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Introduction

Metabolic networks often reuse kinetic equations from a standard set of defined reaction mechanisms. Consequently, a library of these standard components in a standard format could facilitate the development of metabolic models. Reuse of annotated components could support the identification of common patterns and provide an additional meta-level for the understanding of kinetic metabolic modeling. A standard metabolic component library was developed in CellML, a standard XML based language for the encoding of kinetic models, and usage examples are provided. The library is available via 

http://models.cellml.org/w/matthiaskoenig/MetabolicComponentLibrary
Methods
CellML components have been implemented in CellML Version 1.1, supporting the import of these components in other models.

The CellML API's CellML Code Generation Service is also able to generate C and MATLAB code, with more languages planned for the future.
Results

A standard library of metabolic reaction mechanisms has been implemented in CellML. Use-cases have been implemented to document the use of the library.
Open Problems

Best Practise for Model Encoding & Component Library
Currently information is lacking on how to best code a model in CellML. Furthermore, no information is available how libraries of components should be structured and used. A standard document should be provided with examples to provide guidelines (start with an electro-physiological library). How should libraries be documented and be made accessible? How to handle changes in versions? Notifications?
Tests of the single components? Provide backwards compatibility?

“The import element of CellML 1.1 provides a very powerful mechanism to

build libraries of generic or reusable models and components. It is clear that this

feature can enable rapid and robust model building by providing libraries of

frequently used models, such as generic descriptions of reaction kinetics. The

creation of such libraries has, however, so far not yet received much attention,

though some examples can be found at http://www.cellml.org/models/

international_si_units_2006_version01 and http://www.cellml.org/models/

mohr_taylor_newell_2008_version03.” Garny, 2008
There are no tools supporting reuse of components & the editing with imports!

Related to this problem are missing tools supporting the rapid model encoding using imports of already predefined components (COR and OpenCell are not solving these issues and result often in models which are not really working). JSim is not supporting imports, COR is not supporting imports, VCell did not work at all with CellML. 

To create the examples XML had to be written from scratch. The infrastructure supporting imports and a component library are currently not available! Nobody will reuse the components if the software is not supporting it!

How to best encode metabolic networks?
With the removal of the reaction component it is completely unclear how to encode metabolic networks in CellML (problem related to best practice guidelines). A mayor problem is the lack of the stoichiometric matrix (which comes in SBML naturally from the species/reaction model. How can I best obtain the stoichiometric matrix from a CellML model not encoded with the ‘reaction’ component. Especially for visualization this is a critical issue.
Annotation standard & annotation tools ?
“…model authors are strongly encouraged to

appropriately and comprehensively annotate their models, as well as reuse their

models or those of others as often as possible.” (Garny, 2008)
CellML API functions are necessary to write and read annotations in a standard way, namely MIRIAM annotations. Currently, this is not possible from the available standard editors.
Outlook

· Provide simple example files and the implementation of 2-3 standard models

· Annotation of reaction mechanisms for reuse
· Mass-Action & Power-Law example generator from stoichiometric matrix and given reversibility/irreversibility
Things to come

· LinLog kinetics, generalized kinetics, power law based kinetics for generalized network generation.
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[1] There is no working CellML editor supporting imports !!!!

As soon as imports are used nothing is working with the available 

software (manual changing of CellML necessary)

- commenting of code not possible (COR)

- saving of intermediate states not possible (COR)

- importing & reusing of components in OpenCell not intuitive

- how do people write models ???

[2] The interfaces are not intuitive in OpenCell

- import of components and linking them to existing components ???

- pub:in / pub:out mess

- extremly complicated to have hierarchical component definition


(encapsulation solutions ?)

[3] How should a library look? What are the standards?

- there should be some guidelines for reusability

- documentation ?

- testing ?
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