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About the project

Enabling Grids for E-sciencE

The project "MATHEMATICAL CELL" is
directed on creation of the
multipurpose environment for studies
in biology of a living cell by
integration of mathematical models, o
resources in bioinformatics, and
computational facilities.
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It will help to produce a new knowledge ADP
about a living cell, as self-consistent —
dynamic system. “‘ﬁhi“lf

X

The project is carried out by the Institute
of Mathematical Problems of Biology Vit i
in frames of the EGEE project. It leads [ERDACIEN
to the gradual deployment of new
applications in computational biology =
on EGEE infrastructure. tx-“:—"’-'-:
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3D model of the cell
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Links
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JOURNALS

¢ American Joumal of Physiology-Cell Physiology

¢ Armerican Journal of Respiratory Cell and Malecular Biology

¢ Annual Review of Cell and Developmental Biology

¢ Biochimica et Biophysica ActaMalecular Cell Research
¢ Biology ofthe Cel
¢ Cancer Cel

¢ el

¢ Cell & Tissue Research

¢ Cell Biochernistry and Function

¢ Cell Biology and Toxicology

¢ Cell Biology International

¢ Cell Calciurn
¢ Cell Death and Differentiation

¢ Cell Growth & Differentiation

SITES

 The W Vitual Library of Cell Bilogy
¢ M Biology Hypertextbook Cell Biology Chapter Directory

¢ 1Tka, TONKDBKIA COBADL ND UKTOROTM

¢ Online Bioloay Book

¢ Cell Physiology

¢ Cell Blology topics
¢ [mball's Biology Paes

¢ The Slicon Cell computing the living cel

¢ Silican Cell MathematicalComputational Challenges
¢ W5 Online Cellular Systerns Modeling

¢ National Resource for Cell Analysis and Modeling

o WWWIC Yitual Cell Development Site

¢ Eel

® 3G The wiicon Cells
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clelc]e) Library of mathematical models

Enabling Grids for E-sciencE

SBML LIBRARY MODELS

Models for the Open Pathway/Genome Databases CELLML LIBRARY MODELS

Minimal Mitotic Oscillator

Signal Transduction Pathway Models
Metabolic Pathway Models
Cardiac Electrophysiological Models

Minimal Mitotic Oscillator, Separate Active & Inactive Species
Cell Cycle Model - B variables

Cell Cycle Model - 2 variables

Cell Cycle Model, 13 variables

Minimal Mitotic Oscillator with Inhibitor

Circadian Oscillator involving PER and TIM

Interlocked Feedback Model of Drosophila Circadian Rhythm
Minimal Model for Circadian Oscillations

Most Important Fluxes in the MOMA Original E. coli Flux List
The Hodgkin Huxley Squid Axon Model

Repressilator

Sporulation control network in Physarum polycephalum
MAPK cascade with negative feedback>

MAPK cascade in solution (ho scaffold)
MAPK cascade on a scaffold
The Calvin Cycle in Photosynthesis

Calcium Dynamics Models

Immunology Models
Cell Cyvcle Models
simplified Electrophysiological Models

Other Cell Type Electrophysiological Models
stmooth and Skeletal Muscle Models

Mechanical Models and Constitutive Laws

® & & O & & o & O O O O O O O O O o
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Charge transfer in

Enabling Grids for E-sciencE
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In order to estimate the average value of macroscopic physical parameters
one has to calculate the large number of realizations.
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CELEE Simulation models

Enabling Grids for E-sciencE

Charge transfer in mytochondrion membrane

Protein
complexes,
built in a
membrane

Real _
mytochondrion
membrane

Membrane Ubiquinon
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Cellular metabolism
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METABOLIC PATHWAYS
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e ee Mathematical modeling of cell metabolism

Enabling Grids for E-sciencE
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where

c;- 15 the concentration of the /-th component of reaction,
w, - 18 the rate of the »-th reaction,

Viin Urs - are the stoichiometrical coetficients,
7. - 18 the element of the stoichiometrical matnx
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Future development of MathCell

Enabling Grids for E-sciencE

In the near future IMPB RAS is planning to deploy in EGEE a software
tool to calculate a charge transfer on inner membranes of some
compartments of eukaryotic cells (mitochondria and chloroplasts)
through direct simulation of charge transfer with regard to the
detailed structure of biomembranes containing various molecular
complexes. Next on the agenda is a software tool to calculate
metabolic reaction pathways in compartments of a cell as well as the
dynamics of gene networks.

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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