdIP3PH” Press “Enter” on your keyboard to finalize. | units

] reaction rate \‘ { Kt f’3 Cyt- PH_GFP_Cwt - Kr+ IP3_PHGFP_Cyt) pM.s-2

| »

Kf forward rate constant ] 10. s-1,uM-t

m

L  inad | >3 F=Y

| KdIP3PH user defined
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IP3_PHGFP_Cyt

<

[ Delete ] [ Pathway Links v ] Search \

AV

Object Properties | problems (0 Errors, 1 Warnings) |

Kinetic Type |General [uM/s]

v | !onvertho[molecules.s‘*] )
i urits

]

reaction rate [F] 0.0

pM.s-2

I Click the drop down menu next to Kinetic Type. Click “General [uM/s]”. I
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¥ Olelrl =] AQKH

N AR .

IP3_PHGFP_Cyt

Yl f nl

Type “Ksynth*Stim” for the reaction rate expression. The reaction is case-sensitive.
Press “Enter” on your keyboard to finalize.

l

-

| Convert to [molecules.s4] |

oy Urits
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IP3_PHGFP_Cyt
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LR
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[ Delete ] [ Pathway Links ¥ ] Search \
AW

Object Properties | Problems (0 Errors, 1 Warnings)|

Reaction i |

wnetid TYPE “1.0” for the expression of “Ksynth”. Press “Enter” on your keyboard to finalize. i,nverm[mdm‘s-,]

J

it

UM g-2

oM
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File View Server Tools Help

PIP2Tutorial2
=l Physiology

) Reactions (3)

- Structures (5)

N

[+ Applications (0)
- Parameters and Functions
[+ Pathway

VCell DB | BioModels.net | Pathway Comm | « | »
BioModels | MathModels | Geometries|

[+ Search .

__| Biological Models < .

ﬁi < Click the right black arrow icon.

% ANN . REL ~°
AR e e ST

IP3_PHGFP_Cyt

E)_] My BioModels (tanyamiller 1221) (7) = ,
fi1-L_| Shared BioModels (1) | Delete | | Pathwaylinksv | Search | |
#)-__) Public BioModels (521) PN 4
-] Tutorials (5) U Object Properties | Problems (0 Errors, 1 Warnings)]
- tion (33
B Eiion (1) Reaction Name |r2 |
Kinetic Type 1;General [uMm/s] vj [ Convert to [molecules.s-4] ]
] reaction rate ] Ksynth - Stim pM,s-2
H er defined [ {)
Stim Spedes Concentration V] Variable pM

lﬂﬂ Annotation and Pathway Links
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- Physiology
2» Reaction Diagram

File View Server Tools Help
PIP2Tutorial2 : ]

| click

“Applications”> “Add New” > “Deterministic”. I

VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometnes]
[+ Search
__| Biological Models
[#-___] My BioModels (tanyamiller 1221) (7)
#)-__] Shared BioModels (1)

-] Public BioModels (521)
&)-(] Tutorials (5)
-] Education (33)

Add New v Delete | ] More Copy Acions v | Search ‘
Deterministic |
_len's (0 Errors, 1 Wamings)l
Stochastic

Select only one object {e.q. spedies, reaction, simulation) to view/edit properties.
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i

Steady State] compartmental deterministic

g BIOMODEL: PIP2Tutorial2 (Fri Jul 10 10:09:58 EDT 2015) -- VCell 5.3 (build 5) v =
el bR s
File View Server Tools Help
| PIP2Tutorial2 — Math Type o

() Species (6)

i+ & Application0

Double click “Application0” under the Name column. Type in “Steady

State”. Press “Enter” on your keyboard to finalize.

----- Parameters and Functions
(- Pathway

VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |

[+ Search
__| Biological Models

[#-___] My BioModels (tanyamiller 1221) (7)
-] Shared BioModels (1)

-] Public BioModels (521)

&)-(] Tutorials (5)

)-_) Education (33)

ts

[ Add New v ][ Delete ][ More Copy Actions v ]

Search

Object Properties | problems (0 Errors, 1 Warnings)|

Application Name [Applicationo

Annotation

Summary &) Deterministic
24 Compartmental
# math not generated
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File View Server Tools Help
| PIP2Tutorial2
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> “Species”.

\ -l e

>

m

|~ Parameter Estimation
- Parameters and Functions e
t.- Pathwaw

VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |
[+ Search
__| Biological Models
#-___] My BioModels (tanyamiller 1221) (7)
#)-__] Shared BioModels (1)

-] Public BioModels (521)
&)-(] Tutorials (5)
-] Education (33)

>

4 %4 Geometry | @ Specifications |

Protocols | #2 Simulations | | Parameter Estimation

¥
Species || Reactions
| p3on Cyt ] 0.1
IP3_PHGFP_Cyt Cyt 0.0
10|
Stim Cyt 0.0
| rr2em PM [ 120000.0
PIPZ_PHGFP_PM PM 0.0

Search

Click “IP3_Cyt” and type in “.1” for its initial condition.

Click “PH_GFP_Cyt” and type in “1.0” for its initial condition.
Click “PIP2_PM” and type in “120,000” for its initial condition.
Press “Enter” after each input to finalize.

AV

Object Properties | problems (0 Errors, 1 Warnings)|

Description

Parameter

Expression

initial concentration for PH_GFP_Cyt|initConc

0.0

uM
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- ¥ Reaction Diagram

=~ Applications (1)
=+ BZ Steady State

a BIOMODEL: PIP2Tutorial2 (Fri Jul 10 10:09:58 EDT 2015) -- VCell 5.3 (build 5)
Sl . : ;

—_—

m

4 Geometry | §° Spedifications| ~ Protocols | #2 Simulations | [ Parameter Estimation|

Events | Rate Rules

Search |

(actd rew hke)

\
.—-l Click “Protocols” > “Events” > “Add New”. I

------ |~ Parameter Estimation
----- Parameters and Functions
t.- Pathwaw

VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |

[+ Search

_| Biological Models
[#-___] My BioModels (tanyamiller 1221) (7)
#)-__] Shared BioModels (1)
-] Public BioModels (521)
&)-(] Tutorials (5)
-] Education (33)

Object Properties | problems (0 Errors, 1 Warnings) |

Select only one object {e.q. spedies, reaction, simulation) to view/edit properties.
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¥ Reaction Diagram Blectrical | Events I%Eml

 © Reactions (3) Search | | [addnen ] [ peeimseec=d |||

- Applications (1) act]
=+ BZ Steady State

- ‘‘‘‘‘ ,ﬁ Simulations

_____ UG Passmctis Estisiation Double click “event0” and type in “Act” (Activation).
..... Ponimetis amd Eanctions ' |l Press “Enter” on your keyboard to finalize.

[+ Pathwaw h
AV

VCell DB | BioModels.net | Pathway Comm | « | »

:" BioModels | MathModels | Geomeines]
. I" Seal'd'l
__| Biological Models

[#-___] My BioModels (tanyamiller 1221) (7)
#)-__] Shared BioModels (1)

_| Public BioModels (521)

-] Tutorials (5) Object Properties | problems (0 Errors, 1 Warnings)|
(-] Education (33)

Trigger 0.0 |
Delay | | seconds || Use Values at Trigger Time
Event Assignments: | AddVariable || Delete Variable |
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PIP2Tutorial2 - d

| 34 Geometry | & Specifications |

- Physiology
- ¥ Reaction Diagram

=/~ Applications (1)
=+ BZ Steady State

m

o __ﬁ Simulations

vl |~ Parameter Estimation
----- Parameters and Functions

t.- Pathwaw
VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |
[+ Search |

~ Protocols | 22 Simulations | |G Parameter Estimation |

Electrical | Events | Rate Rules |

i | AddNew | | DeleteSelected |

_ Biological Models

[#-_] My BioModels (tanyamiller 1221) (
#)-__] Shared BioModels (1)

-] Public BioModels (521)

&)-(] Tutorials (5)

-] Education (33) |

Type in “(t>5)” for the trigger. I

Object Progg ties | problems (0 Errors, 1 Warnings)|
—

Trigger |(t>5) |

| click “Add Variable”. |
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=B Steady State

|

' ----- # Simulations

~ | Parameter Estimation
--Parameters and Functions

L+l Pathwaw
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VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |
[+ Search
__| Biological Models
[#-___] My BioModels (tanyamiller 1221) (7)
-]} Shared BioModels (1)

-] Public BioModels (521)
-] Tutorials (5)
-] Education (33)

3] 8 Geometry [ & specifications |

Protocols l A Simulations | [ Parameter Esﬁmation|

| Blectrical | Events | Rate Rules|

Search 1

| | AddNew | | Delete Selected

| Event Assignment Vars

Add Event Assignment i
IEvent Assignment Variable Name | Stim v
uaqn
I Event Assignment Expression \1 Type 17 for the
event assignment
. ok |} Cancel | expression.
Object Properties | problems (0 Erro 1 Warnings)
Trigger ((t>5) .
= q
) :l Click “OK”. | I

Delay | g | seconds [V] Use Values at Trigger Time
Event Assignments: | AddVariable || Delete Variable |
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’ ¥ Reaction Diagram

= Applications (1)
=+ BZ Steady State

|

- ----- ,ﬁ Simulations
| Parameter Estimation
----- Parameters and Functions

[+ Pathwaw
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AV

VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |

[+ Search

_| Biological Models
[#-_] My BioModels (tanyamiller 1221) (7)
#)-__] Shared BioModels (1)
-] Public BioModels (521)
-] Tutorials (5)
-] Education (33)

Electrical | Events | Rate Rules|

! Click “Add New”.

Object Properties | problems (0 Errors, 1 Warnings)|

Trigger (t>5) |

Delay | | seconds || Use Values at Trigger Time

Event Assignments: | Addvariable || Delete Variable |
Stim 1.0 HM
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E PIP2Tutorial2 & dl 4 Geometry | §° Spedifications| ~ Protocols | #2 Simulations | [ Parameter Estimation|
=1 Physiology
’ ¥ Reaction Diagram Electrical | Events | Rate Rules|
- Reactions (3) Search | i | AddNew | | DeleteSelected |
- Structures (5)
. Species (6) Name Trigger Delay EventAssigmentVas
=~ Applications (1) 3 Act (t=50) None

B steady sote I — 4“
v %% Geometry

g ,ﬁ Simulations

------ £ Parameter Estimation o - o - —
_____ I SRR AL R g Double click “event0” and type in “Inact” (Inactivation).
. Pathwav i Press “Enter” on your keyboard to finalize.

VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries|
rl + Search
__| Biological Models
D ] My BioModels (tanyamiller 1221) (7)
-] Shared BioModels (1)

- ) Public BioModels (521)
-] Tutorials (5) Object Properties | problems (0 Errors, 1 Warnings)|
(-] Education (33)

Trigger 0.0 |
Delay | | seconds || Use Values at Trigger Time
Event Assignments: | AddVariable || Delete Variable |
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=~ Applications (1)
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|

- ----- ,ﬁ Simulations
~ | Parameter Estimation
----- Parameters and Functions

t.- Pathwaw
VCell DB | BioModels.net | Pathway Comm | « | »

BioModels | MathModels | Geometries |
[+ Search
__| Biological Models
¥)-__] My BioModels (tanyamiller 1221) (7)
[#-__] Shared BioModels (1)

Type in “(t>6)” for the trigger. I

Blectrical | Events | Rate Rules|

Search |

|

| AddNew | | DeletesSelected |

None

Act {t=5.0) Stim
| Inact {t=860) None None
(add new here,

ts

- ) Public BioModels (521)
-] Tutorials (5)
+)-__] Education (33)

Object Prdgrties | problems (0 Errors, 1 Warnings)|

Trigger (t>6) i

| Click “Add Variable”. |
|
|

Use Values at Trigger Time

Delay [
Event Assignments:
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| Blectrical | Events | Rate Rules|

Search 1

| | AddNew | | DeletesSelected |

Click the drop down menu next to “Even l
Assignment Variable Name” and click “Stim”.

Stim

(add new here){

]
/

Add Event Assignment

assignment expression.

Leave “0.0” as the event

I Event Assignment Variable Name | Stim

_| Biological Models
[#-___] My BioModels (tanyamiller 1221) (7)
-]} Shared BioModels (1)

-] Public BioModels (521)

-] Tutorials (5)

-] Education (33)

AV
Object Properties | prol

{ Click “OK”.

nings)

Trigger (t>6) |
Delay | | seconds [V] Use Values at Trigger Time
Event Assignments: | AddVariable || Delete Variable |
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@ Species (6) / |
=~ Applications (2)
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----- Parameters and Functions
[+ Pathway

AY

VCell DB | BioModels.net | Pathway C... | «| »

BioModels | MathModels | Geometries|

% Search ]

Biological Models

f#)-___] My BioModels (tanyamiller 1221) (7)
=-__] Shared BioModels (5)

[#-__) ACowan : Tutorial_FRAPbinding
-] ACowan : Tutorial_MultiApp_sims
=) ACowan : Tutorial_PH-GFP

-] astfh234 : new stuff

[ astfh234 : Rule Based
-] Public BioModels (522)
t-__] Tutorials (5)
i#-__| Education (33)

151

® Access[tanyamiller 1221, thomas

Compartment

In the Size column for “Cyt”, “Nuc”, “EC”, “NM” and “PM”
type in “489.794”, “33.389”, “476.817”, “49.8” and

“501.804" respectively.
Press “Enter” on your keyboard to finalize.

/

»

v

Volume and Surface Calculator ==

Structure Size Surface : Volume Volume : Volume
Cyt 489.794 [ pm? ] 0.523183
Nuc 33.389 [ pm? ] 0.06381897
EC 476.817 [ pm3 ]
NM 48.8 [km?] 4315092
PM 501,804 [ pm?] ofasa13667
| |
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-] Shared BioModels (1)
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Simulations | Qutput Functions | Generated Math |

A

Click “Simulations” > new simulation icon. I b = . D IO

Output Option

Solver

Running Status | Results

Object Properties | problems (0 Errors, 1 Warnings) |

Annotation: | :J
Settings: max timestep output rel tol abs tol Sensitivity Analysis
7 1.0s keep every 1sample, at most 1000 1.0E-9 1.0E-9 no
Mesh Refinement: Finest Level Mesh:
Refinement ROI(s): View Level Mesh:
= Parameters wuth values changed from defaults
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- Reactions (3) ] E* qé_'l B |H Click the edit simulation icon. I > m [ ‘o
() Structures (5) v
. (7) Species (6) NM End Time: ‘Running Status
/- Applications (1) WI—WWWﬁ
= ﬁ Steady State
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e Protocols
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------ “|£; Parameter Estimation
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AV
VCell DB | iaModels.net | Pathway Comm | Sabio |
BioModels | MathiModels | Geometries|
[+ Search
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(-] My BioModels (tanyamiller 1221) (7) : : _
-] Shared BioModels (1) Object Properties | problems (0 Errors, 1 Warnings) |
i#)-__] Public BioModels (521) o
-] Tutorials (5) Annotation; | 2]
(-] Education (33) ) max timestep output rel tol abs tol Sensitivity Analysis
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it Simulation s
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i 3 Reaction Diagram

= Applications (1)
= BZ Steady State
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[raamstrd sever J€— ciick “Solver”,

Choose solver algorithm and fine-tune time conditions:

VCell DB | BioModels.net | Pathway

BioModels | MathModels | Geometrie]
#Search — |
Biological Models
-] My BioModels (tanyamiller 122]/
i#)-___] Shared BioModels (1)
&)-__] Public BioModels (521)
-] Tutorials (5)
[#-__| Education (33)

() Output Interval

(7) Output Times

menu next to Integrator.
Click “IDA (Variable
Order, Variable Time
Step, ODE/DAE)”.

~=] General
Time Step
Time Bounds 4‘ Error Tolerance
Mo :
Starting 0.0 .  Absolute |1.0E-9
r Click the drop-down | = p
Ending | 1.0

 Relative |L0ES |

Ll | time samples and at most | 1000 | time samples

=

|

(Comma or space separated numbers, e.g. 0.5, 0.8, 1.2, 1.7)

| ok || cance |

< | m

Finest Level Mesh:
View Level Mesh:
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- e

- Physiology
.. 3# Reaction Diagram

/- Applications (1)
B Steady State

File' View Setver Tools Help £2 Edit: Simulation0 -
PIP2Tutorial2 =

Parameters| Solver |

Type “30.0” for the Ending Time Bound.

------ 4 Geometry a \ , vari ime b vj ?
b ¥ specifications |_ ” -
- Protocols = General Type “0.01” for
B { Simulations | Time Step the Maximum
o Parameter Estimat]} Time Bounds - i
. S _ Miimem | Time Step.
~~~~~ arameters and Functions Starting ’0 0 | L i i
[+~ Pathway Default '
AV ; Ending |30.0 1
VCell DB | gioModels.net | Pathway 4
BioModels | Mathiodels | Geometrielll | - | ocal Sensitivity Analysis

[+ Search

Biological Models

_] My BioModels (tanyamiller 122

[#)-__] Shared BioModels (1)
&)-__] Public BioModels (521)
-] Tutorials (5)

[#-__| Education (33)

= Output Opti
@ Keep Every 10| ' time samples =1 Type “10” for the time samples.

©) OutputInterval | | secs

©) OutputTimes |

(Comma or space separated numbers, e.g. 0.5, 0.8, 1.2, 1.7)

Finest Level Mesh:
View Level Mesh:
| :
oK ewreer Click “OK”. I
< | 1 ™
FONNECTED (tanyamiller 1221} 100.8MB / 143 EZN.




(G L ——— - e iV i | )
%3 BIOMODEL: PIP2Tutorial2 (Mon Jul 13 09:56:40 EDT 2015) - VCell 5.3 (build 5) T T ool (s

File View Server Tools Help
E PIP2Tutorial2 ﬂ| 4, Geometry | &° Specifications |  Protocols| % Smulations | |©: parameter Estimation

= Physiology i lati
... $» Reaction Diagram Simulations | Qutput Functions | Generated Math |

| (Rieen B By B 5 > O

End Time: ‘Output Option Solver ‘Running Sftus Results
- Applications (1) |  Simulation0 |30.0 |keep every 10 samples [DA |completed lyes
- BZ steady State

e g Click “Simulation0” > green play icon. I
e Parameter Estimation
----- Parameters and Functions

[+ Pathway

VCell DB | BioModels.net | Pathway Comm | Sabio

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

-] My BioModels (tanyamiller 1221) (7) _ _
[#)-__] Shared BioModels (1) Object Properties \ Problems (0 Errors, 1 Wamings)l

-] Public BioModels (521) )
(-] Tutorials (5) Amotation; | -

(-] Education (33)

max timestep output rel tol abs tol Sensitivity Analysis

Settings:
0.01s keep every 10 samples, at most 1000 1.0E-9 1.0E-S no

Mesh Refinement: Finest Level Mesh:

Refinement ROI(s): View Level Mesh:
=] Parameters with values changed from defau
Parameter Name | Default | Sean

(8 / 175,608
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- Physiology
- ¥# Reaction Diagram

/- Applications (1)
B Steady State

B it
“|£; Parameter Estimation
~~~~~ Parameters and Functions

[+ Pathway

~1=| Search

Advanced =>

| Search l Show All I

_l My BioModels (tanyamiller 1221) (7)

AV

VCell DB | BioModels.net | Pathway Comm | Sabio

BioModels | MathModels | Geometries |
[+ Search
__| Biological Models
(-] My BioModels (tanyamiller 1221) (7)

[#)-__] Shared BioModels (1)

(-] Public BioModels (521)

(-] Tutorials (5)

(-] Education (33)

-] Public BioModels (521)
(-] Tutorials (5)

-] Education (33)

1 Click a folder to save your model in.

PI\MH‘A tad l ae

Selected BioModel Summary

model.

Under “Please type a new
name:”, type a name for your

CONNECTED (tanyamiller 1221,

Please type a new name:

PIPZTutorial2 |

|Save|

ncel

I Click “Save”. I

J

==

ol Sensitivity Analysis
- no
Finest Level Mesh:
View Level Mesh:




g BIOMODEL: PIP2Tutorial2 (Mon Jul 13 09:56:40 EDT 2015] -- VCell 5.3 (build 5)

- Physiology
i 3 Reaction Diagram

&2~ Applicatlons (1)
& E Steady State
- %% Geometry

t- Pathway

File View Server Teools Help
PIP2Tutorial2 d

| 34 Geometry | & Specifications |  Protocols | & Simulations | |/C: Parameter Estimation |

VCell DB | BioModels.net | Pathway Comm | Sabio

BioModels | MathModels | Geometries |
[+ Search
__] Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-___] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
[#-__| Education (33)

Simulations | Qutput Functions | Generated Math |

lD}%@E&

-Running Status

| Simulation0 | keep every 10 qamples | completed |— s

Click the results icon once

“Simulation0” is completed.

Object Properties | problems (0 Errors, 1 Warnings) |

Annotation: |
Settings: max timestep output rel tol abs tol Sensitivity Analysis
! 0.01s keep every 10 samples, at most 1000 1.0E-9 1.0E-S no
Mesh Refinement: Finest Level Mesh:
Refinement ROI(s): View Level Mesh:
=) Parameters with values changed from defaults
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File' View Setver Tools H —
PIP2Tutorial2 £ simulation results for Simulation0

- Physiology X Axis:
~ ¥ Reaction Diagrat | ¢ | 20000.0
(7)) Reactions (3) = I
ics 2
- Structures (5) Yﬂgx'[;spla o e , |9
... Species (6 yOptions: \ Results
© -PeOeS( ) e ”
E—]Applicatnons &) Reactions -
= BZ Steady State -
iz Geometry —
i & specificationl]’
b Protocols t
B 3 simulations | HLeNC 10000.0 —
| Parameter Eflf| [P3_PHGFP_Cyt
ey . . .
i 3r2 Click on various species to
vCell DB | BioModels.net | Pa ﬂ ﬁ";:g’:—cyt ] view their concentration over
BioModels | Mathiodels | Gedll Kr_PIP2_PH time. Press “ctrl” on your
i Search PH_GFP_Cyt keyboard and click on species
PIP2_PHGFP_PM . :
| Biological Models Sl to compare multiple species |
(-] My BioModels (tanyamfl}| |, ~ 0.0 —
(-] Shared BioModels (1) o at once.
3 UnitFactor_uM_um3_molecules_neg_1

(-] Public BioModels (521)
-] Tutorials (5) 2

[#-__] Education (33) ’
Finest Level Mesh:
View Level Mesh:
-10000.0 T I : I . |
0.0 10.0 20.0 30,0 ' 20
t
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- 3 Reaction Diagram
-7 Reactions (3)
- () Structures (5)

E [opicaton: ()

~~~~~ Parameters and Fu
[+ Pathway

File |View/| Server Tools Help
PIP2Tutorial2 : e

Math Type

Steady State compartmental deterministic

Click “Applications” > “Add New” > “Deterministic”. I

VCell DB [ BioModels.net | Pathway Comm | Sabsol

BioModels | MathModels | Geomeh'les|
[+ Search
_1 Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-___] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
[#-__| Education (33)

=l=te l | More Copy Actions w ] Search ‘

lems (0 Errors, 1 Wamngs)[

Stochastic

Select only one object (e.q. species, reaction, simulation) to view/edit properties.

(I 55V /202,918
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¥» Reaction Diagram
- {2 Reactions (3)

i+ & Application0

- BZ Steady State
~~~~~ Parameters and Functions
[+ Pathway

VCell DB [ BioModels.net | Pathway Comm | Sabsol
BioModels | MathModels | Geometries|

|

File View Server Teools Help
PIP2Tutorial2 :

Math Type

Aviotation

compartmental deterministic

Spaﬁall compartmental deterministic

Double click on “Application0” and type “Spatial”.
Press “Enter” on your keyboard to finalize.

[+ Search
_1 Biological Models

-] My BioModels (tanyamiller 1221) (7)
i#)-___] Shared BioModels (1)

&)-__] Public BioModels (521)

-] Tutorials (5)

[#-__| Education (33)

AV

| AddNeww | | Delete | | More Copy Actions v |

Search |

Object Properties | problems (0 Errors, 1 Warnings) |

Application Name |Applition0

Annotation

Summary | Deterministic
24 Compartmental
# math not generated
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e View Server elp Click “Add Geometry” > “New”.

PIP2Tutorial2 7 Geometry | ﬂf Specifications | Protocols | 22 Simula ’ : .
K f appiny | Geometry Definition I I ‘

Edit Domain.., | ‘ Export... || EditImage i Add Geometry v ||

3# Reaction Diagram
- {2 Reactions (3)
- Structures (5)

|
|

T

Il compartment

| “Spatial” > “Geometry” > “Geometry Definition”. I
U
L [ Front l
'_ﬁ Simulations [ Back |
i ' E_’%e::“:::e’ Etimntion [ Add Subdomain v |
+i B Y e ~7s
~~~~~ Parameters and Functions o I Dokt I
AV
VCell DB | BioModels.net | Pathway Comm | Sabio |

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

-] My BioModels (tanyamiller 1221) (7)
i#)-___] Shared BioModels (1) Object Properties | Problems (0 Errors, 1 Warnings)|
&)-__] Public BioModels (521)

,, ) Tutorials (5) Select only one object (e.q. species, reaction, simulation) to view/edit properties.
[#-__] Education (33)

I O B = = e
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e e

File' View Server Tools Help

PIP2Tutorial2
/- Physiology
- ¥# Reaction Diagram

=~ Applications (2)
| = PZ spatial

- Specifications

----- _ﬁ Simulations
“|£; Parameter Estimation
- B Steady State

----- Parameters and Functions

7 Geometry | & Specifications | Protocols | 2 Simulations | [ Parameter Estimation|

[ Structure Mapping J Geometry Definition |

’ Export... H Edit Image |[ Add Geometry v ]

Domain: 0D, compartmental \ Edit Domain.., |
| . Compartment
@ Choose new ] u
- |

Click “Analytic Equations (3D)”.

AV

BioModels | MathModels | Geometries |

Analytic Equations (1D) !

Analytic Equations (3D)
e IMa0e Daced UMporT o me, 20 or arecory)

Mesh based (import from STL file)

vCell DB [ BioModels.net | Pathway Comm.

New Blank Image Canvas

Constructed Solid Geometry (3D)

[+ Search
__] Biological Models

-] My BioModels (tanyamiller 1221) (7).
i#)-___] Shared BioModels (1)

(-] Public BioModels (521)

(-] Tutorials (5)

(-] Education (33)

‘l@ Click “OK”. |

[ Front ’
j‘ Back |
f} Add Subdomain w |
If |

Delete

i
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= Physiology ["I= — =] 47—
. .. 3* Reaction Diagram M‘S_Q'ucpxreMapptng Geometry Definition L : = - - :
- 7) Reactions (3) \Domain: 3D, size=(10.0,10.0,10.0), origin=(0.0,0.0,0.0) | EditD... | | Export.. || Editimage || Replace Geometry v
-7 Structures (5)
) Species (6) Name Value _
- Applications (2) Il subdomaind | 1.0
=& spatial B
: ! ¥ - | Geometry Add Subdomain ¥
.- {3 Specifications =
' Protocols L
P _¢F Simulations :
@ [Z Steady State | Slice View | Surface View LGeometric Region Details |
.- Parameters and Functions I= = = =
; 0 3 ) 10
+- Pathway } .
N a— - —— i al
VCell DB | BioModels.net | Pathway Comm ] Sabio | '0
: e e e ey 2.
BioModels | Mathiodels | Geometries| | |l 15
I8 Search — Il o
|1 Biological Models ' (__U ?T‘
#-__| My BioModels (tanyamiller 1221) (7) \5'0 \ '_ |
#)-__] Shared BioModels (1) 6.0 \‘
#-__] Public BioModels (521) 7.0
+-__] Tutorials (5) a0
+-__| Education (33) -
100
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.. 7 . Slice [0-100]
maximize you’re the size of Z2[0] =0
your Slice View. I
Nl | Axis: @ XY ()XZ ()YZ
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< I 2
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X VB i I e [ T T
E PIP2Tutorial2 ﬁ 4 Geometry | & Specifications | Protocols | # Simulations |
=l Physiology —_— ~ : =
: : o = | 2 ey ‘
.+ ¥ Reaction Diagram ;§tﬂ'§9@ﬂ?§’?ﬂgﬂ i

- () Reactions (3) 'Domain: 3D, size={10.0,10.0,10.0), origin=(0.0,0.0,0.0) [ EditD... } { Export... H Edit Image J[ Replace Geometry v
(7 Structures (5)

= | B ]

. 7) Species (6) ‘ l Value I .
= Applications (2) ‘ EC] 1.0 =
=& spatial ‘ Bac
L ‘ | Add Subdomain v
.- {3 Specifications =
: Protocols E—
- _¢F Simulations
@ PBZ steady State Slice View | Surface View [ Geometric Region Detailsy
.. Parameters and Functions = = = e -
i Path : :
el o] Double click “subdomain0” and type “EC”. A
AY___ = 1 “ ” - .
VCell DB | giaModels.net | Pathway Comm | Sabio Press “Enter” on your keyboard to finalize.
3 e e *““"‘”“'" ——— 2
BioModels LMiamModg[rs‘JWGeometries\ ‘ 30
| ® Search L Lo
|1 Biological Models ' (__U gﬁl
[#-__| My BioModels {tanyamiller 1221) (7) )S'O \ l__ ’
(-] Shared BioModels (1) 6.0 ‘
[#-__] Public BioModels (521) 7.0
[H-__] Tutorials (5) a0
[#-__| Education (33) -
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Z[0] =0
1
| Axis: @ XY (O)XZ (O)YZ
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File View Server Tools Help

[) PIP2Tutorial2
I Physiology
. .. ¥ Reaction Diagram
(") Reactions (3)
) Structures (5)
“.- (T Species (6)
- Applications (2)
= PZ spatial
BEE ceometry
.- Specifications
: Protocols
P _¢F Simulations
P & Steady State
.-~ Parameters and Functions
i Pathway

|- Search

| BioModels | MathModels | Geometries| |

VCell DB | BioModels.net | Pathway Comm | Sabio

|1 Biological Models
[#-__] My BioModels (tanyamiller 1221) (7)
|-__] Shared BioModels (1)

|-__] Public BioModels (521)

J-__] Tutorials (5)

]-__| Education (33)

F-F-F-F

Yo

4 Geometry | & Specifications |  Protocols ] 2 Simulations |

fﬁsu-ucmre Mapping Geometry Deﬁ:nition

'Domain: 30, size=(1o.0,1o.o,1o.0),origin=(o.o,o.o,o.o)[ EditD... H Export... H Edit Image H Replace Geometry v
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Click “Add Subdomain” > “Analytic”.

Slice View | Surface View | Geometric Region Details|

- = — e

0 3 6 10
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6.0
7.0
8.0
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@ | 4 - | Click the drop-down menu next to
PIP2Tutorial2 4 G tr : : : : | . 5

B sy " o el & spedfications | Protocols | 4P smuatons | «Seect Subdomain Shape” and click

- ¥ Reaction Diagram \.!__SEECHE_M?PP‘_QQ_J Geomeisy Definkion l “Sphere”.
(") Reactions (3) Do e an 001000100\ cwisine(0.0.0.0.0.0 [ [ Edilmage || Repiace Geometry v ]
- (7) Structures (5) ' £2 Define New Subdomain Shape

- @ Species (6) -, — ,

- Applications (2) =

: Select Subdomain Shapl Sphere

| Add Subdomain w

~

elete
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2] & Steady P
-Parameters and Functions
[+ Pathway
im Type 41511 =
VCell DB | BioModels.nd for the bio
BioModels M i
\Mathiod radius. Analytic Expression
I Bt ; : 4.0 (x-5.0)22 + (y-5.0)~2 + (z-5.0)~2 < 5.0°2 |
[___] Biological Models X - Y. : : \ q W
(-] My BioModels (tanyamiller 1221) (7) ' [ Copy Expression J >
[#-__|] Shared BioModels (1) 6.0
[#-__] Public BioModels (521) 7.0
-] Tutorials (5) 2.0 3
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10.0
Slice [0-100]
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“.- (T Species (6)

--- Applications (2)

2 PZ spatial
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.- Specifications
Protocols
P _¢F Simulations
P & Steady State
.-~ Parameters and Functions
+|- Pathway
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[ Search ‘
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|-__] Shared BioModels (1)
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-] Education (33)
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ﬁ 4 Geometry | & Specifications | Protacols | # Simulations |

‘fﬁsu-ucmre Mapping 1 Geometry Deéniﬁon \
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)
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File View |Server| Tools Help
PIP2Tutorial2

=R thsiobqv
.. 3# Reaction Diagram
----- O Reactions (3)

0 Geometry | & Specifications | Protocols | 22 Simulations |

Structure Mapping | @amelDefid Click “Structure Mapping”. I
— | soed to run a simulation.

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

Physiology(structures)

Geometry {(subdomains)

¢ CI|ck the line tool.

I— Cyt_EC_membrane
Cyt_Nuc_membrane

, Click the “EC” physiology. Drag
. BZ Steady State and drop your cursor on the
--Parameters and Fu “EC” geometry.
[+ Pathway i
AV
VCell DB | BioModels.net | Pathway Comm | Sabio
BioModels | MathModels | Geometries |

|1+ Search !
_| Biological Models

-] My BioModels (tanyamiller 1221) (7) Click the “Cyt” physiology.

f :ll 2:;::1 zmg:l:ui 5(21)1) a L)hrag” 2 nf'l' drop yotur cursor on R

ol ; — e eometry.

j;lmc::':tfi;) LA y Ratio o e e
EC EC 1[1] Flux Flux Flux Flux Flux Flux
Cyt Cyt 1[1] Flux Flux Flux Flux Flux Flux
Nuc Unmapped Flux Flux Flux Flux Flux Flux
PM Unmapped Flux Flux Flux Flux Flux Flux
NM Unmapped Flux Flux Flux Flux Flux Flux
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File' View Server Tools Help

[ preaTutorialz 4 4 Geometry | &P Specifications | Protocols | 2 Simulations
= Physiology
2> Reaction Diagram

Structure Mapping | Geometry Definition

li‘ | All structures and subdomains must be mapped to run a simulation.
’ Use line tool or drop down menu in the 'subdomain’ column.

Pﬁyﬁihlogy.'&fructureé)i: l See {subdomains)

42 smulations | Click the “Nuc” physiology. Drag
é..g steady state | and drop your cursor on the . |1 Cvt_Nuc_membrane |

-~ Parameters and Functio] “Nuc” geometry.

[+ Pathway i
AV
vCell DB | BioModels.net | Pathw i

BioModels | Mathvodels | Geomd Click the “PM” physiology. Drag
-5 Search | and drop your cursor on the

|

| Biological Models I “Cyt_EC_membrane” geometry.
H-__] My BioModels (tanyamiller —

(#-__] Shared BioModels (1)
(-] Public BioModels (521)

_l TutJorials (5) . “ ” . = 5

-] Education (33) Structure. s Click the “NM” physiology. | ¥+ Y Y+ z Z+
EC 2o Drag and drop your cursor on [ux  |Fux  [Flux  [Flax Fiux
Cyt Gyt the “Cyt_Nuc_membrane” c: |Fux: e Phoc (P
Nuc Nuc - - qu Flux Flux Flux Flux

geometry.

PM Cyt_ EC_1l qu Flux Flux Flux Flux
NM Cyt_Nuc_membrane (1[1] Flux Flux Flux Flux Flux Flux

=
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- Spedies (6) A dl 4, Geometry | &° Specifications | Protocols| % Simulations | [©; Parameter Estimation |
&~ Applicatlons (2)

Simulations | Output Functions I Generated Math |

Click “Steady State” > “Simulations” > “Simulation0”. I I e I

----- Parameters and Functions
[+ Pathway

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

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

-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)
&)-__] Public BioModels (521)
-] Tutorials (5)
-] Education (33)
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- Species (6)
E—]Appﬁcztions (2)
=B spatial

- |< Parameter Es
----- Parameters and F

_| Biological Models
-] My BioModels (tanyami
¥l-__] Shared BioModels (1)
(-] Public BioModels (521)

-] Tutorials (5)
-] Education (33)
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Y Axis:

-=| Display Options:
Other

Reactions
Spedies

t
IP3_Cyt
IP3_PHGFP_Cyt
J_IP3PH

_PIP2_PH
PH_GFP_Cyt
PIP2_PHGFP_PM
PIP2_PM
Stim
UnitFactor_uM_um3_molecules_neg_1

JPIP2PH
0 14400 -
3,55555556-11 14400 L > m & [ \0
3.6408888E-8 14399.998 ;l tus Results
2.7962026E-5 14398, 188 |i
4,0078904E-4 14374.066
2.9509258E-3 14210.703
1,2147152E-2 13694.176
3,2074478E-2 12524.441
5.6983636E-2 11297.26
8.1892794E-2 10224,504
0.10929287 9188.9046
0.15412935 7753.8929
0.19896584 "
s l Click the spreadsheet icon.
0.28863881 4761.6047
0.35948045 3710.5595
0.44018613 2802.426%
0.5208918 2121,5952
0.60158747 1608.578S
0,68230314 1220.6807
0.78037371 873.34233
0,88037371 620,62075
0.98037371 440.6177S
1,0803737 312.2762
1,1803737 220.71848
1,2803737 155.3928
1,3803737 108.79501

——




4 —
g BIOMODEL: PIP2Tutorial2 {Mon Ju! 13 09:56:40 EDT 2015) -- VCell 5.3 (build 5)

File' View Server Tools Hel

= Applications (2)
=B spatial

%f

- |< Parameter

----- Parameters and F id
[+ Pathway

AV

VCell DB | BioModels.net | Pa

BioModels | MathModels | (
[+ Search L
_ Biological Models
&)-__] My BioModels (tanyamfi}
i#)-___] Shared BioModels (1)
&)-__] Public BioModels (521)
-] Tutorials (5)

[#-__| Education (33)

£2 Results for Simulation Sir

X Axis:

1t

——

Y Axis:

-=| Display Options:
Other
Reactions

| [7] Species

J_PIP2_PH
3r2
x_PM_Cyt
_IP3PH

Stim

UnitFactor_uM_um3_molecules_neg_1

CONNECTED (tanyamiller 1221,

t IP3.Cyt |IP3_PHGF... |PH_GFP_Cyt|PIP2_PHG...| PIP2.PM
0 0.1 0 1 0 120000
3,555555... |0.1 3.555542... |1 5.119999.., (120000
3.640888... [9.999996... [3.640887... |0.99999935 (5.242879... {120000
2.796202.., |9.997204... |2,795650.., |0.99988425 |0,40262785 [119999.6
4,007890... |9.960034.., |3.996561... |0.99834309 |5.7661628 |119994.23
2.8950925,., |9.710957... |2.890425.., |0.98790544 |42.213096 (119957.79
1,214715... [8.882529... [1.117470... [0.95170038 [170.26662 [119829.73
3.207447... |0.07401758 [0.02598242 |0.88009177 |430.77355 |119569.23

98363... [0.0600449 [0.0399551 [0.80150686 (727.10572 |119272.89
8.18
0109202591 Simultaneously hold down on “ctrl” on your
0.154120350 keyboard and click “IP3_Cyt”,
0.198%6584 “|P3_PHGFP_Cyt”, “PH_GFP_Cyt”,
0.2935028 “P|P2_PHGFP_PM”, and “PIP2_PM”.

1 C— -

.35948045 (1.296767... |8.703232.., (0.31085585 |2761.4759 |117238.52
0.44018613 |1.034762... {8.965237... |0.25131838 |3022.5172 |116977.48
0.5208918 (8.609333... |9.139066... |0.20654021 [3219.9117 |116780.09
0.60159747 |7.392310... [9.260768... |0.17271427 |3369.4666 |116630.53
0.68230314 |6.500423... [9.349957... [0.14708709 |3482.9104 |116517.09
0.78037371 [5.694584... |9.430541... |0.12409991 |3584.6411 |116415.36
0.88037371 |5.074678... [2.492532.., [0.10734864 |3658.6247 |116341,38
0.98037371 |4.586986... |9.541301... |9.540189... |3711,1795 |116288.82
1,0803737 |4,188422,.. |9.581157.., |8.687393.., |3748.9635 |[116251.54
1,1803737 |[3.852283... [9.614771... [8.078314... [3774.8562 (116225.14
1,2803737 |3.561494... |9.643850.., |7.643199,.. (3793.4733 |116206.52
1,3803737 |[3.304844... [9.669515... [7.332374... [3806.5566 [116193.44 [ ™
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File View Server Tools Hel

[+ Search
| Biological Models

(#)-__] Shared BioModels (1)

__] Tutorials (5)
(-] Education (33)

_] My BioModels (tanyami

(-] Public BioModels (521)

ez pHore oM
PIP2_PM

UnitFactor_uM_um3_molecules_neg_1

: £ Results for Simulation Simul
44444 @ Species (6)
- Applications (2) X Axis:
= BZ spatial & v
| [ Geometry i\, 0
""" @ Specificationdl| ey Options:
""" Protocols Other
""" 4% Simulations Reactions
= i€ Steady State Spedies
..... ‘ Geometry ‘
{” Specificationd|
----- Protocols
~~--§mparameter | IP3_PHGFP_Cyt
vvvvv Parameters and Functid\
[+ Pathway

[* ONNECTED (tanyamiller 1221

t 1P3_Cyt |IP3_PHGF...|PH_GFP_Cyt|PIP2 PHG...| PIP2_PM
<. /0U3/57 3.460930... |9.965390.., |b.500628... |3827,. 9093 116172, 509
4,8303737 |[3.240506... [9.967594... |6.580968... [3827.3476 |116172.65
4,9803737 [3.034110... [9.969658.., |6.581287... |3827.2383 |116172.76
5 2.995171... |9.970048... |0.06581348 [3827.2177 [116172.78
5 99 9.9 0493 0.0658 S 5. 0 3
5.0000001 200081 .. 9.9/UUM'U'UT PSS U B [ VY S
5.0000656 |3.650713... |9.970049.., |6.58138.., |3827.2176 |116172.78
5.00577 6.057473... |9.971255... 6.580*7... 3827.2114 |116172.79
5.0372429 |3.708399... |0,10015895 6.5379*6... 3827.1033 |116172.%
5.1169743 . .05
=00a02 | Scroll down the spreadsheet and b 71
5.0s43208 | find where t = 5. Simultaneously 7,62
53657575 | hold down on “ctrl” on your D.08
54687575 | keyboard and click the cells for p74
5.5687575 ”|P3_Cyt”, ”|P3_PHGFP_Cyt", B, 29
zjsz:z: “PH_GFP_Cyt", “PIP2_PHGFP_PM", :;j
T and “PIP2_PM” where t = 5. Right s
s.asa7s75 | click “Copy Cell” 7.25
3] 0.8722564 |0.2277436 |1.691728... |3464.2248 |116535.78
6 0.8722564 |[0.2277436 |1,691728.., |3464.2248 |[116535.78
6.0000001 [0.87225638 |0.22774362 |1.691728... |3464.2247 |116535.78
6.0000864 [0.87224365 [0.22775635 |1,691574... |3464.1734 |116535.83
6.0076003 [0.87113997 |0.22886003 |1.678722... [3459.701 |116540.3
6.04269%6 |0.86609908 |0.23390092 |1,631191,., |3438.7618 |116561.24
6.1016697 |0.85794309 |0.24205691 |1.582719... |3403.5789 |116596.42
6.1651719 |0.84544757 |0,25055243 |1,554283... |3365.82 116634.08

m
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H Species | Reactions |
' i )
PH_GFP_Cyt Cyt 0 Copy All
Stim Cyt .0 Paste
Click “Spatial” > : plP2.BM Bl [l 0.0 Paste All
“Specifications”. Click the first “Initial Condition” cell. ~ [P:2 ZJ| Specfy Column Value for Selected Row(s)
Right click “Paste All”. Slampesd ’
| Parameter Estimation Initial Condition L4
----- Parameters and Functions | Well Mixed 4
Eathway Y Diffusion Constant »
VCell DB | BioModels.net | Pathway Comm | Sabio |

BioModels | MathiModels | Geometries |
[+ Search
__| Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
-] Education (33)
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File' View Server Tools Help

° Specfications | protocols | 42 smulations

Spedes | R_eacﬁons|

E—]-Applications (2)
= B spatial

initConc '0.0' -> '2.99517173072

[V] IP3_PHGFP C initConc '0.0" -> '0.09970048282
[Vl PH_GFP Cyt initConc '0.0' -> '0.06581348001
V] P1P2 PM initConc '0.0" -> '116172.782307
[V] PIP2 PHGFP_PM initConc '0.0' -> '3827.21769288

Click “Select All” > “OK”. |

_| Biological Models

t#-__] My BioModels
(-] Shared BioMod:a

(-] Public BioModels
-] Tutorials (5)
(-] Education (33)

Search J

CONNECTED (tanyamiller 1221




£% BIOMODEL: PIP2Tutori ek

. R=NNCN
File View Server Toole H Click “Species” to rearrange the order of the species. |
.. Spedies (6) A I ] & Spedifications | Protocols | 42 Simulations |
& Applimbons @ Species | Adctions
=+ BZ spatial .
?. || ety Structure Clamped : Welﬁud Diffusion Constant
| = 4 Specifications F . 0.0 | l
Protocols PIPZ_PM PM 116172.78230711578 .
# Simulations PIP2_PHGFP_PM  |PM 3827.2176923842136 0.1
= B Steady State PH_GFP_Cyt Cyt 0.06581348001685475 10.0
~~~~~ ; zeometrv = IP3 PHGFP Cyt  |Cyt 0.09970048282702804 10.0
pm" Et:mclsat e IP3_Cyt Cyt 2.9951717307295144... M 10.0
,ﬁ Simulations
| Parameter Estimation
----- Parameters and Functions B I Check off “Clamped” for “Stim”. I
[+ Pathway -

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

BioModels | MathModels | Geometries|
[+ Search
_ Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
[#-__| Education (33)

Search ]

{BCONNECTED (tanyamiller 1221
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o

= Applications (2)
=B spatial

- # Simulations

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

[+ Pathway -

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

BioModels | MathModels | Geometries|
[+ Search
_ Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
-] Education (33)

I Type in “ ((t>5)&&(t<6))” for the Initial Condition of “S

V]
£ : 0.1
PIP2_PHGFP_PM 3827.2176998842186 0.1
PH_GFP_Cyt Cyt ] 0.06581348401685475 10.0
IP3_PHGFP_Cyt  |Cyt 0.09970048382702804 10.0
P3_Cyt St L 12.0051717308205144,, O

tim”. I
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Brecnind
|File View Server Tools Help

- Species (6) A dl -3 Geometry | & Specifications |  Protacols| & Simulations
&~ Appﬁcatlons (2)

Simulations | Qutput Functions | Generated Math |

M= E & ’IID\O
Sim dation1 | every 0,05 sec Fully-Implicit not saved

I Click the add simulation icon. I

—

Click “Simulations”.
arameter tstima

----- Parameters and Functions |

[+ Pathway -

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

BioModels | MathiModels | Geometries |
[+ Search
__| Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
-] Education (33)

CONNECTED (tanyamiller 1221,
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i et
|File View Server Tools Help

. Species (6) 2 dl -3 Geometry | & Specifications |  Protacols| & Simulations
&I Applications (2)

= P& Spatial s"““'a“mi-l-ﬂ-lmiﬁmcﬁom | Generated Math|
ﬁ B ‘Geo"m = |@‘% }..[‘_’-‘]‘o
~~~~~ 4 Specifications
Protocols Results

| Simulation1 | 1.0 every 0,05 sec Fully-Implicit not saved

Click the edit simulation icon.

~ Protocols

- # Simulations

- |££, Parameter Estimation
----- Parameters and Functions |
[+ Pathway -

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

BioModels | MathiModels | Geometries |
[+ Search
__| Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
-] Education (33)

193.6MB / 230,2MB

CONNECTED (tanyamiller 1221,




-
g BIOMODEL: PIP2Tutorial2 {Mon Ju

File' View Server Tools Help

E—]-Applications (2)
= B spatial

----- Protocols

= BZ Steady State

----- ~ Protocols

----- #& Simulations

- |£5 Parameter Estimation
----- Parameters and Functions

[+ Pathway
AV

VCell DB | BioModels.net | Pathway Comm lgl

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

(-] My BioModels (tanyamiller 1221) (7)

[#)-__| Shared BioModels (1)

(-] Public BioModels (521)

[~ __] Tutorials (5)

(-] Education (33)

S Edit: simulation].

_—

|l | @] =

Click “Mesh”. !

Geometry Size (um)

Mesh Size (elements)

i@

' B .

’no—

1(10.0, 10.0, 10.0)

Lock aspect ratio

]

X |3

31

Leave “Lock aspect ratio”
checked off. Type “31” for X.

Total Size (elements)

Spatial Step (um)

1 I 1
z |31 |
| |
I
|

31x31x31=29791

L

Ax

|
|
|
|
|

[ OK ] [Cancel ]
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W

}FIIE View Server Tools Help l

“. ) Species (6)
&I Applications (2)
= € Spatial

Protocols

----- #& Simulations

- |£5 Parameter Estimation
- Parameters and Functions

[+ Pathway
AV

vCell DB | BiaModels.net | Pathway Comm | S|

| Parameters | Mesh| Solver Click “Solver”. I
|

Choose solver algorithm and fine-tune time conditions:

2]

Integrator | Fully-Impliicit Finite Volume, Regular Grid (Variable Time Step)

i'E] General

Time Step
inimum ‘» '

|

Error Tolerance

Absolute |1.06-9 |

efault

LN BEEC>,
—no

Type “20.0” for the Ending Time B

BioModels | MathModels | Geometries |
[+ Search
_| Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)

&)-__] Public BioModels (521)
-] Tutorials (5)
[#-__| Education (33)

ound.

|

Type “0.2” for the Output In

0.2

terval.

|

|

Click “OK”.

CONNECTED (tanyamiller 1221
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= Applications (2)
=B spatial

- Protocols

- # Simulations

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

[+ Pathway

|File View Server Tools Help
d"*‘;e“"etfvlﬁfspedﬁmﬁonsl  Protocols| 2 Simulations |
e =

»~

1

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

BioModels | MathModels | Geometries|

[+ Search

Biological Models
-] My BioModels (tanyamiller 1221) (7)
i#)-__] Shared BioModels (1)
&)-__] Public BioModels (521)
-] Tutorials (5)
-] Education (33)

Delete Function

[ pefined 1n

I Click “Output Functions” > “Add Function”.

CONNECTED (tanyamiller 1221,
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=& % |

|F|le View Server Tools Help

E—]-Applications (2)
= B spatial

----- Protocols

= BZ Steady State

----- ~ Protocols

----- #& Simulations

- |£5 Parameter Estimation
----- Parameters and Functions |

[+ Pathway -
AV

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

BioModels | MathModels | Geometries |
[+ Search
__| Biological Models
(-] My BioModels (tanyamiller 1221) (7)

[#)-__| Shared BioModels (1)

(-] Public BioModels (521)

[~ __] Tutorials (5)

(-] Education (33)

1) Species (6) A ﬂ| 4 Geometry | & Spedifications | Protocols | . Simulations

Simulations | Output Functions | Generated Math |

| pefined in

g Add Output Functic

Function Name }ﬂuorescence

Function Expression IP3_PHGFP_Cyt+PH_GFP_CytI

Type “IP3_PHGFP_Cyt+PH_GFP_Cyt” for the
Function Expression.

I Click “Next >>”. I
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