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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 a 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 https://vcell.or

Model building can be matched to the BioModel Rule-based EGFR tutorial in the
Tutorial folder in the VCell Database. It is advised to compare your model to the public
one when following this tutorial.


https://vcell.org/support

Table of Contents

1. Introduction......cccciiiiiiiiiii i cciiir e crr i s rrr e Slide 4
2. Creating Molecules........cccciiiiiiiiiiiiiiiccsiiir s ccsser e e s en e e nn e as Slide 6
3. Creating Structures and Observables.........cccccvviiiciiiiicannnn. Slide 14
4. Creating SPeCieS. ... cuiurieiaiiniiccaisetecassarsncassarnnassannnnnnns Slide 21
5. Defining Reaction Rules.........cccciiiiiicciiinicccciiii s ccsnn e e e e e e, Slide 25
6. Visualization of Rules and Networks........ccccvviiiiiiiiiccciinnnnn, Slide 37
7. Finalizing Rules and Reactions.........ccccevvviiciciinniecanennencanan, Slide 43
8. Creating Application: Deterministic (Network Generation).........Slide 48
9. Creating Application: StochastiC....uvvvrrrrrrrrrreeecccnccnnenres. Slide 60

10. Creating Application: Network-Free.......ccveeevrcresrseacasnnnnnns Slide 64




01

We will demonstrate how to create a
rule-based model of EGFR receptor
interaction with two adapter proteins
Grb2 and Shc. A ligand reversibly binds to
receptor-monomer at the extracellular
domain, triggering dimerization through
receptor transmembrane domains. The

receptor kinase transphosphorylates two
receptor phosphotyrosines that
independently recruit two adapter proteins,
Grb2 and Shc. Shc itself is subject to
transhphosporylation.

Introduction




Rule-Based Tutorial VCell 6.1: Start VCell

Opening VCell for the First Time

ra Virtual Cell login - ﬂ
User Name |
Password
l [ Logn J { Cancel ]
Forgot Login Password...

New User Registration...

Use this link for details on how to
acknowledge Virtual Cell in your
publication and how to share your
published research through the

| VCell database.

~

You need to register as a new
user if you want to run
simulations on VCell,
compute resources, or use
the VCell database to view
and store models that can be
shared with collaborators.




Creating Molecules

Possible states of a site

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

| File|®erver Window Tools Help

2. To start creating Molecules, click on Molecules.

[ BioModel1
(=} Physiology
#» Reaction Diagram
2 Reactions (0)
2 Structures (1)
) Species (0)
) Molecules (1)
 Observables (1)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway
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Depiction BioNetGen Definition

3. To create a new Molecule, click here.

4. Right click on the molecule shape to call up a menu. The
shape will become white.

A Y

vcell 08 | gMpB | Pathway Comm | 111
BioModels I MathModels | Geometries|
[+ Search :

_1 Biological Models

(-] My BioModels (2018nathans751) (17)

[+{_] Shared BioModels (0)

[+ Public BioModels (601)

[ Tutorials (8)

(-] Education (34)

5. Select Rename, and change the name to “EGF”. Press Enter.

[l New Molecule | ] [ Delete P

AV
Object Properties l Problems Errols, 0 Warningg)”]

Anchor Molecule |

(@) No restrictions MT0 3
|L”_Rename
(") Only these: Add Site 1
c0 f
"Rnnebfon— 6. Right click on the molecule shape to call up a menu.

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

File Server Window Tools Help
[ BioModel1
= Physiology

## Reaction Diagram

> Reactions (0)

) Structures (1)

) Species (0)

©

> Observables (1)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

VA

| 32 Reaction Diagram | © Reactions | © Structures | © Species| © Molecules | ) observables|

Name Depiction BioNetGen Definition

1. Right click on the site shape to call up a menu.
The site shape will become white.

PRé
VCell DB | BMDB | Pathway Comm | 00|
BioModels | MathModels | Geometries|

i+l Search
1 Biological Models [ New Molecule 1 [ Delete ] Pathway Link Search
[-_1 My BioModels (2018nathans751) (17) v /
[+ Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Wagfings) |
(-1 Public BioModels (601) /
B L1 Tutorials (8) Anchor Molecule ||
[+ Education (34) @) No restrictions
(") Only these: % Move right
= Move left
c0 — e
= Rename A
Annotation Delete \
Add State \

2. Select Rename, and change the name to “Site”. Press Enter.
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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.

File Server Window Tools Help

= :‘0““’9'1 : | 3+ Reaction Diagram | © Reactions | © Structures| © Species, © Molecules 1 © Observables|
(=} Physiol
y:” I‘;?;tion Diagram Name Depiction BioNetGen Definition
 Reactions (0) EGF o) EGF(Site)
© Structures (1) | EGRR _ [=eeee [EGFR(ecd,tmdY1Y2)
© Species (0)
! Molecules (2)
( Observables (2)
- Applications (0)
i Parameters, Functions and Units
[+ Pathway - > 5 z
2. Rename the Molecule to “EGFR 3. Right click on the 4. Right click on the
either by right clicking molecule to call up a molecule’s sites, select
on the shape below, or by entering it in menu. Add four sites. Rename, and change
7 the table. the names to: “ecd”,
AY
| vcell 08 | pmpa | pathway Comm | “tmd”, “Y1”, “Y2”. Press
1. Create a new Enter to save.
M.OI?CUIe by left — New Molecule ] [ Delete ] Pathway Links ¥ \ Search /
clicking on “New v — ,
Molecule”. Object Properties | Problems (0 Errors, 0 Warnings) | \ /
[[& = Tutoriats ® Anchor Molecule ,

| &L Education (34) @) No restrictions

/

Move right 5. Right click on the sites “Y1”
Move left and “Y2”. Select Add state

Rename (twice for each site).
Delete

Add State

echtdeYlXVZ,

(") Only these:

c0

AW -
Annotation
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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.

File Server Window Tools Help

BioModel1
= Physiology
> Reaction Diagram
2 Reactions (0)
© Structures (1)
© Spedies (0)
B2 Molecules (2)|
2 Observables (2)
~Applications (0)
- Parameters, Functions and Units
i+ Pathway

: | ¥ Reaction Diagram | (5! Reactionsl () Structuresl © Species. © Molecules | Observables

Name

BioNetGen Definition

EGF

AV

vcell DB | BMDB | Pathway Comm [ =17

BioModels | MathModels | Geometries|

+ Search

|1 Biological Models

-] My BioModels (2018nathans751) (16)
__1 Shared BioModels (0)

__1 Public BioModels (601)

-] Tutorials (8)

-] Education (34)

-+

}eEH

EGF(Site)

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

/

[ New Molecule ] [

Delete ] Pathway Links ¥

AV

fea.

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

2. Select Rename, and change states
“statel” and “state0”, to “p”
(phosphorylated) and “u”
(unphosphorylated) respectively.
Press Enter to save. Do this for both

sites “Y1” and “Y2”.

Anchor Molecule |
@) No restrictions

(*) Only these:

c0
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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
is not allowed.

File Server Window Tools Help

E BloModeil a’ 3 Reaction Diagram | (2 Reactions | ( Structures | © Species| ™ Molecules | ( oObservables|

7 Phyg’ Reaction Diagram Name Depiction BioNetGen Definition
© Reactions (0) EGF o)) EGF(Site)
) Structures (1) EGFR Feeeey EGFR(ecd,tmd,Y1~u~p,Y2~u~p)
© Species (0) Grb2 > Grb2(sh2)
=) Molecules (4) jse :
) Observables (4)

- Applications (0)

1. Add molecule “Grb2” with a site “sh2”. Add
molecule “Shc” with sites “sh3” and “Y,” with “Y”
having two states, “u” and “p”.

- Parameters, Functions and Units
[+-Pathway

Check with the specification of Molecules in the
public model in VCell( Rule-based) tutorial folder.

AY
vCell DB | BMDB | Pathway Comm | 1|

BioModels | MathModels | Geometries|

i+ Search
_| Biological Models

[ New Molecule ] [ Deleyl/ Pathway Links v Search

v e

[+-_1 My BioModels (2018nathans751) (16)
(-1 Shared BioModels (0)

Object F‘fOF’erﬁe}l/P{oblems (0 Errors, 0 Warnings) | ©) Database File Info

[+-__1 Public BioModels (601)
[=+_1 Tutorials (8)
[+-__) Membrane Frap
[+ Tutorial_FRAP
[+ Tutorial_FRAPbinding )
(+-__] Tutorial_MultiApp
B TutoriaI_PathwaiCommons

E2PM |Rule-based_egfr_tutorial

o restrictions

: (u)
(") Only these: (sh3a X v)

c0

(-] Rule-based_egfr_compart
(+-__) Rule-based_Ran_transport
[+ Education (34)

-~ -

Annotation
Adaptor preten She. Binds to EGFR phosphotyrosines through shZ2 demians, can be phesphorylated at
pheosphite Y.
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TIP: BioNetGen definition displays the test strings that encodes elements of a rule-based model in the BioNetGen
language (BNGL). In BNGL, molecular states are listed after site name with ~ appended.

File Server Window Tools Help

?p:iol.lodell a] ¥7 Reaction Diagram | (> Reactions | (© Structures | 2 Species|  Molecules | ( Observables|
yg; Reaction Diagram Name Depiction BioNetGen Definition
) Reactions (0) EGF D EGF(Site)
© Structures (1) EGFR O |EGFR(ecd tmd,Y1~u~p,Y2~u~p)
© Species (0) Grb2 [~o% Grb2(sh2)
B2 Molecules (4)
) Observables (4)
- Applications (0)
- Parameters, Functions and Units
+ Pathw.
pe— You can use the search box to display only

elements fitting the search pattern. You
can search by Name or BNGL string.

AV
VCell DB | BMDB | Pathway Comm | = |

BioModels | MathModels | Geometries|

i Search -
_1 Biological Models [ New Molecule ] [ Delete ] | Pathway Links v Search |
G-I My BioModels (2018nathans751) (16) \ 4
(-1 Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File Info
[+-__1 Public BioModels (601)
[=+_1 Tutorials (8) Anchor Molecule ||

-] Membrane Frap @) S

(-] Tutorial_FRAP @) No restrictions g,

[+ Tutorial_FRAPbinding )
(-] Tutorial_MultiApp () Only these: (shs X v

[#-__1 Tutorial_PathwayCommons
E3Bm |Rule-based_egfr_tutorial c0

. [ Rule-based_egfr_compart e

[+ Rule-based_Ran_transport
(-1 Education (34)

Adaptor preten She. Binds to EGFR phosphotyrosines through shZ2 demians, can be phesphorylated at
phesphite Y.
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TIP: Save your model as often as you can, so you don’t lose any changes!

FilelServer Window Tools Help

New > ﬂl 32 Reaction Diagram | © Reactions | (2 Structures | 2 Species| ™ Molecules | ) Observables|

Open : Name Depiction BioNetGen Definition
Close Ct EGF D EGF(Site)

Save EGFR B8P |EGFR(ecd,tmd,Y1~u~p,Y2~u~p)

Save New Version b2 D Grb2(sh2)

Save As... —

Save As Local...

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

If you work locally (no internet connection),
choose Save As Local....

Compare with Saved

Permissions...
Model Annotation ...

Edit Annotation...
Field Data... ‘
Import...
Export... :
= ‘ [ New Molecule ] [ Delete ] | Pathway Links ¥ Search
Exit = ' =
plUMUUers (ZuTonaurarnszor) (16) = . - -
) Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Warnings) | € Database File Info|
1 Public BioModels (601) khor Molania
) Tutorials (8) 5 "
1 Education (34) (@) No restrictions g,
(she 1
(©) Only these: ((sh3 X v)
c0 |
- Annotation -
Adaptor proten Shc. Binds to EGFR phosphotyrosines through shZ2 domians, can be phosphorylated at
phosphite Y.




Creating Structures
and Observables

03

This site must be ~ This site can
be in any state

Compartment These sites can be either
(structure) bound or unbound and be
in any state

14
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TIP: Compartments can be volumetric (3D) and membranes (2D). They can be added any time, but all species defined
before compartments are introduced will be located in volume and cannot be moved to membranes.

File Server Window Tools Help

[ BioModel1
[~ Physiology
> Reaction Diagram
2 Reactions (0)
©
© Species (0)
> Molecules (4)
 Observables (4)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

AV

| i Reaction Diagram | © Reactions| © Structures | Species | © Molecules | © Observables|

h 7 W

Name Type Electrical (Membrane Polarity)

Comp artment

To specify or edit the name of the compartment in
which the reactions are taking place, click on the
Structures tab, double click on the name of the
compartment that is to be edited (do not create a
new structure), and type in the new name. Press
Enter to save.

vCell DB | BMDB | Pathway Comm [ =210

BioModels | MathModels | Geometries

i+ Search

Biological Models
[+-__] My BioModels (2018nathans751) (16)
[+_] Shared BioModels (0)
[+_] Public BioModels (601)
[+ Tutorials (8)
[+-__] Education (34)

Pathway Links v Search

[ New Compartment ] [ New Membrane ] [ Delete ]
AV

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

Select only one structure to edit properties

Structure Name | Cell

Size Variable Name |Cell [pm?3]

Annotation
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TIP: Each Observable corresponds to a sum of species selected by species patterns. Specific species are identified
the network is generated using reaction rules. An observable corresponding to the total amount of all species that
include this molecule is automatically generated for every molecule.

File Server Window Tools Help

= :ioModell ﬂ ¥ Reaction Diagram |  Reactions | © Structures | © Species | © Molecules| © Observables |
=+ Physiol
( y;:, l:a’ltion Diagram Name Structure Depiction ioNetGen Definition Count
 Reactions (0) 00_EGF _tot Cell D EGF() Molecules
2 Structures (1) l 00_EGFR_tot oo
© Spedies (0) 00_Grb2_tot Cell D Grb2() Molecules
© Molecules (4) 00_Shc_tot Cell [vc) She() \ Molecules
] Observables (4)] \
~ Applications (0) 1. Right click on Observables tab. You’ll see a set
- Parameters, Functions and Units .
4 Pathway of observables corresponding to the total number
of Molecules of each type.
2. This observable selects species that have EGFR molecules in
any state and any complex. Question marks and grey color

AV ]
VCell DB |;5Mo8 |, Patimezy.Comm] | mean that the state and whgther sites are bound or unbound
are not important for counting.

[ New Observable ] [ Duplicate ][ Delete ] Pathway Links ¥ /search
v

Object Properties ‘ Problems (0 Errors, 0 Warnings) I ) Database File Info’ /

Add Pattern

(@) Multimolecular

BioModels | MathModels | Geometries|

i [+ Search
Biological Models

[+-_] My BioModels (2018nathans751) (16)
(+-__] Shared BioModels (0)
[+ Public BioModels (601)
(-] Tutorials (8)
[+ Education (34)

\_ecd _.\ tmd _‘\ Y1 A
!"_: ?_: 2 21

Polymer of
length= 2 || The default setting will count “Molecules”, meaning that a species is

"length > 1 || counted as many times as it has this Molecule. This means that dimers of
EGFR are counted twice, and tetramers (if any) are counted four times.

LAY

Annotation
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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.

File Server Window Tools Help

Biological Models
[+-__] My BioModels (2018nathans751) (16)
[#__1 Shared BioModels (0)
[+__1 Public BioModels (601)
[ Tutorials (8)
[+ Education (34)

\ 4

] BioModel1 ﬂ ¥ Reaction Diagram | © Reactions | © Structures| © Species | Molecules| T Observables |
=} Physiol
yg, ::,iitbn i Name Structure Depiction BioNetGen Definition Count
 Reactions (0) O0_EGF_tot Cell D EGF() Molecules
© Structures (1) 00_EGFR_tot Cell Yooty EGFR() Molecules
© Species (0) 00_Grb2_tot Cell D Grb2() Molecules
© Molecules (4) 00_Shc_tot Cell ¥5°cY Shc() Molecules
= Observables (5) 5 06 : Molecules |
- Applications (0)
- Parameters, Functions and Units
' Pathway 1. A new Observable can be added by pressing the
New Observable button below.
The name can be edited in the table. Rename
the observable to Dimers in the table..
AV
VCell DB | gMDB | Pathway Comm | |
BioModels | MathModels | Geometries| ,
) Search [ New Observableﬂ Duplicate ] [ Delete ] Pathway Links » Search

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

Add Pattern

(@) Multimolecular
Polymer of

length= 2
Tlength > |1

aAw

2. When a dashed shape appears in the graphics
editor, right click on the shape and choose Add
Molecule. Select “EGFR”.

Delete Species Pattern

Add Molecule ' oY EGF

Specify structure (for all) ) OOBD EGFR

o D Grb2
BB shc

Annotation
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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.

File Server Window Tools Help

() BioModel1 :; 3» Reaction Diagram | © Reactions | (© Structures | © Species | © Molecules|  Observables
e '3, Reag’;mn S TN Name Structure Depiction BioNetGen Definition Count
> Reactions (0) 00_EGF_tot Cell o EGF() Molecules
© Structures (1) 00_EGFR_tot Cell oee ey EGFR() Molecules
© Species (0) 00_Grb2_tot cell D> Grb2() Molecules
- © Molecules (4) 00_Shc_tot Cell @ She() Molecules
O Dimers Cell EGFR(tmd!+) Molecules
- Applications (0) T :

Dimers_s Cell | EGFR(tmd!+)

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”.

- Parameters, Functions and Units
[+ Pathway

TVZ " Create an Observable named Dimers_s, identical to
<1106 |0k | otime Comm | 2bio| Dimers but set Count to “Species” (double left click
\ on Molecules and select “Species”).

BioModels | MathModels | Geometries|

_\L+JSearch [ New Observable ] [ Duplicate ] [ Delete ] athway LINKS ¥ Search
Biological Models

v

[+}-__] My BioModels (2018nathans751) (16) - . - \ -

& ] Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Warnings) | Q\Qtabase File Info|

[ __] Public BioModels (601) _

) Tutorials (8) Add Pattern

(-] Education (34) )
(@) Multimolecular
?°'Vme' of % Site has external bond
(length= 2 ?  Site may be bound
“)length > 1 I Site bond specified '(

LAY

Annotation
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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.

File Server Window Tools Help

(. BioModel1
-} Physiology
> Reaction Diagram
> Reactions (0)
) Structures (1)
) Species (0)
© Molecules (4)
) Observables (7)]
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

AY

VCell DB | BMDB | Pathway Comm | -0

BioModels | MathModels | Geometries|

| 3 Reaction Diagram |  Reactions | © Structures | © Species | © Molecules| © Observablm“

h &

Name Structure Depiction BioNetGen Definition Count
00_EGF_tot Cell D EGF() Molecules
00_EGFR_tot Cell oD EGFR() Molecules
00_Grb2_tot Cell D Grb2() Molecules
00_Shc_tot Cell Yoy She() Molecules
Dimers Cell oD EGFR(tmd!+) Molecules
Dimers_s Cell Yooy EGFR(tmd!+) Species

Molecules

To specify an Observable counting all phosphorylated
sites “Y1”, right click on the white state shape and

o_n

select the desired state “p”.

i+ Search

_| Biological Models

(L] My BioModels (2018nathans751) (16)
[+ Shared BioModels (0)

[+__] Public BioModels (601)

(L] Tutorials (8)

(-] Education (34)

[ New Observable ] [ Duplicate ] [ Delete J

Pathway Links ¥

\ 4

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

Add Pattern

(@) Multimolecular

Polymer of
length= 2
(length > |1

o ——F) s

_Yi |~ State: not specified
2] i |~ Stateiu
|~ State:p

‘ Annotation




Rule-Based Tutorial VCell 6.1: Observables

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

File Account Window Tools Help

20

[ Rule Based1
(- Physiology
> Reaction Diagram
- Reactions (11)
) Structures (1)
-~ Species (6)
(2 Molecules (4)
B obscrvabies )
[=- Applications (3)
=8 "‘/&5: Application0
x4 Geometry
i Protocols
- _ﬁe Simulations
‘- |£ Parameter Estimation
[#- ~4,; = Copy of Application0
[+ @ 3 Copy of Application0 1

\ 4

VCelDB BMDB Pathway Comm

BioModels MathModels Geometries
[ Search

|| Biological Models
@ 4 My BioModels (Justine Laureano) (3)
(- Shared With Me (3)
(-] Tutorials (10)
(=1 g9 Public BioModels (1017)
[+ Published (220)
([ Curated (55)
(@ Uncurated (742)

h# N

EGFR(Y 1~p!?) EGFR(Y2~p!?) Molecules

+» Reaction Diagram () Reactions ) Structures () Species () Molecules 2 Observables
Name Structure Depiction Notes BioNetGen Definition Count

O0_EGF_tot cell (+53) EGF() Molecules
00_EGFR_tot cell [vsoc e EGFR() Molecules
00_Grb2_tot cell D Grb2(Q) Molecules
00_ShC_tot cell [vec) shcQ Molecules
Dimers Cell [veece EGFR(tmd! +) Molecules
Dimers_s cell [veeeey EGFR(tmd! +) Spedes

Y1 cell [voeeey EGFR(Y1n~p!?) Molecules
Y2 Cell EGFR(Y2~p!?) Molecules

New Observable
AV

Duplicate

Delete

Pathway L

Object Properties Annotah‘ons/Pwﬂ/mms(O Errors, 1 Warnings)

To specify an Observable counting all
phosphorylated sites “Y1” and “Y2”, two patterns

need to be specified. First specify a pattern for

“Y1”, then click Add Pattern, and specify a similar

pattern but with site “Y2” in the phosphorylated

state.

Add Pattern

© Multimolecular
Polymer of

(O length = 2

(Olength > | 1

®

A




Creating Species

States are selected

Sites are
Compartment unbound

21
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TIP: Species may consist of more than one molecule, but the molecules must be
connected.

File Server Window Tools Help

[ BioModel1

=} Physiology

- ¥ Reaction Diagram
- Reactions (0)

- Structures (1)

RS species (1)

- Molecules (4)
“(2) Observables (9)

----- Applications (0)

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

AV

22

h &N

| 3 Reaction Diagram | > Reactions | © Structures| © Species |  Molecules | © Observables

Name Structure Depiction

Link BioNetGen Definition
(add new here) )

1. To add species, left double click on (add new

here) and change the name to R. Alternatively, use
the “New Species” button below.

2. By default, a species is created without a
molecular structure (green shape). To specify

VCell DB | BMDB | Pathway Comm | ~=1/¢ |

molecular composition, right click on the green

BioModels | MathModels | Geometries|
([ Search

shape, Specify Molecule, and select “EGFR”.

Biological Models

[#-__] My BioModels (2018nathans751) (16)
[#+__] Shared BioModels (0)

[+ Public BioModels (601)

(-] Tutorials (8)

(] Education (34)

Search |

AV

e | v | s
/

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

Species Name R/

Linked Pathway Object(s) /

QK

I Specify Molecule »<© EGF

GoED  EGFR
D Grb2

(*o'cy 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.

file Server Window Tools Help

[ BioModel1
[~ Physiology
| > Reaction Diagram
 Reactions (0)
) Structures (1)
o Species (1)]
@ Molecules (4)
__ O observables (9)

| ¥” Reaction Diagram | © Reactions |  Structures| © Species | ) Molecules | © Observables|

h ¥ N

Name | Structure | Depiction | Link BioNetGen Definition

(add new here)

unique state).

1. After the EGFR molecule is assigned to a species,
1 an error is generated because sites “Y1” and “Y2”
must be in a specific state (a species must have a

AY

Red color

el 08 06| tiveny omen| £abiol indicates an error.

BioModels | MathModels | Geometries|

o y A
_HJ Search DupNgate [ Delete ] [ %thway Links v ] Search

Biological Models o /
+{_] My BioModels (2018nathans751) (16 . = /
% j Sgarg)d E;oidzéels (On)a AT Object Properties | Problems (2 Errors, 0 Warnin'gg)l ) Database File Info|
Fﬂ _I Public BioModels (601) Species Name R /
[+ Tutorials (8)
+ i 4 Linked Pathway Object(s . a a
W Educnten () Yy Ofjacs) / 2. Specify the state by right click on a state shape J

/ o g o 0
/ /| and selecting a required state (“u”).
Annotation / / -‘
/ ¥
(vt M vz |~ State:u

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

File Server Window Tools Help

Biological Models
[#-_) My BioModels (2018nathans751) (16)
[#-__) Shared BioModels (0)
(-] Public BioModels (601)
(- Tutorials (8)
(- Education (34)

AV

= :b"°de'1 :i 37 Reaction Diagram | (2 Reactions | (2 Structures| © Species | > Molecules | ™ Observables|
=N
y;fo,:’lﬁon Disgrom Name Structure Depiction Link BioNetGen Definition
- Reactions (0) R Cell Yooy EGFR(ecd,tmd,Y1~u,Y2~u)
O Structures (1) L Cell o) EGF(Site)
! Species (5)] Grb2 Cell > Grb2(sh2)
© Molecules (4) Shcp Cell ey She(sh3,Y~p)
Apéok‘:;?”(aob)'&‘ ) Shcu Cell B She(sh3,Y~u)
! ns
- Parameters, Functions and Units (apeviee)
[+ Pathway
Complete the specification of all Species. You may
check the list in the RB_egfr_tutorial model in VCell
6.1 (Rule-based) folder.
A
VCell D8 | BMDB | Pathway Comm | =210 |
BioModels | MathModels | Geometries|
frﬂ Search Duplicate Delete Pathway Links ¥ Search |

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

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

These sites can be in any state
and either bound or unbound

Two reactant
patterns:

These sites must
be unbound

One product
pattern:

The result of transformation: sites become bound
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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).

File Server Window Tools Help

i el | # Reaction Diagram| © Reactions | (3 structures| © Species| © Molecules | © Observables| ,
-~ y;no ll:gyction Diagram Reaction Name - | Structure Depiction Kinetics Link BioNetGen Definition
© Structures (1)
© Species (5)
© Molecules (4)
| Ap%x:(aob)'“ ®) In the next few slides we 1. Click the New Rule button to generate a new rule.
. parameters, Functions and units | Will define a rule for the
i Pathway ligand binding to the 2. Errors and warnings are generated immediately.
receptor. They will disappear as the rule is being specified.
3. Right click on a dashed shape to specify the
av ——— molecule to be included in a reactant pattern.
vCell 08 | gMDB | pathwway Comm [ -1 |
BioModels ’;MathModels | Geometries|

1 7 i

#iSearch [ New Reaction ] [ New Rule’] [ /Suplicatf ] [ Delete ] [ Pathway Links ¥ ] Search
Biological Models T /

[+ My BioModels (2018nathans751) (16) : ah : % = : :

) 2] Shared BioModels (0) , Object Properties | Problems (2 Erros, 2 Warflings) | € Database File Info|

[ Public BioModels (601) =z o [ Edi |

() Tutorials (8) H KInetucs_J 1 Ecitor

[} Education (34) . :
Reversible ||
@0 "
[ Add Reactant ]
| AddProduct | Delete
Specify Molecule y@ EGF
[ single Row Viewer Specify structure 100> EGFR
[v] Show Molecule Color @ Grb2
BB She

V| Show Non-trivial

[ "] show Differe...
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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/support

File Server Window Tools Help

BioModel1

[~} Physiology
> Reaction Diagram
] Reactions (1)
© Structures (1)
© Species (5)
 Molecules (4)

3| 2 Reaction Diagram| © Reactions | © structures | © Species | © Molecules |  Observables|

Reaction l Name IStructure [ Depiction |Klneti5 I Link BioNetGen Definition

X Reaction Rule

 Observables (9)
- Applications (0)
- Parameters, Functions and Units
i+ Pathway

Here we define the EGFR
molecule acting as a
reactant.

AV

vCell DB [ BMDB ] Pathway Comm [7 7_1
SioModels | MathModels | Geometries|
'+ Search

MassAction @Ce 2

1. Note that the number of errors and warnings
decreased as the rule was specified.

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

' Biological Models
[+}-__] My BioModels (2018nathans751) (16)
(+}__1 Shared BioModels (0)
() Public BioModels (601)
G+ Tutorials (8)
() Education (34)

Search

AV

7
[ New Reaction ] [ New Rule H/Duplicate ] [ Delete ] [Wmlsv ]
, : ~

| £ Kinetics { 7 kditor |

|
|

Reversible | | @ e

[ Add Reactant q
| AddProduct |

["] single Row Viewer
[V] Show Molecule Color
[v] Show Non-trivial

["] Show Differe...

Add Reactant

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

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

28

[ BioModel1
= Physiology
- ¥ Reaction Diagram
B! Reactions (1))
© Structures (1)
- © spedies (5)
) Molecules (4)
- Observables (9)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

| ¥ Reaction Diagram| © Reactions | (™ Structures | © Species | (2 Molecules | ™ Observables|

A7 N

Reaction Name | Structure Depiction Kinetics Link

0 U = assActio @Ce

After reactants are defined,
products are specified.

next to an existing Molecule.

To specify a reactant or product pattern consisting
of several molecules, right click on the white space

AV

vcell DB | gMDB | Pathway Comm [ ¢ |

BioModels | MathModels | Geometries|

il 1l /

[+ Search

| New Reaction | | New Rule |

_] Biological Models
[H-__] My BioModels (2018nathans751) (16)
[#-__) Shared BioModels (0)
(-] Public BioModels (601)
(-] Tutorials (8)

(-] Education (34)

{ Duplicate ] [ Delete ] [ Pathway Link;”v ]
AV /

Search .

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

* Kinetics .'.../ Editor

Reversible [ | @ e

[ Add Reactant ]

| AddProduct |

[ single Row Viewer
[¥] show Molecule Color

Delete 8
Specify Molecule *<&

Show Non-trivial Specify structure ) oD

[ 7] show Differe...

(~o))
=

+ -

EGF
EGFR
Grb2
Shc
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- Parameters, Functions and Units
[+ Pathway

TIP: Molecules in reactant/product patterns can be rearranged by right click on the
Molecule shape and choosing Move right/Move left actions.
File Server Window Tools Help
:ioModell | 7 Reaction Diagram| © Reactions | © Structures | © Species | © Molecules | © Observables|
~} Physi
y;," ,::’;yctbn e Reaction Name - |Structure Depiction Kinetics BioNetGen Definition
! Reactions (1)) Reaction Rule : e) > @
O Structures (1)
© Species (5)
 Molecules (4)
 Observables (9) . .rs
- Applcations (0) We define conditions under

which reactions may happen.
Here, EGF binds if no ligand is
bound (ecd is unbound) and

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

the receptor is not in a dimer
(tmd is unbound).

BioModels | MathModels | Geometres|
'+ Search

vCell D8 | BMDB | Pathway Comm [ -~/ |

< | 1]

__] Bco!oglcal Models

[#-__] My BioModels (2018nathans751) (3)
[#]-__] Shared BioModels (0)

[#-__] Public BioModels (601)

-] Tutorials (10)

[#-__] Education (34)

1l

New Reaction ] [ New Rule ] [ Duplicate ] [ Delete ] [ Pathway Links v J

Av

TIP: Sites in yellow
without any symbols

Reversuble

@

[ Add Reactant ]

| AddProduct |

[ single Row Viewer

[V Show Molecule Color

underneath are
always unbound.

o

Site is unbound

Site has external bond
Site may be bound

Site bond specified ’

V| Show Non-trivial

["] show Differe...

Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info)
* * Kinetics [ 7 Editor ‘

All changes in Reactant patterns are propagated
down to the same molecules in product patterns.
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TIP: Note that some options for binding status are greyed out because they are impossible.
For example, if tmd site of EGFR is unbound in a reactant pattern, the only possibility in the
product pattern is to keep it unbound or bind to another site.

File Server Window Tools Help

BioModel1

=1 Physiology
> Reaction Diagram
2 Reactions (1)
 Structures (1)
© Species (5)
 Molecules (4)
 Observables (9)

- Applications (0)

- Parameters, Functions and Units

[+ Pathway

AY

VCell DB[ie_MDQVI‘Pathwary Comm,[, 2 !

BioModels ’_Matthdels I_Geomgtrigs]

+ Search

_] Biological Models

(] My BioModels (2018nathans751) (16)
(+__1 Shared BioModels (0)

(£} Public BioModels (601)

(-] Tutorials (8)

(#-__J Education (34)

| 37 Reaction Diagram| © Reactions | © structures | © Species | © Molecules |  Observables|

Reaction Name -

Reaction

< |

Depiction Kinetics Link BioNetGen Definitiol
@Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) -> @C

Change a reaction rule name by double left
click on the rule name. Call it ligand_bind

To bind “ecd” site of EGFR to “Site” of EGF, right click on the “ecd”
site, put mouse over “Site bond specified”, and select the required
binding (shown both as a small edge connecting sites, or by listing

these sites followed by !1 sign) —
[ New Reaction J [ New Rule uplicate elete athway Links ¥ | Search

AY

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

\‘“.’7’ Klnetlch 7 Editor ‘

Reversible | | @ e

[ Add Reactant ]

[ Add Product ]

|| single Row Viewer

[v] show Molecule Color

(V| Show Non-trivial

["] show Differe...

+ Site has external bond

?

Site is unbound

Site may be bound

Site bond specified ' Q90D EGFR(ecd!l,tmd!1).EGF
| FPLD  EGFR(ecd!1 Y1!1).EGF
REPD  EGFR(ecd!1,Y2!1).EGF

EGFR(ecd!1).EGF(Site!l)
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TIP: The numbers of specified Molecules, Species, Reactions and Observables are always
displayed in the left panel.

File Server Window Tools Help

[ BioModel1 :[ 3» Reaction Diagram | Reactions | structures | ( Species |  Molecules | © Observables|
= Physiology 1
> Reaction Diagram ’ BioNetGen Definition
#) Reactions (1)) Reaction Rule|ligand_bind Cell "#"'cMassAction | @Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) <-> @Cell:EGFR(ec
 Structures (1)
© Species (5) . .
© Molecules (4) 2. Note that the only allowable kinetic type is Mass
© Observables (9) . . .
b olitlona (03 Action, where every reaction selectgd by a Reaction
- Parameters, Functions and Units 1. To make a rule Rule has a rate law of forward rate times the
[+ Path q .
s reversible, check the product of reactant amounts minus the reverse rate
Reversible button. times the product of product amounts.
< / 11 / j )
y A
AV [ New Reaction ] V New Rule ] [ Duplicate J [ Delete ] [ Pathway Links v ] Search
VCell DB | pMDB | Pathway Comm | “200| oy /
BioModels | MathModels | Geometries| Obled PI'OPffTiES Problems (0 Errors, 0 Warnings) | £ Database File Info| /
# Search ¢ Kinetics | /7 Editor |
_1 Biological Models A : :
f ) My BioModels (2018nathans751) (16)|| || Reaction Namgl ligand_bind
Ej __IJ sﬂs;:%;l;':ggss(égi) [z Kinetic Type |Mass Action ( for each reaction: Kf+IT resctants - Kr+T products ) v Convert units
et Tutorials (8) " Name Description Global Expression Units
[+ _1 Education (34)
‘ ruleRate |rate of reactions generated by rule Variable M.s"1
Kf microscopic forward rate 0.0 / sLuM-1
Kr microscopic reverse rate A0.0 / s1
3. Expressions for forward and reverse 4. NOt? that default units are uM.
rates can be any complicated functions. The unit system must be changed
to use other units like nM or
molecules.
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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.

File Server Window Tools Help

BioModel1
=l Physiology

1. To change the unit
system, left click on

32

ed Constants and Math Functions| Model Unitygesten |

2> Reaction Diagram Para meters, fU nctions. Ui : X
P . N
© Reactions (1) and units. um 2. Left click on Model Unit System.
 Structures (1) pm2 PTITTaTY
© Species (5) "~ Volume pms primary
© Molecules (4) Time _ s primary =
2 Oﬁc::;ew(aot;'es 9 Volume Substance %2 select new unit system primary
- Appl ns O R E | T
Membrane Substance — rima
& Parameters, Functions and Units - — pAmATY
: LumpedReactionSubstanc primary
[+ Pathway — e e
Voltage ( electrical
4§urrent glgct_nf_al
Capacitance _) sbml compatable electrical
ﬁc?nsjgdanc? @ general e[eqr_]_c,al
Stochastic Substance stochastic -
type unit VCell default —
PN — : = i change*umt System | length |um [um]
VCell DB | BMDB | Pathway Comm | 200 oy
o ———— s o I area \um2 [um2]
BioModels | MathModels | Geometries| Object ffoperties | rohlemd ‘
volume 'um3 m3]
i Search Seleft only one object (e.g. v
| Biological Models time |s [s]
[+ My BioModels (2018nathans751) (16)
() Shared BioModels (0) volume species substance |nM.um3 [uM.um3] \
[+-__J Public BioModels (601 i
&‘, 1 Tutorials (8) (601) membrane species substance :mo!ecules [molecules] 4 SeIeCt general'
i L) Education (34) lumped reaction substance ‘molecules [molecules]
[ OK ] [ Cancel J

System.

3. Click on Change Unit

N\

5. Enter new units.
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TIP: VCell has various kinetic types, but rule-based models in version 6.1 are limited to
mass-action kinetic only.

File Server Window Tools Help

- ¥» Reaction Diagram
B Reactions (1)
- Structures (1)
O Species (5)
- Molecules (4)
- Observables (9)
Applications (0)
~Parameters, Functions and Units
[+-Pathway

| ¥+ Reaction Diagram | Reactions | ™ Structures | © Species | © Molecules| © Observables|

Yoo v T . ~MassAction @Cell:EGFR{ecd,tmd)+@Cell:EGF(Site) <-> @Cell:EGFR(ec

- 53 CA)
OO ()

Link BioNetGen Definition
Reaction Rule(ligand_bind |Cell

AY

VCell DB | BMDB | Pathway Comm | 2110 |

BioModels | MathModels | Geometries|

: Blologlcal Models
(-] My BioModels (2018nathans751) (16)
1 Shared BioModels (0)
1 Public BioModels (601)
1 Tutorials (8)
1 Education (34)

| NewReaction | | NewRule | | Duplicate | | Delete | | Pathway Linksv | Search
Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File Info|
#7 Kinetics | 7 Editor |
Reaction Name :ligand_bind
Reversible Kinetic Type iMéss Action ( for each reaction: Kf-T1 reactants - Kr+Ml pr:.\du:tsr.) v [ Convert units
Name Description Global Expression Units
ruIeRate rate of reactions generated by rule Variable nM.s"1
microscopic forward rate 0.00 si.nM-2
microscopic reverse rate 0.06 s1

Set values in proper units. Match all values to the model in
the Tutorials folder.

-~ Annotation and Pathway Links |
Linked Pathway Object(s): [

\
-~




Rule-Based Tutorial VCell 6.1: Bimolecular Interaction Rule

34

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.

File Server Window Tools Help

-~ Parameters, Functions and Units
[+ Pathway

AY

BioModels | MathModels | Geometries|

VCell DB | gMDB | Pathway Comm [ 52000]

[+ Search

_1 Biological Models

[+-__) My BioModels (2018nathans751) (16)
[#-__] Shared BioModels (0)

[+ Public BioModels (601)

[+ Tutorials (8)

[+ Education (34)

= :b’“de'l 4 3 Reaction Diagram|  Reactions | © Structures | © Species| © Molecules| © Observables

[~} Physio
i ,';’;Y._m,, Diagram [ Reaction Name - |Structure Kinetics | Link BioNetGen Definition
(w! Reactions (2) Reaction Rule|ligand_bind |Cell MassAction @Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) <-> @Cell:EGFR(eq
OStrUCtures (1) on Ruie|d e 0 @Ce R(ecd d)+@Ce R(ecd d @Ce
O s b (S) . . . . . . .
© Molecules (4) Similarly, set dimerization reaction rule as in the
) observables (9) . .

< Applcations (0) RB_egfr_tutorial model in the VCell 6.1 (Rule-based) folder.

Conditions for the rule to happen:
both receptors are bound at “ecd”
and unbound at “tmd” sites.

Note the rule is reversible.

<

Links ¥

AY

i
[ New Reaction ] [ New Rule ] [ Duplicate ] F)elete

Search /

Z7 Kinetics

Object Properties | Problems (0 Errors, 0 Waentigh) | { Database File InfoR\

[ Add Reactant ]

Reversible

{ Add Product ]

[ single Row Viewer
Show Molecule Color

Show Non-trivial
[] show Differe...

| Reaction rule outcome: a new bond between “tmd” sites. I
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TIP: A 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.

File Server Window Tools Help

= :‘0'“::'1 | 3+ Reaction Diagram| © Reactions | ™ structures | © Species | © Molecules | © Observables|

[~ Physiology |
% Reaction Disgram Reaction Name - |Structure Depiction Kinetics Link BioNetGen Defi
(#] Reactions (3)) COCGPCC MassAction | @Cell:EGFR(tmd!+,Y1~u) -> @Cell:EGFR(tmd!+,Y1~p
© Structures (1) Reaction Rule|dimeriz Cell BT + OB -> O MassAction @Cell:EGFR(ecd! +,tmd)+@Cell:EGFR(ecd! +tmd) -> @
© Species (5) Reaction Ruleligand_bind |Cell OO + D <-> OB MassAction @Cell:EGFR(ecd,tmd)+@Cell:EGF(Site) <-> @Cell:EGH
 Molecules (4)
 Observables (9) . . . . .

| Applications (0) Set the irreversible phosphorylation reaction rule as in the

- Parameters, Functions and Units
[+ Pathway

AV

VCell DB ]‘VBMDBVI'Pathway Comml b 1

[+ Search

_1 Biological Models

[+-_] My BioModels (2018nathans751) (16)
[#}_) Shared BioModels (0)

[+ Public BioModels (601)

(-] Tutorials (8)

(1 Education (34)

model in the Tutorials 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).

A

I\

[ New Reaction ] [ New Rule ] [ Duplicate ] Delpte [ Pathway Links v ]

AY

Search

Object Properties ' Problems (0 Errors, 0 Warnings) I Oloata\mse File Info-|

% Kinetics | |7 Editor l

Reversible [ | fd-) @

Add Reactant

[ Add Product

[] single Row Viewer
[V show Molecule Color

[v] Show Non-trivial

|| show Differe...

Note that the rule is
irreversible.

Reaction rule outcome: “Y1” site becomes phosphorylated.
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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!

File Server Window Tools Help

[ Biottodelt a 37 Reaction Diagram | (> Reactions | (™) structures | (2 Species | (© Molecues | (© Observables
&1 Physiology
4> Reaction Diagram Reaction Name ~ | Structure Depiction Kinetics Link
O Reaction Rule|Dimerization |Cell oD + TP <-> @Masskbon @Cell:EGFR(ecd! +,tmd) +@Cell:EGFR(ecd! +,tmd) <->
) Structures (1) Reaction Rule|Y1_phosph  |Cell S0 -> OO MassAction @Cell:EGFR(tmd! +,Y 1~) -> @Cell:EGFR(tmd! +,Y 1~
(7D Species (5) @Cell:EGFR (tmd n) -> @Cell:EGFR(tmd
[ Molecules (4) Reaction Rule[ligand_bind | Cell D + D <-> MassAction @Cell:EGFR (ecd, tmd) +@Cell:EGF(Site) <-> @Cell:EG
() Observables (9)
- Applications (0) 1. Select a rule to duplicate and click on Duplicate button
. Parameters, Functions and Units
- 2. The Identical rule will appear with the name oldname_0.
e 3. Rename the new rule and introduce any needed changes.
[ NewReacton | [ NewRue | [T!m | [ Delete | [ Pathwaylinks v | Search
AY AV
VCel DG | g8 | pathway Comm |- | Object Properties | Problems (0 Errors, 0 Warnings) | () Database Fie Info)
BioModels | MathModels | Geometries | = =
@ Search. | £ Kinetics | |/ Editor ’
L] Biological Models R ble [F
[#-__] My BioModels (2018nathans751) (2) eversbie [ @ e
(#-{_] Shared BioModels (0) [ Add Reactant ]
[#)-___] Public BioModels (601)
i Tt 1) T Note that the rule

[#)-{_ ] Education (34)
is irreversible.

Condition for the dephosphorylation: “Y1” site
] Single Row Viewer is phosphorylated and unbound.

[V] Show Molecule Color

[] Show Non-trivial

[} show Differences

Reaction rule outcome: “Y1” site becomes unphosphorylated.
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Visualization of Rules
and Networks
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With no boxes checked, the reaction is shown in
black and white, with only the site specific bonds
indicated in color.

27 Kinetics | |/ Editor ‘
Reversible [ | (+
W . [
| AddReactant | (ecd H( tmd H v1 H vz ) (Usite )
Cell ?: ?: Cell
[ Add Product ]
EGFR Y G X ecr
(ecd H( tmd H v1 H vz ) (_site )
Cell 1 ?; ?: 1
[ single Row Viewer
[] show Molecule Color
[] Show Non-trivial
[] show Differe...
Checking the Single Row Viewer box aligns the
entire reaction in one row. You can not edit the
reaction in this mode.
27 Kinetics | | Editor
Reversibic I @ e EGFR @_@)) 4 EGF o> EGFR @) )X esF
Cecd XCemd } v1 ) v2) Csite) Cecd M emd } v1 ) v2) (site)
FH EH 1 2 kH 1
cell i i cell cell : :
Single Row Viewer <
["] show Molecule Color
[} show Non-trivial
[] show Differe...
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Checking the Show

differentiation. The
changed.

ordered color to the molecule to help with visual

Molecule Color box adds an

specific color can not be

[] single Row Viewer

[ show Non-trivial

[] show Differe...

Reversible [ | (&
®9 EGFR (e + (EGE ) ->
€ O, 69,673 Coe)
Cell 7 7 Cell
EGFR 25 bt G0t 4 5 1 s
Cell 1 7 7 1
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be used.

TIP: Any combination of viewing buttons can

Checking the Show Non-trivial box highlights
assigned sites and states in yellow.

[ 7 inetcs | # edicor |

Reversible [ | @-) @

[ Add Reactant ]

Checking the Show Differe... box highlights in
orange the differences in bonds, sites, and states
between the reactants and the products.

[ Add Product ]

[ single Row Viewer
[] Show Molecule Color

EGFR
Cell

EGFR
Cell 1

I il

[] show Differe...

[ 2 Kineties | (# editor |
Reversible [ ] (4
.o G 0D E o -

[ AddReactant | Cee)Cama (2 (oo

cell 7 7 Cell
[ Add Product ]

EGFR @) ()X Ecr

Cell 1 ?:

|| single Row Viewer
["] show Molecule Color

["] Shows Non-trivial

¢
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ShcU Cell
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These are Reaction rules

In the collapsed reaction
diagram, the reaction rule
participants are grouped
by molecular structure.

EGFR.EGFR

These are distinct species
patterns corresponding
to the same molecular

s 7 transforming EGFR

molecule.

The reactant and product
species patterns are
distinct, but both contain
the EGFR molecule, so
they are shown as a
single node.

structure in the collapsed
reaction diagram.

In the full reaction
diagram, every reactant
and product species
pattern is shown
individually if they are
distinct in details.

EGFR.EGFR

r————w— 4
> (Ltmd ) 'CB)

The two nodes, though they look alike, correspond to the two
identical molecular structures, but are different in details; one is
unphosphorylated at Y1, and another is phosphorylated at Y1.
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This is the collapsed reaction diagram.
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ShcU Cell

The black arrows indicate
the direction of the
reactions and reaction
rules.

Species are depicted as
blue spheres

The molecular structure

Reaction rules
(phosphorylation and
dephosphorylation)
where the product and
reactant have identical
molecular structures.

Molecular structures with
2 spheres instead of one
are bimolecular. In this

case it is an EGFR dimer.

that was clicked on is

highlighted in red in the |/~ Search

displayed reaction rules.  plems(@&mors. i wernngs)

Rule:ligand bind

EGFR DM % EGFR DMO»
— CD ), &, 6D i (=¥ <> CD T, €9, &
H H . H i
\ c0 c0 c0

Rule:dimeriz

P —

CDCDCO0D) i DD, 69,63 S
c0 A 0 TS

Rule:¥2 phosph

EGFR D) e - 1 IR EGFR DMOMN
mmm = mm
0 : 0 > :

3
Rule:¥1 phosph

—
EGFR
Coct ) ema )
77
c0

" > fere m’
: B ; ;

Rule:Y2 dephosph

—

EGFR 5 e 5 = I S
C et X ema Xy X2 )
L H 73 L]

c0 c0

| | 1

By clicking on any
molecular node in the
reaction diagram, one
can see all reaction rules
in which this molelcular
pattern is used.
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The black arrows
indicate the
direction of the
reactions and
reaction rules.
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This is the full reaction diagram.

RN

Species are depicted as

blue spheres.

/

The molecular structure
that was clicked on is
highlighted in red in the
displayed reactions.

Notice how in this
version of the diagram
there are no groupings.
Each reaction, product,
and reactant is shown
separately as opposed to
being combined by
molecular structure.

Colors within shapes
correspond to molecular
colors.

Rule:dimeriz

By clicking on an EGFR,
the reaction rule in which
it is implicated is shown.




Reaction

Finalizing Rules and

Reactions

Name

Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
Reaction Rule
ShcP -> ShcU

R_Grb2_interaction
Y1_dephosph
Shc_phosph
R_ShcP_interaction
R_ShcU_interaction
Y2_dephosph
dimeriz
ligand_bind
Y1_phosph
Y2_phosph
ShcDephosp

Depiction
oD + D <->TCOTDD
COOED -> COOCd

TP -> TETPTD
oD + T <-> TIPSO

T + T <-> TETPTO
D -> D

D + D <> T
T + @D <> TP
TP -> D
TP -> D

D -> T

43
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TIP. One can use VCell reaction tools to create non-rule based reactions among species (see other
tutorials on VCell use).

File Server Window Tools Help

[ Biotodel1

{7 Reactions (5)
() Structures (1)
(2D Species (5)
(7 Molecules (4)
(") Observables (9)
- Applications (0)
. Parameters, Functions and Units
[+ Pathway

Diagram.

1. Click on Reaction

AY

Qfe‘ﬁbﬂfimlpamwaymlr bio)

| BioModels | MathModels | Geometries|

|1+ Search

_| Biological Models

[#)-__) My BioModels (2018nathans751) (2)
[#)-__] Shared BioModels (0)

(-] Public BioModels (601)

(-] Tutorials (10)

()] Education (34)

3+ Reaction Diagram | (™) Reactions | () Structures | () Species | © Moleaules | Observabies|

r

R olo|l/|/ ¥ @@ st sis s 3
5 Cell

2. Select RX
Connection EGFR .
tool. @

G&Z 6

EGF.EGFR

EGFR

EGF

3. Connect required
species.

EGFR
EGFR [ Graph]
EGRQ EGFR
< . . . .
: 4. Specify reaction kinetics.
| Delete | | Pathwaylinksv | Search | 7
Object Properties | Problems (0 Errors, 0 Warnings) | () Database Fie Info /
Reaction Name |10
Reversible [ ] Kinetic Type Mas Action [uM/s] (recommended for stochastic ppblication) v [ Convert to [molecules.s-3] ]
Name Description Giobal yd Expression Units
J reaction rate | ( Kt SheR v Sheld) AM.g= -
Kf forward rate constant 0.005 gt
Kr reverse rate constant 0.0 -1 =
SheP Species Concentration Variable nM =
Shel) Species Concentration Variable nM 2
i~/ Annotation and Pathway Links

Linked Pathway Object(s): [
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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.

File Server Window Tools Help

_| Biological Models

[#)-__] My BioModels (2018nathans751) (2)
[#)-__] Shared BioModels (0)

[#)-___) Public BioModels (601)

[#-_) Tutorials (10)

(#-__) Education (34)

?P:”"m'l ﬂ] 37 Reaction Diagram | ( Reactions | () structures | () Species | (© Molecuies | (2 Observables|
- 3> Reaction Diagram Reaction tome. ¥ Stuchwre
| O Reaction Rule [R_Grb2_interaction Cell
) Structures (1) Reaction Rule ligand_bind cell oD + D <-> DI, MassAction @Cell:EGFR (ecd, tmd) +@Cell:EGF(Site) <-> @
(2D Species (5) Reaction Rule|Y2_phosph Cell oD -> OO MassAction @Cell:EGFR(tmd! +,Y2~u) -> @Cell:EGFR(tmd
(2 Molecules (4) Reaction Rule|Y2_dephosph cell B -> oD MassAction @Cell:EGFR(Y2~p) -> @Cell:EGFR(Y2~u)
(© Observables (9) Reaction Rule|Y 1_phosph Cell D -> OO MassAction @Cel:EGFR(tmd! +,Y 1~u) -> @Cell:EGFR(tmd
1 Applications (0) Reaction Rule|Y1_dephosph  |Cel D -> T MassAction @Cel:EGFR(tmd! +,Y 1~p) -> @Cel:EGFR (tmd
C;J ::::'::"" fumcHiois st s Reaction Rule|Sch_phosph cel T -> TP Masshction @Cel:EGFR(Y2~p! 1).She(sh3!1,Y~w) -> @Co
SheP -> SheU |Sch_Dephosph | Cell o -> OO MassAction SheP -> Sheu
Reaction Rule|R_SchU_interaction|Cell COTD + O <-> OOTBN MassAction @Cell:EGFR(Y2~p) +@Cell:She(sh3, Y au) <->
Reaction Rule|R_SchP_interaction |Cell OO + D <-> COTBN MassAction @Cell:EGFR(Y2~p) +@Cell:Shc(sh3,Y~p) <->
Reaction Rule|Dimerization Cell COED + oI <-> QO MassAction @Cell:EGFR (ecd! +,tmd) +@Cell:EGFR (ecd! +,1
VCell DB | gMDB | Pathway Comm | -0 | 7 - ] s
BioModels | MathModels | Geometries | :
@ Search | NewReacton | | NewRue | [ Duplcate | | Delete | | Pathwaylinks v | Search | |
LAY

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

Refresh

Complete reaction rule as in the model in the Tutorials folder.
Pay attention to reversibility of rules and kinetic rates.
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7 I———— D i €D BT ¥ - - Sy TR ES
B (Lecd J(_tmd ) CPI (_site )

Ligand_Bind (receptor must be in monomeric form (tmd is
unbound) and not bound to ligand (ecd is unbound) for
reaction to happen.)

R_Grb2_interaction (EFGR does not have
to be in monomeric form. Y1 has to be
phosphorylated, for it to bind to sh2).

Cell

(R C) _()) + : ) <>
Xy | GGy

R_ShcU_interaction (Receptor is not necessarily
in monomeric form. Y on Shc must be
unphosphorylated. Phosphorylated Y2 binds with sh3).

(Y (C— <
e )(m) ’ e YD) ’

Dimeriz (tmd must be unbound and ecd has to be bonded
externally for the two tmd sites to bond and form a dimer).

R_ShcP_interaction (for this reaction to occur, the
Y site on Shc has to be unbound and phosphorylated.
The unphosphorylated Y2 binds with sh3).

Reaction Reversible? Kf Kr
ligand_bind Yes 0.003 1/(nM s)
Dimeriz Yes 0.001 1/(nM s)
R_Grb2_interaction Yes 0.001 1/(nM s)
R_ShcP_interaction Yes 4.5E-04 1/(nM s)

R_ShcU_interaction Yes 0.045 1/(nM s)

0.06 1/s
0.1 1/s
0.051/s

0.3 1/s

0.61/s
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vy

(ecd M tmd M v1 ¥ vz )
Cell 7 7
. P— W o 9'03
cell 7 7

Y1 _Phosph (for phosphorylation to
occur, tmd must be externally bound,
implying a dimeric form).

O >

(ecd X tmd X v1 X vz )
Cell 7 7
e — "o
< .6,

Y2_Phosph (for phosphorylation to
occur, tmd must be externally bound,
implying a dimeric form).

Sch_Phosph (The Y site on Shc changes from
unphosphorylated to phosphorylated. In order for this to
happen, sh3 must be bound to the phosphorylated Y2 site).

ShcP

Reaction

Y1 _phosph
Y1_dephosph
Y2_phosph
Y2_dephosph
Shc_phosph
ShcDephosp

47

Y1 _Dephosph (the Y1 site
changes states from
phosphorylated to
unphosphorylated).

(Cecd M tmd Y v1 X v2) Y2_Dephosph (the Y1 site
oel % i i changes states from
phosphorylated to
(AN unphosphorylated).
(Lecd X tmd ¥ v1 X v2)
SheU Sch_Dephosph (this is a reaction, not
a reaction rule, meaning that it is a
reaction that takes place between species
instead of molecular patterns).
Reversible? Kf Kr
No 0.51/s 0.0
No 4.51/s 0.0
No 0.51/s 0.0
No 451/s 0.0
No 3.01/s 0.0
No 0.005 1/s 0.0
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View Generated Species

Name | Structure Depiction
| R _Jo Jewewo |

L

Grb2
ShcP
Shcu

c0
c0
c0
c0
c0
c0
c0
c0
c0
c0
c0
c0
c0
c0
c0
c0

<D

[~

[Secy

[Secy
BeSeecyy
QOOOG

QIO OOV

LRSS

DT

L0

BioNetGen Defi
EGFR(Y1~u,Y2~u,ecd,tmd)
EGF(Site)

Grb2(sh2)

Shc(Y~p,sh3)

Shec(Y~u,sh3)
EGF(Site!1).EGFR(Y1~u,Y2~u,ecd!1,tmd)
EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~u,ecd!1,tmd!...
EGF(Site!1).EGF(Site!2) .EGFR(Y1~u,Y2~p,ecd!1,tmd!...
EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~u,ecd!1,tmd!...
EGF(Site!1).EGFR(Y1~u,Y2~p,ecd!1,tmd)
EGF(Site!1).EGFR(Y1~p,Y2~u,ecd!1,tmd)
EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~p,ecd!l,tmdL...
EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~p,ecd!l,tmd!...
EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~u,ecd!1,tmd!...
EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~u,ecd!1,tmd!...
EGF(Site!1).EGF(Site!2).EGFR(Y1~p!3,Y2~u,ecd!1,tm...
EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~p!3,ecd!1,tm...

Species: 106

View Generated Reactions

48

Creating Application:
Deterministic
(Network Generation

Rule Structure

Depiction

[ ignd o |ceeee_co cwceese

BioNetGen Definition |
EGFR(Y1~u,Y2~u,ecd,tmd) + EGF(...

ligand... cO D + oD -> TP EGF(Site) + EGFR(Y1~u,Y2~p,ecdt...
ligand... cO D + OBV -> QOO EGF(Site) + EGFR(Y1~p,Y2~u,ecdt...
ligand... cO D + oD -> OO EGF(Site) + EGFR(Y1~p,Y2~p,ecd,t...
ligand... cO D + CoVD -> QLoD EGF(Site) + EGFR(Y1~p!1,Y2~u.ec...
ligand... cO D + o8P -> QBT EGF(Site) + EGFR(Y1~u,Y2~p!1ec...
ligand... cO D + COBPDD -> QPBOCRLDP EGF(Site) + EGFR(Y1~u,Y2~p!1,ec...
ligand... cO D + CCoVD -> QLoD EGF(Site) + EGFR(Y1~p!1,Y2~p,ec...
ligand... cO D + CEOBPOD -> QBT EGF(Site) + EGFR(Y1~p,Y2~p!1,ec...
ligand... cO D + COBPOD -> QOOCRLDP EGF(Site) + EGFR(Y1~p,Y2~p!1,ec...
ligand... O D + COPDDD -> DLOTRDLD EGF(Site) + EGFR(Y1~p!1,Y2~pi2,e
ligand... cO D + CCOTPDDLD -> LoD EGF(Site) + EGFR(Y1~p!1,Y2~p!2,e...
ligand... cO QD -> oD + D EGF(Site!1).EGFR(Y1~u,Y2~u,ecd!l...
ligand... cO QLD -> D + o3 EGF(Site!1).EGFR(Y1~u,Y2~p,ecd!l...
ligand... cO QSO -> D + BODP EGF(Site!1).EGFR(Y1~p,Y2~u,ecd!l...
ligand... <O QST -> D + OO EGF(Site!1).EGFR(Y1~p,Y2~p,ecdll...
Search Q Reactions: 684
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TIP: Check other VCell tutorials at http://vcell.org to learn about the use of Applications in

VCell.
File Server Window Tools Help 7
[ BioModel1 \ T Math Type Annotation
= Physiology

> Reaction Diagram
) Reactions (11)
 Structures (1)
© Species (5)
© Molecules (4)
) Observables (9)
' :
- Paramete New Application *
- Pathway| Expand All

Collapse All

AV

VCell DB ] BMDBI Pathway Comml a '

BioModels | MathModels | Geometries|

[+ Search

Biological Models
[+__1 My BioModels (2018nathans751) (16)
[+-_] Shared BioModels (0)

[+_1 Public BioModels (601)
[+ Tutorials (8)
(-1 Education (34)

Deterministic 4/

Stochastic

Network-Free

1. Right click on Application, select New Application >
Deterministic. A Deterministic application uses the BioNetGen
engine to generate a reaction network that is solved as a system
of ODEs.

[ New Application ¥ ] Delete

AV

More Copy Actions ¥ Compare... Search

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

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



http://vcell.org/
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TIP: Clamped means that the value of species is kept constant during the simulation.
Click on the top of the columns to order alphabetically on the values in this column.

File Server Window Tools Help

[=) BioModel1
= Physnology
¥ Reaction Diagram
 Reactions (11)
© Structures (1)
© Species (5)
> Molecules (4)
 Observables (9)
= Applcabons (1)
- = 44 - Application0
%4 Geometry
4 Specifications
- Protocols \
- ¢ Simulations
_ “|£> parameter Estimation
- Parameters, Functions and Units
[+ Pathway

h ¥ N

4 Geometry| @ Specifications |

Protocolsl 7 Simulationsl [ Parameter Estimation‘

AV

VCell DB | BMDB | Pathway Comm | -0

SPeCie%acﬁon | Network|

Spettes. Structure Clamped Initial Condition
Sheu | cell W 150.0 [nM]
SheP ] 0.0 [nM]
R cell T~ ] 100.0 [nM]
L Cell ] 680.0 [nM]

1. Left click on new Application,
select Specifications.

2. Left click
on Species.

3. Set initial values
of species specified
in the Physiology.

BioModels | MathModels | Geometries|
[+ Search

_1 Biological Models

1 My BioModels (2018nathans751) (16)
[__] Shared BioModels (0)

[+ Public BioModels (601)

[ Tutorials (8)

(-] Education (34)

Search

AY

Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File Info | Network Generation Status

Description Parameter

Expression

Units

initial concentration for Grb2 |initConc

58.0

nM
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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.

File Server Window Tools Help

[} BiotModel1
i}~ Physiology
- 2 Reaction Diagram
- Reactions (11)
() Structures (1)
© Species (5)
1 Molecules (4)
-~ Observables (9)
- Applications (1)
=+ 44 © Application0
- 24 Geometry
& { Svecifications
i Protocols
i _ﬁ Simulations
" |£; Parameter Estimation
- Parameters, Functions and Units

S ﬂ x4 Geometry | @° Spedifications |

Protocols | 2 Simulations | /. Parameter Estimation |

Species | Reaction l Networkl

m

Type Enabled Fast
Sch_Dephosph \ Reaction ¥ .
ligand_bind \ Reaction Rule
Dimerization \ Reaction Rule v

Y1_phosph \Qsacnon Rule

Y1_dephosph Re\at@n Rule

Y2_phosph Reacno}ﬂ@e

Y2_dephosph

Reaction RuR

L
//

Sch_phosph Reaction Rule

AN

Lf

R_SchU_interaction Reaction Rule

AN

—

Reaction Rule

M‘lteracbon

AN

—

AV

Reaction Rule

AN

HEEEEEE
L

L

vCell B | BMDB | Pathway Comm [ =-::2 |

R_GrbZ_lM

N

BioModels | MathModels | Geometries |

+ Search

1. Left click on Application,
select Specifications.

2. Left click

on Reaction.

L~

- 3. Uncheck to

_] Biological Models

-] My BioModels (2018nathans751) (2)
[#-__] Shared BioModels (0)

[#-_] Public BioModels (601)

-] Tutorials (10)

i)+ Education (34)

Object Properties | roblems (0 Errors, 0 Warnings) | () Database Fie Info | Network Generatd from network

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

disable (remove

generation).

|

TIP: Reactions (not
rules) can be declared
to have fast kinetics.
The scale separation will
be used by ODE solver.
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TIP: Setting Max. Molecules/Species 11 means that complexes may have no more than 11 molecules.
Mxx stoichiometry can be set for each individual molecule, meaning complexes may have no more than 100 of each
molecules (default value). To avoid generation of infinite networks, species and directions have limits as well.

h &N

%4 Geometry & Specifications

Protocols 2 Simulations /> Parameter Estimation

Species Reaction Network

<\
Network Constraints —
convart| 1. Left click on T R
Max Iterations Network. 1 X
Max Molecules [ Species I12 10 2 I-Eft CI|Ck

Species Limit
Reactions Limit

Max molecules

Max molecules

Reactions: unavaili Reactions Lmit

!é‘ Edit / Test Constraints

! Max. Iterations 3
Generated Network '12X- Molecules / Species 11
Species: unavailab| SPedes Limit 800
2500

800

on Edit/Test

2500 .
Constraints.

n x

100 7

100 I

Edit / Jest Constraints

Viev Create n

ew VCell BioModel from Netw

3. Left click
on Test/Run.

Observables Map Molecule Max. Stoichiometry
Warning: none EGF 100
== EGFR 100
Search 1 Grb2 100
— — | shc 100
Object Properties  An peen et tioN\Status
Select only one object weigr speues; - ues,

Max. Iterations defines how
many rule applications will be
used. Start with a small
number (e.g. 3) to run fast
and see if the generation is
complete.

You can constrain network
generation by other
parameters.

ork
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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.

File Server Window Tools Help

53

(L) BioModel1
= Physiology
» Reaction Diagram
) Reactions (11)
© Structures (1)
© Species (5)
© Molecules (4)
© Observables (9)
-1 Applications (1)
) 4/4  Application0
4 Geometry
Protocols
A Simulations
|£: Parameter Estimation
Parameters, Functions and Units
4+ Pathway

AV

VCell 08 | M8 | Pathviay Comm| - |

BioModels | MathModels | Geometries|
+ Search

|1 Biological Models
#__] My BioModels (2018nathans751) (16)
+_] Shared BioModels (0)
#__] Public BioModels (601)
+__] Tutorials (8)
+_] Education (34)

AN

| 34 Geometry| & Specifications | Protocols | 48 Simulations | &2 Parameter Estimation|
‘Species | Reaction: Network
Network Constraints
Name [ Type ] Value
Max Iterations value 3
Max Molecules / Species value
I'= )
Generated Network( &2 Apply the new constraints? |
Species: unavailablé = iev Edit / Test Constraints ]
i - Max. Iterations 3 S S T i T G L g e
Reactions: unavailal| Max. Molecules / Species 11 ey Create new VCell BioModel from Network
Warning: none Warning: Max Iterations number may be insufficient.
f
: i Apply §|  Cancel
Search
AY \

1. Check generation
progress. The last
iteration shown here still
generates new species, so
the network may be not
fully generated.

: Object Properties | Problems (0 Errors, 1 \'-/arnng)J © Database File Info| Network Gw Status

Iteration 0:
Iteration

1:
2:

Warning: Ma»

Pleas

n

Running BicNetGen ...

species
species
species
species

~ o n

w0

1 zrun time: 2.9 s.

icNetGen cutput to requester...

2. Unless the incomplete
network is enough (e.g. if
it is truncated by the
maximum number of
molecules per species),
click Cancel and choose
larger values.
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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.

File Server Window Tools Help

BioModel1
=} Physiology
> Reaction Diagram
0 Reactions (11)
2 Structures (1)
© Species (5)
 Molecules (4)
> Observables (9)
= Applications (1)
=) 44 * Application0
x4 Geometry
Protocols
- 7 Simulations
“}£ parameter Estimation
- Parameters, Functions and Units
[+ Pathway

AV

VCell D8 | 8MDB | Pathway Comm [ ~-0¢ |

‘ BioModels ]»MathModels | Geometries|
[ Search
Biological Models
(1 My BioModels (2018nathans751) (16)
(+-__) Shared BioModels (0)
#-__] Public BioModels (601)
)
}

&

(] Tutorials (8)

[+ Education (34)

|

1’?@ Geometry| @ Specifications | Protocols | 4 Simulations | [<. Parameter Estimation|

j Spedeé [ Reaction] Network [

Network Constraints
Name Type Value
Max Iterations value 3
Max Molecules / Species value 11
Generated Network
Species: unavailalj £ Apply the new constraints? vl fien Edit / Test Constraints J
Reactions: unavaill = View Create new VCell BioModel from Network
s Max. Iterations 12
Warning: none Max. Molecules / Species 12
Warning: none
Search l = ; '
i ]
— | pply *L Cance ]
| Object Properties | F et k Generation Status |

AUNNINg SICNeTeeEn Lo

Iteration O: 5 species
Iteration 1: & species
Iteration 2: 7 species
Iteration 3: 9 species
Iteration 4: 18 species
Iteratien 5: 35 species
Iteration 6: 60 species
Iteration 7: 87 species
Iteration 8: 106 species

Iteration 9: 106 species

Creating BNG cutput spec ...

Total run time: 12.8 s.

Return BicNetGen cutput to requester...

2. Click Apply to prepare
network for simulation.

1. Check generation progress. No warnings
" means that the network is fully generated.
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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.

File Server Window Tools Help
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[ BioModel1
=} Physiology
> Reaction Diagram
(2 Reactions (11)
O Structures (1)
© Species (5)
© Molecules (4)
 observables (9)
= Applications (1)
= 44 | Application0
74 Geometry
& Specifications |
Protocols
- 7 Simulations
£ parameter Estimation
- Parameters, Functions and Units
I+ Pathway

AV

VCell 08 | 8MDB | Pathway Comm| -1 |

BioModels ’ MathModels I_Geometriesg
| [+ Search
Biological Models
t__J My BioModels (2018nathans751) (16)
t__J Shared BioModels (0)
{-__1 Public BioModels (601)
}__J Tutorials (8)
}__] Education (34)

ST aalo

h 7N

B Geqme_try] & Specifications }
[ Speciesl Reaction| Network \

Network Constraints

Protocols | 4 Simulations | | Parameter Estimation|

Name I Type Value
Max Iterations lvalue 12
| Max Molecules / Species JYB,,',UQ,, 12
Generated Network 1. Click to see all species
Species: 106 in a separate pop-up —— view | | Edit / Test Constraints |
Reactions: 684 window. View [ Create new VCell BioModel from Network ]

Warning: none

Search

AV

T
|

{ Object Properties | Problems (0 Errors, 0 Warnings) [ £ Database File Info| Network Genfration Status[

ITETECIo  UY S IpETIEY
Iteration 1 6 species
Iteration 2 7 species
Iteration 3: 9 species
Iteraticon 4 18 species
Iteraticn 5 35 species
Iteraticon 6: €0 species
Iteraticn 7 87 species
Iteraticn 8 106 species

Iteraticen 9: 106 species
reating BNG cutput spec ...

Total run time: 12.8 s.

Return BicNetGen cutput to requester...

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

\

\

Updating the netweork constraints with the test values.

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

1L




Rule-Based Tutorial VCell 6.1: Deterministic Application

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, it can be simulated.

P

% View Generated Species 3|
Index Name Structure Depiction Expression

1R Cell Yooy EGFR(Y1~u,Y2~u,ecd,tmd) -

2|L Cell ~e% EGF(Site) E

3(Grb2  |cell D Grb2(sh2) T

4|ShcP  |cell o She(Y~p,sh3) i

5|ShcU  |Cell O She(Y~u,sh3)

6 |s5 Cell T EGF(Site!1).EGFR(Y1~u,Y2~u,ecd!1,tmd)

7 |s6 Cell TOLTOLYO ST LAY O T EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~u,ecd!1,tmd!3).EGFR...

8|s7 Cell O EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~u,ecd!1,tmd!3).EGFR...

9|58 Cell 3 EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~p,ecd!1,tmd!3).EGFR...

10 |s9 Cell EGF(Site!1).EGFR(Y1~p,Y2~u,ecd!1,tmd)

11 |s10 Cell EGF(Site!1).EGFR(Y1~u,Y2~p,ecd!1,tmd)

12 [s11 Cell EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~u,ecd!1,tmd!3).EGFR...

13 |s12 Cell EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~p,ecd!1,tmd!3).EGFR...

14 |s13 Cell EGF(Site!1).EGF(Site!2).EGFR(Y1~p,Y2~u,ecd!2,tmd!3).EGFR...
Cell YOO X EGF(Site!1).EGF(Site!2).EGFR(Y1~u,Y2~p,ecd!1,tmd!3).EGFR...

EGF(Site!1).EGF(Site!2).EGFR(Y1~p!3,Y2~u,ecd!1,tmd!4).EG...

Use these buttons to fit species and reaction

. Cl . . R
rules on the sclreen Different bonds are shown in different colors.




Rule-Based Tutorial VCell 6.1: Deterministic Application

ligand_bin...

A OO0

Index Rule Structure Depiction Expression
1 |ligand_bind |Cell oD + @ -> OV EGFR(Y1~u,Y2~u,ecd,tmd) + EGF(Site) -> EGF(Site!1).EGFR(Y1~u,Y2~u,ecd!1,tmd)
2 |ligand_bind |Cell D + COTD -> OO EGF(Site) + EGFR(Y1~p,Y2~u,ecd,tmd) -> EGF(Site!1).EGFR(Y1~p,Y2~u,ecd!1,tmd)
3 |ligand_bind |Cell D + OO -> OO EGF(Site) + EGFR(Y1~u,Y2~p,ecd,tmd) -> EGF(Site!1).EGFR(Y1~u,Y2~p,ecd!1,tmd)
4 |ligand_bind |Cell D + OO -> PCOO EGF(Site) + EGFR(Y1~p,Y2~p,ecd,tmd) -> EGF(Site!1).EGFR(Y1~p,Y2~p,ecd!1,tmd)
5 |ligand_bind |Cell D + COTPD -> U EGF(Site) + EGFR(Y1~p!1,Y2~u,ecd,tmd).Grb2(sh2!1) -> EGF(Site!1).EGFR(Y1~p!2...
6 |ligand_bind |Cell D + CCOTPOD -> G EGF(Site) + EGFR(Y1~u,Y2~p!1,ecd,tmd).Shc(Y~p,sh3!1) -> EGF(Site!1).EGFR(Y1~...
7 |ligand_bind |Cell D + OB -> Q) EGF(Site) + EGFR(Y1~u,Y2~p!1,ecd,tmd).Shc(Y~u,sh3!1) -> EGF(Site!1).EGFR(Y1~...
8 |ligand_bind |Cell D + CCOTPOD -> Q) EGF(Site) + EGFR(Y1~p,Y2~p!1,ecd,tmd).Shc(Y~p,sh3!1) -> EGF(Site!1).EGFR(Y1~...
9 |ligand_bind |Cell D + TEEPTD -> L EGF(Site) + EGFR(Y1~p,Y2~p!1,ecd,tmd).She(Y~u,sh3!1) -> EGF(Site!1).EGFR(Y1~...
10 |ligand_bind |Cell D + OOTOD -> N EGF(Site) + EGFR(Y1~p!1,Y2~p,ecd,tmd).Grb2(sh2!1) -> EGF(Site!1).EGFR(Y1~p!2...
11 |ligand_bind |Cell D + OOCPDDD ->|EGF(Site) + EGFR(Y1~p!1,Y2~p!2,ecd,tmd).Grb2(sh2!1).Shc(Y~p,sh3!2) -> EGF(Sit...
12 |ligand_bind |Cell D + COTPDDD ->|EGF(Site) + EGFR(Y1~p!1,Y2~p!2,ecd,tmd).Grb2(sh2!1).Shc(Y~u,sh3!2) -> EGF(Sit...
13 |ligand_bin...|Cell DTOTD -> COTD +|EGF(Site!1).EGFR(Y1~u,Y2~u,ecd!1,tmd) -> EGFR(Y1~u,Y2~u,ecd,tmd) + EGF(Site)

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

@
@

15 |ligand_bin...|Cell TS -> @ + B0 EGF(Site!1).EGFR(Y1~u,Y2~p,ecd!1,tmd) -> EGF(Site) + EGFR(Y1~u,Y2~p,ecd,tmd)
16 |ligand_bin...|Cell DTOD -> D + B0 EGF(Site!1).EGFR(Y1~p,Y2~p,ecd!1,tmd) -> EGF(Site) + EGFR(Y1~p,Y2~p,ecd,tmd)
17 |ligand_bin...|Cell OTOD -> @ +4EGF(Site! 1).EGFR(Y1~p!2,Y2~u,ecd!1,tmd).Grb2(sh2!2) -> EGF(Site) + EGFR(Y1~p...
18 |ligand_bin...|Cell EEOTPOD -> @ HEGF(Site!1).EGFR(Y1~u,Y2~p!2,ecd!1,tmd).Shc(Y~p,sh3!2) -> EGF(Site) + EGFR(Y...
19 |ligand_bin...|Cell DCOTPOD -> @ HEGF(Site!1).EGFR(Y1~u,Y2~p!2,ecd!1,tmd).Shc(Y~u,sh3!2) -> EGF(Site) + EGFR(Y...
20 |ligand_bin...|Cell BCOTPOD -> @ HEGF(Site!1).EGFR(Y1~p,Y2~p!2,ecd!1,tmd).Shc(Y~p,sh3!2) -> EGF(Site) + EGFR(Y...
21 |ligand_bin...|Cell OCOTDD -> @ HEGF(Site!1).EGFR(Y1~p,Y2~p!2,ecd!1,tmd).Shc(Y~u,sh3!2) -> EGF(Site) + EGFR(Y...
22 llinand hin...[Cell -> +q ite! ~nl ~ ! 212) -> FGFE(Site) + FGFR(Y1~n
Search I

57

I Species and reactions can be filtered by

in the Search box.

entering a string, e.g. Molecule or Site name,




Rule-Based Tutorial VCell 6.1: Deterministic Application 58
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.
File Server Window Tools Help :
[ Rule_Based_Egrf ﬂlx Geometry | @° Specifications|  Protocols| . Simulations | |<: Parameter Estimation
= Physiology
:» Reaction Diagram Simulations | Qutput Functions | Generated Math|
e = GREE >»u [0
© Species (5) Name End Time Output Option Solver Running Staj Results
 Molecules (4) ation0 50.0 eep eve ample ombined IDA/CVOD ot saved 0
 Observables (9)
[~} Applications (1)
=) 444 Application0 : 2.Set end
%4 Geometry 1: Click .On . 5. Click to
& Spedifications Simulations. time.
-~ Protocols run on a 4. Click to
t g VCell server '
£ Parameter Estimation 3. For advanced il run locally
- Parameters, Functions and Units Options; |e different (WI store (On user’s
# Pathway simulation
solvers and outputs, computer).
av click Edit. results).

VCell DB | BMDB | Pathway Comm | =1/

BioModels | MathModels | Geometries|

-+ Search

_1 Biological Models

[-__] My BioModels (2018nathans751) (17)
[__] Shared BioModels (0)

(-] Public BioModels (601)

[ Tutorials (8)

(] Education (34)

Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File Info | Network Generation Status|

Annotation: I

Max timestep Output

Rel tol

Abs tol

Sensitivity Analysis

Settings:

1.0s keep every 1 sample, at most 1000

1.0E-9

1.0E-9

no

(= Parameters with values changed from defaults

Parameter Name Default

New Value/Expression

Scan




Rule-Based Tutorial VCell 6.1: Deterministic Application: simulation results

Check to view species
generated by
BioNetGen.

TIP1: Generated species are listed by
index (s10, s11, ...). The molecular
composition of species can be seen

| %] Results for Simulation Simulation0

Dimers
Dimers_s

Grb2
L

R
SchP
Schu

O0_Egf_tot
O0_EGFR_tot
00_Grb2_tot
00_Shc_tot

Check to see

Species specified

in Physiology.

under Specification > Network >
. View Species.
Plot Legend: .
TIP2: Reactions show fluxes through
Dimers [nM]

individual reactions generated by

Dimers_s [nM]

each rule.

Y1 [nM]

Y2 [nM]

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.

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

el

Click to see numerical values.
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Creating Application:
Stochastic

Initial Condition:

Concentration () Number of Particles Randomize |

Species | Structure | Depiction | Clamped |Rules | Initial Condition |
R cO COOC® 602.0 [molecules]
L c0 O 4094.0 [molecules]
Grb2  ¢0 O 349.0 [molecules]
ShcP cO OO 0.0 [molecules]
ShcU cO OO 903.0 [molecules]



Rule-Based Tutorial VCell 6.1: Stochastic Application 61

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.

File Server Window Tools Help

= :ule_zaésed_igrf ::l Geometry| @° Specifications |~ Protocols | .2 Simulations | k& Parameter Estimation|
=1 Physiology i —
¥ Reaction Diagram | Species | Reaction| Network |
) Reactions (11) .
© Structures (1) Network Constraints
) Species (5) Name Type Value
2 Molecules (4) Max Iterations value 12
| - Otfservables 9 Max Molecules / Species value 12
= Applications (1)
SR%| Application0| | 1. One can create a stochastic application by copying a
¢ speckicatd ge"ame deterministic application. Right click on Deterministic
elete c . q A
- Protocols Application, select Copy As> Stochastic. Initial values of
- 72 Simulation/ Copy letwork . . . N .
£ parameter (oo A S Determinist/ species will be copied to the new application. A Stochastic
i p t i F ct' . - . . . . .
1 porometerss FnH  New BioModel From App | Stochastic application uses the BioNetGen engine to generate a reaction
Expand Al Network Free network that is solved using direct or hybrid Gibson solvers.
pen F ] Collapse All P
VCell DB | BMDB | Pathwi _ ‘ _ ] .. .
——— | - — | 2. Alternatively, a new application can be created by a right
BioModels | MathModels | Geometries| | | Search lick licati | licati hasti
@ search | — click on Applications, select New Application > Stochastic.
) Biological Models Object Properties | Problems (0 Errors, 0 Warnings) | ©) Database File Info | Network Generation Status]
(-] My BioModels (2018nathans751) (17)
[+-_] Shared BioModels (0) Select only one object (e.qg. species, reaction, simulation) to view/edit properties.

[+-__] Public BioModels (601)
(-1 Tutorials (8)
(-] Education (34)




Rule-Based Tutorial VCell 6.1: Stochastic Application

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.

4, Geometry @ Spedifications Protocols ,gle Simulations

Structure Mapping  Geometry Definition

m Physiology (structures)

Geometry (subdq

Compartment

/|

[[] vohume/Surface Calculator
Structure Size

62

|cel 10 [pm>] €

4 Geometry @ Spedifications Protocols 72 Simulations

Species Reaction Network

Initial Condition: () Concentration (@) N

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 el 1 O |602.0 [molacules] \ O
L ECeil \ O ]4094.0 [molecules] | |
Grb2 [Cel ‘ 0 |349.0 [molecuies] [ 0
SchP |Cel } O lo.o [molecules] [ O
Schi [Cel O [903.0 [molecules] \ O




Rule-Based Tutorial VCell 6.1: Stochastic Application: simulation results

Check to see species
generated by BioNetGen.

1. Create a new simulation in the
stochastic application using the same
settings as the previous simulation.

Dimers_s_Count
00_Eqf_tot
O0_Egf_tot_Count
O0_EGFR_tot
O0_EGFR_tot_Count
00_Grb2_tot
00_Grb2_tot_Count
00_Shc_tot
00_Shc_tot_Count

100.0 —

0.0

Check to see
Species specified
in Physiology.

= ——

Dimers_Count [molecules]
Dimers_s_Count [molecules]
Y1_Count [molecules]

Y2_Count [molecules]

— O X

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

Plot Legend:

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

rule.

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

The difference between “Y1”
and “Y2” phosphorylation

Ctrl + left click to
see several
species at once.

0.0

p View

10.0 20.0 30.0 40.0 S0.0 60.0

t

timecourses is due to Shc
phosphorylation.

LN

Click to see numerical values.

63
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Creating Application:
Network-Free

View Data Output Species

1

cO

Count |Structure | Depiction

BioNetGen Definition
tmd!2,Y1~p!3,Y2~p).EGFR(ecd!4,tmd12,Y1~p,Y2~u)....
@cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~p!3,Y2~u).EGFR(ecd!4,tmd!2,Y1~u,Y2~u)....

3 c0

1 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y 1~p,Y2~p!3).EGFR(ecd!4,tmd!2,Y1~p,Y2~u)....
1 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~p,Y2~p) .EGFR(ecd!3,tmd!2,Y1~p,Y2~u).EG...
3 <0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y 1~p,Y2~p).EGFR(ecd!3,tmd!2,Y 1~u,Y2~u).EG...
il c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~p,Y2~u).EGFR(ecd!3,tmd!2,Y1~p,Y2~u).EG...
1 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~p,Y2~u).EGFR(ecd!3,tmd!2,Y1~u,Y2~p!4)....
il c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~p,Y2~u).EGFR(ecd!3,tmd!2,Y1~u,Y2~p).EG...
6 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~p,Y2~u) .EGFR(ecd!3,tmd!2,Y1~u,Y2~u).EG...
1 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~p!3).EGFR(ecd!4,tmd!2,Y1~p!5,Y2~u...
5 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y 1~u,Y2~p!3) .EGFR(ecd!4,tmd!2,Y1~u,Y2~u)....
i c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~p).EGFR(ecd!3,tmd!2,Y1~p!4,Y2~u)....
1 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~p).EGFR(ecd!3,tmd!2,Y1~p,Y2~u).EG.
il c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~p).EGFR(ecd!3,tmd!2,Y1~u,Y2~p!4)....
6 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~p).EGFR(ecd!3,tmd!2,Y 1~u,Y2~u).EG...
3 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y 1~u,Y2~u).EGFR(ecd!3,tmd!2,Y1~p!4,Y2~u)....
6 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~u).EGFR(ecd!3,tmd!2,Y1~p,Y2~u).EG...
7 c0 @cO:EGF(Site!1).EGFR(ecd!1,tmd!2,Y1~u,Y2~u).EGFR(ecd!3,tmd!2,Y1~u,Y2~p!4)....
Q o AcO-ECE(Sitall) ECER(ardll tmdl2 V1aas V2au) EGER(acdI2 tmdl2 V1aus Y2 on) EC

Search Q Species: 30




Rule-Based Tutorial VCell 6.1: Network-Free Application

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.

File Server Window Tools Help

65

[ Rule_Based_Egrf

Physiology
» Reaction Diagram
) Reactions (11)
) Structures (1)
© Spedies (5)
© Molecules (4)
) Observables (9)
Applications (2)
+- 4/4 © Application0
SRS Copy of Applicationo|
%4 Geometry
@ Specifications
i Protocols
- # Simulations

- Parameters, Functions and U

A+'

Pathway

AV

vCell DB | BMDB | Pathway Comm |

BioModels | MathModels | Geometries|

+ Search
|_] Biological Models

+

+
&
+
+

__1 My BioModels (2018nathans751) (17)
[+-_] Shared BioModels (0)

t-__1 Public BioModels (601)
t-__] Tutorials (8)
1 Education (34)

A 7N

Structure Mapping | Geometry Definition|

4 Geometry | @ Specifications|  Protocols | 48 Simulations|

N

1. One can create a Network-Free application by copying a

A deterministic or stochastic applications. Copying a stochastic
simulation will preserve particle numbers. Right click on

/ existing Application, select Copy As > Network-Free. Network-
Free application uses the NFSim engine to stochastically

Rename simulate timecourses for observables and initial species.
Delete I T
Copy E r
Copy As ’ Deterministic | Volume/Surface Calculator
New BioModel From App Stochastic Size
Expand All Network-Free 10 [pm? ]
Collapse All ‘
| - 2. Alternatively, a brand new application can be created by a
AV

Object Properties | Problems (0 Errors, 0 W

Select only one object (e.g. species, reacti

right click on Applications, select New Application > Network-
Free. As in Stochastic Applications, care should be taken to
limit the number of particles.
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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.

File Server Window Tools Help

Rule_Based_Egrf 4 = —— : J—
?Physiology CEXEEACEL e
:» Reaction Diagram _S'm”|°t'°"s Output 1. Set end = ,
> Reactions (11) e A=A ;
¢ PDE x| ¢ . . time. : @O
S s () i L;{: | | parameters, Solver e
©s ) e Choosef solver algorithm and fine-tune time conditions: s
© Molecules (4) atio . : 0
 Observables (9) Integrator | NFSim (Network Free Simulator) v
-1 Applications (3)
+ 4/4 1 Application0 = General 3. Click to
+ 7 1 Copy of Application0 Time Step | I
- @ | Copy of Copy of Application0 Time/Bounds Error Tolerafire run locally
24 Geometry . Minimum : . on userls
@° Specifications Starting 0.0 o Ab 2. Click to (
Fetachs Ending |60.0 .l runona computer).
-ﬁeE mulati '_m Maximum server (to
Parameters, Fung .
ey Si lati t | =/ Output Options
P Iimuiation tool or i i
VCell DB __BMDB_]_Path d d . lik Keep Every time samples and at most simulation
BloModels [matmodd 0 VaNCEd OptioNs fike Xq . Fesults):
¥ Search different solvers and &N IPUCREUINE0.05 __[is
l';,] Biological Models OUtpUtS. P | P Output Times
+__] My BioModels (3 5. Click
+ ) Shared BioModels (0) Annotation: (Comma or space separated numbers, e.g. 0.5, 0.8, 1.2, 1.7) . Click to
+-__1 Public BioModels (601) s 5
" ] Tutorials (8) s Timepd = Advanced Solver Options Iea rn more.
+1_] Education (34) o% 20 V| Compute observables at output times only. @)
=l Parameters wit || set the distance to molecules that might have to be updated: @ l
Parametd Turn on aggregate bookkeeping. @ Scan
[ "] set the maximal number of molecules per Molecular Type. @ 200000 |
|| set a seed to NFsim's random number generator. @) |
[ OK ] [ Cancel




Rule-Based Tutorial VCell 6.1: Network-Free Application: simulation results

TIP: Generally, deterministic,

Select to list stochastic and NFSim simulation
|£) Results for Simulation{ Species defined N x| results should be similar (given noise
initially. =| and fluctuations). If NFSim results
I— St i are very different from results from a

network, it may mean that the
network is truncated and not
exhaustively generated.

Dimers_Count [molecules]

Dimers_s_Count [molecules] |

Y1_Count [molecules]

Y2_Count [molecules]

Dimers
Dimers_Count
Dimers_s_Count
O0_Egf_tot
O0_Egf_tot_Count
O0_EGFR_tot
O0_EGFR_tot_Count
0O0_Grb2_tot
0O0_Grb2_tot_Count
0O0_Shc_tot
O0_Shc_tot_Count
Y1
Y1_Count
¥2_Count :
Y_total_Count

200.0 —

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

100.0 —

The difference between “Y1”
and “Y2” phosphorylations

e T TR T i i T o T Ty timecourses is due to Shc
0.0 10,0 20,0 30.0 40.0 50.0 6&0.0 g
t phosphorylation.
Ctrl + left click to |
see several :
species at once.

Click to see numerical values
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