Mo deling of Signal T ransduction for Bacterial Chemotaxis Using the E-C ELL Sim ulation System Y uri Matsuzaki 12 Kanak o Saito 13 yuri@sfc.keio.ac.jp t95401ks@sfc.keio.ac.jp T om Shimizu 14 Masaru T omita 13 tom@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 4 Departmen t of Zo ology , Cam bridge Univ ersit y , CB2 E3J UK 1 In tro duction W e ha v e mo deled signal transduction for bacterial c hemotaxis using the E-CELL system, a generic soft w are for sim ulation of cellular pro cesses [3]. Chemotaxis is the orien tation of an organism in relation to the presence of a particular c hemical. The c hemotactic resp onse of E. c oli dep ends on the abilit y to mo dulate their agellar motor in resp onse to external stim uli. The agellar motor has a switc h protein whic h in teracts with proteins called CheY. The CheY protein in a phosphorylated form is kno wn to bind with the motor up to 20-fold more frequen tly than that in an unphosphorylated form. In this w a y , the phosphorylation con trols bacterial resp onse to external stim uli b y regulating binding a�nit y of the CheY protein and the motor switc h. The external stim ulus b ound to a bacterial receptor w orks as a initial con trol elemen t of cytoplasmic phosphorylation cascade. In case that the stim ulus is an attractan t, the phosphorylation o w is suppressed and, consequen tly , the motor rotates coun terclo c kwise, resulting in smo oth swim. 2 Sim ulation with the E-CELL system W e ha v e sim ulated the phosphorylation cascade for bacterial ( E.c oli ) c hemotaxis with the attractan t b eing aspartate (Fig. 1). In the E-CELL system, eac h reaction is de�ned as a set of substrates, pro ducts, catalysts, and kinetic constan ts. W e use the follo wing three kinetic t yp es: � Molecular binding, suc h as receptor-ligand in teraction and CheY-motor binding, is mo deled using ‘EqReactor’ t yp e, whic h computes equilibrium state from the equilibrium constan ts. � Autophosphorylation of proteins, suc h as CheA, CheB and CheY, is mo deled using ‘Mic haelis- Men tenReactor’ t yp e, whic h calculates the v elo cit y using the Mic haelis-Men ten equation with the constan ts, Km and Kcat. � Auto dephosphorylation of the proteins is mo deled using ‘PlainReactor’ t yp e, whose v elo cit y is prop ortional to the substrate’s concen tration. 246

Figure 1: Signal transduction for bacterial c hemotaxis. 3 Discussion The E-CELL system allo ws us to p erform virtual exp erimen ts on the bacterial c hemotaxis mo del w e ha v e constructed. F or example, m utan ts of the mo del can b e created b y making a particular protein alw a ys zero. The sim ulated b eha vior of eac h m utan t, as w ell as the wild t yp e, can then b e compared with the results of lab oratory exp erimen ts with indexes suc h as swimming direction, resp onse time, and phosphate ux. W e also compare our results with other sim ulation systems [1, 2]. Ac kno wledgemen ts This w ork w as supp orted in part b y a Gran t-in-Aid for Scien ti�c Researc h on Priorit y Areas ‘Genome Science’ from The Ministry of Education, Science, Sp orts and Culture in Japan. References [1] Bra y , D., Bourret, R.B., and Simon, M.I., Computer Sim ulation of the Phosphorylation Cascade Con trolling Bacterial Chemotaxis, Mole cular Biolo gy of the Cel l , 4:469{482, 1993. [2] Bra y , D. and Bourret, R.B., Computer analysis of the binding reactions leading to a transmem- brane receptor-link ed m ultiprotein complex in v olv ed in bacterial c hemotaxis, Mole cular Biolo gy of the Cel l , 6:1367{1380, 1995. [3] 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 , (to app ear). 247