214 No. 106 T ak ahashi et al. E-C ELL : Soft w are En vironmen t for Whole Cell Sim ulation and Analysis Kouic hi T ak ahashi 1 ; 2 Y usuk e Saito 1 ; 3 T omohik o Aik a w a 1 ; 3 shafi@sfc.keio.ac.jp t96406ys@sfc.keio.ac.jp t97001ta@sfc.keio.ac.jp T omoharu Iw ata 1 ; 3 Motohiro Y oneda 1 ; 3 t97117ti@sfc.keio.ac.jp t97075my@sfc.keio.ac.jp Masa yuki Ok a y ama 1 ; 3 Masaru T omita 1 ; 3 t98204mo@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 En vironmen tal Information, Keio Univ ersit y , 5322 Endo, F ujisa w a, 252-8520 Japan Keyw ords: cell sim ulation, n umerical analysis, parameter tuning, cell mo deling 1 In tro duction E - C e l l is a generic soft w are pac k age w e ha v e dev elop ed for whole cell mo deling and sim ulation. Giv en a set of substance de�nitions and reaction rules, the E - C e l l System (Fig. 1) sim ulates those reactions b y pseudo-parallel computation of eac h reaction rule. The user can then observ e dynamic c hanges in quan tities of the substances and activities of the reactions through graphical user in ter- faces. The user can also alter these quan tities in teractiv ely , making it p ossible to conduct "virtual exp erimen ts". The system is based on Structured Substance-Reactor mo del, whic h consists of three classes of ob- jects, Substances, Reactors, and Systems, whic h represen t molecular sp ecies, reactions, and functional and/or ph ysical compartmen ts, resp ectiv ely . The E - C e l l sim ulation en vironmen t consists of sev eral soft w are Comp onen ts; the E - C e l l Core System, E - C e l l Manager, rule �le compilers, and v arious data con v erters/pro cessors. The E - C e l l sim ulation en vironmen t can also b e utilized as a framew ork for parameter estimation, and for other metho ds of mathematical analysis suc h as time series analys is and metab olic con trol analysis. 2 P arameter Estimation Mec hanism P arameter estimation can b e view ed as the searc hing minim um of a certain ev aluation function, whic h w e de�ne as the square sum of the di�erence b et w een the exp erimen tal v alue and the calculated v alue. The Mo di�ed P o w ell metho d and the Genetic Algorithm are pro vided as soft w are mo dules of the E - C e l l sim ulation en vironmen t. 3 Mathematical Analysis 3.1 Time series analysis Impulse-resp onse is emplo y ed to analyze the cell system constructed in the E - C e l l sim ulation en vironmen t. Information ab out (a) di�erence in time b et w een reactions in a metab olic path w a y , (b)

No. 106 T ak ahashi et al. 215 Figure 1: E-Cell Sim ulation En vironmen t dep endencies among the reactions, and (c) other c haracteristics of the transfer function b et w een the reactions, can b e obtained from an impulse resp onse. The m ultiv ariate auto regressiv e (AR) mo del is applied to analyze the oscillating time series. In particular, w e emplo y ed the p o w er con tribution ratio, whic h is an index of ho w uctuation of one v ariable dep ends on the other v ariables at eac h frequency . 3.2 Metab olic con trol analysis Among man y approac hes to Metab olic Con trol Theory , the structural approac h, whic h utilizes linear algebra, w as selected for its con v enience in obtaining elasticit y , the con trol co e�cien t, and additional c haracteristic prop erties. The goal of this analysis is to describ e the in ter-dep endency among sim ulation ob jects as a matrix; a Jacobian, con trol co e�cien t matrix. Connectivit y of the system and the condition of the steady state can b e obtained from the elastic- ities and the con trol co e�cien ts. 4 Soft w are Av ailabilit y As of Decem b er, 1999 the second b eta pac k age of E - C e l l , v ersion 0.9b, is a v ailable on h ttp://www.e- cell.org. V ersion 1.0 of the pac k age, whic h is distributed with a source co de, will b e made a v ailable in early 2000. Ac kno wledgemen t 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] 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 - C e l l : Soft w are en vironmen t for whole cell sim ulation, Bioinformatics 15(1):72{84, 1999.