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1. Project overview
This five year programme grant was activated in January 2005. To date we are delighted with the progress we have made on several fronts as the international significance of the project gathers momentum with new academic partners being added which contribute to us fulfilling our key scientific objectives.
High level research objectives 
The high level aim of the Wellcome Trust Heart Physiome Project is to integrate the various models of cardiac function that are being developed by the Oxford and Auckland research teams into a multi-scale modelling framework for the heart that can be used for addressing a wide range of scientific and clinical questions. The application areas include surgical planning, surgical training, medical device design, clinical diagnostics and drug discovery. The multi-scale approach includes modelling structure-function relations at the levels of proteins, protein pathways, myocytes, myocardial tissue, the whole heart and the whole torso. The types of biophysical function being addressed include mechanics, electrophysiology, metabolism and blood flow (both ventricular and coronary). In developing an infrastructure for multi-scale modelling of the heart, the project is also developing a general infrastructure that can be applied to all organ systems – i.e. a framework for the human physiome project – and there are several non-heart multi-scale modelling projects that are already taking advantage of this infrastructure, notably for the lungs, the musculo-skeletal system, the digestive system and, very recently, the kidney and the skin.  
The Wellcome Trust project is primarily addressing the multi-scale modelling infrastructure issues (including some related equipment) and is therefore complemented by other grants obtained by the Oxford and Auckland groups (see Appendix A) that cover the costs of associated experimental work.  A meeting of all project participants, including collaborators on the linked experimental projects, was held in July 2006 (see Appendix B for programme) where Wellcome Trust grants officers were in attendance.
The major research areas sponsored by the Wellcome Trust are:

1. A microstructural measurement rig for cardiac tissue structure
2. Whole heart modelling and high performance computations
3. Physiome project infrastructure
4. Clinical mapping system for high resolution cardiac visualization

5. Cardiac cell modelling for ischaemic heart model
6. Neural-cardiac model and gene transfer strategy
7. Biomolecular models incorporating cardiac ion channels
Progress on these seven areas is discussed below. Publicity associated with the Wellcome Trust Heart Physiome project is noted in Section 3 and a brief discussion of new initiatives relating to the Heart Physiome project is given in Section 4, including a proposal for a Wellcome Doctoral Training programme that forms part of a new strategic framework for computational physiology at Oxford (see Appendix C).
Academic staff at Oxford and Auckland

Academic staff in Oxford involved in the project & supervising D.Phil students & Postdocs are: Peter Kohl, Denis Noble, David Paterson, Mark Sansom, Richard Vaughan-Jones and Nic Smith (recently moved from Auckland to a University Lectureship at Oxford). Academic staff in the Auckland Bioengineering Institute involved in the project & supervising PhD students & Postdocs are: Edmund Crampin, Peter Hunter, Marc Jacobs, Ian LeGrice, Denis Loiselle, Martyn Nash, Poul Nielsen, Andrew Pullan, Bruce Smaill and Alistair Young.
Associated key achievements
· PJH elected Fellow of the The Royal Society

· Established a virtual institute in Computational Biology at Oxford between the Divisions of Maths, Physical, & Life Sciences, and the Division of Medical Sciences where Computational Physiology has been created as a new discipline between the Departments of Computer Science (ComLab) and Physiology, Anatomy & Genetics.(structure illustrated in Appendix)
· Established a joint Oxford-Auckland D.Phil-PhD programme in Computational Physiology
2. Major research areas

2.1 A microstructural measurement rig for cardiac tissue structure
With the aid of Wellcome Trust funding we have developed an instrument that allows us to reconstruct the three-dimensional structure of blocks of myocardium down to 0.25m resolution. The rig, consisting of a precision mill, a confocal microscope and a highly precise translation stage is illustrated below.  
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Figure 1. Microstructural measurement rig, developed with funding from the Wellcome Trust. (a) Schematic of rig showing confocal microscope, precision mill and translation stage for moving the tissue block backwards and forwards between the mill and the microscope. (b) Photograph of rig.
A block of tissue taken from the left ventricle of a rat heart is shown in Figure 2, together with the image segmentation to extract collagen density and orientation from the 3D confocal reconstructions (Fig.2b) and to extract the organization of myocytes within sheets (Fig.2c).
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Figure 2. Measurement of cardiac structure from the Wellcome microstructural rig for a transmural block of rat heart tissue. (a) Schematic of the heart wall showing the transmural block. (b) Segmentation of collagen density and orientation. (c) Individual myocytes and intercalated discs.
These data are being used to develop models of current flow around the fibrous-sheet structure in order to compute the conductivity tensors needed for whole organ modeling of myocardial activation and reentrant arrhythmias. The information on collagen organization in relation to the myocytes is being used to understand the mechanical properties of the tissue and to formulate microstructural models that link to tissue constitutive models used in modeling the large deformation mechanics of the intact heart.
Figure 3 shows images using the same confocal instrument to reconstruct the detailed microvasculature within a cubic millimeter of rat myocardium.  These images are now in the process of being segmented to generate vascular meshes which will be combined with our recently segment large vessel network, developed with collaborators at the Mayo clinic and shown in Figure 3 (c), to provide a detailed model of whole heart perfusion. 
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Figure 3. Coronary vascular images. (a,b) Confocal images of the microcirculation. (c) The whole organ segmented coronary mesh of vessels with radius greater than 30m.    
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2.2 Whole heart modeling and high performance computations 

The Wellcome Trust has helped fund the purchase of a supercomputer in Auckland that is being used for computational modeling of the heart in the heart physiome project.  The machine (shown on the right below) is an IBM p595 with the following specifications:
[image: image13.emf]
· Processors: 64 1.9GHz Power 5 Processors

· Peak performance: 306.21 Gigaflops over 64 processors

· Physical memory: 256GB

· Virtual memory: 256GB Swap Space

· Operating system: AIX 5.3L
· 4TB disk
Figure 4. The Wellcome Trust funded IBM p595 computer used for high performance computation with the heart models. Specifications are shown on the left. This machine is now part of a 96-processor distributed memory cluster.
IBM has also recently awarded a SUR grant to the Auckland group for a 32-processor distributed memory cluster (using the low latency Infiniband interconnect) to help with the heart modelling work. The 64-processor p595 machine is now a shared memory node on this 96-processor distributed memory cluster. 
Models of electrical activation and myocardial mechanics at the whole organ level are being developed using parallel computing techniques on both shared memory and distributed memory architectures. The development of high performance code for solving the reaction-diffusion equations governing electrical propagation in cardiac tissue is proceding on two fronts: One is the algorithmic development, in particular using multi-grid techniques for accelerating the convergence of iterative solvers. The other is the development of distributed memory code using MPI (Message Passing Interface) for parallel processing on the new distributed memory cluster. This new open source code is called openCMISS (see http://www.cmiss.org/openCMISS). 
An example of electro-mechanical coupling is shown in Figure 5 for an axi-symmetric model of the left ventricles.
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2.3 Physiome project infrastructure
One of the goals of the Wellcome Heart Physiome project is to develop an infrastructure for multi-scale modeling that can be used for all organ systems in the body. The first application of this infrastructure is the heart modeling, as illustrated in Figure 6.
A markup language called CellML is being developed to facilitate model development at the cellular level. The Cellml repository now has over 350 models of cellular function including cardiac ion channel models, metabolic models, signal transduction pathway models and gene regulation models. The model repository also contains constitutive law models used in tissue mechanics. 
Another markup language called FieldML is also being developed to encapsulate spatially varying fields such as those defining the geometry and structure of tissues and organs, or the spatial distribution of protein expression. Fields computed by the models are also defined in this way, such as the spatial variation of voltage over a tissue or the oxygen concentration etc. 

[image: image3]
Figure 6. Multi-scale modeling in the heart from molecules to cells to tissue and organ. Different modelling strategies are applied at each stage in this hierarchy.
[image: image16.emf]
Figure 7. Tools being developed for multi-scale modeling in the heart, including authoring and editing tools for metadata (a) and mathematics (b), graphical display tools (c) and simulation software (d).  
A range of tools, based on the markup languages CellML and FieldML, are being developed to create and display models at the cell, tissue and organ levels, and to run simulations. These are illustrated in Figure 7 and include tools for creating, editing and visualising CellML and FieldML models and tools for running simulations. Note that all tools being developed for the Physiome Project are available under open source licences.
The CellML website (www.cellml.org) now has a number of facilities for displaying information relating to the models in the repository. Examples of model documentation and the mathematical equations from the MathML encoding are shown in Figures 8 & 9, respectively.

[image: image17.emf]
Figure 8. An example of a model in the CellML model repository. There are currently about 350 models in the repository, including models of ion channel electrophysiology and pH regulation, myofilament mechanics, signal transduction pathways, metabolic pathways and gene regulatory networks.
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Figure 9. An example of MathML-encoded mathematics in a model from the CellML repository.
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2.4 Clinical mapping system for high resolution cardiac visualization
Instrumentation for measuring the patterns of electrical activation on the heart surfaces and through the wall (with plunge needle electrodes), are being developed by the Auckland Bioengineering Institute. Wellcome Trust funding has allowed one such system to be installed at a hospital in London for use on patients during open heart surgery, as shown in Fig.10a.
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Figure 10. The Wellcome Trust funded electrophysiological mapping system developed by the Auckland Bioengineering Institute. (a) The mapping system hardware. (b) A 256-channel electrode sock, connected to the mapping system, shown on a patient in a London hospital. (c) Potential changes on the heart surface from one electrode during induced ventricular arrhythmia and fibrillation.
Our human whole heart model validation study looking at cardiac electrical imaging has recently received significant attention in the literature as a consequence of our combined approach using experimental work and mathematical modelling to study mechanisms of ventricular fibrillation (see full paper in Circulation 2006 Aug 8;114(6):536-42 with associated editorial.). Additional data and modelling publications have also appeared in Experimental Physiology 2006 Mar;91(2):339-54 and IEEE Bioengineering 2006 in press.  

[image: image4]
Figure 11. Ventricular fibrillation patterns in the human heart.  Rows illustrate spatial distributions of phase, the corresponding wave fronts and associated dominant frequency.  Mother rotor and re-entry circuit illustrated.  See Nash et al Circulation 2006. 
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2.5  Cardiac cell modelling for ischaemic heart model 

The pHi regulatory system in cardiac myocytes is being modelled, along with its important interactions with the cell’s Ca2+-regulatory and signalling apparatus (Biophysical Journal 2005 88(4), 3018-3037; Prog. Biophys. Mol. Biol 2006 ;90(1-3):207-24).  This task is being tackled at various levels: 
(i) By experimentally characterising, the ion-transport behaviour of pHi-regulatory proteins in ventricular and atrial myocytes. Experimental data are being used to construct realistic kinetic models of the key pH transporters, which can then be integrated into more general electrical and contractile models of myocyte function.  
(ii) By experimentally determining the spatial expression of pHi-regulatory proteins within the cell which will be incorporated into contemporary 3-D reconstructions of the ventricular myocyte.  
(iii)  By assessing how spatial control of pHi, and the occurrence of spatial pHi non-uniformity, impacts upon the three-dimensional control of Ca2+i, and the spatial co-ordination of Ca2+-signalling and hence contraction in the cardiac myocyte. 
Three-dimensional models incorporating pHi-regulation and pH-Ca2+i interaction, will assist in the elucidation, at the cellular level, of more complex pathological conditions, such as myocardial ischaemia and hypoxia. They will also form the basis of computational models of multi-cellular myocardium. 

[image: image5]
Figure 12. Local interactions between pHi and Ca2+. The top figures illustrate the experimental approach for creating pH gradients along a cell and the bottom figures show the measured pH and Ca2+ concentrations along the cell. From Swietach, Spitzer & Vaughan-Jones (2005) Biophys J.
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2.6 Neural-cardiac model and gene transfer strategy
Our cardiac gene transfer programme has also achieved a number of significant milestones and generated important signalling data to build our neural-cardiac model.  We have successfully used a gene strategy to highlight the role of key enzymes involved in modulating cardiac excitability (Hypertension 2006 48:443-452) and neurotransmission (J Mol Cell Cardiol 2005 Jul;39(1):159-64), and identified specific ion channels that are regulated by proteins encoded by these enzymes (Cardiovasc Res  2005 Sep 1;67(4):613-23).  This has been advanced by our ability to re-engineer viral vectors with promoters to target specific cells types to avoid promiscuous transduction (see J Mol Cell Cardiol 2006 Aug; 41(2):364-70 – front cover feature).  Intracellular calcium dynamics are now being measured and these new data are being incorporated into our cardiac neural network model of neurotransmission. The data will form important model components which regulate enhanced sympathetic transmission seen in cardiac simulations of ischaemia where abnormal transmitter release effects post synaptic excitability.
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Figure 12. PANEL A. Representative fluorescent images of cardiac sympathetic neurons derived from stellate sympathetic ganglia from SD rats 68 hours after gene transfer with a noradrenergic neuron-specific vector Ad.PRS-eGFP. A. GFP expression. B. Same cell preparation stained with sympathetic neuron marker anti-TH. C. Overlay of GFP expression and anti-TH stain (Texas-red). Note that all eGFP expressing neurons were colocalized with TH positive neurons. D. There was no detectable leakage of eGFP expression in other cell types since the cells in the background stained with DAPI did not express eGFP.  Scale bar: 50 µm for all the images. PANEL B Difference of eGFP expression 3 days post-transduction of Ad.PRS-eGFP (A, C) and Ad.CMV-eGFP (B, D) to cardiac sympathetic neurons isolated from stellate ganglia. Note the transduction of Ad.PRS-eGFP results in excusive expression of eGFP in neurons as indicated by lack of eGFP expression in any other cells visualized by DAPI.  Ad.CMV-eGFP showed widespread eGFP expression in other cells types in neuron culture.  Scale bars, 100 μm.
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2.7 Biomolecular models incorporating cardiac ion channels
The initial focus of this aspect of the project has been on developing more approximate approaches to voltage gated ion channels, with an aim to model cardiac Kv and related channels. Voltage-sensor toxins have been explored as a test system. This system is simpler than e.g. an intact Kv ion channel, yet requires good approximate methods if toxin/membrane interactions are to be captured correctly. Furthermore, there are good experimental data available for validation of the method. The experimental data have been supplemented by atomistic MD (AT-MD) simulations of the interactions of VSTx1 and SGTx1 with lipid bilayers (Bemporad et al., 2006). Coarse-grained (CG-MD) simulations of toxin/bilayer simulations have been performed and shown to be >100 x faster than AT-MD simulations. (These used a CG-MD method developed in the Sansom lab as part of a BBSRC project). They have been compared with experimental data and AT-MD simulations and shown to yield comparable results (Wee et al., 2006).

Future work by Kaihsu Tai will pursue two main directions: (i) ‘fast track’ – focusing on electrostatics and Brownian dynamics simulations of a cardiac Kir channel (Kir2.1) model; and (ii) ‘deep track’ – development of methods to link e.g. elastic network models with Markov models of channel gating. (Both of these will be in collaboration with Martin Fink in Physiology).

Recent publications
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2. Wee, C.L., Bemporad, D., Sands, Z.A., Gavaghan, D. and Sansom, M.S.P. SGTx1, a Kv channel gating-modifier toxin, binds to the interfacial region of lipid bilayers. Biophys. J. (submitted), 2006
3. Publicity 

3.1 Invited talks & plenary lectures:

The following invited talks and plenary lectures have been given by one of us (PJH) over the last 18 months to advertise the Physiome Project generally and the Wellcome Trust Heart Physiome project in particular. 
2005 
29-30 Mar
San Diego, US
Physiome Project satellite meeting (to IUPS World Congress) 

01-02 Apr
San Diego, US

Meeting of IUPS Physiome Committee

10-11 Apr
Nottingham, UK

Physiological Flows meeting.

04-06 May
Melbourne, Australia
Discovery Science & Biotech meeting

02-04 Jun
Barcelona, Spain

FIMH meeting & meeting in European physiome project

25-29 Jun
Detroit, Michigan, US
ISMB (Int.al Soc for Molec Biol) annual meeting. 

14-15 Jul
Nottingham, UK

U21 Systems biology meeting.

01-04 Sep
Shanghai, China

EMBS World Congress

06-10 Sep
Oslo, Norway

2nd European Science Foundation Functional Genomics meeting.

26-30 Sep
Brisbane, Australia
APAC’05 Australian Partnership for Advanced Computing

28-30 Sep
Baltimore, US

Physiome session at BMES (Biomed Eng Society) annual meeting 

Dec 7-10
Singapore

12th International Conference on Biomedical Engineering

2006 
18-22 Jan
Osaka, Japan

Invited talk at Osaka University and ISPC Meeting 

01-05 Apr
San Francisco, U.S.
Experimental Biology 2006, EP Editorial Meeting & APS Seminar

06-09 Apr
Washington, U.S.

ISBI 2006 (IEEE Int’l Symposium on Biomedical Imaging)

19-20 Apr
Singapore

Symposium on Engineering Science at NUS

23-27 Apr
Charleston, U.S.

4th Larry & Horti Fairberg Workshop

01-02 Jun
Graz, Austria

Integrative Physiology & Interdisciplinarity Conference

03-09 Jun
Lisbon, Portugal

ECCM 2006 (III European Conf on Computational Mechanics)

06-08 Jun
Oslo, Norway

1st Glial Endfoot Meeting

29-30 Jun
Brussels, Belgium
ICT for Medical Sciences, 2006

01-04 Aug
Munich, Germany
5th World Congress in Biomechanics

06-07 Aug
Canberra, Australia
CSANZ Annual Scientific Meeting

01-04 Sep
Queenstown, NZ

QueST 2006 (Queenstown Signal Transduction Meeting)


06-08 Sep
San Francisco, U.S.
Invited talk at University of California, Berkeley

10-16 Sep
Udine, Italy

IUTAM – CISM Summer School

25-28 Sep
Ohio, U.S.

Workshop #1 on Cardiac Electrophysiology and Arrhythmia
08-13 Oct
Mykonos, Greece

4th International Conference on Pathways, Networks, and Systems

3.2 Journal covers
A number of our publications from the Heart Physiome project over the last 18 months have made the front cover of the journals. These are shown here.
[image: image21.emf]
3.3 Broadcast media               
· Virtual Heart article in Wellcome News: http://www.wellcome.ac.uk/doc%5Fwtx023668.html  
· NZ Herald interview: Maths meets the human body: http://www.nzherald.co.nz/author/story.cfm?a_id=36&ObjectID=10398067  
· FRS award to PJH:  http://www.admin.ox.ac.uk/po/news/2005-06/may/19a.shtml  
· New Zealand National Radio interview with Peter Hunter - 23/07/06
· Television NZ Breakfast show interview with Peter Hunter - 24/08/06
4. New initiatives
A few comments are included here about new initiatives we are taking that are complementary to the Wellcome Heart Physiome project.
Small animal validation model

The pig has been our standard large animal model for the electrophysiology measurements and model validation. We now think we also need a small animal model to allow validation of models that couple electrical activation with myocardial mechanics and ventricular energetics. A good choice for the small animal model is the rat, since there is much experimental data on myofilament mechanics and metabolic pathways for the rat and it is also suitable for gene knockout experiments. We therefore anticipate having three models – one small animal (rat), one large animal (pig) and one human. 

A Virtual Institute for Computational Physiology at Oxford
A plan is being developed for creating a strategic framework for computational physiology at Oxford. This is outlined in Appendix C and includes the following proposal for a Wellcome Doctoral training programme: 

Doctoral training
The Wellcome Trust project has generated a great deal of interest among graduate students both in Auckland and Oxford and we see substantial benefits in allowing students to spend time in both Universities as part of their doctoral training. We have therefore now set up a joint degree between the two institutions to allow students to complete their first two years in one location and their second two years in the other. We plan to bid for a Wellcome doctoral training programme both to help fund this initiative and to build a larger pool of doctoral students in computational physiology at Oxford.
APPENDIX A. Other grants underpinning project

The grants listed here are held by participants in the Wellcome Trust Heart Physiome project and are complementary to the Wellcome grant (for example, they are funding the experimental work that supports the multi-scale integrative models being developed under the Wellcome grant).

PATERSON

2006-09
British Heart Foundation Gene transfer strategy to modulate cardiac sympathetic and beta adrenergic hyperactivity in hypertension.  £197,679.

2005-08
The Wellcome Trust Research Training Fellowship to Dr Chee Wan Lee. £224,330

2005-07
British Heart Foundation (PG/05/076).  Haemodynamic regulation by nitric oxide in exercise training:relative importance of nitric oxide synthase isoforms and enzymatic coupling.   £143,426.  with Prof Channon (PI) and Dr Casadei.

2005 
BBSRC 2-photon confocal microscope £198K with Drs Paulsen, Kohl, Thompson.

2004-07
MRC component grant £375,000. Mechanisms underlying nitric oxide-mediated regulation of cardiovascular function following exercise training. With Prof Channon.

2003-06
British Heart Foundation £168,152. PI djp Use gene transfer to modulate cardiac vagal function in pathophysiological states.  

2000  
Infrastructure Grant Higher Education Funding Council £2,500,000  Cardiac Research Extension in Physiology. 
Joint Director of Burdon Sanderson Cardiac Science Centre with Prof R.D. Vaughan-Jones

HUNTER

2006-10 Health Research Council of NZ (PI: Prof Peter Hunter) Cardiac structure and function: a bioengineering analysis  NZ$3.6M over first 3 years.
Note this is a 5 year programme grant that started in July 2006 and includes the following three project grants

 
(i) Health Research Council of NZ (PI: Dr Iain LeGrice) Structural and functional remodeling of spared myocardium after infarction

(ii) Health Research Council of NZ (PI: A/Prof Bruce Smaill) Vulnerability to reentry and fibrillation after myocardial infarction

(iii) Health Research Council of NZ (PI: Prof Andrew Pullan) A multi-scale computer model of atrial structure and electrical function

2006-09
Health Research Council of NZ (PI: Dr Alistair Young) Clinical Tools for Myocardial Function Evaluation using Displacement Encoded MRI. NZ$1.2M over 3 years
2006-09
Health Research Council of NZ (PI: Prof Mark Cannell) Analysis of structure in human heart and relationship to performance in DCM. NZ$1.2M over 3 years
2004-07
Marsden Fund  (PI: Prof James Sneyd) Modelling the calcium cardiac transient on multiple spatial scales. NZ$1.1M over 3 years
SANSOM

2006-09
Coarse-grained Simulations for Membranes and Membrane Proteins: Rafts, Folding, & Fusion, BBSRC, £385k, (Dr Jon Essex, Southampton and MSPS as co-PIs)

2004-08
IntBioSim: an Integrated Approach to Multi-level Biomolecular Simulations, BBSRC, £976k, (MSPS & 6 co-PIs)
2000-07
Ion Channels: Atomic Resolution Physiology, The Wellcome Trust, £1098k (programme grant) – ‘renewal’ applied for, to start 1 April 2007 if funded.

KOHL

2006-09
Technologies for 3D histologically-detailed reconstruction of individual whole hearts
BBSRC Technology Development Research Initiative, PI: Kohl P, Co-PIs: Schneider J,  Gavaghan D
£ 607,813

2006-09
NormaCor: hyperpolarization- & stretch-activated channels in norm and disease
EU Framework 6 Project, one of 8 PIs €1,567,500

2006-07
Roadmap for the European Physiome EU STEP Project, one of 9 PIs €1,185,360

2004-07
Sub-cellular mechanisms of myocardial mechanical heterogeneity Wellcome Trust Collaborative Grant, #030588, PI: Kohl P £88,386 

2004-07
eScience Pilot Project in Integrative Biology EPSRC #S72023, PI: Gavaghan D; one of 25 Co-PIs  £2,798,950

SMITH

2007-10 
At the Heart of the Matter Marsden Fund, 06-UOA-123, Co-PI Smith with D. Loiselle 830,000 NZD
2005-08 Multi-scale modeling of metabolism in the Heart NIH RO1 EB005825, Co-PIs Smith and Crampin with Dr. D Beard US$930k
2004-06 
Virtual Heart Disease Marsden Fund, 04-UOA-177, PI Smith NZ$140k
APPENDIX B. Wellcome Trust Heart Physiome workshop
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Wellcome Trust Heart Physiome Workshop: July 3rd/4th 2006
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	Sunday July 2nd
	 
	 

	Pre-meeting get-together 5.00- 
	 
	Optional informal pre-meeting get-together. Meet at the University Club in Mansfield Road. If the weather is fine we will walk to the Perch or go punting. If the weather is not fine then a warm dry place will be advocated for dinner. 

	 
	 
	 

	Monday July 3rd
	 
	 

	 
	 
	 

	Welcome 
	 
	 

	8.40-9.00 
	David Paterson 
	Introduction + housekeeping announcements 

	 
	 
	 

	Subcellular Modelling 
	Chair: Denis Noble 
	Small Lecture Theatre 

	 
	 
	 

	9.00-9.20 
	Nicolas Smith 
	Hodgkin-Huxley ion channel characterisation: An improved method of voltage clamp experiment 

	9.20-9.40 
	Martin Fink 
	Insights on repolarisation using more complex potassium ion channels. 

	9.40-10.00 
	Kaihsu Tai 
	Electrostatics of model nanopores and potassium ion channels. 

	10.00-10.20 
	Pawel Swietach 
	Spatial regulation of multicellular cardiac pH  

	 
	 
	 

	10.20-11.00 
	Morning Tea + Poster viewing
	Sherrington Room 

	 
	 
	 

	Cellular Functions 
	Chair: Richard Vaughan Jones 
	Small Lecture Theatre 

	 
	 
	 

	11.00-11.20 
	Jeroen Jeneson 
	Modeling mitochondrial sensing & matching of cellular ATP needs 

	11.20-11.40 
	Dan Beard 
	Oxygen transport and energy metabolism in the heart 

	11.40-12.00 
	Denis Loiselle 
	Cardiac basal metabolism 

	12.00-12.20 
	Steve Niederer 
	A cellular model of cardiac contraction 

	12:20-12:40 
	Edmund Crampin 
	Modelling cellular cardiac acidosis 

	 
	 
	 

	12.40-1.40 
	Lunch + Poster viewing
	Sherrington Room 

	 
	 
	 

	Computational Tools and Ontologies 
	Chair:  Nicolas Smith 
	Small Lecture Theatre 

	
	
	

	1.40-2.00 
	Poul Nielsen  
	Linking CellML models to biological ontologies: adding meaning to models.  

	2.00-2.20 
	Jonathan Cooper 
	Automatic optimization of cardiac electrophysiological simulations 

	2.20-2.40 
	David Nickerson 
	CellML and cardiac electromechanics 

	2.40-3.00 
	Chris Bradley 
	OpenCMISS and multiscale software development 

	3.00-3.20 
	Alan Garny 
	Cellular Open Resource (COR) 

	 
	 
	 

	3.20-3.40 
	Afternoon Tea + Poster Viewing
	Sherrington Room 

	 
	 
	 

	Structure Specific Modelling 
	Chair: Peter Kohl 
	Small Lecture Theatre 

	 
	 
	 

	3.40-4.00 
	Danius Pauza 
	Structural organization of intrinsic cardiac nerve plexus in mammals 

	4.00-4.20 
	Vicente Grau 
	Multimodal image analysis for generation of detailed cardiac models 

	4.20-4.40 
	Jack Lee 
	Automatic segmentation of coronary vasculature 

	4.40-5.00 
	Andrew Pullan 
	Structure specific modelling of cardiac electrical function 

	5:00-5:20 
	Bruce Smaill 
	Effects of structural hierarchy and scale in cardiac activation 

	 
	 
	 

	19.00- 
	Meeting Dinner 
	Venue: The Queen’s College, High Street


	Tuesday July 4th
	 
	 

	 
	 
	 

	Cardiac Activation and Arrhythmias 
	Chair: Andrew Pullan 
	Small Lecture Theatre 

	 
	 
	 

	9.00-9.20 
	Blanca Rodriguez 
	Mechanisms of cardiac arrhythmias and defibrillation in healthy and ischaemic hearts 

	9.20-9.40 
	Martyn Nash 
	Human VF mechanisms: Mapping and modelling 

	9.40-10.00 
	Ayman Mourad 
	Organisation of human ventricular fibrillation 

	10.00-10.20 
	Martin Bishop 
	Synthesis of voltage-dependent fluorescent signals: applications to panoramic optical mapping 

	10.20-10.40 
	Gil Bub 
	Monolayer cell cultures as model systems for studying fibrillation 

	 
	 
	 

	10.40-11.20 
	Morning Tea + Poster Viewing
	Sherrington Room 

	 
	 
	 

	Large Scale function and integrated models 
	Chair: David Paterson 
	Small Lecture Theatre 

	 
	 
	 

	11:20-11:40 
	Denis Noble 
	Drug development and repolarisation 

	11.40-12.00 
	Peter Kohl 
	Mechano-electric feedback: Why bother? 

	12.00-12.20 
	Sharon Lloyd 
	Direction of the Integrated Biology Grant 

	12.20-12.40 
	Peter Hunter 
	Direction of the Wellcome Trust Heart Physiome Grant 

	 
	 
	 

	Poster Session: Author Discussion
	
	Sherrington Room

	
	
	

	12.40-2.00
	Ayman Mourad
	Activation Wavefronts During Human Ventricular Fibrillation

	12.40-2.00
	Ingeborg van Leeuwen and John King
	Towards multiscale modelling of colorectal cancer

	12.40-2.00
	Matthew McCormick
	Quantifying Myocyte Topology

	12.40-2.00
	Mike Cooling
	Calcineurin / IP3 signaling in the heart

	
	
	

	12.40-2.00 
	Lunch + Poster Discussion with Authors
	Sherrington Room 

	 
	 
	 

	2.00-3.00 Breakout groups 
	 
	 

	 
	 
	 

	Cellular and Subcellular modelling breakout group 
	Chair: Richard Vaughan Jones 
	Small Lecture Theatre 

	Computational tools breakout group 
	Chair: Nicolas Smith 
	Physiome Laboratory 

	Structural and tissue modelling breakout group 
	Chair: Peter Kohl 
	Cardiac Seminar Room 

	Large scale and integrative modelling breakout group 
	Chair: Peter Hunter 
	Sherrington Room 

	 
	 
	 

	3.00-3.20 
	Afternoon Tea 
	Sherrington Room 

	 
	 
	 

	3.20-4.30 Summary and discussion 
	Chair: Peter Hunter 
	Small Lecture Theatre 

	 
	 
	 

	3.20-3.30 
	Richard Vaughan Jones 
	Cellular and subcellular modelling breakout group summary 

	3.30-3.40 
	Nicolas Smith 
	Computational tools breakout group summary 

	3.40-3.50 
	Peter Kohl 
	Structural and tissue modelling breakout group summary 

	3.50-4:00 
	Peter Hunter 
	Large scale and integrative modelling breakout group summary 

	 
	 
	 

	4.00-4.30 
	 
	Chaired discussion on the goals on integrated multiscale cardiac modelling. 

	
	
	

	4.30 Close
	 
	 


APPENDIX C. Strategic framework for computational physiology at Oxford; including the proposed Wellcome Doctoral Training programme for the Heart Physiome.
See next page. The Wellcome Doctoral training programme is highlighted in yellow.
Linking Science across Divisional Structure
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overview | | edit | | vewmath | | model metadata | | curation | | view celm | | data | | procedural code
Regulation of Cardiac L-Type Calcium Channels by Protein Kinase A and Protein Kinase C =

#Download the CellML model (76Kb)

Open in @mozCellML
I5im

Model Documentation

Model Status
This is the original unchecked version of the model imported from the previous CellML model repository, 24-1an-2006

Signal Transduction Pathway

The influx of Ca2* ions into cardiac myocytes through voltage-gated, L-tyne Ca2* channels is an essential component of cardiac excitability and the coupling of cell excitation to
contraction. The ions create a depolarising current (ic, ) that contributes to the plateau phase of the cardiac action potential, and it also contributes to pacemaker activity in nodal
cells. The increase in intracellular [Ca2*] generated by Ic, has a positive feedback effect, triggering the release of more intracellular Ca?* from stores within the sarcoplasmic
reticulum. This increase in intracellular Ca2* then results in the activation of myofilament contraction.

In many cases of cardiovascular disease, including atrial fibrillation, heart failure and ischemia, the density and function of the L-type Ca* channels are disrupted. Therefore, better
understanding of how L-type Ca?* channels are regulated in healthy cardiac myocytes may give insight into how these diseases may be better treated.

A variety of different hormones, neurotransmitters and cytokines regulate cardiac L-type Ca?* channels. A wide array of different receptors and signalling pathways interact to provide
dynamic reguiation of Ig, in the heart. These pathways indlude the cydlic adenosine manophasphate/pratein kinase A (cAMP/PKA) signaling cascade (see below). Muliple G-protsin
coupled receptors act through the caMP/PKA signal transduction pathway to regulate L-type Ca?* channel activity. Thess receptors are coupled to G-proteins which sither stimulate
(Gs) or inhibit (G:) the enzyme adenylate cyclase (AC). Active AC catalyses the conversion of ATP to cAMP, which then activates PKA, In turn this enzyme phosphorylates the L-tyne
Ca?* thannels, and the Ic, is enhanced

The description of this signal transduction pathway was based on a paper by Kamp and Hell (2000), which investigates the regulation of cardiac L-type calcium channels by protein
kinases. The complete original paper reference is cited below

@Regulation of Cardiac L-Type Calcium Channels by Protein Kinase 4 and Protein Kinase C, Timothy J. Kamp and Johannes W. Hell, 2000, @ Circulstion Research , 87, 1095-1102. (@Full
text and ©PDF versions of the article are available to subscribers on the Circulation Research website.)

Signal Transduction Pathway Diagram

Ca2+

Schematic diagram of the cAMP/PKA signalling cascade that regulates the activity of cardiac L-type Ca?* channels. The blue arrows represent activation and the red arrows represent.
inhibition.

Related Models

= Regulation of Cardiac L-Type Calcium Channels by Protein Kinase & and Protein Kinase C version 1
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Figure 5. The solution of equations governing the coupling between electrical activation and myocardial contraction in an axi-symmetric model of the left ventricle. The six coloured spheres define transmural positions where the time-dependent changes in electrical potential, myofilament tension and sarcomere length are shown on the right. Ventricular volume and pressure changes through the cardiac cycle are plotted on the left.   
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� The 40 journal publications (some ‘in press’) listed in this section (covering the last eighteen months) have all benefitted directly from Wellcome Trust funding but include work also funded under the grants listed in Appendix 1.
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