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Abstract
Summary
Metabolic modeling is an important field in systems biology. Within the context of model development the availability of models and especially their components is crucial to allow re-usage of models and especially model components, integration of models on multiple scales and providing reproducible research. The availability of model component libraries in standard formats is a prerequisite to facilitate these efforts. The here presented metabolic component library (MCL) fills these gap for metabolic modeling via a set of predefined and annotated metabolic reaction in a standard format mechanisms in a standard model language, Cell Markup Language (CellML).
Availability and Implementation
Freely available for non-commercial purposes with tutorial and usage instructions from http://www.charite.de/sysbio/people/koenig/software/cellml-mcl/
Contact

matthias.koenig@charite.de

Introduction

CellML is an open model standard based on XML for the storage and exchange of computer-based mathematical models 1[]
. A main feature of CellML is the modular approach which enables the reuse of model components between models or from predefined component libraries. The CellML import element provides the means for rapid and robust model building via libraries of frequently used models of cellular processes, such as generic descriptions of reaction kinetics 2[]
. By reuse of standard components errors are avoided, models become more comprehensible and additional layers of information can be provided by annotation of library components to ontologies like the Systems Biology Ontology (SBO) 3


[ ADDIN EN.CITE ]
. Knowledgebase and annotation based tools can easily parse the underlying model information and identify common modeling patterns and provide an additional meta-level for the understanding and classification of models 3


[ ADDIN EN.CITE ]
.
The modeling of metabolic networks is especially suited for the reuse of components due to the often recurring patterns of standard reaction mechanisms like mass action kinetics, power-law kinetics, Michaelis-Menten equations, Hill equations, Ping-Pong or Bi-Bi reaction mechanisms.
Despite the modularity of CellML, no generic component library facilitating model development and model reuse has been developed yet. Here, we present the first such CellML library with the focus on metabolic modeling, the Metabolic Component Library (MCL) for implementing standard reaction mechanism.
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.
Implementation

Component library as individual CellML files which are compacted into a library. 

Test functions for all individual kinetic mechanisms are provided. 
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. and the library was used to encode recently published kinetic models of metabolism.

Examples
Simple and real-world examples are provided with the MCL, namely simple transport and reaction schemas based on mass-action & ?? kinetics and the implementation using MCL components of the models of 
 ADDIN EN.CITE 
[4, 5]
 and [?].
Discussion
We implemented the first library of components for CellML. The availability of metabolic model components in standard formats facilitates among others the reuse of model parts and model components, providing annotated reaction mechanisms for text-mining and systems biology software. 
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Figure Legends

Figure 1 – Implementation Details & Reuse
A Single metabolic components are defined in the MCL via a standard architecture of three CellMLComponents named Network, Reaction_1 and MetabolicComponent in the respective MetabolicComponent.cellml, here shown for the reversible Michaelis-Menten kintics MichaelisMentenRev This standard schema allows for automatic testing of the single components.

B The MCL library  is generated from the individual metabolic component CellML files and the HTML documentation is also automatically generated from the set of CellML files. 
C Show the import of metabolic components based on Example 2, which is the double import of one of the components.

D Actual code of the implemented example (see Figure
TODO: generate import dependency graphs

TODO: generate the overview of the component structure (how to transfer a metabolic network with stoichiometric matrix in a integratable model.
Figure 2 – Examples
Toy examples and real-world examples in SBGN notation.
A Multiple import of the same component for two reactions (Example 2).

B Reuse of various components.

C Integration results in OpenCOR from B
D Real-world example [König]
