224 No. 111 Y ugi et al. In tegrativ e Mo deling of Mito c hondrial Metab olism Katsuyuki Y ugi 1 ; 2 Y uk o Kanai 1 ; 3 Masaru T omita 1 ; 4 chaos@sfc.keio.ac.jp s97911yk@sfc.keio.ac.jp mt@sfc.keio.ac.jp 1 Lab oratory for Bioinformatics 2 Graduate Sc ho ol of Media and Go v ernance 3 Departmen t of P olicy Managemen t 4 Departmen t of En vironmen tal Information, Keio Univ ersit y , 5322 Endo, F ujisa w a-shi, Kanaga w a 252-8520, Japan Keyw ords: mito c hondrial metab olism, cell mo deling, cell sim ulation 1 In tro duction W e are in the pro cess of constructing a kinetic mo del of mito c hondrial metab olism including the electron transp ort (respiratory c hain), the TCA cycle, the fatt y acid metab olism ( � o xidation), the inner-mem brane metab olite carriers, the protein carriers, and the mito c hondrial gene expression sys- tem. In this w ork, w e rep ort a mo del of these metab olic path w a ys that has b een recen tly completed using the E-CELL system [2], a generic sim ulation en vironmen t for cellular sim ulation based on m ul- tiple ordinary di�eren tial equations. 2 Metho ds and Results The mo del consists of the follo wing n um b er of enzymatic reactions: six (6) for the respiratory c hain, eigh t (8) along with some ancillary reactions for the TCA cycle, sev en (7) for the � o xidation, sev en (7) for the metab olite carrier system, one (1) for the protein carrier system, and �v e (5) enzymatic reactions and sev eral accompan ying reactions for the mito c hondrial gene expression system (T able 1). All of the enzymatic reactions are mo deled based on kinetic parameters found in the literature or estimated b y v arious parameter-tuning metho ds [1]. Figure 1 presen ts an example run of E-CELL from an in silic o exp erimen t conducted using this mo del. The �gure sho ws the temp oral transition of the concen tration of ubiquinone and ubiquinol, a pair of electron transp orters; the former is transformed in to the latter b y accepting t w o electrons. A t the p oin t of 70 seconds, the TCA cycle and the � o xidation path w a y w ere disrupted in order for us to observ e their in uence on the respiratory c hain. Consequen tly , a sudden c hange of the ubiquinone/ubiquinol ratio to ok place (Figure 1). Figure 1: T emp oral transition of ubiquinone and ubiquinol

No. 111 Y ugi et al. 225 This transition o ccurs b ecause ETF-Q o xidoreductase in the � o xidation path w a y and Succinate deh ydrogenase in the TCA cycle had the abilit y to reduce ubiquinone in to ubiquinol. Hence, the example run sho ws that the TCA cycle and the � o xidation including those enzymes pla y an imp ortan t role in main taining the rate of electron transp ort. W e will con tin ue to w ork on this mito c hondrial mo del, with the ev en tual goal of applying it to pathological analyses of mito c hondrial diseases suc h as Leigh syndrome and mito c hondrial m y opath y , encephalopath y , lactic acidosis, and strok e-lik e episo des (MELAS). T able 1: The reactions in the mo del Group Enzyme Group Enzyme NADH deh ydrogenase Acyl-CoA deh ydrogenase respiratory Ubiquinol:Cyto c hrome c o xidoreductase Eno yl-CoA h ydratase chain Cyto c hrome c o xidase 3-h ydro xy acyl-CoA deh ydrogenase A TP syn thase � o xidation 3-k etoacyl-CoA thiolase Pyruv ate deh ydrogenase complex ETF:Q o xidoreductase TCA cycle Malic enzyme CPT I Pyryv ate carb oxylase CPT I I Citrate syn thase Pyruv ate carrier Citrate h ydratase Citrate carrier Iso citrate dehydrogenase Dicarb oxylate carrier 2-o xoglutare dehydrogenase complex Metab olite Oxoglutarate carrier Succin yl-CoA synthetase carriers Adenine n ucleotide carrier Succinate deh ydrogenase Phosphate carrier F umarase Carnitine carrier Malate deh ydrogenase Protein carrier Protein carrier RNA p olymerase mito c hondrial m tRNase P gene expression Aminoacyl-tRNA syn thetase system P eptidyl transferase MPP Figure 2: a) An o v erview of the mo del and b) the mo deled reactions Ac kno wledgemen ts This w ork w as supp orted in part b y Japan Science and T ec hnology Corp oration, Eizai Researc h Institute and a Gran t-in-Aid for Scien ti�c Researc h on Priorit y Areas from the Ministry of Education, Science, Sp orts and Culture of Japan. References [1] Saito, Y., T ak ahashi, K., Iw ata, T., Aik a w a, T. and T omita, M., P arameter estimation mec hanism of E-CELL sim ulation en vironmen t, Genome Informatics , 10:358{359, 1999. [2] T omita, M., Hashimoto, K., T ak ahashi, K.,Shimizu, T., Matsuzaki, Y., Miy oshi, F., Saito, K., T anida, S., Y ugi, K., V en ter, J.C. and Hutc hison, C., E-CELL: Soft w are en vironmen t for whole cell sim ulation, Bioinformatics , 15(1):72{84, 1999.