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| want to make models...

Primarily interested in how cells work
A ‘user’ (a hopeful one)

olle
.ﬂce"ML Hedley et al. (2001), Cuellar et al. (2003)

Wrapper for MathML (which encodes maths)

Partitioning the maths, variables into reusable
pieces: ‘components’

Domain inspecific constructions
Systems biology, synthetic biology, physiology
Inherent support for modularity
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Importing allows ‘modules’

Nature Precedings : doi:10.1038/npre.2011.6392.1 : Posted 11 Sep

* Variable Calcium
e Oscillating pulses
e Peak then plateau

NFATN, e Step changes

» Variable Calcineurin
e |[nhibition

ATN, e Virtual Experiments
- * SED-ML?

Cooling et al. (2009) Biophys. J. Fig 1.
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Search Site

2= (models.cellml.org) G

fou are here: Horme — Exposures — Modelling H\,ra:»ertrophlc IP3 Transients in the Cardiac Myocoyte {Cooling, Hunter, Crampin, 2007) — Modelling Hypertrophic IP3 Transients in the

Cardiac Myocyte {Cooling, Hunter, Crampin, 200

Modelling Hypertrophic IP3 Transients in the Cardiac Myocyte
(Cooling, Hunter, Crampin, 2007)

Model Status

This CellML model is the model which was used to produce the original results in the paper, and therefore it is known to
be completely accurate.

Model Structure

ARSTRACT: Cardiac hypertrophy is a known risk factar for heart disease, and at the cellular level is caused by a complex
interaction of signal transduction pathways, The IP3 - calcineurin pathway plays an important role in stimulating the
transcription factor NFAT which binds to DNA cooperatively with other hypertrophic transcription factors. Using available
kinetic data we construct a mathematical model of the IP2 signal production system after stimulation by a hypertrophic
{alpha}-adrenergic agonist (endothelin-1), in the mouse atrial cardiac myocyte, We use a global sensitivity analysis to
identify key controlling parameters with respect to the resultant IP2 transient; including the phosphorylation of
cell-membrane receptors, the ligand strength and binding kinetics to precoupled (with G alpha}GDP) receptor, and the
kinetics associated with precoupling the receptors. We show that the kinetics associated with the receptor system
contribute to the behaviour of the system to a great extent, with precoupled receptors driving the response to
extracellular ligand. Finally, by reparameterising for a second hypertrophic { alphat-adrenergic agonist, angiotensin-II,
we show that differences in key receptor kinetic and membrane density parameters are sufficient to explain different
ohserved IP3 fransients in essentially the same pathway.

Abstract reproduced from Cooling et al., Biophysical Journal 93, 2007, with permission.
This model of the NFAT cycling system is described in more depth in the original paper which is cited below;

Modeling hypertrophic IP3 transients in the cardiac myocyte, Michael Cooling, Peter Hunter and Edmund 1. Crampin,
2007, Biophysical Journal, 93, 3421-3433, PubMed ID; 176934632

Log in | Register

Model Curation

Curation Status: s
OpencCell: A e aird
15im:

COR; W
Source

Derived from workspace Cooling,
Hunter, Crampin, 2007 at changeset
b1lad010d41a7.

Downloads

Complete Archive as tgz

Download This File

Views available

Maodel Metadata
Mathematics
Generated Code
Cite this model
Source View

Simulate using Opencell

License

This work is licensed under a Creative
Commons Attribution 3.0 Unported
License,
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Exa m p I e ‘System Models
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‘Templates’ — Mathematical structures

Adapted from Cooling et al. (2010) Bioinf. Fig 1.



E Xa m I e ‘System Models’
:
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‘Templates’ — Mathematical structures

Adapted from Cooling et al. (2010) Bioinf. Fig 1.
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Vascular (mal-)adaptation

Cyclic Elastic Adventitia
Strain Lamina (fibroblasts, connective tissue)

v

y Stress

Saccular Aneurysm Fusiform Aneurysm Blood

?’ Flow

: A\
Media
Cyclic (SMCs, ECM) Endothelium

Strain

Ruptured Aneursym

Cummins et al. (2007) Am J Physiol Heart Circ Physiol:292, Fig 1.

Image courtesy of The Internet Encyclopedia of Science

* 3interacting cell types, extracellular matrix

» Narrow focus to: shear stress -> NO production in endothelial cells....
» Regulated by 6-10 signalling pathways
* 100s of components....
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Modules are being reused, but...

Concentrated on the ‘re’ of ‘reusable’...what about the

‘usal
Goal

ble’?
: to make it easier to build and understand large

models from reusable components.

‘Integrated Services’ (oo, IWBDA)

1.
2.
3
4.

Search and Retrieval

Automated / assisted model composition
Visualisation

Analysis

Progress?
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Analysis

* Sensitivity analysis services deployed on ‘Nimro
(Abramson et al. 1995)

MeSsAGE Lab

Monash and Grid Engl g L ¥
JLatest News |
Nimrod Toolkit
August 2411
VLS Dirsctor semnm 25 MeSSAGE Lab > MeSsAGE Lab Projects » Nirrod Tookil
s i ! Wi e 1o run imiod L Proseatarions|
o1t (TR ieniod Applications | Scenarios | Where ts run Nimrod | Publications
Carole Goble speaks st
Monash on the. Quick links:  Nimrad Portal| Nimrod/G | Nimrod'0| Nimrad/E Nimrod'k |Active Shests
Long tailed Scientiat
Juy 7011 e help? Subscribe Lo nimrod-users
Tehnion semins 3 i
Hanowsostd %

. ) . o s page. . hice)
Insigursi Tesanion The Mimrod Toolkit ' Tha Hirmeod Toslist
Paramatric computationsl expariments are bacoming increasingly important in science and enginesring as 3 means of axplaring the bahawior of complax ® M mrod mpports warkfiows for sobusk dasign and search and shows sclerkistabo:
systams. For axampln, an enginaer may auplare the behaiaur of 3 wng by runing 3 computational madel of tha airiad muliple timas whils varying key
pasameters such as angle of ah yieH & picture of how the wing behaves in differert parts of
parametnic space. Over Ihe past several years, wi have developed o specialized parametric modeling system caled Nimrad. Nirved uses & smple declarative
pasarmetric modeling language 1o Express a parsmetric expersnent snd provides machaery thal aitomstes the task of formulating, running, monitoring, and colafing the results fiom the mullple @diidual experenents. Equaly important
Karurod incorgorates a distnbuted scheduling component that ta mansge the scheduing of indisidusl experiments ta wle compulers in & local area network. Togsther, these features mean that even complex parametric experensnts can
b defined end run with litle progesmmer effort, In many cases it is possible 1o establish 3 rew experiment in minutes.

& Cther Fasiures are
= Warkin scknamedge us?

k, i speed, elc. The resuls of these muliple experime;

Rl
Nimeod'6 provedss two ssmices: Parameter swesps and gridicloud sxecusion tools including schaduling scmss mullipls compute resources. A comemercsal versian of Nimrod, called EnFuzian, is available for clisters fom Axcelaon &

Mo prosstes an optanisation Farmenwl for cplimising & trge aulpA valus of an spplcaion. Used wik Nirecdl, it Gan explat paralelise in the search algarthen

Nimeod/0 providas an intaractve intarfacs for NimrodD. In some applications, it might raquire someans ta decida which output is battsr. Those results ars fed back info Nimeod/D 1o produce mare suggestions.

E peovdes expedmental design techniques for snalysing parsmetsr efiects oa an appbeation’s output. Used with Nimeod/G allows the experiment to be scaledl up on grd and cloud resources

mrodi prowdes al the i
dynamic parallelism in workllows.

i 1oals i & warkllow engine called Keples & Nimind atds all the parsmeter 100ls and ga/cioud semices 10 Kepler whik leveraging and enhancing all lhe existing gnd looks skeady proaded by sdding

= People. Nimrod supports workflows for robust design and search and allows scientists to:
- eseience
Applieaios = Vary paramaters
= Collboratiens. = Executa programs
= Funded Projocts * Copy dala in snd out

* BeSTGRID (2010/2011)

e CellML Simulator (not Matlab) - Nickerson
* MIASE

o SED-ML

)
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Visualisation

SBGN
Biological view

Extension 1: Model structure view
Reusing other people’s modules

One can easily make models that one needs time to re-
understand 6 months later

Extension 2: Presentation versus Action Language (Bennett J.
“Building Decision Support Systems”, Addison-Wesley 1983)

How to move between levels of abstraction (how well can it
scale?), and views

Prototype development pending...
Semantic annotation to avoid idiosyncratic development
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(Semi-Automated) Composition

Model structure important

Several different approaches
Electrophysiology (Nickerson)
Visualisation (Wimalaratne)
Systems and Synthetic Biology (Cooling)

‘Best Practices’ (poster ICSB 2010)
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Search

Repositories or tombs?
CelML Repository — keywords
Annotation supporting

UI -> SPARQL? -> nice presentation
Metadata specification 2.0 (poster)
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Ecosystems

(Tiwana et al. Info. Sys. Res. Dec 2010)

Platform - core services and interfaces

Modules - developed by many over time
Examples

Firefox, Android, Eclipse

Not new to this group: exchange protocols, SBW
Imagine the ‘CellML Ecosystem’

Connect the services with ‘standard’ protocols....
use CellML API.... applications communicate via
webservices....
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Is that really the best we can do?

Consider the above ‘services’ in the context of SBML,
perhaps MatlabML, whatever-ML

Who really cares what ‘ML’ the models are in?
Modellers?
Biologists?
Co.mbine participants?
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Interoperability (future direction)

[ want to find, compose, visualise and analyse a mix of
models no matter what format each is in

What is the ‘platform’ really?
Not <some>ML + API

Makes software dev easier, user experience more
complex

Semantic layer
The more interesting question...
Metadata Specification 2.0 <-> Annotation Package
Try it with some ‘real’ models
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Grateful to
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