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VCell Tutorial
Building a Multi-compartment Rule-Based Model

In this tutorial, we will demonstrate how to create a compartmental rule based model of translocation through the

cycle. The nuclear Ran is (implicitly) phosphorylated by the shown i

Cytoplasm

Contents

nuclear pore of a cargo protein via the GTPase protein Ran. Specifically, this model displays the export part of the

nteraction with its nucleotide exchange factor:

the chromatin-associated RCC1 protein. The activated Ran then binds to the cargo molecule, creating a ternary
complex with the (not shown) exportin, facilitating translocation into the cytosol. Ran and cargo are then
dissociated via the hydrolysis of Ran by the membrane-bound Ran-GAP protein (not shown). The cytosolic cargo
molecule may be phosphorylated on any of its three tyrosines while in cytosol.
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http://www.nature.com/nrc/journal/v13/n3/fig tab/nrc3468 F2.html

Nature Reviews | Cancer


http://www.nature.com/nrc/journal/v13/n3/fig_tab/nrc3468_F2.html

In this tutorial you will learn how to:

*  Create a compartmental 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.

*  Create a 3-D model in VCell using existing 3-D image slices.

*  Simulate a 3-D model using Deterministic application that expands rules into a reaction network using
BioNetGen engine.

*  Simulate a 3-D model using a Stochastic application that simulates the reaction network generated by
BioNetGen.

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 Rule-Based Ran_transport in the Tutorial folder in the VCell
Database.


http://vcell.org/vcell_software/user_guide.html
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Rule Based Ran Transport VCell Tutorial (6.1): Opening VCell Contents

%2 Virtual Cell login _—
User Name |
Fassword The first step to any VCell
project is signing in. It is
Login | | cancel | Important to do so because

only those that are signed in
will be able to run simulations

| using VCell high-performance

computers remotely, use the

Forgot Login Password...

: - ]
Mew User Registration... | VCell database, and save
L . work. If you are new to VCell,
Use this link for details on how to create an account by clicking
acknowledge Virtual Cell in your the New User Registration

publication and how to share your button.

published research through
the VCell database.




Rule Based Ran Transport VCell Tutorial (6.1): Saving a VCell Model Contents

1. Start By creating a new BioModel in
which to do your work. Click on

(8} Server Window ToolsHelp File > New > BioModel.
New * BioModel

Open MathModel *
Close Ctrl+W Geometry = Search
Save |

Advanced =>

Search Shaow All

Save New Version

Save As.
| Biological Models
Save As Logal- ESBEE | My BioModels (2018nathans751) (18)
ReveN to Saved [H-_1 Shared BioModels (0)
) [ Public BioModels (601)
Compa¥xe with Saved [ Tutorials (8)
- [H-1 Education (34)
Permissions...
Model Anndtatian ... 3. Update the name of

... the Model to an
Field Data..  \ \ accurate descriptor.
Import... \\ — D e 5| Then, save the new
Export... Model under My

Exit \ « BioModels by clicking
P on the desired domain

"1 Dinlanical kadal A Delete Pathway Li d I k S
: and clicking Save.
2. Now, save your new BioModel g

online by clicking File > Save As. You
can also save your file to the computer
by clicking File > Save As Local.

Proble

v O o O s |

sject (e.

Please type a new name: /
|Ru|e—Eased_Ran_Transport “

l Save I [ Cancel l




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Structures Contents

TIP: You can also create new structures using a non-visual format by clicking on the
Structures tab and pressing either New Compartment or New Membrane.

File Server Window Tools Help
E Rule-Based_Ran_Transport

¥+ Reaction Diagram | () Reactions | (2 Structures | © Species | © Molecules | © observables|

E}Ph"usiobgv [ - L)
B ©[e]|/|7]#] @ @ 523 & oy &5 v

- © Reactions (0)

----- 2 Structures (1)

1. To create and edit structures, click
on Reaction Diagram. Double click
on the title of the compartment (c0),
and rename it EC. Press Enter to
confirm. Alternatively, you can alter

. the name of the compartment in the
box labeled Structure Name.

| |
_| Biological Models [ Delete ] | F'ath*.a-'a\' Links = | Search
-1 My BioModels (2018nathans751) (18) av \
[+_1 Shared BioMadels (0) Object Properties | Problems (0 Errors, 0 Warnings) |
(-1 Public BioMadels (601) \ s -
G- Tutorials (8) Select only one structure to edit properties
[-C1 Education (34) Structure Mame |c0 : |

Size Variable Name |c[] [pm=] |

Annotation
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Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Structures

TIP: You can not edit a structure’s name or its components while using the Structure Tool. Therefore,
when creating and naming structures, you have to switch back and forth between said Construction

Tool, and the Select Tool immediately to its left.

File Server Window Tools Help

E Rule-Based_Ran_Transport
=} Physiology

B4 Reaction Diagram
-} Reactions (0)

- Structures (1)

-2 Species (0)

3 Reaction Diagram | ( Reactions | 7 Structures| T 5

Ku AR ¢

Bl ol/lf/l;(l @@ "}

1. Click on the Structure Tool. A
dashed border should appear on
4 the sides of the EC compartment.

N
VCell DB | BMDB | Pathway Comm | -5 ¢ |

BioModels | MathModels | Geometries|

[+ Search

_1 Biological Models

[++__1 My BioModels (2018nathans751) (18)
[++__] Shared BioModels (0)

[#_1 Public BioModels (601)

[+ Tutorials (8)

[+ Education (34)

4 11

2. Click on the dashed border, then

click Add Membrane. Name the

Add Compartment
Add Membrane

Delete Pathway Links =

Search

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

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




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Structures
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TIP: Compartments have a white background, while membranes have a grey background.

create an environment for reactions to take place.

TIP: The goal of these structures is to roughly mimic the basic structure of the cell so as to

File Server Window Tools Help

% Rule-Based_Ran_Transport 4 '+ Reaction Diagram | () Reactions | (2 Structures | © Species | > Molecules | © Observables

= Physiology

S%4d Reaction Diagram

R @o/|7 ¥ @@l oo+

[+- Pathway

1. Continue to make compartments and

nm, Nuc. (Also illustrated in the image.)

membranes until you have, starting with a
compartment, and alternating: EC, pm, Cyt,

i
vcell DB | gMDB | Pathway Comm | -0 |

BioModels | MathModels | Geometries|

1+ Search

Biological Models Delete Pathway Links = Search
[ 1 My BioModels (2018nathans751) (18) av
_| Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Warnings) |
(-1 Public BioModels (601)
iy i elect only one object (e.g. species, reaction, simulation) to view/edit properties.
[+ Tutorials (8) Select only bject (e.g. sp ct lation) t Jedit propert

(-1 Education (34)




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Structures
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TIP: For some reactiions, like a neuron firing, adjusting the membrane potential can be very
important in corrct simulation. In this case, the membrane potential is not very important.

File Server Window Tools Help

E Rule-Based_Ran_Transport

=} Physiology
#» Reaction Diagram

g Reactions io!

© Species (0)

2 Molecules (0)

2 Observables (0)
- Applications (0)
- Parameters, Functions and Units
[+}- Pathway

| > Reaction Diagram | [ Reactions| ) Structures | ) Species | T Molecules | 7 Observables|

Name Type Electrical (Membrane Polarity)
Cyt Compartment
EC Compartrment
Nuc Compartment
pm Membrane Cyt(+) EC(-)

Membrane

1. Click on nm. At the bottom of the screen, the
properties of this membrane will appear.

3. Do steps 1-2 for the pm membrane as well.

AT
vcell DB | gMDB | Pathway Comm [ - - |

BioModels | MathModels | Geometries)

2. Change the Positive dropdown to nuc and
the Negative to cyt(optional, necessary only if
voltages across membrane will be
considered).

[+ Search
| Biological Models [ Nevy Compartment ] [ New Membrane [ Delete ] Pathway Links « Search
_I My BioModels (2018nathans751) (18) a4 L

(- Shared BioModels (1)

Object Properties | Problems (0 Errors, 0 L/arnings} | ) Database File lnfo|

(-] Public BioModels (601)
[ Tutorials (8)

[+ Education (34) Structure Name | nm

Size Variable Name |nm [pm2]

Voltage Variable Name |Voltage_nm [mV]
Positive (inside feature) |Nuc

Megative (outside feature) Cy't

Select only one structure to edit properties

Electrophysio

membrane voltage: "Voltage_nm" = voltage(Nuc) - voltage(Cyt)
inward currents: from compartment "Cyt" into compartment "Nuc"
Note: VCell reactions and fluxes specify inward currents (- to +) rather than conventional currents (+ to -).

annntatinn |




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Molecules Contents

TIP: The color of a molecule is assigned based on the order in which it was created. It is not
possible to customize or change the colors of molecules.

File Server Window Tools Help
E Rule-Based_Ran_Transport | :I* Reaction Diagram |  Reactions | 7 Structures | © Species|  Molecules | ™ observables|

[=}- Physiology

#* Reaction Diagram Name Depiction BioNetGen Definition
- Reactions (0)

- Structures (5)
- Spedies (0)

5 Molecules (1)

- Observables (1)
- Applications (0)
-~ Parameters, Functions and Units

- h o . .
- pathney 1. To create molecules that will be involved in the
model, click on New Molecule. A new, generically
named molecule will appear.

b N

2. To change the name, right click on the
/ molecule, and click Rename.

S
VCell DB | MDB | Pathway Comm | =5 |

BioModels | MathModels | Geometries|
- Search [ TR R ﬁ Delete l Pathway Liry/v Search

_| Biological Models
[#-__1 My BioModels (2018nathans751) (18) L | ;y/ |
[+-__1 Shared BioModels (0) Object Properties | Problems (0 Errors, 0 Warhings)
- 3. Change the name to Ran.

[#-__1 Public BioModels (601)
[ Tutorials (8) Anchor Molecule |
-2 Education (34) (@) No restrictions

_ ename . .
() Only these: e 4. Right click on the molecule
= R and select Add Site.
pm | - ;mnotatinn
i, .
nm
L I } e




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Molecules Contents

TIP: You can not delete a molecule until all observables, species, and reactions containing said
molecule are either altered to not include the molecule or deleted.

File Server Window Tools Help
E Rule-Based_Ran_Transport ﬂ| ¥+ Reaction Diagram | © Reactions | (2 Structures | O Species| © Molecules | () observables|
[=I-Physiclogy

-’ Reaction Diagram
- Reactions (0)

- Structures (5)
1 Spedies (0)

- Applications (0)
-~ Parameters, Functions and Units

[+}- Pathway
aw
VCell DB | BMDB | Pathway Comm | =200 |
BioModels | MathModels | Geometries|
[+ Search - ] _ ) _
1 Biological Models | Mew Molecule > | | Delete | | Fathuay Links > 1. Right click on the site and
_I My BioModels (2018nathans751) (18) ¥ 4 select Rename. —
[+ Shared BioModels (1) Object Properties | Problems (0 Errors, 0 Warnings) | € Database File Il..—.
[+ Public BioModels (601) /
G- Tutorials (8) Anchor Molecule ||
(0 Education (34) @ No restrictions @ 2. Name the site cargo.
(") Only these: == Move right
= Move left
e il E— Rename
L Jpm _| | Annotation Delete
| oyt Add State
| nm




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Molecules Contents

TIP: A molecule can also be renamed by double clicking on it in the name column.

File Server Window Tools Help
? :ule-zﬂed_“aﬂ_"aﬂsmrt | :* Reaction Diagram | (™ Reactions |  Structures | © species| T Molecules | ™ observables|
- Physiology

> Reaction Diagram Name Depiction BioMetGen Definition
- Reactions (0) Ran =o7 Ran(Cargo)

N

-~ Species (0)

B> Molecules (2)|

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

%
VCell DB | BMDB | Pathway Comm | =0

BioModels | MathModels | Geometries|

Search
= Biological Models | NewMolecule v | [ Delete | | Pathway Linksw 1. Create new molecule RCC1.
_I My BioModels (2018nathans751) (18) L /

(-1 Shared BioModels (1) Object Properties | Problems (0 Errors, 0 Warnings

[_1 Public BioModels (601)
[ Tutorials (8)

[ Education (34)

Anchor Molecule |

@ Norestricions | (il 2. Rename Site0 to Site

(") Only these:
[ Jec -
[ ]pm - Annotation
Loyt
[ ]nm
-




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Molecules

File Server Window Tools Help

E Rule-Based_Ran_Transport
=1 Physiology
- #* Reaction Diagram

""" T Reactions (0)

O species (0)

B btolecuies (2)
- observables (3)

-~ Applications (0)

-~ Parameters, Functions and Units

[+- Pathway

A

VCell DB | BMDB | Pathway Comm | =70 -

BioModels | MathModels | Geometries|

[ Search

_| Biological Models
[+}-__1 My BioModels (2018nathans751) (18)

[+-__] Shared BioModels (1)

-1 Public BioModels (601)

[+ Tutorials (8)

[+ Education (34)

Contents

a| ¥+ Reaction Diagram | ( Reactions |  Structures | © Species|  Molecules | ™ observables|

Name Depiction BioMNetGen Definition
Ran <o Ran(Cargo)
RCC1 o)) RCC1(Site)

C(site,¥1,Y2,Y3)

[ New Molecule = H Delete ] Pathway Links «

L

"1
Object Properties | problems (0 Errors, 0 Warnings) | _——

1. Create new molecule C.

Anchor Molecule |

@ No restrictions

(") Only these:

o —

GG v W

- Move right
&= Move left

Rename

[ ot Delete

2. Add sites Site, Y1, Y2, and Y3.

Add State

3. Right click on site Y1 and press !
add state. Do this for sites Y2 and
Y3 as well (2x for each site).
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Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Molecules

TIP: The BioNetGen Definition is another way of describing a molecule. The format is the name of the molecule followed
by closed parentheses, containing the names of sites, separated by comas. States are indicated by a adding a tilde to the

end of the site, followed by the name of the state. Multiple states can be created per site.

8]
% :uk?-ﬂased_nan_rransport =| ¥+ Reaction Diagram | 7 Reactions |  Structures | © Species| T Molecules | 7 observables
& Py;:o R?:::tmn Diagram Name Depiction BioMetGen Definition
fj Reactions (0) Ran & Ran(Cargo)
- Structures (5) RCC1 & RCC1(Site)
- © Species (0) [ ¢ [=esee  [c(site,Y1~u~p,Y2~u~p,Y3~stated~p)
&> Molecules (3)
- Observables (3)
- Applications (0)
- Parameters, Functions and Units
[+}- Pathway
1. To rename the state, right
click on it and select Rename.
.

VCell % | oD | patimvay Comm | s2bio 2. Rename the states so that

BioModel thivodel i .
Peodel | atodels| eometnes each site has two states; p on
: | Hew Molecule ¥ {he top and u on the bottom. e

Biological Models
. i

_| My BioModels (2018nathans751) (18) -
Object Properties | Problems (0 Errors, 0O War#ngs) | 7 Database File Infol l

[+-__1 Shared BioModels (1)

[#-__1 Public BioModels (601)
[ Tutorials (8) Anchor Molecule |
-2 Education (34) (@) No restrictions

(") Only these: Rename

Delete

EC

pm

oyt

nm




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: 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. An observable corresponding to the total amount of all species that
gi| include this molecule is automatically generated for every molecule.

= Rule-Based_Ran_Transport | 31+ Reaction Diagram | (> Reactions | © Structures| © Species| © Molecules| © Dbservablesl
= th’a"s’mf::!:;ﬁon Diagram Name Structure Depiction BioNetGen Definition Count
2 Reactions (0) O0_Ran_tot Cyt =) Ran() Molecules
2 Structures (5) O0_RCC1_tot Cyt <& RCC1() Molecules
1 Species (0) 00 . tot Cyt ~eeTe c() Molecules
© Molecules (3)
5] Observables (3) : :
- Applications (0) To view, edit, and add
& ::;ﬁ;‘:;“' Functions and Units _ observables, Click on the
When a molecule is created, an Observables tab.

observable for that molecule
should also automatically be
created. Therefore, there
should already be three
observables.

F N 4

vcell 08 | gMDB | Pathway Comm | -0 ¢ |
BioModels l MathModels | Geometries]

[+ Search

) Biological Models [ Mew Observable « J Duplicate « Delete Pathway Links « Search
[+ My BioModels (2018nathans751) (18) oY

[+ Shared BioModels (1) Object PrapertiESI Problems (0 Errors, 0 Warnings) | ) Database File Info]

[+__] Public BioModels (601) -

[+ Tutorials (8) Select only one object (e.g. species, reaction, simulation) to view/edit properties.

[+ Education (34)




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Observables
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TIP: Not all of the observables were automatically created in the correct structure.

File Server Window Tools Help

% Rule-Based_Ran_Transport

= Physiology
- i’ Reaction Diagram

-2 Spedies (0)
-~ Molecules (3)

| Observables (3)
-~ Applications (D)
-~ Parameters, Functions and Units

3/ 2~ Reaction Diagram | © Reactions| © Structures| © Species| © Molecules' ™ Observables
Name Depiction BioMetGen Definition Count
0_RCC1_ Cyt & RCC1() Molecules
I 00_c_tot ST cf) Molecules

S

You can rename observable by
double clicking on their name.

[+-Pathway

Ran_Cyt

1. Rename OO0 _Ran_tot to

>

vCell DB | MDB | Pathway Comm | =5 ¢ |

BioModels | MathModels | Geometries|

I+l Search -

_| Biological Models

-1 My BioModels (2018nathans751) (18)
[#-__1 Shared BioModels (1)

[ Public BioModels (601)

- Tutorials (8)

[+ Education {34)

To better identify the observables,
their names can be changed.

[ MNews Observable ][ Duplicate = ][ Delete ] Pathway Links = Search

"

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

Polymer of
() length =

() length >

Add Pattern

(@) Multimolecular

? underneath the site means
that other molecules can be
bound to Ran at this site.

11

PR

~ Annotation -




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Observables

File Server Window Tools Help

Contents

ﬁ Rule-Based_Ran_Transport

ﬂ| 3» Reaction Diagram | © Reactions |  Structures | (2 Species | © Molecules| T Observables |

Hame Structure

Depiction

BioNetGen Definition Count -

I Physiology

- ¥ Reaction Diagram Il
-2 Reactions (0)

-2 Structures (5)

-© Species (0)

-2 Molecules (3)

R s o)

- Applications (0)

- Parameters, Functions and Units

2. Right click on the grey
box that says the name of
the observables current
structure. Then, select
Specify Structure, and a
list of all the structures will
appear. Clicking on one
changes the Structure
where the selected
observable is present.

Ran_cyt Cyt

RCC1_Nuc oyt

<o)

@

Ran() Molecules
ole

RCCL() Malecules

3. Change names as indicated.

Change the structure for both
Cargo_Nuc, and RCC1 Nuc

observables to Nuc.

1. To change the assigned
structure of an observable, start
by selecting said observable. In
the bottom of the screen, the
observable will be visually
displayed.

|ew Observable v H Duplicate + H Delete ] Pathway Links v /

Search

ect Properties | Problems (0 Errors, 0 Warnings) | ) Database File lnfq(

(-] Tutorials (8)
[+ Education (34)

Add Pattern

(@) Multimoleéuta

]

Polymer of Delete Species Pattern
Olength= 2] Add Molecule
() length > |1 Specify structure (for all) *

= :Annotation

Cyt
EC
Nuc
pm
nm
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TIP: A duplicate observable can be created by selecting the desired observable and clicking Duplicate.

File Server Window Tools Help

ﬁ Rule-Based_Ran_Transport
EI--F_'hys'loh-gy
- #* Reaction Diagram

----- ) Reactions (0)

-~ Structures (5)

- Molecules (3)

= Observables (3)
----- Applications (0)
----- Parameters, Functions and Units
[+-Pathway

a| 3 Reaction Diagram | © Reactions | ™ Structures | © Species| ™ Molecules| T Observables |

Name Structure Depiction BioMetGen Definition Count
Ran_cyt Cyt e Ran() Molecules
RCC1_Nuc huc & RCC1() Molecules
Cargo_Nuc Nuc Seeeey () Molecules

W

VCell DB | gMDB | Pathway Comm | - o |

BioModels | MathModels | Geometries|

1+ Search

To create a new observable, click
on New Observable, then specify
the structure where it should be.

/

_| Biological Models

[ My BioModels (2018nathans751) (18)
(1 Shared BioModels (1)

[+ Public BioModels (602)

[ Tutorials (8)

[+ Education (34)

[ 'New{)bsewabbe( Duplicate =

Delete

In Compartment EC
In Compartment Nuc
In Compartment Cyt
In Membrane pm

In Membrane nm

@eeee©

Pathway Links = Search

Errors, 0 Warnings) | () Database File Info|

el ko ssicufoadit neanarkios

ies, reaction, simulati

1. Create a new
observable in the
Cyt compartment.
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File Server Window Tools Help

Contents

| Rule-Based_Ran_Transport
[~} Physiology
3 Reaction Diagram
) Reactions (0)
12 Structures (5)
+© Species (0)
-+ Molecules (3)
g% Observables (4)
- Applications (0)
- Parameters, Functions and Units
[+-Pathway

ﬂl 3+ Reaction Diagram | ( Reactions |  Structures | (2 Species | 2 Molecules| T Observables

Cargo_Cyt

Name Structure Depiction BioNetGen Definition Count
Ran_cyt Cyt & Ran() Molecules
RCC1_Nuc Nuc & RCC1() Molecules
Cargo_Nuc Nuc Malecules

1. Rename the new observable to
Cargo_Cyt. It will count all
molecules of cargo in cytosol.

S 4

VCell DB | BMDB | Pathway Comm | =20 c |

BioModels | MathModels | Geometries|

[ [+ Search

Molecules

Biological Models

(-1 Shared BioModels (1)
[+ Public BioModels (602)
[+ Tutorials (8)

[+ Education (34)

(1 My BioModels (2018nathans751) (18)

|~ New Observable | | Duplicate~ | | Delete |

. 4

Select Add Molecule -> C.

2. Right click on the grey area.

Object Properties | Problems (0 Errors, 1 Warnings) | € DakavaseFe-mio] —

=

@ Multimolecular Delete Species Pattern
Polymer of Add Molecule e Ran
©length= |2 Specify structure (forall) * <@ RCC1
= ST
(O length > 1]
3. The generated observable will have all sites of cargo
* Annotation molecule in grey with question marks, meaning that all

molecules can be bound or not.

tyrosines can be either phoshporylated or not, and other ]




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Observables

TIP: For some observables it is important to specify certain sites being bound or
unbound, phosphorylated, or unphosphorylated.

File Server Window Tools Help

| ) Rule-Based_Ran_Transport
= Physnology
#* Reaction Diagram
-2 Reactions (0)
- Structures (5)
2 Specdies (0)
1 Molecules (3]
S Observables (5)|
- Applications (D)
- Parameters, Functions and Units
[+ Pathway

ﬂ| :» Reaction Diagm] 2 Reactions | 2 Structures | ] Species| ] Mobecubes] © observables |

Contents

1. Create a new observable
named Ran_Bound_Cyt in the
Cyt compartment.

av

vcell DB | BMDB | Pathway Comm [ == |

BioModels | MathModels | Geometries|

[+ Search

Biological Models
(-] My BioModels (2018nathans751) (18)
[+__] Shared BioModels (1)
[+__] Public BioMadels (602)
-] Tutorials (8)
(] Education (34)

2. Assign the observable the Ran
molecule.

Name Structure Depiction BioNetGen Definition Count
Ran_cyt Cyt Ran() Molecules
RCC1_Nuc Nuc RCC1() Malecules
Cargo_Nuc Nuc m CLJ Molecules
Cargo_Cyt Molecules

Ran_Bound_Cyt Cyt an() Molecules

Pathw

Add Pattern

(@) Multimolecular

Folymer of
()length= |2

(@) length > |1

2. Right click on the site Cargo,
and click Site Has External Bond.
This specifies that there is an
observable that selects all Ran

molecules that are bound to
something (and this “something”
can be only cargo molecule), and

located in the Cytosol.

Site is unbound
Site has external bond
Site may be bound

Site bond specified ’

- ;mn-otaﬁon
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TIP: A state of "p" means phosphorylated, while a

state means unphosphorylated.

File Server Window Tools Help

% Rule-Based_Ran_Transport
=+ Physiology

- ¥ Reaction Diagram

----- - Reactions (0)

----- - Structures (5)

----- O species (0)

----- @ Molecules (3)

----- =) observabies (6)

- Applications (0)

- Parameters, Functions and Units
[+ Pathway

W

a| 3» Reaction Diagram | (2 Reactions | © Structures | © Species | © Molecules| ™ Observables

Name Structure Depiction BioNetGen Definition Count
Ran_cyt Cyt & Ran() Molecules
RCC1_Nuc Nuc & RCC1() Molecules
Cargo_Nuc Nuc ey () Molecules
Cargo_Cyt qrt m () Molecules

Ran_Bound_Cyt

Cargo_Phosp_Cyt ryt

w-.:-

VCell DB | gMDB | Pathway Comm | =200

BioModels | MathModels | Geometries|

[ I+ Search

Biological Madels
[_] My BioModels (2018nathans751) (18)
[+-__1 Shared BioModels (1)
[+-__1 Public BioModels (602)
-1 Tutorials (8)
[+ Education (34)

1. Create a new observable
named Cargo_Phosp_Cyt in the
Cyt compartment. Assign the
observable the C molecule.

Ran(cargo!+)
Cl¥1~pi?,¥2~p!?)

Malecules

Molecules

[ New Observable = H Duplicate = H Delete ]

Pathway Links =

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

Add Pattern

(@) Multimolecular
Polymer of
() length = :2

() length > il

P

sites.

2. Right click on the states
above the Y sites. Set all
three states to p. This
creates an observable
selecting all species that
contain C molecule
phosphorylated at all Y

[ Annotation
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% Rule-Based_Ran_Transport

e 4 W

| 3# Reaction Diagram | T Reactions |  Structures | © Species | Molecules. > Observables

‘ 

=1 Physiology
. 4» Reaction Diagram Name Structure Depiction BioNetGen Definition Count
) Reactions (0) Ran_cyt Cyt & Ran() Molecules
2 Structures (5) RCC1_Nuc Nuc & RCC1() Molecules
 Species (0) Cargo_Nuc Nuc STy c() Molecules
‘:‘ Molecules (3) Cargo_Cyt Cyt Seeeey c() Molecules
A Ran_Bound_Cyt Cyt & Ran(cargo!+) Molecules
- App - - - -
- Parameters, Functions and Units Cargo_Phosp_Cyt Cyt oo C(Y1~p!?,Y2~p!?,¥3~p!?) Molecules
q p
[+ Pathway
1. Create a new observable
named Cargo_Phosp_Cyt_Tot in
the Cyt compartment. Assign the
iV
VGl DB | g5 FothaoyComm | 5255) observable the C molecule.
E"i¢1'|'“"|‘1‘di3|5| Maﬂ'lMo-deislGeometnesl l Mew Observable » l [ Duplicate » ] l Delete ] Pathway Links Search |
[+ Search \ 4
_1 Biological Models Object Properties | Problems (0 Errors, 2 Warnings)|
[ My BioModels (2018nathans751) (19)
[#-_1 Shared BioModels (1) Add Pattern ] =l
[H-__1 Public BioModels (602)
:: T:j-'tﬂriﬂ'S (8) (@) Multimolecular
] Education (34 ;
cation (4) Polymer of 3. SpeCIfy the
. . = 2 < new pattern as
2. Add_ a_new species pattern mtq I Delete Species Pattern | the C molecule.
the existing observable by selecting | Add Molecule D  Ran
the Add Pattern button (2X). Specify structure (for all) RCC1 }][
SOET C

4. Specify the third pattern
as molecule C as well.
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TIP: A grey site with a question mark at the bottom means that the site may or may not be bound.
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- i Reaction Diagram

----- 2 Reactions (0)

-~ Structures (5)

@ species (0)
- Molecules (3)
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- Applications (0)
- Parameters, Functions and Units
[+ Pathway

3/ 2 Reaction Diagram |  Reactions | © Structures | © Species| © Molecules, © Observables
Name Structure Depiction BioNetGen Definition Count
Ran_cyt Cyt & Ran() Molecules
RCC1_Nuc huc & RCC1() Molecules
Cargo_MNuc Huc STe ey c() Molecules
Cargo_Cyt Cyt =Te ey c() Molecules
Ran_Bound_Cyt Cyt & Ran(cargo!+) Molecules
Cargo_Fhosp_Cyt Cyt eeey C{Y1~p'?,Y2~pi? Y3~p!?) Molecules

®|C(Y1~p!?) CY2~p!?) C(Y3~p!?) Molecules

Y

VCell DB | BMDB | Pathway Comm | == |

BioModels | MathModels | Geometries)

[ [+ Search

_1 Biological Models
[++__1 My BioModels (2018nathans751) (19)
[+__] Shared BioModels (1)

[#}-__1 Public BioModels (602)

(-] Tutorials (8)

[+ 1 Education (34)

[ New Observable = H Duplicate v H Delete ] Pathway Link

1. Set Y1 as phosphorylatedon ~ —
the first molecular structure.

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

[ Add Pattern ]

(@) Multimolecular

Polymer of
(O length = |2

2. Set Y2 as phosphorylated on
the second molecular structure.

() length > |1

3. Set Y3 as phosphorylated on
the third molecular structure.
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E Rule-Based_Ran_Transport
&) Physiology
----- #* Reaction Diagram

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

Y

vCell D8 | gMDB | Pathway Comm | 520 |

BioModels | MathModels | Geometries|

1+ Search

_I Biological Models
[+-__1 My BioModels (2018nathans751) (18)
[+__] Shared BioModels (1)
[#__] Public BioModels (602)
(-1 Tutorials (8)
[ Education (34)

h Y

| #+ Reaction Diagram | © Reactions | © structures| © Species | (™ Molecules | 2 Observables|

Name

| Structure | Depiction |

BioNetGen Definition

1. To make a new species, click
the New Species button, then
specify the structure in which the
species will exist.

€
€
@
@
@

In Compartment EC
In Compartment Nuc
In Compartment Cyt
In Membrane pm

In Membrane nm

[ puplicate~ | | Delete | | Pathway Links> | Search |

Errors, 0 Warnings) | € Database File Info|

, reaction, simulation) to view/edit properties.

2. Create the new species in

compartment Nuc.
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?p:ul?-ﬂa%d_ﬂaﬂ_“aﬂﬁmrt 3| 3~ Reaction Diagram | © Reactions | © Structures| ™ Species | © Molecules | © Observables|
‘:-f,'o Rh::::mn Dlagram Name Structure Depiction Link BioNetGen Definition
- © Reactions (0)
-~ Structures (5)
=, Species (1))
-~ Molecules (3)
-2 Observables (7)
----- Applications (D)
----- Parameters, Functions and Units
[+ Pathway
1. Rename the species to
Ran_C_Nuc by either double
clicking in the name column, or
typing it in the Species Name box
av in the Object Properties tab.
vCell DB | gMDB | Pathway Comm | =20 |
BioModels | MathModels | Geometries|
i+l Search
_| Biological Models 7
[H-__1 My BioModels {2018nathans751) (19) Duplicate « / Delete ] [ Pathway Links ~ l Search |
[#-_) Shared BioModels (1) AY

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

Linked Pativway Objeci(s) blank species, right click on the

Species Name |Ran_C_Nuc 2. To assign a molecule to the

green ball, and click Specify

——7 .
I Molecule. Assign the blank
/ / species to the Ran molecule.

—

A/

Q

Specify Molecule <& Ran

D RCC1
SO C
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..... 0 Structures (5)
----- %1 Species (1)]
----- 2 Molecules (3)
----- 2 Observables (7)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

S,

VCell DB | BMDB | Pathway Comm | =10 |

BioModels | MathModels | Geometries|

|D5&El‘d‘l

:| :I» Reaction Dlagram [=) Reacﬂons| © Structures|  Species |  Molecules | C.‘robservables|

Ran_C_Nuc Nuc Ran(cargo)

Biological Models

[+ My BioModels (2018nathans751) (19)
] Shared BioModels (1)

[ Public BioModels (602)

[0 Tutorials (8)

] Education (34)

1. To add another molecule into

the specie, right click on the white |
S Properties | Problems (0 Errors, 0 waming: Space next to the molecule, and

[ New Species~ | | Duplicate > | | Delete

Species Name  Ran_C_Nuc select SpeC|fy Molecule. Select |

Annotation / /
Specify Molecule »<& Ran
= RCC1

TEED C
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- Applications (D)

- Parameters, Functions and Units
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vCell DB | gmDB | Pathway Comm | =75 ¢ |
EinMudeIs| MathModeis|Geometries| Mew Species ¥ ] [ Duplicate = ] [ Delete ] [ Pathway Links ~ ] Search |
i+ Search o )
1 Biological Models Object Proper 1~ Set all three Y sites to U, and i
3 8 My Slohlodels (201onsthenss1) (19 s» make sure that all Y sited are 2. To specify the bond between
FE+ 1 Public BioModels (602) Linked Pathwe | nbound as well. Ran and C, right click on the
[+ Tutorials (8) . .
(] Education (34) | \ Ran site Cargo, select Site
_ \ ——| bond specified, and select the
Annotation option that binds the Cargo site
on Ran to the Site site on C.

£arge -  Sjte is unbound =

Site bond specified | “@<5055 Ran(cargo!l).C(site!1)

m Ran(cargo!1).C(Y1!1)

Ran(cargo!1).C(Y2!1)
Ran(cargo!1).C(Y3!1)

Nuc




Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Species Contents

TIP: A yellow site with no line out the bottom is an unbound site.
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| I Reaction Diagram | (2 Reactions | O Structures T Species | ) Molecules | T Observables|
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- ¥+ Reaction Diagram Name Structure Depicﬁm Link BioNetGen Definition
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----- I 5) Molecules [3}
----- ) Observables (7)

- Applications (0)

o ters, Functio nd Units . .
b pathoeay 1. Create new species RCC1 in

the Nuc compartment.

av
vCell DB | pMDB | Pathway Comm | =25 ¢ |

aioModeIs| MathModels | Ga-ometn&sl New Species ¥ '_ Duplicate _. [ Delete l [ Pathway Links « Search l
-+ Search i

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

_| My BioModels (2018nathans751) (19) Species Name IRCCl I
[+__1 Shared BioModels (1)
[+ Public BioModels (602) Linked Pathwsay Object(s)
[ Tutorials (8)

[+ 1 Education (34)

Annotation 2. Specify the molecule to

/ RCC1.
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Contents

BioModels | MathModels | Geometries|
[ [+ Search
_| Biological Models
[#-__] My BioModels (2018nathans751) (19)
[+-__] Shared BioModels (1)
[+ Public BioModels (602)
[ Tutorials (8)
[ Education (34)

| New Reaction v |
. 4

E :ukf—ﬂased_llan_ﬁansport : | 3+ Reaction Diagram| = Reactions | (2 Structures | 2 Species | T Molecules | T Observables|
ol P :::m" Diagram Reaction Name - | Structure Depiction Kinetics | Link | BioNetGen Definition
S Reactions (1) |
-3 Structures (5)
- Spedies (2)
-2 Molecules (3)
- © Observables (7) 2. To create a new reaction
Ei: 3. Rename the reaction rule by rbule, click gn the _NeWthrj]le
double clicking in the Name Lo, anh spemfyw 'ﬁ i
column. Name this rule C_p1. SULELIE v rea_ctlon shou
take place. In this case, create
the new rule in the Cyt
av compartment:
VCell DB | BMDB | Pathway Comm | =2 | P /m/!
Newlile v | [ Duplica ~ | [ Delete | | Pathway Links~ | Search |

Object Propertis | pre @ In Compartment Cyt
——— @ InCompartment EC
Z B @ I Compartment Nuc
Reversible [ | () @ In Membrane pm
@ In Membrane nm
[ Add Reactant
| AddProduct |

[] single Row Viewer
[+] Show Molecule Color

[v] Show Non-trivial
[ show Differe...
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TIP: To make the reaction larger or smaller, use the respectively green and red plus and minus button. Checking
the Single Row Viewer box aligns the entire reaction in one row. You can not edit the reaction in this mode.

File Server Window Tools Help

ﬁ Rule-Based_Ran_Transport
=t Physiology
* Reaction Diagram
8] Reactions (1) |
T Structures (5)
) Species (2)
2 Molecules (3)
) Observables (7)
- Applications (0)
- Parameters, Functions and Units
[+ Pathway

. 4
VCell DB [BMDB| Pathway Oomm| |

BioModels | MathModels | Geometries|
# Search

Biological Models
[++__1 My BioModels (2018nathans751) (19)
[+ Shared BioModels (1)
[ Public BioModels (602)
(L] Tutorials (8)
[+__] Education (34)

| - Reaction Dl&gram| 2 Reactions IO Structures | © Species | ( Molecules | T observables|

Reaction | Name - |structure |

Depiction

|kinetis | unk | BioNetGen Definition
Actio (@

1. Like in the observables tab,
you add molecules by right
clicking on the dashed blank
molecule, and select Specify
Molecule. Specify to the C
molecule.

2. You will see that there is an

7
| New Reaction~ | [ New Rule~ | | Du/s*fm' | [ oetete | [ Pa arrow. This arrow separates the

Object Properties | Problems (1 Errors, 1 Wafnings)|

‘ 7 Kinetics |/ Editor |
Reversible | | @e

[ Add Reactant ]
| AddProduct |

Delete |
Specify Molecule »<& Ran

Specify structure <@ RCC1
;m C

[ ] single Row Viewer

[v] show Molecule Color
[v] show Non-trivial

|| Show Differe...

products from the reactants.
You have already specified the
molecule of the reactant as C.
Now specify the product as C
as well.
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TIP: With no boxes checked, the reaction is shown in black and white, with only the site specific bonds
indicated in color. Checking the Show Molecule Color box adds an ordered color to the molecule to help with
visual differentiation. The specific color can not be changed.
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Reaction Name - | 5Structure Depiction

Reaction Rule |C_p1 Cyt

1. This reaction rule is for

. 4

VCell DB | EMDB| Pathway Gomml Sab |

phosphorylation, so set the Y3

BioModels | MathModels | Geometries|

New Reaction~ | | NewRule~ | [ Duplicate~ | ["Delete | sjte as U in the reactants, and P

[+ Search

_| Biological Models
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b
Object Properties | Problems (0 Errors, 0 Warnings) |

in the products.

27 Kinetics 7 Editor

Reversible || @ Q

| AddReactant |
| AddProduct |

[] single Row Viewer
Show Molecule Color

Show Non-trivial
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Rule Based Ran Transport VCell Tutorial (6.1): Physiology: Reactions

TIP: Checking the Show Non-trivial box highlights assigned sites and states in yellow. Checking
the Show Differe... box highlights in orange the differences in bonds, sites, and states between the reactants

and the products.
File Server Window Tools Help

= :'-""tf‘'35'5‘5'1_“5'“_T"'E'“SI’“""t ﬂ| 3+ Reaction Diagram | > Reactions | (2 Structures | (2 Species | T Molecules | (> Observables|
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..... (3] Reactions (2)| Reaction Rule |C_p1 Cyt OOEE - > OOa MassAction @Cyt:C(Y3~ul?) -> @Cyt:C(Y3~p!?)
----- 2 Structures (5) Reaction Rule |C_p2 Cyt X KA MassAction @Cyt:C(Y2~ul?) -> @Cyt:C(¥Y2~p!?)
----- ) Species (2)
----- 2 Molecules (3)
----- 2 Observables (7) . .
 Applications (0) 1. Create a dypllcate reactlon
|..parametears, Functions and Units rule by pressing Duplicate.
i-Pathway 2. Rename the rule C_p2. Specify the location as being in
the Cyt compartment.

AT
VCell DB | BMDB | Pathway Comm | =210 | —
BioModels | Mathiodels | Geometries| New Reaction ™| | NewRule~ | | oupleate~E] | pelete | [ % 3 pange the Y3 sites to a

[t Search A : -
) Biological Models Object Properties | Problems (0 Errors, 0 Warnings) | / non-speC|f|ed state. -
[+ My BioModels (2018nathans751) (19) B

',} Editor

[+ Shared BioModels (1)

-1 Public BioModels (602) _
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[+ Education (34) ’ —— ]
| AddProduct |

4. Switch the Y3 site in the
reactants to a u state, and in
the products to a p state.

[ single Row Viewer
Show Molecule Color

Shows Non-trivial
[] show Differe...
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----- © observable: 1. Select the reaction rule
- Applications (0)
- Parameters, Fu C—p 1 )
[#I-Pathway
2. Select the Kinetics tab.
\ |
W AN .
VCell 05 | D3 | Fathweay Comm| | ‘ 4. Enter t_he value 10.0 in the ~
BioModels | MathModels | Geometries| | new Reactionv | [ NewRulew | [ Duplicate ~ Expression column for Kf, and |

Search
_1 Biological Models

1 My BioMadels (2018nathans751) (19)
1 Shared BioModels (1)

[ Public BioModels (602)

[ Tuterials (8)

[ Education (34)

/

3. Check the Reversible
box to allow for a
bidirectional reaction rule
(Not all rules are
reversible).

.

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

27 Kinetics

7 Editor |

1.0 for Kr (Forward and reverse
rate constants).

/

y A

Reaction Name |C_p1

/

v 4
Reversible [] Kinetic Type |Mass Action { for each reaction: Kf-N reactants - Is/-l'l products ) v| | Convert units |
y 4
MName Description Global / Expression Units
ruleRate |rate of reactions generated by rule ] Variable / pM.s 1
Kf microscopic forward rate [l 10.0 g1

Annotation and Pathway Links

Linked Pathway Object(s): |
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BioModels | MathHDdekil Geon'mrm|

[ [+ Search

_| Biological Models

[+-_1 My BioModels (2018nathans751) (19)
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[ Public BioModels (602)

-1 Tutorials (8)

[#_1 Education (34)

Contents

3| 3+ Reaction Diagram ™ Reactions | > structures | © Species | © Molecules | © Observables|
Reaction Name Structure Depiction Kinetics Link BioNetGen Definition
Reaction Rule|C_p1 Cyt OOED <-> OO0 MassAction @Cyt:C(Y3~ul?) <-> @Cyt:C(Y3~p!?

C_p2.

1. Select the reaction rule

4

| New Reaction | |~few Rule
. il /

2. Edit the Kinetics so
that the reaction rule is
reversible, with a Kf of
10.0 and a K( of 1.0

o |

Search |

Object Pr

rties | Problems (0 Errors, 0 Warnings) |

£ Ainetics

_? Editor ‘

Reaction Name |C_p2

|
\
|

Reversible ] Kinetic Type |Mass Action ( for each reactit‘n: Kf- reactants - Kr- I products )

vH Convert units J

MName Description Global Expression Units
ruleRate |rate of reactions generated by rule ] Variable pM.s1
Kf microscopic forward rate ﬁo.ﬂ 51

Kr microscopic reverse rate |1.o g1

Annotation and Pathway Links

Linked Pathway Object(s): |
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Finish inputting the rest of the reactions pictured
below. (You already did the first two)

C pl
N + NE <> N
Ran_RCC1_Bind C_p3

(Ran ) <= ‘Ran | 25 "Ran )+
T Ceargo ) ont (_cargo ] R €
Transfer Ran_C Bind_ Nuc

Ran_C_Bind_Cyt
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Finish inputting the rest of the
Kinetics shown below (you
already did the first two).

Reaction Structure Reversible? Kf Kr

C pl Cyt yes 10.0 1.0
C p2 Cyt yes 10.0 1.0
C p3 Cyt yes 10.0 1.0
Ran_C Bind Cyt Cyt yes 1.0 100.0
Ran_C Bind Nuc Nuc yes 1.0 100.0
Ran_RCC1 Bind Nuc yes 1.0 100.0

Transport nm yes (2.0 * 602.0) 0.0
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[+ Search ] |
r BjoloQi“_" Models [ New Application = ] Delete More Copy Actions + Compare... Search
L1 My BioModels (2018nathans751) (19) e
[++__1 Shared BioModels (1) T— .
) Public BioModels (602) Object Properties | Problems (0 Errors, 0 Warnings) | £ Database File Info
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Select only ane object (e.g. species, reaction, simulation) to view/edit properties.
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explicit network model, compartmental, determi...

box.

1. Rename the application to
Non-Spatial Deterministic by
double clicking in the name

| New Application~ | [ Delete | [ More CopyActions¥ | Compare.. | Search

AT

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

Annotation

Summary

Application Name |ﬁpplicationu

# Deterministic
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# math not generated
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TIP: The size values for this geometry are taken from the size of a real cell model that you will use later on. For

deterministic applications the sizes are not that important. However, for stochastic applications, where values of species
are specifided with particle numbers, these sizes will be very important. They will be used to convert concentrations into
particle numbers in a particular 3D geometry.

File Server Window Tools Help

S T

1. Click on the Non-Spatial
Deterministic application.

1 Spedies (2)
2 Molecules (3)
) Observables (7)
—I- Applications (1)
S| Non-Spatial Deterministic
- Parameters, Functions and Units
+Pathway

.. 4

vCell DB | BMDB | Pathway Comm |

BioModels  MathModels | Geometries|
+ Search

|| Biological Models
+-__1 My BioModels (2018nathans?751) (19)
+I-_| Shared BioModels (1)
+-__| Public BioModels (602)
+_| Tutorials (8)
+-_| Education (34)

L Geometry | @ Specifications

Protocols I 7 Simulatic—nsl < Parameter Estimation|

Structure Mapping Geometry Deﬂnition:

N
yd

2. Select Geometry ->
Structure Mapping. Change
the size of the structure by
double clicking on the old
value, and typing in the new
one in the Size Column.

Physiology (structures)

Leometry (subdd

Compartment]

Structure ]
~Jj

: Voleme/Surface Caloulator

Size

ec . [14891.899581611733
Nue 124712.1 [ um? ]
|Cyt 3697.0137 [ pm* ]
pm 4738.6406 [ pm? ]
nm 1406.7734 [ b= ]
A
Object Pp——— I I

seetd 3. Change Cyt to 14891.9, EC to 124712.1, Nuc to 3697.0137, pm to
4738.6406, and nm to 1406.7734.
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File Server Window Tools Help
E Rule-Based_Ran_Transport

= Physiolog 4 Geometry| @ Specifications | Protocols | £ Simulations | |<: Parameter Estimation|
= y ﬁmﬁ

s Reaction Diagram Species | Reaction

2 Reactions (7) Struct —

g:tm”m'?m Ran C Juc Nuc TEED ] 4.493165993949507E-4 [uM]

o \ . 4.493165893949507E-4

© Molecules (3) 0

- © Observables (7) ‘ P,
=} Applications (1)

5 Yl oo SpctislDatarminitic 2. Click on the Specifications 3. Change the initial

¥ Specifications| tab, then make sure you are in concentration for both species
| ﬁmwm the Species section. to 4.5E-4
" [£: parameter Estimation
-~ Parameters, Functions and Units
[+ Pathway

A
VCell DB | BMDB | Pathway Comm | =20 0]

BioModels | MathModels | Geometries|
[+ Search ;
_| Biological Models Search
[+-__1 My BioModels (2018nathans751) (19) :
[+-__1 Shared BioModels (1

.21 Public BioModels (5‘03) Object Properties | Problems (0 Errors, 0 Warnings) | € Database File Info | Network Generation Status|
[+ Tutorials (8)
i) 21 Education (34) Description Parameter Expression Units
initial concentration for RCC1 initConc 4.493165893949507E-4 M

aw

@ RCC1
S| B

Nuc
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TIP: Creating a reaction network lets the computer do find all the possible permutations of reactions and species
that are allowed by the reaction rules.

File Server Window Tools Help

E Rule-Based_Ran_Transport
= thscologv
# Reaction Diagram
(I Reactions (7)
2 Structures (5)
-~ Species (2)
-~ Molecules (3)
T Observables (7)
=} Applications (1)
= 4% - Non-Spatial Deterministic
o2l Geometry
R4 Specifications |
Protocols
- # Simulations
| Parameter Estimation
- Parameters, Functions and Units
[+-Pathway

ik

y‘imy—ﬁ\;g;'— etry| & Speciiications | protocols| 22 smuiatior 1. Select the Network tab.
|Spedes Reaction| Metwork

- Network Constraints

Name Type Value
Max Iterations value 3

Max Molecules [ Species value 10

Note the constraints on the network

AW

VCell DB | gMDB | Pathway Comm |

BioModels | MathModels | Geometries|

[+ Search

_1 Biological Models

- Generated| ¥ Edit / Test Constraints S
Species: ui = View Edit / Test Constraints ]
| Reactions: | Max. Iterations 3| Views Create new VCell[BioModel from Network
) Max. Molecules / Species
Warning: nj
Search l

[#-__1 My BioModels (2018nathans751) (19) - {

[#-__1 Shared BioModels (1)
(-1 Public BioModels (602)
[#-) Tutorials (8)

[+ Education (34)

ObJect Propemes/( Problems (0 Errors, 0 Warninas) | () Database File Info | N

2. Click on Edit/Test Constraints.

3. To test if the current constraints tion) to view/edit propertie
are adequate for the reaction
simulation, click on Test/Run
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File Server Window Tools Help

E Rule-Based_Ran_Transport
=} Physiology
I+ Reaction Diagram
2 Reactions (7)
O Structures (5)
O Species (2)
2 Molecules (3)
T Observables (7)
=1 Applications (1)
=) 4% | Non-Spatial Deterministic

174 Geometry
R sveciications
Protocols
- 42 Simulations
£ parameter Estimation
- Parameters, Functions and Units

[+ Pathway

f @ Specifications | Protocols | # Simulations | [ Parameter Estimation

‘ Specbesl Reaction Ne‘o.r.rork|

r Network Constraints

AW

VCell DB | BMDB | Pathway Comm | == |

BioModels | MathModels | Geometries|

[ 1+ Search

_| Biological Models

[+ My BioModels (2018nathans751) (19)
[+ 1 Shared BioModels (1)

[+ 1 Public BioModels (602)

(] Tutorials (8)

[+ 1 Education (34)

Name Type Value
Max Iterations value 3
Max Molecules / Species value 10
[ Generated Network
Species: 21 | view | | Edit / Test Constraints |
Reactions: 30 [ View ] [ Create new VCell BioModel from Network ]

Warning: Max Iterations number may be insufficient.

Search

Ps
| Object Propertles| Problems (0 Errors, 1 Warnings}| ) Database File Inf

Funning BicNetGen ...

Iteracion O: 2 species
Icezacion 1: 5 species
Iteracion 2: 1l species
Iteraction 3: 21l species

Creating BNG cutput spec ...

Feturn BicNetGen ocutput to requester...

Toval zun time: 2.7 3.

Warning: Max Iterations number may be insufficient.

The Netwerk constraints are unchanged.

If the network is too small, after
running BioNetGen, a red
warning text will appear and
specify the possible problems
with the network constraints. In
this case, the max number of
iterations is too small.

Please go to the Specifications / Hetwork panel and adjust the number of Iterations.
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File Server Window Tools Help

E Rule-Based_Ran_Transport
= Physiology

- ¥ Reaction Diagram

2 Reactions (7)

-~ Structures (5)

O Spedies (2)

-~ Molecules (3)

- Observables (7)

(= Applications (1)

-7 Geometry
B4 Specifications |
-~ Protocols
- 4 simulations
“-|£: Parameter Estimation

[+ Pathway

= 444 - Hon-Spatial Deterministic

- Parameters, Functions and Units

N

vCell DB |am[]a [ Pathway cgmm’ Sahig |

L I

BioModel

|1 Biologi
Myl new network.
F-C15h

~wsearc 2 Click Test/Run to test the

Contents

: 24 Geometry| & Specifications  Protocols | 8 Simulations | | Parameter Estimation
Species | Reaction NEtWﬂfk|
 Network Constraints -
Name Type Value
Max Iterations value 3
Max Molecules [ Species value 10
| %% Edit / Test Constraints 5
 Generated Network =
Species: unavailablg . [ Edit / Test Constraints
Max. Iterations 10
Reactions: unavailal Max. Molecules [ Species 10 Create new VCkIl BioModel from Network
ne /& Test / Run ] [ Apply ] [ Cancel ]
3 X

\
\

- Public BioModels (602)
(-] Tutorials (8)
[+ Education (34)

~UnjeccFroperties| Problems (0 Errors, 0 Warnings) | € Database File Info| Network

ten by clicking on Edit/Test

Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

Iteration

7:
Creating ENG output spec ...

@ s W M D

Bunning BicNetGen ...

o

11
Z1
31
3¢
37
37

Total run time: 5.7 =.

species
species
species
species
species
species
species

species

with ten.

1. Change the max iterations to

Constraints, and replacing the
current Max Iterations value

Beturn BicNetCGen ocutput to reguester...

3. If there is no error shown
after generating the network,
then it is of adequate size. After
this, click Apply to apply the
new network constraints.
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File Server Window Tools Help

Contents

E Rule-Based_Ran_Transport
= Ph\rsiology
I Reaction Diagram
-3 Reactions (7)
- (O Structures (5)
- Species (2)
-2 Molecules (3)
- Observables (7)
= Applications (1)
=) 4441 Non-Spatial Deterministic

ok Geomet
B pecifcations
Protocols
i 42 Simulations
- Parameter Estimation
- Parameters, Functions and Units
[+ Pathway

aAv
VCell DB | BMDB | Pathway Comm | =20 ]

BioModels | MathModels | Geometries|

[+ Search

_| Biological Models

[+ My BioModels (2018nathans751) (19)
[+}-L_] Shared BioModels (1)

[+}-__1 Public BioModels (602)

-1 Tutorials (8)

[ Education (34)

: @ Specifications |
[Speces] Reacton] Network |

Protocols | 22 Simulations | < Parameter Estimation

Network Constraints

Reactions: 100

Warning: none

in a separate pop-up
window.

Name Type Value
Max Iterations value 10
Max Molecules / Species value 10
Generated Network
Species: 37 1. Click to see all species Edit / Test Constraints ]

| skwe] |

iew ] [ CreatenethﬁBloModeifrom Network ]

Search

/

)

Y
| Object Properties| Problems (0 Errors, 0 Warnings) | ) Database File Info| Netwjrk Generation Status |

\

\

Iteracion
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

Lo ol

o oo s G

kH
Creating BNG ocutput spec ...

Feturn BicNetGen cutput teo requester...
Total zun time:
Updating the network constraints with the test values.

Funning BicHetGen ...
0:

2 species
5 species
1l species
2l species
31 species
36 species
37 species
37 species

5.7 3.

|

2. Click to see all
reactionsina
separate pop-up
window.

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

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.

/ @MUCCLY Lra, ¥ 2 ~

2 |Rcci Muc ¥ EMuc:RCC 1{site)

3|=2 Muc =g @Muc:Ran{cargan)

4 |=3 Muc o EMUCICLY Lrott, ¥ 2o, ¥ Frts, SitE)

5 |54 Cyt S @Oyt C0Y 1rw, ¥ 20, ¥ 3w, site! 1).Ran(c. ..

6 |=5 Cyt @CyCY Lrol, Y 2re, ¥ 3~p, site! 1).Ran(c...

7 |56 Cyt e @CyEC0Y e, Y 2mep, ¥ 3reu, site! 1).Ran(c. ..

g [s7 Cyt S e ECytC{Y 1rp, ¥ 2oy, ¥ 3rou, site! 1).Ran(c...

9 (=& Cyt = @Cyt:Ran(cargo)

10 |=9 Cyt *seeey @CyEC(Y 1w, Y Zrott, ¥ 3oL, Site)

11 |s10 Muc S~ @MNuc:RCC 1{site! 1).Ran{cargo! 1)

12 |s11 Cyt S e ECytC{Y 1ru, ¥ 2rp, Y 3rop,site! 1).Ran(c...

13 |s12 Cyt S e BECytC{Y 1rp, ¥ 2rau, Y 3rop,site! 1).Ran(c. ..

14 |13 Cyt *seeey @CyEC(Y 1w, Y 2rout, ¥ 3rep, site])

15 |s14 Cyt S e ECytC{Y 1rp, ¥ 2rop, ¥ Jrou, site! 1).Ran(c. ..

16 |15 Cyt *seeey @CyEC(Y 1w, Y 2rop, ¥ 3o, Site)

17 [s16 Cyt oo @CYEC(Y 1rp, ¥ Zrott, ¥ 3oL, Site) v
Search | |

\

Species and reactions can be filtered by

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

in the Search box.

Different bonds are shown in different colors.
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Use this button if a reaction is too long and
does not fit on the screen.

Index Rule Structure Depiction Expression
1|{C_p1 Cyt ‘OO - SO @CytCY Lrau, ¥ 2eola, ¥ 3eow, sitel 1), Ran{cargo! 1) -» @CytC0Y Lrau, Y. ..
2(c_p1 Cyt ‘OO - RO @CytCY Lrau, ¥ 2ep, ¥ 3o, site! 1), Ran{cargo! 1) - @CytC{Y 1, Y. ..
3(c_p1 Cyt ‘OO - OO @Cyt:C{Y 1rp, ¥ 2eou, ¥ 3rou,site! 1), Ran{cargo! 1) - @Cyt:C{Y 1~p,Y...
4|c_p1 Cyt SoEET - > OO @CYECLY Lr, Y201, ¥ 3rvus Site) -> @CyHC(Y Lrou, Y200, Y 3rop, site)
5|C_pl Cyt e e @CytC{Y 1rp, ¥ 2rp, ¥ 3ru,sitel 1), Ran{cargo! 1) -> @CybC{Y 1~p,Y...
6|C_pl Cyt OO -> SOOI @CYECLY 1ru, ¥ 2o, Y 3ro, Site) —> @CYRC(Y 1o, Y20, Y 3np, Site)
7cp1 Cyt SO -> OO BCYLRCY 1np, Y 2eu, Y 3ro, Site) -3 @CYECY 1rvp, Y 2rou, Y 3, site)
3|c_p1 Cyt OO -> oI BCYLCY 1rnp, Y 2ep, Y 3re, Site) -> @CYECY 1rvp,Y2rp, ¥ 3rp, site)
9 (C_p1l{rev) Cyt ‘OO - RO @CytCY Lrou, ¥ 2eou, ¥ 3p,site! 1), Ran{cargo! 1) - @CytC0Y 1rau,Y. ..
10 |C_p1 {rev) Cyt ‘OO = OO @Cyt:C{Y Lrau, ¥ 2rp, ¥ 3rup,site! 1), Ran{cargo! 1) -» @Cyt:CY Lrou, Y. ..
11 (C_p1 {rev) Cyt ‘O = S @CytCY 1rp, ¥ 2rw, ¥ 3rop, sitel 1), Ran{cargo! 1) -= @CybC{Y 1~p,Y...
12 |C_p1 {rev) Cyt O - O @CYECLY 1rw, Y 2rou, Y 3rop, site]) -3 @CYRC(Y Lrow, ¥ 2ru, Y 3w, site)
13 [C_plirev) Cyt e BCYLCY 1~p, Y 2~p, Y 3~p,sitel 1).Ran{cargo! 1) = @CyH:C(Y 1~p, ...
14 |C_p1 {rev) Cyt LOOE -> OO BCYLCY 1r, Y 2ep, Y 3rvp, Site) -> @CYECY 1o, Y 2rp, ¥ 3 rou, sitE)
15 |C_p1 {rev) Cyt OO - oI BCYLCY 1rp, Y 2evu, Y 3rvp, Site) -> @CYECY 1rvp, ¥ 2rou, ¥ 3 e, sitE)
16 |C_p1 {rev) Cyt OO -> SOOI BCYLC(Y 1~p, Y 2np, Y 3~p,site) -> @CYECY 1~p,Y2~p, Y3 ~u,site)
17 |C_p2 Cyt OO = OO @Cyt:C{Y Lrou, ¥ 2rou, ¥ 3rou,site! 1), Ran{cargo! 1) -» @Cyt:CY 1ru, Y. ..
18 |[C_p2 Cyt ‘e D = S @CytCY 1rw, ¥ 2ru, ¥ 3rop, sitel 1), Ran{cargo! 1) -» @CybC{Y 1rw, Y. ..
19 |C_p2 Cyt -= QOO BCyECLY 1ep,Y 20, Y 3, site! 1), Ran{cargo! 1) - @CytC{Y 1~p,Y...
20 |C_p2 Cyt SO -> OO BCYLRCY 1r, Y 2eos, Y 3rvw, Site) -3 @CYEC(Y 1o, Y2rp, ¥ 3o, sitE)
21|C_p2 Cyt - L BCYLCY 1vp, ¥ 2ru, Y 3p,sitel 1).Ran{cargn! 1) -= @CyH:C(Y 1mp, ...
22 |c_p2 Cyt OO -> oI BCYLCY 1r, Y 2eou, Y 3op, Site) -> @CYECY 1w, Y2~p, Y3 ~p,site)
23 |C_p2 Cyt COOE -> SOOI BCYLCY 1rp, Y 2eou, Y 3w, Site) -> @CYECY 1op, Y 2ep, Y3 ~ou,site)
24 |c_p2 Cyt SO0 -> OO @CYEC{Y 1op, Y21, ¥ 3rvp,Site) > @CYHC(Y 1rp, Y 2~p, Y 3rp,site)

Search |

)

Contents
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Contents

File Server Window Tools Help

[ Rule-Based_Ran_Transport
& Physiology

- * Reaction Diagram
- Reactions (7)

S Ost Cick on
o t:_'_) Spex ; .

O mok Simulations.

() Observables (7]

(el : 2, Geometry {® Specifications

Protocols & Simulations |£5: Parameter Estimation

Simulations  Qutput Functions Generated Math

> m @[]

6025

yd

=/ Applications (1)
= 44 - Non-Spatjs

2. Click to add
New Simulation.

Time Output Option

3. Rename the
simulation to ODE by
double clicking its

VCellDBE BMDE Pathway Comm

BioModels MathModels Geometries
[+ Search

name to edit.

Running Status

4. Set end
time. In this
case itis 10
seconds.

|| Biological Models

[#)-__] My BioModels (2018nathans751) (19)
-] Shared BioModels (1)

-] Public BioMadels (602)

-] Tutorials (8)

#)-__] Education (34)

5. For advanced
options; i.e. different
solvers and outputs,
click Edit.

F . 4

Object Properties  Problems (0 Errors, 0 Warnings)

Metwork Generation Status

6. Click to run locally
(on user’s
computer). You can
also click the green
arrow to run on a
VCell server (will
store simulation
results).

Annotation:

Max timestep

Qutput

Rel tol | Abs tol | Sensitivity Analysis

Settings:

1.0s

keep every 1sample, at most 1000

1.0E-2 | 1.0E-9 no

=] Parameters with values changed from defaults

Parameter Mame

| Default

Mew Value Expression




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

Rule Based Ran Transport VCell Tutorial (6.1): Applications: Non-Spatial
Deterministic

£ e o
= Check to view species ~ | under Specification > Network >
generated by = | View Species.
5.0E-4 Check to see Plot Legend: TIP2: Reactions show fluxes
Species specified “Cargo_Cyt [uM] through individual reactions
in Physiology. s generated by each rule.
Observables Cargo_Phosp_Cyt [uM]
[ ] other JE-4 —
L] Reacﬁ"ﬁ/ Cargo_Phosp_Cyt_Tot [uM]
Specdies

Cargo_Cyt

Cargo_Muc
Cargo_Phosp_Cyt
Cargo_Phosp_Cyt_Tot
Ran_Bound_Cyt

Note the correlation between
the changes in population of
Cargo_Nuc and Cargo_Cyt

Ran_C_Muc -
Ran_cyt over time due to the
RCCL CytTransport reaction.
RCC1_Muc

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

Click to see numerical values.

0.0 10.0
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File Server Window Tools Help

Contents

Eﬂ Rule-Based_Ran_Transport

|‘|-.-.1f

& .| LP chnacificatinns | Do,

] - TR [T

bl .-I

[=} Physiology
i+ Reaction Diagram

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

2 Reactions (7)

T Structures (5)

T Species (2)

T Molecules (3)

T Observables (7)
[~ Applications (1)

=Ml Hon-Spatial Determinist

New BioModel From App .

VCell DB | BMDB | Pathway Comef | - ¢ |

BioModels | MathModels | Geofetries|
[+ Search

1. To create a stochastic
| application from existing

| deterministic, Right click on
the Non-Spatial
Deterministic app, and
select Copy As >
Stochastic.

Network Constraints

| Name |

Type

Value

value
value

Max Iterations
Max Molecules [ Species

’ Deterministic
Stochastic
Network-Free |

- Parameters, Functions and Units Rename
[+ Pathway Delete
Copy
Copy As
Expand All
Collapse All
S,

Reactions: 100

Warning: none

Search

S A

objec 2. TO rename the new

application, right click on it
and select Rename.
Change the name to Non-
Spatial Stochastic.

Sele

(e ) |

Edit / Test Constraints

]

[ View ] [ Create new VCell BioModel from Network ]

Database File I.nfo| Metwork Generation Status

to view/edit properties.
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File Server Window Tools Help

Contents

% Rule-Based_Ran_Transport

- Physiology

- 3 Reaction Diagram

) Structures (5)

-2 Molecules (3)

.7 Observables (7)

= Applications (2}

G- dfg - Non-Spatial Deterministic

>
h PN

2, Geometry # Specifications

Protocols & Simulations

Initial Condition: () Concentration

®) Mumber of Partides || Randomize Initial Condition

EI' .‘iﬁﬁ% m'EPﬂﬁﬂlE nchasti
' ----- 24 Geometry
- # Specifications

s Protocols

1. Select the Non-Spatial
Stochastic application, and
go to Specifications.

| i

.

VCell DB BMDE Pathway Comm Szbic

BioModels MathModels Geometries
1 Search -

2. Set the initial condition
to Number Of Particles.

Spedies Structure Depiction Initial Condition Force Continuous
Ran_C_Muc Muc OOEEE O 1000.0 [molecules] O
RCC1 Muc s" il 1000.0 [molecules] \ O

3. Change the initial
condition to one thousand

molecules for both species.

|1 Biological Models

-] My BioModels (2018nathans751) (19)
-] Shared BioModels (1)

-] Public BioModels (602)

-] Tutorials (8)

-] Education (34)

Search

F

Object Properties

Problems (0 Errars, 0 Warnings)

Metwork Generation Status

Select only one object (e.g. spedes, reaction, simulation) to view fedit properties.
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File Server Window Tools Help

E Rule-Based_Ran_Transport :| 4, Geometry | &° Specifications|  Protocols| 4 Simulations

i Physiology — '
% Reaction Diagram Simulations | Qutput Functions | Generated Math| |
- Reactions (7) >
- Structures (5) = H
- Species (2) Name End Time Output Option Solver Running Status [ Results™ |
@ Molecules (3) SSA 10.0 every 0.1 s Gibson never ran no
- Observables (7) =

= Applications (2)

& d4* Non-Spatial Dete 3. Run the simulation.

; ! 1. Create a new simulation
= i = Non-Spatial Stocha

- 4 Geometry entitled SSA. :
& Specifications 2. Set end time to 10 seconds, and
s an output option of every 0.1
--Parameters, Functions and Units seconds.
[+ Pathway

W
VCell DB | amoal Pathway cqmml E.c-.b|c|

BioModels | MathModels | Geometries|
Search
_1 Biological Models

_I My BioModels (2018nathans751) (19) v
[H-_1 Shared BioModels (1) i i ; ; i

E+1 Public BioModels (602) Object Properties | Problems (0 Errors, 0 Warnings) | ) Database File Info| Metwork Generation Status
[ Tutorials (8) . -
(-1 Education (34) R |

Timestep Qutput

every 0.1 sec

Settings:

= Parameters with values changed from defaults
Parameter Name | Default New Value/Expression | Scan
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Select to list

Species defined
\=|Results fo jnjtjally.

X Axis:
r 1 4.0E-5 —
i -

Y Axis:

= Displayy Options: i
|| GenératedSpecies

‘hservables '
|| other

|| Reactions 3.0E-3 —
Species

Cargo_Cyt
Cargo_Muc
Cargo_Muc_Count
Cargo_Phosp_Cyt
Cargo_Phosp_Cyt_Count
Cargo_Phosp_Cyt_Tot
Cargo_Phosp_Cyt_Tot_Count
Ran_Bound_Cyt
Ran_Bound_Cyt_Count

2.0E-3 —

1.0E-53 —

Fan_C_Muc_Count

Ran_cyt
Ran_cyt_Count

RCC1

RCC1_Count : :
RCC1_Muc Ctrl + left click to

RCC1_Nuc_Count | see several
species at once.

10.0

oo

Flot Legend:

Cargo_Cyt [pM]

Cargo_Muc [pM]

Ran_Bound_Cyt [pM]

Ran_C_Muc [pM]

TIP: Take into account the scale of the
graph. These graphs can sometimes be
misleading and make certain plots look
much more significant than they are.
Additionally, when two or more plots
are selected, one may look like a flat
line due to scaling. Hover over the plot
and check the x and y values to make
sure.

o I . i
@ | Click to see numerical values
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File Server Window Tools Help

Ep:ub-Based_Ran_Tra nSPOI't : “m m Tm A’m

V;jon?;s;ﬁon Diagram Mon-Spatial Deterministic explicit network model, compartmental, determi...
] L, U patla L (o L L L i pa (o L [a Lp L U patial L

“1' 1. Click on Applications NFSim Agent-based model, compartmental, stochastic ... |(copied from Non-Spatial Stochastic) (copied fro...

o =y

-~ Molecules \

~ ) 2. Select Non-Spatial

4 @ NFSim Stochastic.

[+ 4ig: Non-Spatial Deterministic
[+ " | Non-Spatial Stochastic : -
...... Paramatars, Functions and talts 3. Click on More Copy Actions >

i Pathway Copy As > Network-Free.

4. Rename the application

av to NFSim.
vCell DB | BMDB | Pathway Comm | 711

BioModels | MathModels | Geometries|

1+ Search —~
_1 Biological Models News Application> Delete More Copy Actions ¥ | compare.. | search
[+ My BioModels (2018nathans751) (19) [A! App ] [ ] [ B /[ : ! :
[+-__1 Shared BioMaodels (1 : i Co b_
[+__] Public BioModels (G(U%) Object Properties | Problems (0 Error 2 i

- Copy As * Deterministic
] Tutorials (8) Application Name  Non-Spatial Stoch e |
[ L Education (34) PESCEtON "R | Nof-Spata” ST0GHES Stochastic

Annotation | (copied from Non-Spatial D Network-Free

5. Using NFSim, create and run a new
simulation with an end time of 10.0,
and and 0.05 output option.
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Select to list
Species defined
initially.

o

— S

Display/Options:
[] Obsepfables

Cargo_Nuc
Cargo_MNuc_Count
Cargo_Phosp_Cyt
Cargo_Phosp_Cyt_Count
Cargo_Phosp_Cyt_Tot
Cargo_Phosp_CyL_Tot_Count
Ran_Bound_Cyt
Ran_Bound_Cyt_ Count
Ran_C_HMuc
Ran_C_HMuc_Count
Ran_cyt

Ran_cyt_Cou

RCC1

RCC1_Count

RCC1_Muc
RCC1_Muc_Count

Ctrl + left click to

2.0E-4 —

2.0E-4 —

1.0E-4 —

0.0

W*qoﬂ.

0.0

1.000E01, 2.399E-04

t

10.0

Cargo_Phosp_Cyt_Tot [pM]

Flot Legend:
Cargo_Cyt [pM]
Cargo_Muc [pM]

Cargo_Phosp_Cyt [pM]

="

see several
species at once.

S~

Click to see numerical values

Contents



Rule Based Ran Transport VCell Tutorial (6.1): Applications: PDE_3D Contents

File Server Window Tools Help

E Ilul-t?-ﬂ-ased_llan_Transport : Name Math Type Annolation
Bphmtm" Diagram Mon-Spatial Deterministic explicit network model, compartmental, determi...
Nen-Spatial Stochastic explicit network model, compartmental, stochast...|(copied from Non-Spatial Deterministic)
] 1. Click on Applications. NFSim Agent-based model, compartmental, stochastic ... |(copied from Non-Spatial Stochastic) (copied fro...
D species (2 PDE_3D explicit network model, compartmental, determi...
- Molecules (3)

E~----€3ltlil'.rser\.lra esA7)
=8 Applications (4)
[+- 44 = PDE_3D

[+ @ : NFSim

[+ 444  Non-Spatial Deterministic
[~/ : Non-Spatial Stochastic
~Parameters, Functions and Units

[+-Pathway

4. Rename the application
to PDE_3D.
i
VCell DB | BMDB | Pathway Comm | =10
BioModels | MathModels | Geometries|
i1 Search
_1 Biological Models
_I My BioModels (2018nathans751) (19)
[#-_ Shared BioModels (1)
[+ Public BioMadels (602) . a
&) Tutorials (8) 2. Select New Application >
d i e e .
£ Education (34) Deterministic.
// . y
’ News Application ] l)(lete l ’ More Copy Actions « l \ Compare... | Search |

Deterministic

ilems (0 Errors, 0 Warnings) | ) Database File Info

Stochastic

Metwork-Free
Annotation | ‘

‘cation |

Summary |# Deterministic 5
=, Compartmental =
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1.Goto
http://vcell.org/support-2, and
click (3D Images for Tutorial) to
download the necessary
geometry for this application.

Tutorial Guides (pdf) for VCell

Multiple Application of a Nuclear Transport Part 1 (3D images for Tutorial) (ver 6.1)

Multiple Application of a Nuclear Transport Part 2 (see image link above for the 3D images) (ver 6.1)

Rule-Based Modeling (single compartmentl EGFR model (ver 6.0)

simple FRAP (ver 6.0)

2. Save the file wherever is
easiest for you to remember

and access.
N

FRAP with binding (ver 6.0)

PH-GFP Translocation (ver 6.0)

Using Pathway Commmons (ver 6.0)

3. Use this tutorial to create a
spatial geometry. Don’t worry if
your numbers for volumes and
membrane sizes will be a bit off.

Contents


http://vcell.org/support-2
http://vcell.org/support-2
http://vcell.org/support-2
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File Server Window Tools Help

Contents

Rule-Based_Ran_Transport
= Physiology
- Reaction Diagram
2 Reactions (7)
2 Structures (5)
O Spedes (2)

4 Geometry | & Specifications|  Protocols | 42 Simulations|

1. Select the Structure

Mapping tab.

re Mapping | Geometry Definition|

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

., 4
VCell DB |Lm|ww|5abin|

BioModels | MathModels | Geometries|

[+ Search ]

| Biological Models

F#+__] My BioModels (2018nathans751) (19
[+ Shared BioModels (1)

[+ Public BioModels (602)

[+ Tutorials (8)

[+ Education (34)

All structures and subdemains must be mapped to run a simulation. Use line tool or drop dewn menu in the 'subdomain’ column.

Geometry (subdomains)

background
Muc
Cyt

Cyt_background_membrane|
Cyt_Muc_membrane

.

Object Properties | Problems (0 Errors,

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

2. Use the Line Tool to drag a line
from the Physiology you created, to
the color that represents that structure
in the picture. After the lines are
drawn, they should correspond to the
above image.

4 Flux Flux Flux
n from B from B from B
n from B from B from B
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E Rule-Based_Ran_Transport : 6 Geometry| &° Specifications | protocols | 42 Simulations|
[~} Physiology "
- % Reaction Diagram Species | Mnl Network|

Species Structure Depiction Clamped Initial Condition well Mixed Diffusion Constant
[l 4,5E-4 [uM] F 10.0 [pmz.s-1]

Ran_C_Muc Nuc EEED

74 - Non-Spatial Deterministic
- £ Non-Spatial Stochastic

B P 1. Go to the
-7 Geomet a0 .
e Specifications tab,
Protocols click on Species, and
------ # simulations s
----- Parameters, Functions and Units Change the Inltlal
[+ Pathway

condition for both
species to 4.5E-4.

S, 4
vCell DB | BMDE | Pathway Comm | =200 |

BioModels | MathModels | Geometries|
Search |
_I Biological Models
(-1 My BioModels (2018nathans751) (19
(-1 Shared BioModels (1)

[-__] Public BioModels (602)
B Tutorials (8)
- Education (34)

Search |
F Y
Object Properties | Problems (3 Errors, 0 Warnings) | € Database File Info | Network Generation Status|
Description Parameter Expression Units

initial concentration for RCC1 initConc 4.56-4 pM -
diffusion constant for RCC1 diff 10.0 pm2.5°1
Boundary Condition X- for RCC1 BC_Xm <zero flux> pM.pm.st |2
Boundary Condition X+ for RCC1 BC_Xp <zero flux> pM.pm.s 1
Boundary Condition ¥- for RCC1 BC_Ym <zero flux> pM.pm.s 1
Boundary Condition Y+ for RCC1 BC_Yp <zero flux> pM.pm.s 1
Boundary Condition Z- for RCC1 BC_Zm <zero flux> pM.pm.s't | ¥

el e S— =
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~] Rule-Based_Ran_Transport | 2% Geometry | & specifications| ~ Protocols| # Simulations

N

E‘Ph‘:‘f:o:::::mn D'lamay imulations | Qutput Functions | Generated Math| 3. Click on the Edit ;

|_[® Raactions (7) B BEB Simulation button. » e E O
Name End Time QOutput Op Running Status Results

1. Make sure your s o s Select the Solver tab.

reaction network is big o
enough. Then, go to % Edit: Simulation_PDE / %

N . -
the Simulations tab [Parameters] stech] ol

------ 4 Geometry “
...... w Spedﬁcatiorl.s
------ Protocols H

B /

-~ Parameter:

& Pathway 2. Create a new Choose solver algorithm and fine-tune time conditions:

si.mulat i-on entitled Integr... | Fully-Implicit Finite Volume, Regular Grid (Variable Time Step) %) (wis 4. Change the
:r:” - ISlmU|atI|0n|_PDE = General - - parameters SO that
& BMDB | Pathway Comm | =500 ime Stel 5 o

BioModels | Maﬂ-.ModeisTGeometries| Time Bounds Minim;rm i Error Tolerance the simulation has an

& Search - ! Starting |0.0 Absolute |1.0E-9 ending at 10.0

_| Biological Models Default

(21 My BioModels (2018nathans751) (19 Ending [10.0 <@ =

*“/ﬂ_h-f"’ e [LOE
[-__1 Shared BioModels (1) Maximum 0.1

F£+1 Public BioModels (602)
[ Tutorials (8)

seconds a maximum
of 0.1, and an output

1=/ Output Options - ) .
(-1 Education (34) (7) Keep Every time samples Interval Of O 1 CIICk
— @ Output Interval  [0.1 i OK to save the
Object Properties IE . . Chanqu
Annotation: : ] -
i Max tim|
Settings: ~

Mesh: 71x71x29

10} microns
=] Parameters witl Cancel

Param

Scan
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File Server Window Tools Help

Contents

Rule-Based_Ran_Transport
[~ Physiology

- ¥ Reaction Diagram
() Reactions (7)

1. Re-open the
Simulation Editor,
and go to the Mesh
tab.

3/ Geometry | & Specifications |

Protocols| 4 Simulations

Simulations | Output Functions | Generated Math|

- Parameters, Functions and Units
[+ Pathway

av

WCell DB | BMDB | Pathway Comm | =201 |

BioModels | MathModels | Geometries|

[ [+ Search

Biological Models
(] My BioModels (2018nathans751) (19
(] Shared BioModels (1)
(L] Public BioModels (602)
(L] Tutorials (8)
(] Education (34)

EX=)AE: reE[HO
me End Time Output Option Solver Running Status Results
D ] gy e 0.0 =
¥ Edit: Simulation_PDE [
Paramete?ﬁesrl Solver
=] Mesh Size

oy

Object Properties | Py
Annotation:

Max tim|
0.1

Mesh: 71x71x24
=] Parameters witl|

Settings:

Geometry Size (um) :(?4.24, 74.24, 26.0)

2. Make sure that the Lock
Aspect Ratio box is
checked, and change the X
value to 101. The Y and Z

Mesh Size (elements) Lack aspect ratio
X 101
Y 101
z |36
Total Size (elements) ilul % 101 x 36 = 367236
Spatial Step (um) Ax |0.7424

ay 07424

Az 0.7428571428571429

values should also
automatically change to
preserve the aspect ratio.

OK

Param

ncel

3. Hit OK to save
these changes.

v | Scan
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File Server Window Tools Help

Contents

E Rule-Based_Ran_Transport
=} Physmbgy
** Reaction Diagram
2 Reactions (7)
(O Structures (5)
-~ spedies (2)
2 Molecules (3)
- Observables (7)
= Appimtluns (4)
i+ @ : NFSim
/4 : Non-Spatial Deterministic
< : Non-Spatial Stochastic
448 PDE_3D
7 Geometry
" Specifications
I Protocols
| Simulations |
- Parameters, Functions and Units
#Pathway

0-2-5-8

‘] 4 Geometry | &° Specifications | -

Prom|g| ,5{3 Simulations

AW

vcell DB | BMDB | Pathway Comm | =00
BioModels | MathModelsl Geometnes] |
[+ search
|1 Biological Models
"“-%IMyBioMn_ 018n3

tH

-1 Public Bio
B} Tutorials
()] Education

1. An warning
message will appear.

Simulations | Qutput Functions | Generated Math|

EXE
Name End Time Output Option Solver Running Status

| Simulation_PDE 10,0 every 0.1s Fully—lmplicit not saved no

2. Run the simulation.
Be patient, it may take
a while.

Warnings from Simulation: 'Simulation_PDE'"!
The simulation has large result dataset (10870MB), suggested size limits
are:
5 MB for compartmental ODE simulations
200 MB for spatial simulations
100 MB for compartmental stochastic simulations
Try saving fewer timepoints or using a coarser mesh if spatial.

Do you want to continue anyway?

W | Cancel I

3 prerereeroblems (0 Errors, 0 Warnings) |, € Database File Info | Network Generation Status|
Annotation: | s |
| Maxtimestep | Output [ Reltol | Abstol |
— 0.1s every 0.1 sec | 1.06-7 | 1.0-9 |

Mesh: 71x71x25 = 126025 elements Geometry size: (74.24,74.24,26.0) microns

= Parameters with values changed from defaults
Parameter Name

| Scan

Default | New Value/Expression
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The time slide
allows you to
change the
specific point in
time that you are
observing in the
simulation.

3D

Contents

|= | Results for Simulation Simulation_PDE

Time

3.2

10

Export Data | Post Processing Stats Data | Fost Processing Image Data

Slice View

4

All Variables

Cargo_Cyt
Cargo_Nuc
Cargo_Phosp_Cy
Cargo_Phosp_Cy\T
J_C_pl_DirectHalf_i
J_C_pl_DirectHalf_1
J_C_pl_DirectHalf_2
1_C_pl_DirectHalf_3
J_C_pl_DirectHalf_4
J_C_pl_DirectHalf_5
J_C_pl_DirectHalf_&
J_C_pl_DirectHalf_7
J_C_pl_InverseHalf_
J_C_pl_InverseHalf_
J_C_pl_InverseHalf
4 | b

| »

Here, you can select
which variable you are
observing in the
simulation. You can
click on the dropdown

i to select more specific
variable categories.

,l

o [

Data Range (Min-Max)

v | Auto range

@/ at time

all times (approx)

Max:
9.911217465284432E-5

Min: 0.0

0.0

Color

AM | NN
Gray

@) BlueRed

AR
D7

Slice [0-35]

Z[14] =104

0.911217465284432E-5

ND MR

This Z-Slider allows
you to change which
slice of the cell you are
looking at.

0

E~ ROI~

Location of simulation data log file: C:\Users\vcguest).vcell\simdata\user\SimID_892439201_0_.log

Axis: @) XY Xz

YZ
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File Server Window Tools Help

Contents

U‘Pﬂmv
- i* Reaction Diagram

- {3 Reactions (7)
-~ Structures (5)
.MC35pedes(z)
-~ Molecules (3)
- Observables (7)
=1 Applications (4)

= @: NFSim

J;‘Mﬂ @ Specifications |

Protocols | # Simulations|

11

Species | Reaction | Network|

Species |  Strucure |  Depiction

Initial Condition

Diffusion Constant

Ran_C_Nuc Nuc

4,56-4 [yM]

10.0 [um2.5°1]

RCC1 Nuc

Clamped
O
O

4,56-4 [yM]

5
0(

10.0 [pm2.5°1]

[+ %4 = Non-Spatial Deterministic

[+ 4, : Non-Spatial Stochastic

= 4l )

Rename
Delete

[+ Pathway

P —

Copy

Copy As »
New BioModel From App |

VCell DB Pe

Expand All
Collapse All

BioModels | MathModels | Geometries| ‘ m /
|

Non-Spatial * |

Spatial 4
Stochastic

Deterministic

¥ Search

Biological del . .
..;‘.’:’;'%?o:;;:m 1. Right click on PDE_3D.
+-__1 Shared BioModel .
= Jrubiic sovodels | Select Copy As > Spatial >
[+ Tutorials (8) ;
& education (34) | Stochastic.
I
. 4

Object Properties | prablems (0 Errors, 0 Warnings) | ©) Database File Info | Network Generation Status

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

E Rule-Based_Ran_Transport
& Physiology

+ Reaction Diagram
@ Reactions (7)

@ structures (5)

- Species (2)

- Molecules (3)

(= Applications (5

" ‘ﬁﬁﬂ Copy of PDE_3D

¥ 3 Geometry| & Specifications | protocols | 48 Simulations|

Species | Reaction | Network|

Initial Condition: (@) Concentration () Number of Particles

Species

Initial Condition

Well Mixed

Diffusion Constant

Ran_C_Nuc

4.5E-4 [uM]

10.0 [pm2.s71]

RCC1

E
|
£

4.5E-4 [pM]

10.0 [pm2.s71]

3
il "§

.. -‘).“3 Non-Spatial Det Delete

[+ @ - NFSim Rename —

[ ¥ { Non-Spatial Sto
[+ 4748 PDE_3D Copy

[+ Pathway

----- Parameters, Functions Copy As 4
New BioModel From App

Expand

Collapse All

All

. 4
VCell DB | BMDB | Pathway Comm | 52010

BioModels | MathModels | Geometries|
Search
_1 Biological Models
[H-__1 My BioModels (2018nathans751) (19
() Shared BioModels (1)

B Public BioModels (602)
_| Tutorials (8)
-1 Education (34)

1. Right click on the copy,
and select Rename. Change
the name to Stoch Spatial.

Search [

N 4

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

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

I

7
| 4 Geometry | &° Specifications |

Protocols| _.',{3 Simulations \—

Because this Application is
a copy, the specifications
and geometry are already

1. GO to the Simulations | Qutput Funl::tiuns| Generated Maﬂ'|| InDUt
Simulations tab and ||| & & & % e[| O
Create a hew Name End Time Output Option Solver Running Status Results
simulation. | - — '
= 2 Stoch Spatial ¥ Edit 100 Particles EX=)
- 7 Geometry =
- ° spedifications
: Protocols Parameters Mesh | Solver
¥ § Simulations / _ )
Nk = Mesh Size - -
“ % 2 Rename the new
B ' . .
= %f simulation 100 Particles. 3. Open the Simulation
L parame Editor, and select the Mesh
tab. Make sure that the Lock
Geometry Size (um)  |(74.24, 74.24, 26.0) ASpeCt Ratio box is
e Mesh Size (elements) [¥] Lock a 0]

VCell DB | BMDB | Pathway Comm | Sabig |

BioModels | MathModels | Geometries|

1+ Search -

|1 Biological Models

[-__] My BioModels (2018nathans751) (19
(-1 Shared BioModels (1)

[ Public BioModels (602)

- Tutorials (8)

f-_] Education (34)

AT

X
Y

Total Size (elements)
Spatial Step (um) Ax

ay |

Az

Object Properties thlems.

Annotation:

Timestep

Settings:
1.0E-45 | eve

Mesh: 71x71x25 = 126
~=| Parameters with value|

10|

checked, and change the X
value to 101.

101
z [36

.ll]l %X 101 x 36 = 367236

0.7424
0.7424

-D .7428571428571429

s

FParameter Na

ok ] Cancel

4. Hit OK to save
these changes.

| | Scan
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%p:u%—ﬂaseﬂ_ﬂan_ﬁanqmrt ﬂ - Gmewl P Spedﬁcatl’nnsl Prntm:nls] 72 simulations
- : m‘;m Diagram Simulations | Output Funct]'nnsl Generated Math|
T Reactions (7) Ta=sE 5
© Structures (5) EEXEFTE P E O
.7 Spedies (7) £2 Edit: 100 Particles Running Status Results
|| 1. Re-open the =
Simulation Editor, | Earamotors | Moch| Sobve
and go to the Mesh
tab b Choose solver algorithm and fine-tune time
oy E NF ) - -
E Non-Spatial Deterministic Integrator :Smnldvn (Spatial Stochastic Simulator) ¥ E 2 . CI'Ck on the Ed |t
[#- =0 = Non-Spatial Stochastic q . .
i1 4 PDE_3D PR Simulation button.
 Parameters, Functions and Units Time Step Select the Solver tab.
[+ Pathway Time Bounds - | : Error Tolerance
Starting 0.0 : . Absolute |
b Ending |10.0 | Dot :1.0 = " Relative |
VCell DB | BMDB | Pathway Comm | ==bic | ' \ Maximum | | ' '
BioModels | MathModels | Geometries| e \ 3. Change the
Search i :
_1 Biological Models © Output Interval 0.1] “5\\ paramete rs S0 that
&1 My BioModels (2018nathans751) (19 e the simulation has an
_] Shared BioModels (1) = Advanced Solver Options . : . )
:]] ?ﬂ:éi::ij:,zsdels (602 acﬂuraqr@ :10.0 | gauss table size E] 4096 | end'ng at 10 O
Fi3- 1 Education (34) ["] sequence seed (2] | [V|fast mesh sampling ||| save particle files seconds and an
=/ Miscellaneous 0
L P oo oo Scrot = output interval of 0.1. —
Object Propertis

Annotation: I:
.

Mesh: 71x71x25 = 126025 elements Geometn .
=] Parameters with values changed from defaults \\ 4. Hit OK to save
Parameter Name | Defauit | these changes. Scan

»
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Contents

= Rule-Based_Ran_Transport
&} Physiology

- i Reaction Diagram

- © Reactions (7)

-~ Structures (5)

@. SPECE (2)

- Molecules (3)

2 Observables (7)

= Applications (5)

- [ stoch spatial

[+ @ NFSim

[ 44 Non-Spatial Deterministic
[+ 4 ¢ Non-Spatial Stochastic
[ 44 PDE_3D

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

s, 4

~ Protocols| 4 Simulations

3 2 Geometry | & Specifications

Simulations | Qutput Functions | Generated Math|

X1 I

Name End Time Output Option Solver

VCell DB | BMDB | Pathway Comm | =1 1c |

BioModels | MathModels | Geometries|

_| Biological Models

() My BioModels (2018nathans751) (19
() Shared BioModels (1)

Fublic BioModels (602)

#-__] Tutorials (8)

[ Education (34)

[ 1+ Search - ]

-

1. Run the simulation

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

Iteraticn 0@ 2 species
Itezaticn 1: 5 species
Iteraticn 2: 1l species
Iteration 3: 21 species
Iteration 4: 31 species
Iteraticn 5@ 38 species
Itezaticn &: 37 species
Itezaticn 7: 37 species
Canceled by user.

1
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