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The "MATHEMATICAL CELL" Project (www.mathcell.ru) is intended for creation of an information medium and program environment to enhance our knowledge of the living cell by integration of various individual information and computational resources. This environment is based on modern information technologies and makes use of the experience accumulated in mathematical modeling of complex systems.

To date, biology has generated an avalanchine body of experimental material which cannot be conceived without resorting to up-to-date information technologies and efficient mathematical methods for data analysis and biological systems modeling. 

Progress of mankind in the 21 century will be intimately associated with biology and informatics. It is just development of these sciences that will enable the human race to meet global challenges facing modern civilization now. 

As a response to this acute demand, a new integrated science, that is mathematical biology and bioinformatics has emerged. This science deals with studying biological objects by methods of mathematics and informatics. Especially rapid progress of information technologies has been observed beginning from recent decades of the 20 century chronologically coinciding with revolution in biology. Among the most impressive achievements in the field have been advent of high-performance personal computers which have contributed to mass dissemination of information technologies in biology; development of super-power computational systems (supercomputers and very-large-scale computer clusters), creation of super-bulky information-carrying media which offer accumulation and storage of a large body of information; appearance of the global Internet which provides access to worldwide distributed information and software resources; devising of a great variety of universal and problem-oriented programming languages; carrying out of methods for data analysis (which have been developed in the artificial intelligence theory) and technologies for dynamical modeling of super-complicated systems consisting of a great many of mutually interacting elements. 

All this has provided a good tool for tackling the problems concerned with description of complicated biological objects and dealing with, for example, sets of high-dimensionality equations, stochastic processes, etc. The peculiarity of such problems is a necessity of operating with a large body of information, long time required for computations and specific requirements for computer productivity. An example of such problems is mathematical modeling of a living cell. 

To come to formulation of this problem it is necessary to understand it what terms the physical phenomena occurring in the cell should be described. The cell is a macroscopic object which includes hundreds of millions of atoms. Hence, the description should be macroscopical. On the other hand, beyond question is the fact that functioning of a cell is determined by the processes of charge transfer therein. At present, the most extensively studied processes are those of electron transfer in a mitochondrial chain, in a photosynthetic reaction center, in nucleotide sequences, as well as intraprotein and interprotein transfer. Description of these processes is quantum-mechanical. Hence, a fundamental mathematical model should be based on a quantum-mechanical description. This is fully consistent with the present concept that the basis for all the phenomena occurring in nature is the quantum theory. In actual practice this approach is not applied even for the calculation of a single protein molecule in view of unmerciful complexity of the procedure. The main simplification which could help us to advance in solving the problem is to separate out individual subsystems. More fully the concept of a mathematical cell model is presented in [1].

In the framework of this approach, at the Institute of Mathematical Problems of Biology, RAS, an informational-computational core has been developed for an integrated mathematical model of eukaryotic cell. It serves as the main component of the Mathematical Cell (Math Cell) web-portal [2]. The model integrates some biological and physical models simulating various processes proceeding in a cell and sums up basic mathematical models of these processes. The information material of the portal is presented in three variants:

· as a 3D animation model of an animal cell with a possibility of navigation and going to encyclopedia entries;

· as a 2D scheme of an animal and a plant cell with a possibility of going to encyclopedia entries; 

· as a hierarchical tree of encyclopedia entries.

Now we are involved in the creation of an integrated database of mathematical models of cell processes. The basis is provided by the models in XML format which are available in CELLML [3] and SBML [4] depositories. The program environment being developed provides an opportunity for model computing. The computing module is arranged as a convenient Web-application. Outsider models can simply be studied or visualized via internal visualization tools. The models developed by us are provided with computing modules. Some of them will be computed by GRID. Where a model will be computed depends on its scope, that is small problems will be processed by the cluster of the IMPB RAS, while big ones – by the GRID. At different input data one and the same problem (for example, electron transfer in a DNA) may be computed either by the cluster or by the GRID (when, for example, we want to take temperature into account).

All the notions and terms used in the model are explained simply and laconically in the encyclopedia which contains both mathematical and biological notions and serves as an interface between the object to be modeled and the modeling method. It can be useful to mathematicians who are concerned with modeling and to biologists who are seeking to pose a problem. The resource is also suitable for teaching purposes.

Interaction with GRID is realized via a convenient user interface running under OS Windows, which is suitable for biologists who are generally not familiar with OS UNIX.

Further development of the MathCell project implies integration of individual components of the model into an integrated program system which would enable modeling of cell processes at all levels – from microscopic to macroscopic scales and from picoseconds to the scales comparable with the cell lifetime. Such modeling will naturally require combining of computational and commutation resources provided by EGEE project and their merging into an integrated computational medium.
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