Modeling of Human Red Blood Cell Using the E-CELL Simulation System

Riou Matsushima^{12} Akiko Kawase^{14} Naoko Watanabe^{14}

ryo@sfc.keio.ac.jp t96292ak@sfc.keio.ac.jp t96008nw@sfc.keio.ac.jp

Hisako Nakano^{13} Kanako Saito^{14} Masaru Tomita^{14}

s96649hn@sfc.keio.ac.jp t95401ks@sfc.keio.ac.jp mt@sfc.keio.ac.jp

1Laboratory for Bioinformatics 2Graduate School of Media and Governance 3Department of Policy Management 4Department of Environmental Information, Keio University, 5322 Endo, Fujisawa 252-8520, Japan

In this work, we try to model and simulate human red blood cell using E-CELL system, a generic software for simulation of cellular processes [1]. Human red blood cell has been well-studied in last three decades, and extensive biochemical data on its enzymes and metabolites have been accumulated [2].

The cell uptakes glucose from the environment and processes it through the glycolysis pathway, generating ATP molecules for other cellular metabolism. The ATP molecules are consumed mostly for cations transport in order to keep the cell’s electroneutrality and osmotic balance. The cell also has several other pathways such as nucleotide metabolism and pentose phosphate pathway (Fig. 1).

The model we have constructed using E-CELL contains 44 reactions and 43 intermediates. Kinetics of the most enzymatic reactions are modeled using various types of Michealis-Menten equations (Phosphoglucoisomerase, Triose phosphate isomerase, Adenine phosphoribosyl transferase, etc.).

Kinetics of other enzymatic reactions such as 6-Phosphogluconate dehydrogenase Glutathione reductase and Transaldolase is modeled as Ordered Bi-Ter system and Ping-Pong Bi-Bi system, respectively.

Other reactions use kinetic equations specific to the reaction (ex, Hexokinase, Pyruvate kinase, etc.), nine of which are membrane transportation.

Kinetic parameters of all the reactions are based on experimental data in the literature [2, 4]. We then compare behavior of the simulated model cell with that of the real red blood cell observed in laboratory experiments. We also compare our model with other computer models [3, 4, 5, 6, 7].

Acknowledgements

This work was supported in part by a Grant-in-Aid for Scientific Research on Priority Areas ‘Genome Science’ from The Ministry of Education, Science, Sports and Culture in Japan.

References

[1] Tomita, M., Hashimoto, K., Takahashi, K., Shimizu, T., Matsuzaki, Y., Miyoshi, F., Saito, K., Tanida, S., Yugi, K., Venter, J.C., and Hutchison, C., E-CELL: Software environment for whole cell simulation Bioinformatics, (to appear).

Figure 1: Metabolim in Human Red Blood Cell.

[2] Joshi, A., et al., Metabolic dynamics in the human red cell;

Part I–A comprehensive kinetic model, J. Theor. Biol., 141(4):515–528, 1989. Part II–Interactions with the environment, J. Theor. Biol., 141(4):529–545, 1989; Part III–Metabolic reaction rates, J. Theor. Biol., 142(1):41–68, 1990. Part IV–Data prediction and some model computations, J. Theor. Biol., 142(1):69–85, 1990.

[3] Palsson, B.O., et al. Computer model of human erythrocyte metabolism. Prog. Clin. Biol. Res., 319:133–150; discussion 151–154, 1989.

[4] Ni, T.C., et al., Model assessment and refinement using strategies from biochemical systems theory: application to metabolism in human red blood cells, J. Theor. Biol., 179(4):329–368, 1996.

[5] Ni, T.C., et al., Application of biochemical systems theory to metabolism in human red blood cells. Signal propagation and accuracy of representation, J. Biol. Chem., 271(14):7927–7941, 1996.

[6] Lee, I.D., et al. A Macintosh software package for simulation of human red blood cell metabolism, Comput. Methods. Programs. Biomed., 38(4):195–226, 1992.

[7] Lee, I.D., et al., A comprehensive model of human erythrocyte metabolism: extensions to include pH effects, Biomed. Biochim., 49(8-9):771–789, 1990.