VCell Tutorial
Building a Rule-Based Model

We will demonstrate how to create a rule-based model of EGFR
receptor interaction with two adapter proteins Grb2 and Shc. A
Receptor-monomer reversibly binds a ligand at the extracellular
domain, triggering dimerization through transmembrane domains.
The receptor kinase transphosphorylates two receptor
phosphotyrosines that independently recruit two adapter proteins,
Grb2 and Shc. Shc itself is subject to transhphosporylation, where
the phosphorylated form has a lower affinity to a receptor
phosphotyrosine.

The model is available in VCell Database (left bottom panel) ->
BioModels -> Tutorial VCell 6.0 (Rule-based) -> RB_egfr _tutorial



In this tutorial you will learn how to:

» Create a rule-based Physiology with Molecules, Species, Rules and Observables.

» Simulate a model using Deterministic application that expands rules into a reaction
network using the BioNetGen engine.

» Simulate a model using Stochastic application that simulates the reaction network
generated by BioNetGen.

» Simulate a model using Network-Free application that skips network generation and
directly computes Observables using NFSim engine.

General familiarity with VCell software is recommended. Although this tutorial can be
followed by a VCell novice, it is recommended that novice users first look through the
VCell tutorials available at http://vcell.org/vcell software/user guide.html .

Model building can be matched to the BioModel RB_egfr tutorial in the Tutorial VCell 6.0
(Rule-based) folder in the VCell Database.


http://vcell.org/vcell_software/user_guide.html
http://vcell.org/vcell_software/user_guide.html
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Rule-Based Tutorial VCell 6.0: Start VCell Contents

Opening VCell for the First Time

r% Virtual Cell login - |

User Mame |

Password

i | Login | | Cancel |

Forgot Login Password...

You need to register as a
NE‘IN UEEI‘ Registratiﬂn... \ neW user |f you Want to run
| Use this link for details on how to simulations on VCell
acknowledge Virtual Cell in your compute resources, or use

publication and how to share your the VCell database to view

' published research through the and store models that can be
VCell database. shared with collaborators.




Rule-Based Tutorial VCell 6.0: Molecules Contents

1. To create a new VCell model, click File > New > BioModel

2. To start creating Molecules, click on Molecules

I7230DEL: BioModel10 (NoVersion) (NoDate) — VCell 6.0 (build 7)

File | View Server Window Tools Help

. Y

:» Reaction Diagram | (= Reactions| 72 Structures| = Species| ©} Molecules | |
#» Reaction Diagram HETE
2 Reactions (0)
) Structures (1) (Bdd new here)
T Spedies (0)

L] Molecules (1)

) Observables (1)

----- Applications (0)

3. To create a new Molecule, click here
----- Parameters, Functions and Units
- Pathway

Observables |

Depiction BioNetGen Definition

. 4

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

4. Right click on the molecule shape to call up a menu. The
BioModels | MathModels| Geometries| /

shape will become white.
# Search
|_1Biological Models

-] My BioModels (mblinov) (240) News Molecule Dele
+-_| Shared BioModels (245) /

1 Public BioModels (529) P@ems (0 Errors, 0 Warnings) | ) Database File Infol

Pathway Links « |

Search I

N

=
Object Properties |

L1 Tutorials (7)
-] Education (34) !

E-_1 Tutorial vCell 6.0 (Rule-based) (3) (Fv?
E‘_I BioNetGen : egfr_full

B
0 Gen | Y- name 5. Select Rename and change the name to “EGF”, press Enter
. £ Public Fri Jan 22 14:52:16 EST 2016
--_I BioNetGen : Mix_Reacltior{s_RuIes Add Site

-] BioNetGen : RB_EnzymeKinetics_MultipleApp \
N\

- Annotation N\

N\
\\ 6. Right click on the molecule shape to call up a menu

7. Select Add site and create a new site.
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TIP: If something goes wrong, press ESC on the keyboard.

= BIOMODEL: BioModel10 (NoVersion) (NoDate) -- VCell 6.0 (build 7)

File View Server Window Tools Help

!
[ BioModel10

& Physiology = : _
| #* Reaction Diagram Name Depiction BioMetGen Definition

----- 2 Reactions (0)

:!» Reaction Diagram | T Reactions| (2 Structures| (2 Species| = Molecules | ™ observables

- © Structures (1) (add new herg)
- Spedies (0)

B ioiccues (1)|
- Observables (1)

- Applications (0)

- Parameters, Functions and Units
- Pathway

. 1. Right click on the site shape to call up a menu.

VCell DB BioModels.net| Pathuay Comm | <=0 | The site shape will become white.
BioModels I MathModels| Geometries|

Search ]
|1 Biological Models
_| My BioModels (mblinov) (240) New Molecule | Delete | Aw.fay Links = | Search |
=1 Shared BioModels (245) aAY /
&1 Public BioModels (524) Object Properties| Problems)(Errors, 0 Warnings) | ) Database File Info |
B Tutorials (7)
-1 Education (34) M ‘
=1 Tutorial VCell 6.0 (Rule-based) (3) CGF A
=1 BioNetGen : egfr_full Site0 IR
- €9 Public Fri Jan 22 14:52:16 EST 2016 = Move right / 2. Select Rename and change the name to “Site”, press Enter
-1 BioNetGen : Mix_Reactions_Rules
& BioNetGen : RB_EnzymeKinetics_MultipleApp 5 Moveleft
—_— Rename
© Annotation — Delete
Add State




Rule-Based Tutorial VCell 6.0:

Molecules

Contents

TIP: A Molecule name can always be changed by double clicking in Name field, editing, and pressing ENTER. It does
not matter if the molecule is already used elsewhere — the change will be propagated everywhere in the model.

= BIOMODEL: BioModel10 (NoVersion) (NoDate) — VCell 6.0 (build 7)

File View Server Window Tools Help

2 Reactions (0)
2 Structures (1)
© species (0)
B viokccuies (2)
- Observables (2)
- Applications (0)
- Parameters, Functions and Units
#-Pathway

.

(add new here) <

b BioModel10 : #!» Reaction Diagram | (= Reactions| (2 Structures| (2 Species| T} Molecules| I oObservables|
B- thf:ogx;t son Dingranm Name Depiction BioMetGen Definition
EGF > EGF(Site0)

EGFR “aeee EGFR(ecd,tmd,¥1,Y2)

VCell DB| BioModels.net | Pathway Comm | Sabio |
EiOMOdE|S| MathModels| Geometries|

# Search

1. Create a new Molecule by clicking either on the button
below or left double click on (add new here)

2. Rename the Molecule to “EGFR” either by right click
on the shape below or by entering it in the table.

3. Right click on the shape to call up a menu, add four sites.

|_1Biological Models

-] My BioModels (mblinov) (242)

#-__1 Shared BioModels (245)

-] Public BioModels (529)

- Tutorials (7)

-] Education (34)

=L Tutorial VCell 6.0 (Rule-based) (3)
=1 BioNetGen : egfr_full
. 0 Public Fri Jan 22 14:52:16 EST 2016
-1 BioNetGen : Mix_Reactions_Rules
-] BioNetGen : RB_EnzymeKinetics_MultipleApp

MNew Molecule |

F %

Delete Pathvray Links = |

i

Object PFOPEFti% Froblegfis (0 Errors, 0 Warning

4. Right click on the shape site, select Rename and
change the names to “ecd”, “tmd”, “Y1”, “Y2”; Enter
to save.

-5 Move right
== Move left
Rename

Delete

Add State

5. Right click on the shape, select Add state (twice)
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TIP: Sites can always be moved right and left among the Molecule length and renamed, states can always be renamed.
To delete a state, you must first eliminate all places where this site is used, e.g. in reaction rules that change the site.

% BIOMODEL: BioModel10 (NoVersion) (NoDate) — VCell 6.0 (build 7)

Fle View Server Window Tools Help

E BioModel10

= P'f_vf:og;‘;tm Diagram Name Depiction BioNetGen Definition

- Reactions (0) EGF 5 EGF(Site0)

. structures (1) [ R | =sewe [EGFR(ecdtmd,Y1~state0~statel,Y2~statel~statel)

- Spedies (I]] (add new here)

= Molecules (2)|

.- Observables (2)
Appﬁc:atlons (0)

- Parameters, Functions and Units
#-Pathway

b 4

:!» Reaction Diagram | T2 Reactions| () Structures| ) Species| . Molecules | (™ Observables |

1. Right click on the site shape to call up a menu.

2. Select Rename and change states “statel” and

s | “state0” to “u” and “p”, respectively. Press Enter to
VCell DB| BioModels.net| Pathway Comm | Szbic | save

BioMode-Isl MathModels| Geometries| :
Search

|| Biological Models :
&1 My BioModels (mblinov) (242} New Molecule | Delete | Pathvay Linkg = Search
-] Shared BioModels (245) av

—| Public BioModels (529) Object Properties| Problems (0 Errors, 0 Warn'fgs} | /> Database File Info
-__] Tutarials (7) J

-] Education (34) h
=3 _I{Iz)lollet(;en egfr_full : statel  Rename [
L Public Fri Jan 22 14:52:16 EST 2016
l __] BioNetGen : Mix_Reactions_Rules m Delete

= {1 Tuterial VCell 6.0 (Rule-based) (3)
+-__| BioNetGen : RB_EnzymeKinetics_MultipleApp

aw

- Annotation
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Contents

is not allowed.

TIP: Molecule colors are ordered and cannot be changed. Molecules can be added and/or deleted at any time, but
reaction rules, species and observables that use these molecules must be deleted first. A warning will appear if deletion

= BIOMODEL: BioModel10 (NoVersion) (NoDate) — VCell 6.0 (build 7)
File View Server Window Tools Help

=lof x|

.E) BioModel10 #!» Reaction Diagram | (= Reactions| 7 Structures| 2 Species| T Molecules| () Observables|
B Ph";f,"’,::::t son Diagram Mame Depiction BioMetGen Definition
. © Reactions (0) EGF o) EGF(Site0)
- Structures (1) EGFR Seece EGFR(ecd,tmd,Y1~state0~statel,Y2~state0~statel)
- Spedies (0) Grb2 oy Grb2(sh2)
@ She(sh3,Y~u-~p)

----- 2 Observables (4)

- Applications (D)

- Parameters, Functions and Units
- Pathway

%

Wcell DB | BioModels.net| Pathway Comm | Sabic |
EiOMOdE|S| MathModels| Geometries|

¥ Search

(add new here)

Complete adding molecules: “Grb2” with a site
“sh2”, “Shc” with sites “sh3” and “Y,” “Y” having
two states, “u” and “p”. Check with the
specification of Molecules in the RB_egfr_tutorial
model in VCell 6.0 (Rule-based) folder.

|1 Biological Models

E-__] My BioModels (mblinov) (242)

E-__] Shared BioModels (245)

E-_] Public BioModels (529)

B Tutorials (7)

E-_] Education (34)

E-L_] Tutorial VCell 6.0 (Rule-based) (3)
=+ BioNetGen : egfr_full
- {39 Public Fri Jan 22 14:52:16 EST 2016
#-__] BioNetGen : Mix_Reactions_Rules
-] BioNetGen : RB_EnzymeKinetics_MultipleApp

New Molecule | Delete |

Pathvray Links = |

N &

Search

Object Propertiesl Problems (0 Errors, 0 Warnings) | ) Database File Info

(p )
(she ()
&2 / 2. Annotations can be entered here.
:;\nnotaﬁon 7

/

Zdepter protein She. Binds EGFE pho otyrosines through 5HZ domsin, can be phosphorylated at 2 phosphosite Y.




Rule-Based Tutorial VCell 6.0:

Model Saving

TIP: Save your model as often as you can, so you don’t lose any changes!

BIOMODEL: BioModel10 (NoVersion) (NoDate) —- VCell 6.0 (build 7)

Fie View Server Window Tools Help

Contents

=lof x|

Wcell DB | BioModels.net| Pathway Comm | Sabic |
BioModels | MathModels| Geometries|

Search

C #!» Reaction Diagram | (= Reactions| 7 Structures| 2 Species| T Molecules| () Observables|

Open ¢ Name Depiction BioMetGen Definition

Close EGF 53 EGF(Site0)

save _ EGFR OO |EGFR(ecd,tmd,Y1-~state0~statel, Y2~statel~statel)

save New Version Grb? & Grb2(sh2)
e Shelh D)

Save As Local...

Revert to Saved

Compare with Saved hits

Permmissions... When ready to save, click on File and Save As.... If

Model Annotation ... . .

Edit Annotation... you work locally (no internet connection), choose

Field Data... Save As Local....

Import...

EXport...

Exit

|1 Biological Models

E-_] My BioModels (mblinov) (242)

{1 Shared BioModels (245)

L1 Public BioModels (529)

B Tutorials (7)

E-_] Education (34)

E-L_] Tutorial VCell 6.0 (Rule-based) (3)
=+ BioNetGen : egfr_full
@ Public Fri Jan 22 14:52:16 EST 2016
#-__] BioNetGen : Mix_Reactions_Rules
-] BioNetGen : RB_EnzymeKinetics_MultipleApp

New Molecule |

N &

Delete | Pathvray Links = |

Search

Object Properties| Problems (0 Errors, 0 Warnings) | ) Database File Info

M

- Annotation

Ldepter protein Shc. Binds EGFR phosphotyrosines through SHZ dom=in,

can be phosphorylated at a phosphosite Y.




Rule-Based Tutorial VCell 6.0: Observables Contents

TIP: Each Observable corresponds to a sum of species selected by species patterns. Specific
species are identified the network is generated using reaction rules.

= BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) — VCell 6.0 (build 7)

Fle View Server Window Tools Help

.EJ BioModel10 : #+ Reaction Diagram| L35 Reactions' 0 Structuresl ) Spedies| Molecules' DObservahl&'

B thj?l::::tmn Diagram Name Structure Depiction BioNetGen Definition Count
- © Reactions (0) 00_EGF_tot o0 @ EGF() Molecules
@ Structures (1) O0_EGFR_tot 0 EGFR() Molecules
- Species (0) 00_Grb2_tot cl oy Grb2() Molecules
- Molecules (4) 00_Shc_tot c0 o \ Sha() Molecules
g Observables (4) (add new here) A

- Applications (D)
- Parameters, Functions and Units \
=+ Pathway

1. Right click on Observables tab. You’ll see a set
of observables corresponding to the total number
of Molecules of each type.

Vell DB sioModels net] Pathway Comm| 5= 2. Grey color means the site is irrelevant for this observable. Yellow ball above

BioModels | MathModels| Geometries | a site indicates a site with multiple states.

# Search

_I B“iological models New Observable | Delete | Pathway Links |

#-__| My BioModel bli 242 way (5™ . .

5 £ Shoncd Biovesma (e ) = 3. This observable selects species that have EGFR |
=[] Public BioModel b 1 . .
---j?:tulrf:ijlso[l\;o] els (529) Object Propertlesl Problems (0 Errors, 0 Warnings) | ' Datg molecules in any state and any complex. Questlon

-i---- 1Ed i W e
£ Tutorat vt 5.0 (Rule-based) (3) EGIR g «—1 marks and grey color mean that the state and

| ecd ~'\ tmd ~'\ ‘|.’1 ‘ Y2 .
Eﬁ*%{gg’;f;f;:n O 16 E5T 2016 i T e whether sites are bound or unbound are not

+-__| BioNetGen : Mix_Reactions_Rules H H
&[] BioNetGen : RB_EnzymeKinetics_MultipleApp |mp0rta nt for Countlng.

B

A w

- Annotation

The default setting will count “Molecules”, meaning that a species is
counted as many times as it has this Molecule. So, dimers of EGFR
are counted twice, and tetramers (if any) — four times.




Rule-Based Tutorial VCell 6.0: Observables Contents

TIP: Every table has a column BioNetGen definition. It can be edited only once —the first time an object is specified. It is
useful if you have separate BNGL code you want to paste, but do not want to import for some reason. If you paste in
BNGL code, once you click enter it cannot be further edited unless you export back out as BNGL.

- BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) -- VCell 6.0 (build 7)

Fle View Server Window Tools Help

b BioModel10 :!* Reaction Diagram | ( Reactions| (2 Structures| (2 Species| 2 Molecules| = Observables |
EIPhy.;s:o;::;tm n Diagram Name Structure Depiction BioMetGen Definition Count
c;_-; Reactions (us]l 00_EGF_tot 0 @ EGF() Molecules
- Structures (1) O0_EGFR_tot cl eeeey EGFR() Molecules
- Species (0) 00_Grb2_tot c ey Grb2() Molecules
- @ Molecules (4) 00_Shc_tot c0 v She() Molecules
S Observables ()]
""" Applications (0) (add new here)
----- Parameters, Functions and Units
- Pathway
1. A new Observable can be added by left double
click at (add new here) or by pressing the New
Observable button below.
The name can be edited in the table or in the
graphics editor through right click on the shape.
F %
VCell DB| BioModels.net| Pathway Comm | S2bio |
EioModeIsl MathModels| Geometries|
Search
|1 Biological Models x
=1 My BioModels (mblinov) (242) New Observable | Delete Pathwray Links = | Search
@] Shared BioMadels (245) A

-] Public BioModels (529)

Bl Object Properties| problems (0 Errors, 1 Warnings)| ) Database File Info |
-] Tutarials (7)

-] Education (34) " 1 i
=L Tutorial VCell 6.0 (Rule-based) (3) = i i
o ) phmereen: o oo ST ety | 2. }Nhen. a das.hed shape appears in the graphics
{9 Public Fri Jan 22 14:52:16 EST 2016 = EGF editor, right click on the shape and choose Add
-] BioNetGen : Mix_Reactions_Rules —_— T
-__| BioNetGen : RB_EnzymeKinetics_MultipleApp EGFR Molecule, select “EGFR”. =
- < Grb2 ! |
- Annotation oD Shc




Rule-Based Tutorial VCell 6.0: Observables

Contents

TIP: A yellow warning sign or red error sign may appear temporarily if something is wrong.
After the error/warning is corrected, the sign will disappear within a few seconds.

BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) — VCell 6.0 (build 7)

Fie View Server Window Tools Help

- Applications (0)
-~ Parameters, Functions and Units
[+~ Pathway

F %

VCell DB| BioModels.net | Pathway Comm | S2bio |

Ei0M0d9|S| MathModels | Geometries|
Search

(add new here)

.EJ BioModel10 : #» Reaction Diagraml L8] Reactionsl L8] Structuresl ) Species| T Molecules' () Ohservahlml

E"'P;h"f"’bgv Name Structure Depiction BioNetGen Definition Count
= ¥ Reaction Diagram
..... .- Reactions (D) O0_EGF_tot c0 oy EGF() Molecules
..... @ Structures (1) 00_EGFR_tot c0 Seece EGFR() Molecules
----- - Species (0) 00_Grb2_tot cl @ Grb2() Molecules
----- - Molecules (4) 00_Shc_tot She() Molecules
@] Observables (5) Dimers “eee EGFR() Molecules

Dimers are characterized by site “tmd” being in a bound
state. Right click on the site shape (it will become white),
and select “Site has external bond”.

Z

Create an Observable named Dimers_s, identical to
Dimers but set Count to “Species” (double left click
on Molecules and select “Species”).

1 Public BioModels (529)
{1 Tutorials (7)
+-_] Education (34)
=L Tutorial VCell 6.0 (Rule-based) (3)
EI-_I BioNetGen : eqgfr_full
! @ Public Fri Jan 22 14:52:16 EST 2016
E-__| BioNebGen : Mix_Reactions_Rules
-] BioNetGen : RB_EnzymeKinetics_MultipleApp

|| Biological Models
=1 My BioModels (mblinov) (242) Wew Observable | Delete | Pathway Ligks Search |
-] Shared BioModels (245) AV \

Object Propertiesl Froblems (0 Errors, 0 Warning* | ) Database File Info

= Srte is unbound X

4 Site has external bond
7 Site may be bound
Site bond specified

4
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TIP: If you rename a Molecule, the Observable corresponding to its total will be renamed automatically as long as you
do not change its name. For example, changing _tot to _total will decouple the Observable from the Molecule
definition, and it will be no longer renamed automatically if you change the name of this molecule.

IOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) -- VCell 6.0 (build 7)

File View Server Window Tools Help

.E) RB_egfr_tutorial : #* Reaction Diagraml ] Reactions' %] Structures| ) Species| T Molecules' ) Ohservahlml
B Ph"f:"':::;m 1 Diagram Name Structure Depiction BioNetGen Defintion Count
. © Reactions (0) 00_EGF_tot c @ EGF() Molecules
‘3 Structures (1) 00_EGFR_tot cl Seecey EGFR() Molecules
- Species (0) 00_Grb2_tot c0 <@ Grb2() Molecules
- Molecules (4) 00_She_tot co oD Shef) Molecules
‘:3 Dimers i m EGFR(tmd!+) Molecules
-~ Applications (0) . Dimers_s EGFR(tmd!+) Species
Par:meters, Functions and Units Iﬂililﬂilw—m
#-Pathway (add new here)
To specify an Observable counting all phosphorylated
sites “Y1”, click on the white state shape and select
. | the desired state “p”. Similarly, specify an Observable
VCell DEI EiOMOde|S.I"IE.‘tI Pathway Comml '3E}|Ji0| Counting phosphorylated sites ”Y2”.
EiOMOdE|S| MathModels| Geometries|
Search
|1 Biological Models _
-1 My BioModels (mblinov) (244) Wew Observable | Delete | Pathviay Llnlzs‘l | Search |
&1 Shared BioModels (245) av
E-L_] Public BioModels (529) Object Properties| Problems (0 Errors, 0 Warnings) |I’_“ Database File Info
- Tutorials (7)

=8 _I BiolNetGen : egfr_full =
- “-{d Public Fri Jan 22 14:52:16 EST 2016 i ~ State:
#-__1 BioNetGen : Mix_Reactions_Rules ~ State:
+-__] BioNetGen : RB_EnzymeKinetics_MultipleApp

&1 Education (34) ! ﬁ -
=] Tutorial VCell 6.0 (Rule-based) (3) v tmd Yy~ State: nqt spedified ‘
? u

- Annotation
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TIP: Species corresponding to each Observable can be seen after network generation under
Application > Simulations > Generated Math > Math Description Language.

*: BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) — VCell 6.0 (build 7)

Fle View Server Window Tools Help

.EJ RB_egfr_tutorial #* Reaction Diagram | (2 Reactions| ) Structures| T Species| 2 Molecules| T Observables)|
Ephvf:o::;‘;m - Dindram Name Structure Depiction BioNetGen Definition Count
. © Reactions (n!; 00_EGF_tot 0 <@ EGF() Molecules
) Structures (1) 00_EGFR_tot 0 oo EGFR() Molecules
- Species (0) 00_Grb2_tot ol e Grb2() Molecules
'D Molecules (4) 00_she_tot c0 o She() Molecules
B! Observables (9) | Dimers c ey EGFR(tmd!+) Molecules
- Applications (0) . . Dimers_s 0 oo EGFR(tmd!+) Species
- Parameters, Functions and Units 1 o0 Soeee) EGFR(Y1~p!?) Molecules
#-Pathway Y2 0 Seece) EGFR(Y2~p!?) Molecules
Y_total c0 T EGFR(Y1~p!?) Molecules
(add new here)
To specify an Observable counting all
phosphorylated sites “Y1” and “Y2”, first specify a
Az pattern for “Y1”, then click below and select Add
VCell DB| BioModels.net| Path C Sabio q q q .
CeI0B] MoModels.ne | Pathwey Comm| 5o | Species Pattern. Then specify a similar pattern but
E|0Mode-ls| MathModels| Geometries| q . .
-+ Search with site “Y2” in the phosphorylated state.
|| Biological Models —
=1 My BioModels (mblinov) (244) New Observable | Delete | Pathway Links = Search |
-] Shared BioModels (245) aAv /
&L Public BioModels (529) Object Properties| Problems (0 Errors, 0 Warnings) Vﬁ Database File Info |
H-L_ Tutorials (7)
&1 Education (34) N
"2 oteteen  sgr ful To have more space, right click on a line; keep the
T e e 016 right button pressed and drag it down.
-__| BioNetGen : RB_EnzymeKinetics_MultipleApp
Add Species Pattern
= ;\nnotat'lon
o L
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TIP: Species may consist of more than one molecule, but the molecules must be connected.

~: BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) — VCell 6.0 (build 7)

File View Server Window Tools Help

b RB_egfr_tutorial

El- Physiology

- ¥* Reaction Diagram
‘f,'l Reactions (0)

#» Reaction Diagram' () Reactions' () Structure-sl Dsml (8 Molecules| ) Observables

MName Structure

Link Depiction

BioMetGen Definition

- Structures (1) (add new here)
M= species (1))
- Molecules (4 . .
[ @ Obomntion16) 1. To add species, left double click on (add new
- Applications (D) H
o ore, functions and Units here) and chan.ge the name to R. Alternatively, use
#- Pathway the “New Species” button below.
2. By default, a species is created without a
molecular structure (green shape). To specify
molecular composition, left click on the green
F % .
VCell DB BioModels.net| Pathway Comm] 52017 | shape, Specify Molecule, and select “EGFR”.
EiOMOdE‘|S| MathModels| Geometries |
¥ Search
|| Biological Models . .
-1 My BioModels (mblinov) (244) Mewr Species | Delete | Pathvﬁ{Llnks E | Search
i Shared BioModels (245) AV /

1 Public BioModels (529)

{1 Tutorials (7)

EJ-__] Education (34)

B Tutorial VCell 6.0 (Rule-based) (3)

=+ BioNetGen : egfr_full

L -@ Public Fri Jan 22 14:52:16 EST 2016
-] BioNetGen : Mix_Reactions_Rules

#-__] BioNetGen : RB_EnzymeKinetics_MultipleApp

Object Properties| Problems (0 Errﬁ 0 Warnings) | £ Database File Info

Species Name |R /

Linked Pathway Object(s) /

AnnojAtion

EGFR.
@ Grb2
o shc
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TIP: Left click on the Problems tab will show the list of errors and warnings. Double left
click on a problem will bring up the issue.

BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) -- VCell 6.0 (build 7)

Fie View Server Window Tools Help

E RB_egfr_tutorial
= Physiology

- > Reaction Diagram
.- Reactions (0)

* Reaction Diagram | (™ Reactions| (2 Structures| = Species| ™ Molecules| 7 Observables |

MName Structure

Depiction BioNetGen Definition

EGFR(ecd,tmd,¥1,¥2)

@ Structures (1) (add new here)
f} Molecules (4) . . .
" © Observables (9) 1. After the EGFR molecule is assigned to a species,
""" Applications (0) . an error is generated because sites “Y1” and “Y2”
----- Parameters, Functions and Units . L .
- Pathway must be in a specific state (a species must have a
unique state).
2. Specify the state by right click on a state shape
and selecting a required state (“u”).
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Rule-Based Tutorial VCell 6.0: Species

Contents

TIP: Left click on a Table column name (e.g. Name) will sort the table by this column.

IOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) -- VCell 6.0 (build 7)
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folder.

Complete the specification of all Species as in the
RB_egfr tutorial model in VCell 6.0 (Rule-based)
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Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction Contents

TIP: Reaction rules generate reactions by selecting species that serve as reactants and generating new species
i.e. the products of these reactions. Thus, each reaction rule is defined with reactant patterns (that select
species to be reactants) and products patterns (to define how reactant molecules are modified).

*: BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) -- VCell 6.0 (build 7)
Fle View Server Window Tools Help

.EJ RB_egfr_tutorial :#* Reaction Diagram | (= Reactions| ™ structures| 2 Species| (2 Molecules| 7 Observables

= Ph iol
Vj logy I Reaction | Name | Structure | Depiction Kinetics BioNetGen Definition | Link
- & Reaction Diagram .

b Y

S Reactions (1) #® Reaction Rule r( 0 MassAction [>
f:} Structures (1) Fress the New... buttons.
- Species (4)
- Molecules (4)
“- Observables (9 .
nppications @) 1. Click the New Rule button to generate a new rule.
- Parameters, Functions and Units
= Pathway q q q
2. Errors and warnings are generated immediately.
They will disappear as the rule is being specified.
3. Right click on a dashed shape to specify the
. molecule to be included in a reactant pattern.
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Lo @ Public Fri Jan 22 14:52:16 EST 2016
l-_I BioNetGen : Mix_Reactions_Rules
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Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction Contents

TIP: Always check errors and warnings until you understand the issue. If in trouble, use Help
from the top menu. It is fully searchable. It can be printed from http://vcell.org

BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) - VCell 6.0 (build 7)

Fie View Server Window Tools Help
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C} ® Reaction Rule 0 0 e L0 MassAction |[EGFR() ->

2 Structures (1] FPress the New... buttons.

@ Molecules (4)

+ ) Observables (9) i
- Applications (0) 1. Note that the number of errors and warnings

- Parameters, Functions and Units

- Pathway decreased as the rule was specified.

2. To add the next reactant, right click on a white
space after -> and choose Add Reactant.

rF .
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Search
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? 7 ks ks

-] BioNetGen : RB_EnzymeKinetics_MultipleApp

3. After a dashed shape for a new reactant appears,
right click on it to add a molecule as the second
reactant as before.



http://vcell.org/

Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction Contents

TIP: The search field can be used to filter all lists by an entered term,
such as Molecule or site name.

BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) —- VCell 6.0 (build 7)

File View Server Window Tools Help
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2 Structures (1] Fress the Mew... buttons.
- © spedies (4)
i Molecules (4)
‘(2 Observables (9)
----- Applications (0)
----- Parameters, Functions and Units
[+- Pathway
To specify a reactant or product pattern consisting
of several molecules, right click on the white space
next to an existing Molecule.
r .
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rF.. 4 l
_| Biological Models Object PFOPEI'TiESI Problems (0 Errors, 0 Warnings) Ir Database File Inf0|
-] My BioModels (mblinov) (244) =
-1 Shared BioModels (245) 7 Kinetics 7 Editor |
#-__] Public BioModels (529)
-] Tutorials (7)

@-_] Education (34) (EGRR ) (2 )]
=L Tutorial VCell 6.0 (Rule-based) (3) m ﬂ

New Reaction | New Rule | Duplicate | belete | Pathwray Links = Search

Bt _| BioNetGen : eqfr_full

P @ Public Fri Jan 22 14:52:16 EST 2016
E_I BioNetGen : Mix_Reactions_Rules

-] BioNetGen : RB_EnzymeKinetics_MultipleApp

O-.Ql |
?= %pecrh,v Molecule » @ EGF
EGFR
@ Grb2
oo shc




Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction Contents

TIP: Molecules in reactant/product patterns can be rearranged by right click on the
Molecule shape and choosing Move right/Move left actions.

BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) - VCell 6.0 (build 7)

Fie View Server Window Tools Help
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~ ¢* Reaction Diagram ] = ferd? z
S Reactions (1) Reaction Rule r ol “FeCT* S  =9WUT 9 |MassAction |EGFR(ecd)+EGF() -> EGFR(ecd).EGF(]
- Structures (1) Press the New... buttons.
- Specdies (4)
@ Molecules (4)
+ ) Observables (9)

- Parameters, Functions and Units

© Pathway To select features of reactants, right click on the site
shape and select its state and/or binding status.

.
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¢ -{o) Public Fri Jan 22 14:52:16 EST 2016
(] BioNetGen : Mix_Reactions_Rules TSI EEEETE D8
-] BioNetGen : RB_EnzymeKinetics_MultipleApp ? Site may be bound
Site bond specified »
All changes in Reactant patterns are propagated
down to the same molecules in product patterns.
<] | (-




Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction

Contents

TIP: Note that some options for binding status are greyed out because they are impossible.
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Kinetics Link

VCell DB| BioModels.net | Pathway Comm | S2bio |

EiOMOdE'|S| MathModels| Geometries |
Search

Site “tmd” of the reactant pattern is
unbound, so the only possible change
is to make it bound to another site: it
may not have implicit external bond
(“has external bond”) or be in an
uncertain status (“may be bound”).

To specify how product patterns differ
from reactant patterns, right click on
the shape and select features. For a
binding reaction rule, specify how
molecules in the product pattern are

connected.
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MNew Rule
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Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction Contents

TIP: Sites in green without any symbols underneath are always unbound.

=lof x|

: BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) -- VCell 6.0 (build 7)
File View Server Window Tools Help
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O Structures (1) Fress the New... buttons.
-0 Spedies (4)
- Molecules (4) :
© Observables (9) 1. Change a reaction rule name by double left

- Applications (0) ]

- Parameters, Functions and Units CIle on the rUIe name.

#-Pathway

2. Note that by default a rule
is created irreversible.

3. To make a rule reversible and to
enter kinetics, left click on Kinetics.

- /
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Rule-Based Tutorial VCell 6.0: Reaction Rule for bimolecular interaction

Contents

TIP: The numbers of specified Molecules, Species, Reactions and Observables are always
displayed in the left panel.
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- Pathway
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Reaction Rule ligand_bind |c0 e

Fress the New... buttons.

Name Structure Depiction

-

Kinetics BioMetGen Definition

“¥WCC "9 MassAction |EGFR(ecd)+EGF(Site) <-> EGFR(ecd!1).EGF(Sit

Link

1. To make a rule
reversible, check the
Reversible button.

2. Note that the only allowable kinetic type is Mass
Action, where every reaction selected by a Reaction
Rule has a rate law of forward rate times the
product of reactant amounts minus the reverse rate
times the product of product amounts.

3. Expressions for forward and
reverse rates can be any
complicated functions.
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Kr microscopic reverse rate / Q.0 / 51

4. Note that default units are uM.
The unit system must be changed
to use other units like nM or
molecules.




Rule-Based Tutorial VCell 6.0: Units

: BIOMODEL: RB_egfr_tutorial (Sun Ap!
File View Server Window Tools Help

Contents

TIP: The unit system must be changed before entering any numeric values. Otherwise, all
values will be converted from the old units to a new unit system.

1. To change the unit

RB_egfr_tutorial
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- Reactions (1)
- Structures (1)
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5. Enter new units.




Rule-Based Tutorial VCell 6.0: Kineticse for bimolecular interaction rules

Contents

TIP: VCell has various kinetic types, but rule-based models in version 6.0 are limited to
mass-action kinetic only.

- BIOMODEL: RB_egfr_tutorial (Sun Apr 24 18:50:11 EDT 2016) — VCell 6.0 (build 7)
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#¥* Reaction Diagram | T Reactions | () Structures| ) Species| 2 Molecules| (2 Observables
Structure

Reaction Name Depiction

BioMetGen Definition Link
=¥@CT e MassAction |EGFR(ecd)+EGF(Site) <-> EGFR(ecd!1).EGF(Site!1)

Kinetics

Reaction Rule ligand_bind |cO
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Set values in proper units. Match all values to the
RB_egfr_tutorial model in the VCell 6.0 (Rule-based) folder.

Annotations |




Rule-Based Tutorial VCell 6.0: bimolecular interaction rule Contents

TIP: If reactants or products contain identical molecules, they are automatically numbered
for the modeler’s convenience, so the user can match reactants to products.
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- Species (4) Fress the New... buttons,
- Molecules (4)
(2 Observables (9) L . . - - .
----- Applications (0) Similarly, set dimerization reaction rule as in the
..... X i d uni g .
b patiy e andOnes RB_egfr_tutorial model in the VCell 6.0 (Rule-based) folder.
Conditions for the rule to happen:
both receptors are bound at “ecd” Note the rule is reversible
and unbound at “tmd” sites. /
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VCell DB| BioModels.net | Pathway Comm | S2bio | i /\ | 13|
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l-_l BioNetGen : Mix_Reactions_Rules
-] BioNetGen : RB_EnzymeKinetics_MultipleApp

Reaction rule outcome: a new bond between “tmd” sites




Rule-Based Tutorial VCell 6.0: unimolecular interaction rule Contents

TIP: A green site with a vertical line underneath means that the site is bound, but the
binding partner is not explicitly specified and can be any molecule allowable by rules.

*: BIOMODEL: RB_egfr_tutorial (Sun Apr 24 23:33:27 EDT 2016) — VCell 6.0 (build 7 _|o| x|
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8! Reactions (3) Reaction Rule dimeriz 0 COTD + OO <-> OG0 MassAction |EGFR(ecd!+ tmd)+EGFR(ecd! +,tmd) <-> EGFR(ecd!+,tmd!1).EGFR
- Structures (1) Reaction Rule ligand_bind |c0 OO + O <> TP MassAction |EGFR(ecd)+EGF(Site) <-> EGFR(ecd!1).EGF{Site!1)
-~ Species (4)
-~ Molecules (4) FPress the New... bultons.
-7 observables (9) ] ] ] . .
- Applications (0) Set the irreversible phosphorylation reaction rule as in the
- Parameters, Functions and Units . .
1. Pathway RB_egfr_tutorial model in the VCell 6.0 (Rule-based) folder.

Conditions for the phosphorylation: “Y1” site is unbound
and unphosphorylated, “tmd” site is bound (which
means that the receptor is a part of aggregate)

%
Vcell DB| BioModels.net| Pathway Comm | Sabio |

Ei°M°d9|SI MathModels| Geometries| New Reaction | New Rule | uplicate | Delete | Pathway Links = | Search
Search |l e /

|1 Biological Models Object Properties| Problems (0 %or¥ 0 Warnings) | () Database File Info |
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Note rule is irreversible

Reaction rule outcome: “Y1” site becomes phosphorylated.




Rule-Based Tutorial VCell 6.0: duplicating of reaction rules Contents

TIP: Using the Duplicate button can save a lot of time when a combination of multiple molecules
participates in multiple reaction rules. Make sure you edit the copied rule and not the original one!

IOMODEL: RB_egfr_tutorial (Sun Apr 24 23:33:27 EDT 2016) — VCell 6.0 (build 7) -0 x|

File View Server Window Tools Help

IEJ RB_egfr_tutorial : ##* Reaction Diagram | - Reactions | (7 Structures| ) Species| ( Molecules| T Observables|
& Ph\r.f’lologv . . Reaction MName Structure Depiction Kinetics BioNetGen Definition
- ¥ Reaction Diagram
! Reactions (6)] Reaction Rule ligand_bind cl OO + O <-> O MassAction |EGFR(ecd)+EGF(Site) <-> EGFR(ecd!1).EGF(Site!1)
f,....@stmctures (1) Reaction Rule dimeriz 0 OO + OO0 <-> (000 MassAction |EGFR(ecd!+,tmd)+EGFR(ecd!+,tmd) <-> EGFR(ecd!+ tmd!1).E(
GSpec.es (4) Reaction Rule ¥2_phosph cl SO -> oo MassAction |EGFR(tmd!+,Y2~u) -> EGFR(tmd!+,¥2~p)
- Molecu 4 Reaction Rule Y¥2_dephosph |c0 -= MassAction |EGFR(Y2~p) -> EGFR[Y2~u
2 Molecules (4) OO0 -> OoOs
- oObservables (9) Reaction Rule ¥1_phosph ] OO -> OO MassAction [EGFR{tmd!+Y1~u) -> EGFR{tmd!+Y1~p)
""" Applications (0) . . Reaction Rule Y1_dephosph |cO MassAction |[EGFR(Y1~p) -> EGFR(Y1~u)
----- Parameters, Functions and Units Procs the New... buttons.
#-Pathway
1. Select a rule to duplicate and click on Duplicate button
2. The Identical rule will appear with the name oldname_0.
3. Rename the new rule and introduce any needed changes.
F
VCell DB| BioModels.net | Pathway Comm | Sabio | K | 13|
Ei0M0d9|SI MathModeIs' Geometries| New Reaction | Hew Rule | Duplicate | Delete | Fathway Links = | Search |
Search i asr

|1 Biological Models

B-__1 My BioModels (mblinov) (244)

-] Shared BioModels (245)

-] Public BioModels (523)

-1 Tutorials (7)

E-_] Education (34)

B Tutorial VCell 6.0 (Rule-based) (3)
-] BiolletGen : egfr_full
- {9 Public Fri Jan 22 14:52:16 EST 2016
#-__] BioNetGen : Mix_Reactions_Rules
#-__| BioNetGen : RE_EnzymeKinetics_MultipleApp

Object Froperties| Problems (0 Errors, 0 Warnings) | ) Database File Info |

27 Kinetics . Editor |

=

Note rule is irreversible

Condition for the dephosphorylation: “Y1” site
is phosphorylated and unbound.

Reaction rule outcome: “Y1” site becomes unphosphorylated.




Rule-Based Tutorial VCell 6.0: regular reactions Contents

TIP: Reactions rules are not displayed in the Reaction Diagram, but species are. One can use VCell
reaction tools to create non-rule based reactions among species (see other tutorials on VCell use).

BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) —- VCell 6.0 (build 8)

File View Server Window Tools Help

ﬁ RB_egfr_tutorial : #* Reaction Diagram | ) Reactions| ) Structures| ¢ Species| (2 Molecules| (= Observables
- Physiology
Bk Reaction Diagram |
- © Reactions (1)
- Structures (1)
) Spedies (5) nn r ir
----g Molecules (4) 2. Select RX 3 CO. ect required
-0 observables (9 0 .
H___appr,cat-,o:f?,} © Connection tool. >Pecies
- 444 s network_determ

- Geometry 1. Click on Reaction
#” Specifications .

. Protocols Diagram.
A simulations

-+ & network_stoch
----- Parameters, Functions and Units

- Pathway
~ O
VCell D8 | BioModels.net | Pathuay Comm| <=1 | : 4. Specify reaction kinetics. =
BioModelsl MathModels' Geometries' Delete | Pathway Links ~ | Search |
~E Search T2 - /
m Object Properties| problems (0 Errors, 1 Warnings)| ) Database File Info | /
- Reaction Name |Sthephosp /
Reversible [T Kinetic Type IMass Action [pM/s] (recommended for stochastic appl}iaﬁon) LI Convert to [molecules.s 1]
_search | _ showa
- Name Description Global / Expression Units
|1 Biological Models - -
@1 My BioModels (mblinov) (31) ] reaction rate - [KE- ShelP - Kr- Shold) / nM.s1
_| Shared BioModels (12) Kf forward rate constant | 0.085 I°¢ 51
-L_1 Public BioModels (7) Kr reverse rate constant r 2.0 gt
:: E;E‘;g;:fn[?g) SheP  |Species Concentration I Variable nM
_I Tutorial VCell 6.0 (Rule-based) (1) Shcu Species Concentration Il Variable nMm
Annotation and Pathway Links ]




Rule-Based Tutorial VCell 6.0: Review of Rules Contents

TIP: Enter a string (e.g. Molecule or Site name) in the Search field, and the table will be
filtered to display only entries containing this string. You can enter any BNGL string as well.

BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) -- VCell 6.0 (build 8) - O] x|
File View Server Window Tools Help

E RB_egfr_tutorial

b & 9

:¥» Reaction Diagram | "~ Reactions | () Structures| (2 Species| (2 Molecules| (2 Observables|

5 Physiology Reaction Name Structure Depiction Kinetics BioNetGen Definition
- * Reaction Diagram
B®| Reactions (11)] Reaction Rule R_Grb2_interaction |c0 OOOD + O <-> OO MassAction |EGFR(Y1~p)+Grb2(sh2) <-= EGFR(Y1~p!1).Grb2(sh2!:
- Structures (1) Reaction Rule R_ShcP_interaction|cl OO + SO <-> OO MassAction |EGFR(Y2~p)+She(sh3,Y~p) <-> EGFR(Y2~p!1).Shc(sh
- Species (5) Reaction Rule R_ShcU_interaction|cl SOOI + O <-> SO MassAction |EGFR(Y2~p)+5ha(sh3,¥~u) <-> EGFR(Y2~p!1).Shc(sh
- Molecules (4) ShcP -= Shel ShcDephosp c o-> GO MassAction |ShcP -> SheU
-2 Observables (9) Reaction Rule Shc_phosph c0 TP -> COTPTO MassAction |EGFR(Y2Z~p!1).Shc(sh3!1,Y~u) -> EGFR(Y2~p!1).She(s
& Applications (3) Reaction Rule Y1_dephosph c0 T -> TP MassAction |EGFR(Y1~p) -> EGFR(Y1~)
- 4 : network_determ Reaction Rule ¥1_phosph @ TP -> MassAction |EGFR(tmd!+Y1~L) -> EGFR(tmdi+Y1~p)
g% ::m::-ﬁh Reaction Rule Y2_dephosph o > T MassAction |EGFR(Y2~p) -> EGFR(YZ~1)
_____Pa':'a"“etem Functions and Units Reaction Rule ¥2_phaosph c SOOI -> OOED MassAction |EGFR(tmd!+,Y2~u) -> EGFR(tmd!+,Y2~p)
& Pathway Reaction Rule dimeriz cl SCOTD + OO <-> “000 MassAction |EGFR(ecd! + tmd)+EGFR(ecd! +tmd) <-> EGFR(ecd! +t
Reaction Rule ligand_bind ci SOOI + O <- > COOIPT MassAction |EGFR(ecd,tmd)+EGF(Site) <-> EGFR(ecd,tmd).EGF(Sit
Fress the New... buttons.

Biohhdelsl Mathmdela' Geometriesl New Reaction | MNew Rule | Duplicate | Delete | Pathway Links = | Search |
~= Search A -
E Object Properties| Problems (0 Errors, 1 Warnings)| ) Database File Info|
Advanced >> v Show Warnings Refresh |
Description url Source Defined In:
Search Show Al i, Rates for rules and reactions have different physical meaning and are not converted automatically. network_free Application
#-__| RE_EGFR_full -
1 RB_eqgfr_full _I
#-__1 RB_egfr_noSos
=+ RB_egfr_reduced i i i i
- Aoteestdn] Fr Ape 22 14504126 EDT 201 Complete reaction rule as in the RB_egfr_tutorial model in
o gg—zgg—g;mg:; the VCell 6.0 (Rule-based) folder. Pay attention to reversibility
-2 RB_egfr_supersimple | of rules and kinetic rates.
+-__| RB_egfr_tutorial

f-] RB_math_noupdate
H-__] RB_mix
#-__| RB_roundtripping

71 RB_SH2_Gab1 -
1| | »

E
E
E
E
-] RB_EnzymeKinetics_MassAct
E
E
E
E




Rule-Based Tutorial VCell 6.0: Deterministic Application Contents

TIP: Check other VCell tutorials at http://vcell.org to learn about the use of Applications in
VCell.

£ BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) -- VCell 6.0 (build 8)
File View Server Window Tools Help

EI RBE_egfr_tutorial

= Physiology

- * Reaction Diagram
@ Reactions (11) network_stoch explicit network model, compartmental, stochastic (SSA) (copied from Application)

.- Structures (1) network_free Agent-based model, compartmental, stochastic (SSA) (copied from network_stoch) (copie...
-~ © spedies (5) . . . .
- Molecules (4) 1. Right click on Application, select New Application >

) Observables P R~ H H i
- ©) ______—— Deterministic. A Deterministic application uses the BioNetGen

o dg, New Application » Deterministic . . .
s et engine to generate a reaction network that is solved as a system
of ODEs.

. ¥ Y

Name Math Type Annotation

network_determ explicit network model, compartmental, determinstic (ODE)

© @:net  RemoveApps..  Stochastic
B i nety  Expand Al Network-Free

..... Parameters Collapse Al
#-Pathway

N
VCell DB| BioModels.net | Pathway Comm | Sabic |
EioModeIsl MathModeIs' Geome-triesl New Application - | Delete More Copy Actions = | Compare... | Search

=l Search AY -
IRB Object PFOPEFtIE‘SI Problems (0 Errors, 1 Warnings)' ) Database File Infol

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

Search | Show All |

- RB_EGFR_full A
=1 RB_egfr_full
&[] RB_egfr_noSos
=1 RB_egfr_reduced
{0 Access[danv] Fri Apr 22 14:44:26 EDT 201
-1 RB_e gfr_simple
-] RB_egfr_simple2
#-__] RB_eqfr_supersimple
B 1RB_e gfr_tutorial
-] RB_EnzymeKinetics_MassAct
[
[2
[
[

#-__] RB_math_noupdate
7| RB_mix
H-__| RB_roundtripping

+] RB_SH2_Gab1l h
< | »



http://vcell.org/

Rule-Based Tutorial VCell 6.0: Deterministic Application Contents

TIP: Clamped means that the value of species is kept constant during the simulation.

¥ BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) -- VCell 6.0 (build 8) _|of x|
File View Server Window Tools Help

.@ RB_egfr_tutorial
- Physiology

b %

4 Geometry | % Specifications|  Protocols| 4 Simulations| k< Parameter Estimation |

- $* Reaction Diagram Species| Reaction| Network|
- Reactions (11) _'\':Becles Structure Clamped Initial Condition
- Structures (1) R \ 0 - 100.0 [nM]
) Species (5) L \ o0 I 680.0 [nM]
2 Molecules (4) Grh2 m\ r 58.0 [nM]
~ © Observables (9) ShcP 0 S~ O 0.0 [nM] \
= Applications (3) Sheu <0 N~ r 150.0 [nM] \|
£ 442 network_determ .
=2 ~_ \
Ly Specifications |
Protocols . .. . .
£ Smulations \ 1. Left click on new Application, 2. Left click 3. Set initial values
iy @‘& Parameter Eetmation select Specifications. on Species. of species specified
#- 0  network_stoch in the Physiology.
----- Parameters, Functions and Units
#- Pathway
F %
VCell DB| BioMadels.net | Pathway Comm | Sabio |
Search |

BioModels | MathMadels| Geometries|
~E Search i

|RE Object Properties| problems (0 Errars, 1 Warnings)| () Database File Info | Network Generation Status
Advanced >> Select only one object (e.g. species, reaction, simulation) to view/edit properties.

Search Show All

-1 RB_EGFR_full ;'

-] RB_egfr_full
=1 RB_egfr_noSos
=+ RB_egfr_reduced
@ Access[danv] Fri Apr 22 14:44:26 EDT 201
& RB_egfr_simple

& RB_egfr_simple2

£ RB_eqfr_supersimple

| RB_egfr_tutorial

#-__] RB_EnzymeKinetics_MassAct
#-__1 RB_math_noupdate

B RB_mix

-] RB_roundtripping

[

7] RB_SH2_Gab1 -
| | v




Rule-Based Tutorial VCell 6.0: Deterministic Application

Contents

TIP: Enabling/disabling reactions is very useful for model validation: see how the network
size is changing when upstream or downstream reaction rules are disabled.

: BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) — VCell 6.0 (build 8)

File View Server Window Tools Help

=1o| x|

E RB_egfr_tutorial

- Physiology

- 3 Reaction Diagram

-- {3 Reactions (11)

- (T3 Structures (1)

- Molecules (4)

- Observables (9)

- Applications (3)

EF "_fae; network_determ

By Specifications|
Protocols

,.ﬁ? Simulations

Lﬁ: Parameter Estimation
B @ network_free

B i 2 network_stoch

----- Parameters, Functions and Units
- Pathway

F . A

VCell DB| BioModels.net| Pathway Comm | S2bio |

. 4 Y

4 Geometry | & Specifications |

Protoools' 7 Simulationsl [ Parameter Estimation

Species| Reaction | Network |

~~
select Specifications.

Type Enabled Fast
ShcDephosp \ Reaction I [
ligand_bind \ Reaction Rule I~ -
dimeriz \‘R&@tion Rule ¥ ~
'¥2_phasph ReacMe 2 =
¥1_phosph Reaction RuR W =
¥2_dephosph Reaction Rule \ I~ -
¥1_dephosph Reaction Rule \ = =
R_Grb2_interaction Reaction Rule W -
R_ShcU_interaction Reaction Rule 2 Left CIiCk =2 -
Shec_phaosph Reaction Rule Reactions W =

n A

“{ 1. Left click on Application, ° & =

BioModels | MathModels| Geometries| —
= Search ‘v_ =
|RB Object PTOPEHEE| Problems (0 Errors, 1 Warnings)l () Database File Infol Metwork

Advanced =>

Search Show All

| 1Biological Models

-1 My BioModels (mblinov) (31)

{1 Shared BioModels (12)

1 Public BioModels (7)

{1 Tutorials (1)

{1 Education (0)

-] Tutorial WCell 6.0 (Rule-based) (1)

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

3. Uncheck to
disable (remove
from network
generation).

|

4. Reactions (not
rules) can be
declared to have fast
kinetics. The scale
separation will be
used by ODE solver.




Rule-Based Tutorial VCell 6.0: Deterministic Application Contents

TIP: Setting Max. Molecules/Species may be biologically relevant if, for example, it is known
from experiments that complexes may have no more than a certain number of molecules.

= BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) — VCell 6.0 (build =]
File View Server Window Tools Help

.E) RBE_egfr_tutorial

- Physiology

- #» Reaction Diagram
-~ Reactions (11) - Metwork Constraints
- Structures (1)
- Spedies (5) Name Type Value
- Molecules (4) Max Iterations value 12

-3 Observables (9) Max Molecules) Species value 12
- Applications (3)

B 4442 network_determ
..... =4, Geometry

B Specifications|
- Protocols

------ A simulations

4 Geometry| & Specifications|  Protocols| # Simulations| < Parameter Estimation
Species' Reactionl Networkl

b %

- Generated Netwo

------ [<>: Parameter Estimation
- @ network_free Species: unavailalfle Viewys | Edi\:‘Test Constraints |

B %00 2 network_stoch
----- Parameters, Functions and Units Reactions: unaw ! Sl
#- Pathway
N &

VCell DB| BioModels.net | Pathway Comm | 5210 | Max. Iterations

Ei0M0d9|S| MathModeIs' Geometries| Search I Max. Molecules [ Species

=l Search A - \
IRE Object Properties Test / Run Apply | Cancel work Generation Status

N 2. Left click
Advanced >> - - N\ 3
T stzsints weze nof updated with phe test waluss on Edlt/Test

e 1. Left click on 3. Set Max. Iterations and CerErErs
®_ RB_EGFR_full ~ . )
-1 RB_egfr_full [ Network. Max. Molecules/Species. The
-] RB_egfr_noS . . .
71 Re_ogfr_roduced simulation will be performed

-0 Access[danv] Fri Apr 22 14:44:26 EDT 201 on your |Oca| computer e

. ’

#-__| RB_egfr_simple2 4. Left click .
1.1 RB_egfr_supersimple speed will depend on your
#-__| RB_egfr_tutorial b on Test/Run.
7] RB_math_noupdate
#-_| RB_mix
#-__| RB_roundtripping

-] RB_egfr_simple
[
[
[
-] RB_EnzymeKinetics_MassAct CPU power.
[
[
[ -
[}'__l RB_SH2_Gab1 57
4 I | »

Viewr | Create new Vel BioModel from Network |

Warning: none

; ?‘
0 |x
L




Rule-Based Tutorial VCell 6.0: Deterministic Application

Contents

TIP: Network generation may take a long time, so the default values are set very low. Most likely,
they are too low for the network to be generated fully, and you will need to increase them.

= BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) — VCell 6.0 (E

Fie View Server Window Tools Help

E RB_egfr_tutorial : 4 Geometry | & Specifications|  Protocols| #2 Simulations| [<: Parameter Estimation
E---P?-\ij:og\;tbn Diagram Spedies| Reaction | Network|
-2 Reactions (11) - Network Constraints
-} Structures (1)
-0 Spedies (5) Name Type Value
-3 Molecules (4) Max Iterations value 12
- {3 Observables (9) Max Molecules / Species value 12
- Applications (3)
= 44 network_determ
By Specifications |
i~ Protocols
i 72 Simulations i
‘- |<: Parameter Estimation Generated Network
- &3 = network_free Species: unavailable Views | Edit [ Test Constraints |
B i 2 network_stoch ; il
----- Parameters, Functions and Units Reactions: ung View | Create nevs VCell BioModel fram Network |
- Pathway : —
Warning: non¢
F % .
DBl = e ————— Max. Iterations 3
VCell DB| BioModels.net | Pathway Comm | Sabic | — Max. Molecules / Species 10
; ; earc I
EloModeIsl MathModeIs' Geome-trlesl . Warning: Max Iterations number may be insufficient.
= Search AW _
Object Propertie Apply | Cancel | ork Generation Status
[rs Object Propertie =
Advanced >> AN
Bunning BioNetGen ...
Search Show All Iteration a 5 species
Iteration 1: & species Q
_l RB_EGFR_]CU” ;I Iteration z 8 species 2' Unless the Incomplete
;l RB_Egﬂ'_fU” Iteration 3z 12 species . .
=] RB_egfr_noSos CPU TIME: total 0.08 s. network is enough (eg if
E_l RB_Egﬂ’_I’EdUCEd Creating BNGE output spec .. H H
@ Access[danv] Fri Apr 22 14:44:26 EDT 201 Return BioNetfen cutput to reguester. . It IS truncated by the
-1 RB_egfr_simple Total run time: 1 a3. H
[}";l RB_egfr_simpIeZ Warning: Max Iterations number may be insiNficient. maXImum number Of
[}";l RB_egfr_supersimpIe 1 Dlezse go to the Specificetions / Wetwork paygel znd adjust the number of Iterations. i
i B iy molecules per species),
-] RB_EnzymeKinetics_MassAct . . . H
B R 1. Check generation progress. The last iteration click Cancel and choose
Ee-C3 RB_mix ' ' larger values.
% 1 R8_roundiripping shown here still generates new species, so the g
LID;I RB_SH2_Gabl | LILI network may be not fully generated.
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TIP: If network generation takes too long, it can be cancelled. VCell has a hard limit on the maximum number
of species and reactions. If a generated network size exceeds this limit, constraints will not be applied, and
the model should be adjusted to become smaller, or a Network-Free application used instead.

BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) — VCell 6.0 (b = II:l |i|
File View Server Window Tools Help

E RB_egfr_tutorial : - Geometry' & SPECiﬁCﬂti0ﬂS| Protocols' & Simulationsl [ Parameter Estimation
=~ Physiology - -
MNetwork
%> Reaction Diagram Spemesl Reactlonl |
-2 Reactions (11) ~ Network Constraints
- () Structures (1)
- Spedies (5) Name Type Value
-3 Molecules (4) Max Tterations value 12
-3 Observables (9) Max Molecules [ Species value 12

I:—ZI---J_\ppﬁcat'lons (3)
B 4= network_determ
¥ Speaitications|
- Protocols
_q{-’ Simulations
£ Parameter Estimation

- Generated Metwork

B @ 2 network_free Species: unavailable _| View | Edit / Test Constraints |
B i = network_stoch #r Apply the new const X
----- Parameters, Functions and Units Reactions: unavailable -— Wiews | Create new VCell BioModel from Netwaork |
- Pathway o —
A LAEMTLEE TInE Max. Iterations 14
VCell DB| BioModels.net| Pathway Comm | Sabio | Max. Molecules / Species 11
E"0|'\"|0di9|5| MathModels| Geometries | Search I Warning: none
= Search i Appl
|RB Object Propertiesl Problems — e | on Status
Advanced == .
Bunning BioNetGen ...
Search | Show All | Iteration 0: 5 species
Iteration 1: & species .
_| RE_EGFR_full ;I Iteration  2: 2 species 2- ClICk Apply to prepa re
_l RB_Egﬂ’_fU” Iteration 3: 12 species k f . I .
_I RE_eqfr_noSos Iteration  4: 15 species networ orsimu atlon-
B RB_egfr_reduced Iteration G- 17 species
{0 Access[danv] Fri Apr 22 14:44:26 EDT 201 Iteraticn  &: 17 species
_I RB_egfr_simple CPU TIME: total 0.14 s._
_l RB_Egﬂ’_SiI’T‘ImEZ Creating BHE output spec ...
_| RE_eqfr_supersimple | Return BicNetGen cutput to reguester. ..
) RB_egfr_tutorial Totel run time: 1.1 s. 1. Check generation progress. No warnings
#-__] RB_EnzymeKinetics_MassAct i
&[] RB_math_noupdate means that the network is fully generated.
-1 RB_mix
E+__] RB_roundtripping
_I RB_SH2_Gabl hd
4| | »
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TIP: All actions on this page are optional but highly recommended to verify that the generated network
contains all expected, and does not contain unexpected, species and reactions. Creating a new BioModel
may take a long time and is not recommended for large networks.

BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) - VCell 6.0

Fie View Server Window Tools Help

=1of x|

b RB_egfr_tutorial
= Physiology
- #* Reaction Diagram

- {3 Reactions (11)
- Structures (1)
-2 Spedies (5)
-3 Molecules (4)
- {3 Observables (9)
- Applications (3)
= 472 network_determ
. ..... a4 Geometry

R Spedifications|
Protocols

----- __ﬁt-’ Simulations
‘|2 parameter Estimation
- @ network_free
B 0 £ network_stoch
----- Parameters, Functions and Units
- Pathway
AV

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

Ei0M0d9|S| MathModels| Geometries|
=l Search

Y

%4 Geometry | &° Specifications |

Protocolsl 7 Simulationsl [ Parameter Estimation

Species | Reaction | Network |

- MNetwork Constraints

Name

Type

Value

Max Iterations

value

14

Max Molecules / Species

value

11

- Generated Metwork
Species: 17

Reactions: 38

Warning: none

View

Edit / Test Constraints |

View

Create new VCell BioModel from Network |

y 4 i)'

*

v 4 y 4

Search |

/ /[

%

VA v A

GE

Advanced =

Search Show All

=-_| RB_EGFR_full

] RB_egfr_full

=1 RB_egfr_noSos

=1 RB_egfr_reduced
@ Access[danv] Fri Apr 22 14:44:26 EDT 201

#-__1 RB_eqfr_simple

e | RB_egfr_simple2

#-__| RB_egfr_supersimple

e | RB_eqfr_tutorial

-1 RB_EnzymeKinetics_MassAct

[4

E

[4

[#

Al

#-_1| RB_math_noupdate
7] RB_mix

#-__1 RB_roundtripping
#[_ | RB_SH2_Gab1l

| ol

Object Properties' Problems (0 Errors, 1 Warnings)l ) Database File Inf%etwork Generatiy‘ Statusl

"\.
|
\

Total run time:

Iteration 0: 5 species
Iteration 1: & species
Iteration 2: 8 species
Iteration 3: 12 species
Iteration 4z 15 species
Iteration 5: 17 species
Iteration (=54 17 species

CPU TIME: total 0.14 s._

Creating BENG output spec ...

BEeturn BioNetfen outy
1.1 3
Updating the network

Bunning BioNetGen ...

/
VA

2. Click to see all
reactions in a
separate pop-up
window.

1. Click to see all species
in a separate pop-up
window.

3. See a reaction
network in a
separate window
(may take a long
time).
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can be simulated.

TIP: Filtering is very useful to verify the model. If you see that names of Molecules and Sites
are too generic for efficient filtering — go back and change them. This is an easy and safe
procedure, but you will need to rerun network generation. After the network is verified,

View Generated Spedies View Generated Reactions x|
Index Name Expression Index Expression
1R EGFR(1~u,Y2~u,ecd tmd) 1 |[EGFR(Y1~u,Y2~u,ecdtmd) + EGF(Site) -> EGF(Site!1).EGFR(Y1~u,Y2~u,ecd,tmd!1) -
2L EGF(Site) 2 |EGF(Site!1).EGFR(Y1~u,Y2~u,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~u,Y2~p,ecd,tmd!1)
3 |Grb2 Grb2(sh2) 3 |EGF(Site!1).EGFR(Y1~u,¥2~u,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~p,Y2~u,ecd tmd!1)
4 |Shep She(Y~p,sh3) 4 |EGF(Site!1).EGFR(Y1~p,Y2~u,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~p,Y2~p,ecd,tmd!1)
5 [Shecu She(~u,sh3) 5 |EGF(Site!1).EGFR(Y1~u,¥2~p,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~p,¥2~p,ecd tmd!1)
6|s5 EGF(Site!1).EGFR(¥1~u,Y2~u,ecd,tmd!1) 6 |EGF(Site!1).EGFR(Y1~u,Y2~p,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~u,Y2~u,ecd,tmd!1)
7 |s6 EGF(Sita!1).EGFR(Y1~u,Y2~p,ecd tmd!1) 7 |EGF(Site!1).EGFR(Y1~p,¥2~u,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~u,Y2~u,ecd tmd!1)
8|s7 EGF(Site!1).EGFR(Y1~p,¥2~u,ecd,tmd!1) 8 |Grb2(sh2) + EGF(Site!1).EGFR(Y1~p,¥2~u,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~p!2,¥2~u,ecd,tmd!1).Grb2({sh2!2)
e EGF(Sita!1).EGFR(Y1~p,Y2~p,ecd tmd!1) 9 |She(Y~u,sh3) + EGF(Site!1).EGFR(Y1~u,Y2~p,ecd,tmd!1) -= EGF(Site!1).EGFR(Y1~wu,¥2~p! 2, ecd,tmd!1).She(Y~u,sh3!2)
10 |s@ EGF(Site!1).EGFR(Y1~p!2,Y2~u,ecd,tmd!1).Grb2(sh2!2) 10 |She(Y~p,sh3) + EGF(Site!1).EGFR(Y1~u,¥2~p,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~u,¥2~p!2,ecd,tmd!1).Shc(¥~p,sh3!2)
11 |si0 EGF(Site!1).EGFR(Y1~u,Y2~p!2,ecd,tmd!1).Shc(¥~u,sh3!2) 11 |EGF(Site!1).EGFR(Y1~p!2,Y2~u,ecd,tmd!1).Grb2(sh2!2) -> EGF(Site!1).EGFR(Y1~p!2,¥2~p,ecd,tmd!1).Grb2(sh2!2)
12 |s11 EGF(Site!1).EGFR(Y1~u,Y2~p!2,ecd,tmd!1).5he(Y~p,sh3!2) 12 |EGF(Site!1).EGFR(Y1~u,Y2~p!2,ecd,tmd!1).Shc(Y~u,sh3!2) -> EGF(Site!1).EGFR(Y1~p,¥2~p!2,ecd,tmd!1).She(Y~wu,sh3!2)
13 |s12 EGF(Site!1).EGFR(Y1~p!2,Y2~p,ecd,tmd!1).Grb2(sh2!2) ( Y2~p!2,ecd,imd!1) ,5h3!2) -> EGH(Site!1).EGFR(Y1~p,Y2~p!2 ecd,tmd!1).Shc{Y~p,sh3!2)
14 |s13 EGF(Site!1).EGFR(Y1~p,Y2~p!2,ecd,tmd!1).Shc(¥~u,sh3!2) ) ) ) )
15 |s14 EGF(Site!1).EGFR(Y1~p, Y2~p'2 ecd,tmd!1). ShC(YNp sh3!2) 15 |EGF(Site!1).EGFR(Y1~p,Y2~p,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~u,Y2~p,ecd,tmd!1)

Grb2(sh2) + EGF(Site!1).EGFR(Y1~p,Y2~p,ecd,tmd!1) -> EGF(Site!1).EGFR(Y1~p!2,Y2~p,ecd,tmd!1).Grb2(sh2!2)

EGF(Site!1).EGFR(Y1~p!2,Y2~u,ecd,tmd!1).Grb2(sh2!2) -> Grb2(sh2) + EGF(Site!1).EGFR(Y1~p,Y2~u,ecd,tmd!1)

She(Y~u,sh3) + EGF(Site! 1).EGFR(Y1~p,Y2~p,ecd,imd!1) -> EGF(Site!1).EGFR(Y1~p,Y2~p!2,ecd tmd!1).Shc(Y~u,sh3!2)

CrACfCital 1% COEDMWA cat Wl T nrd tradl 1) Chef Ve ch 217 oo ChalVean #h2% L EFCICi#al 1) EOCDMW cit Vein nr A brndl 1

Ly

Different bonds are shown in different colors.

Species and reactions can be filtered by
entering a string, e.g. Molecule or Site name,
in the Search box.




Rule-Based Tutorial VCell 6.0: Deterministic Application Contents

TIP: Most models can be efficiently simulated locally (blue button). But if you want to save simulation
results in the database for quick retrieval later on, the server simulation (green button) is recommended.

*: BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) — VCell 6.0 (build - 0| x|
File View Server Window Tools Help

E‘ RB_egfr_tutorial : =, Geometry' (o Speciﬁcationsl Protocolsl s 5imU|ﬂti0ﬂS| [ Parameter Estimation
El- Physiology

- #* Reaction Diagram
- Reactions (11) ‘ B[
- Structures (1)
-~ species (5)

- Molecules (4)
-} Observables (9)
- Applications (3)

- peteork doter 1. Click on 2. Setend 5. Click to run 4. Click to run

f#ﬁﬁiﬁfns‘/ Simulations. time. on a VCell locally (on

W7 inuiations| server (will user’s

| Parameter Estimati 3. For advanced
[]--@zneat‘l:)n:_?r:ae e store computer).

L options; i.e. different . .
- i 2 network_stoch p ) SlmUIat|0n

----- Parameters, Functions and Units
& Pathuy solvers and outputs, results).

av click Edit.

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

BioModels I MathModeIs' Geometriesl

= Search A -
IRB Object Properties| problems (0 Errors, 1 Warnings)' ) Database File Info| Network Generation Status

Advanced ==

Search | Show All |

-1 RB_EGFR_full ;l ; Max timestep Output Rel tol | Abs tol | Sensitivity Analysis
-] RB_egfr_full Settings:

_I RB_egfr_noSos

=1 RB_egfr_reduced ~= Parameters with values changed from defaults
{0 Access[danv] Fri Apr 22 14:44:26 EDT 201

B RB_egfr_simple

-] RB_egfr_simple2

#-__] RB_eqfr_supersimple

B RB_egfr_tutorial

-] RB_EnzymeKinetics_MassAct

[

[2

[

[

Simulationsl Output Functionsl Generated Mathl
e b |m|&|] O

End Time CQutput Option Solver Running S Results

Annotation:

1.0s keep every 1 sample, at most 1000 no

Parameter Name Default | New Value/Expression Scan

#-__] RB_math_noupdate
+_| RB
#-__| RB_roundtripping

+] RB_SH2_Gab1l h
< | »

mix




Rule-Based Tutorial VCell 6.0: Deterministic Application:

simulation results

Check to view species
generated by BioNetGen

Results for Simulation S

Check to see
Species specified

¥ 5

GeneratedSpecies
¥ Observables
[~ Other

[~ Reactions

30.0 —

pecies

Grb2
L

R
ShcP
Shecu

00_EGF_tot
00_EGFF_tot
00_Grb2_tot
00_Shc_tot

200 —

10.0 —

0.0

TIP1: Generated species are listed by
index (s10, s11, ...). The molecular
composition of species can be seen
under Specification > Network >
View Species.

in Physiology

0.0

10.0

Ctrl + left click to see several
species at the same time.

1T T 1T T 1T T 1
200 30,0 400 500
t

Plot Legend:

Dimers [nM]

Dimers_s [nM]

¥1 [nM]

[nM]

=

TIP2: Reactions show fluxes through
individual reactions generated by
each rule.

Note the difference between
EGFR dimers counted as
molecules and as species

The difference between “Y1”
and “Y2” phosphorylation
timecourses is due to Shc
phosphorylation.

Click to see numerical values

Contents



Rule-Based Tutorial VCell 6.0: Stochastic Application Contents

TIP: A stochastic application is recommended when the number of particles is low, and a deterministic simulation
(using concentrations) may miss noise and fluctuations. It uses the same network generated by BioNetGen.

*: BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) - VCell 6.0 (build 8)

Fie View Server Window Tools Help

b RB__egfr_tutoriaI : - Geometry' (=2 Speciﬁcations' Protocols' 7 Simulationsl | Parameter Estimation

Bl th;’loF:)ei‘;tlon Diagram ‘Séulg;ﬂsl Dugt Functions' Generated Math' = @ @ |_|
- Reactions (11) Ha | B | o
E’ g:::;;:rf:)(l) Name End Time CQutput Option Solver Running Status Results
6 Molecules (4) Simulation0 60.0 keep every 1 sample Combined IDA/CVODE completed yes
‘() Observables (9) . . . . e e .

= Applications (3) 1. One can create a stochastic application by copying a deterministic
7 dg 2 - . . . . . . .
T | application. Right click on Deterministic Application, select Copy As>
W4 - network ¢  Delete Stochastic. Initial values of species will be copied to the new

----- Parameters, Funcl Copy I

& Pathway % / application. A Stochastic application uses the BioNetGen engine to
New BioModel From App generate a reaction network that is solved using direct or hybrid Gibson

Expand Al Network-Free solvers
Collapse Al | )
VCell DB| BioModels.net| Pathway Comm | 57510 | 2. Alternatively, a new application can be created by a right
BioModels | MathModels| Geometries| click on Applications, select New Application > Stochastic.
=] Search i
[re = Object Properties| Problems (0 Errors, 1 Warnings)| € Database File Info | Network Generation Status |
Advanced => Select only one object (e.g. species, reaction, simulation) to view/edit properties.
Search | Showr All |
B[] RB_EGFR_full -]

-1 RB_egfr_full
-] RB_egfr_noSos
=+ RB_egfr_reduced

© -{g) Access[danv] Fri Apr 22 14:44:26 EDT 201
-] RB_egfr_simple

-1 RB_egfr_simple2

B-__] RB_egfr_supersimple

-] RB_egfr_tutorial

-] RB_EnzymeKinetics_MassAct

B[] RB_math_noupdate

B RB_mix

(-1 RB_roundtripping

i) RB_SH2_Gabl M
4| | B




Rule-Based Tutorial VCell 6.0: Stochastic Application

Contents

TIP1: If the model was defined in concentrations, concentrations are converted into particle numbers using
the volumes specified under Geometry. The default size is 5000 um3 (average cell size), so the number of
particles will be exceedingly large. You need to decrease Size to a small simulation volume.

TIP2: To keep concentrations fixed, check “Concentration” before switching to Geometry and changing its Size.

# Geometry| & Specifications|

Protocolsl & Simulat\ons'

Structure Mappiﬂg| Geometry Deﬁnitionl

I h Physiology (structures) Geometry (subdcd
hd
Kl I
I~ Volume/Suface Caloultor
Structure Size
o wlum] o

Species

| Reactionl Networkl

<

4 Geometry | & Spedifications|  Protocols| 4 Simulations| j

Initial Condition: {~ Concentration { Number of Particles [~ Randomize Initial Condition

<4

Switching back and forth between
Geometry > Structure Mapping and
Specifications > Species, make sure
your simulation volume is sufficiently
small, so that for given concentrations
the number of particles is small
enough for stochastic simulations.

Species Structure Clamped Initial Condition Force Continuous
R c0 [ 602.0 [molecules] [
L c0 b 4094.0 [molecules] |
Grb2 c0 [ 349.0 [molecules] [
SheP c0 r 0.0 [molecules] |
Sheu c0 [ 903.0 [molecules] [




Rule-Based Tutorial VCell 6.0: Stochastic Application: simulation results

Check to see species
generated by BioNetGen

Results for Simulation S

Check to see
Species specified
in Physiology

GeneratedSpecies
¥ Observables

[” Other

[” Species

200.0 —

Dimers
Dimers_Count

Dimers_s_Count
O0_EGF_tot
Q0_EGF_tot_Count
0O0_EGFR_tot
Q0_EGFR_tot_Count
00_Grb2_tot
00_Grb2_tot_Count
00_Shc_tot
00_Shc_tot_Count
Y1

B
M |x

/

Plot Legend:

Dimers_Count [molecules]

Dimers_s_Count [maolecules]
¥1_Count [molecules]

¥2_Count [molecules]

TIP1: Every species and observable is
presented in two units —
concentrations (to compare to
deterministic results) and molecules
(displayed with _Count appendix).

Contents

reaction generated by each rule.

TIP2: Select Other to view show reaction
rates (as Kf_...) and reaction firing events
(as P_...) per second for each individual

Note the difference between
EGFR dimers counted as
molecules and as species

=]

The difference between “Y1”
and “Y2” phosphorylation

Y_total_Count

0.0 10.0 20,0 30.0 40,0 50.0 &0.0

Ctrl + left click to
see several
species at once

t

iew

timecourses is due to Shc
phosphorylation.

-t

~.

Click to see numerical values




Rule-Based Tutorial VCell 6.0: Network-Free Application Contents

TIP: A Network-Free application simulates timecourses for observables without network generation. If the
network size is too large or infinite, it is the only way to compute observables. However, individual species are
not visible. To check whether a specific species is populated, it can be added to the list of Observables.

BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) -- VCell 6.0 (build 8)

Fle Wiew Server Window Tools Help

b RB_egfr_tutorial
= Physmlogy
- t* Reaction Diagram

h N
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¢=-'- Molecules (4) Simulation1 60.0 every 0.5 s Gibson completed yes

f"" Observables (9)
- Applications (3)

- 47 < network_determ
I @ : network_free

1. One can create a Network-Free application by copying a
deterministic or stochastic applications. Copying a stochastic

- i q 0 q q . o 2 .nQ
 parameters. func  Rename simulation will preserve particle numbers. Right click on existing
= Pathway ([:’zs:f’ | Application, select Copy As > Network-Free. Network-Free
Deterministic application uses the NFSim engine to stochastically simulate
New BioModel From App _ __Stochastic timecourses for observables and initial species.
Expand A
AV Collapse Al

VCell DB| BioModels.net| Pathway Comm] “2000 |

BioModels | MathModels| Geometris| 2. Alternatively, a brand new application can be created by a

=l Search ax : right click on Applications, select New Application > Network-
|RB Object Proper’(les' Problem ) i ) i o
. Free. As in Stochastic Applications, care should be taken to limit
Advanced == Select only one object (e.q h b f |
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Rule-Based Tutorial VCell 6.0: Network-Free Applicationz

Contents

TIP: The NFSim engine has a large number of fine-tuning options. Generally, default options should be sufficient to
simulate most models. If necessary, click on Edit. Options are documented under ? and in the Help menu.

= BIOMODEL: RB_egfr_tutorial (Mon Apr 25 17:20:45 EDT 2016) - VCell 6.0
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Rule-Based Tutorial VCell 6.0: Network-Free Application: simulation results Contents

Select to list —
Species defined TIP: Generally, deterministic,
initially stochastic and NFSim simulation
— _ O] x| results should be similar (given noise
= and fluctuations). If NFSim results
X Axis: / 0.0 — Plot Legend: are very different from results from
It [ : a network, it may mean that the
Y Asis: Dimers_Count [maolecules] )
= ) network is truncated and not
Display Optiops: Dimers_s_Count [molecules] .
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