No. 84 Arita et al. 169 Graph Mo deling of Metab olism Masanori Arita 1 Kiy oshi Asai 1 T ak aaki Nishiok a 2 arita@etl.go.jp asai@etl.go.jp nishioka@scl.kyoto-u.ac.jp 1 Electrotec hnical Lab oratory , Tsukuba-shi Umezono 1-1-4, Ibaraki 305-8568, Japan 2 Deptartmen t of Agriculture, Ky oto Univ ersit y , Ky oto-shi Saky o-ku Kitashirak a w a, Ky oto 606-8562, Japan Keyw ords: metab olism, c hemical structure, graph algorithm 1 In tro duction Metab olism is a net w ork of c hemical reactions catalyzed b y enzymes. In a cell, ingested sugars and proteins are metab olized to basic comp ounds suc h as amino or fatt y acids, and they are used to construct cellular structures in turn. This pap er prop oses the graph mo deling of metab olism. It is p ossible to describ e metab olism as a circulation of atoms b y represen ting all reactions with the c hemical structures of small comp ounds (metab olites). Enzymatic reactions are regarded as the rearrangemen t of c hemicals, and the mapping information of atoms b et w een structures are stored in a database. In fact, the tracer exp erimen t in bio c hemistry is based on this mo del, although the mapping information is referenced with the traditional metab olic map on pap er. This tracing e�ort should b e minimized b y the digitization of metab olism as in our pro ject. 2 Metho d and Results As in Fig. 1, the metab olism is represen ted as a graph, in whic h no des and edges corresp ond to atoms and their mapping information in the c hemical reactions, resp ectiv ely . The graph is automatically generated from a set of c hemical reactions (Fig. 2) [1]. The application of k shortest path algorithms [4], and k minim um spanning tree algorithm [3] to this graph pro duce: � path w a ys b et w een an y t w o comp ounds (in the shortest order), and Figure 1: The tracing result of a carb on in acet yl CoA in TCA cycle. Bold arro ws repre- sen t the mo v emen t of the lab eled carb on in acet yl CoA. Normal arro ws represen t other mo v emen ts of atoms. Note that arro ws ma y split, b ecause of the symmetry of structures. These mo v emen ts can b e computed b y a graph matc hing algorithm, i.e. com- parison b et w een c hemical structures.

170 No. 84 Arita et al. Figure 2: Assume w e ha v e a database of c hemical comp ounds. Giv en a c hemi- cal reaction, the structures of comp ounds are searc hed in the database. The struc- tures in the left-hand side of the reaction and those in the righ t side are com binato- rially compared, and the b est matc hing is determined so that the break age and for- mation of c hemical b onds are minim um. Since man y reactions use w ater, the map- ping of h ydrogens and o xygens are often am biguous. W e therefore omit h ydrogens and o xygens from the mapping informa- tion. � a metab olic map cen tered at an y giv en comp ound. With this metho d, it is easy to see wh y the glycolysis, not the p en tose path w a y , is necessary for digesting glucose. Although glucose is connected to p yruv ate through the p en tose path w a y , only half of glucose can b e turned to p yruv ate. In secondary metab olism, w e found the relationship b et w een sterols [1, 2]. Prediction of new metab olism is also p ossible, b y comparing with the traditional metab olic map [5]. References [1] Arita, M., Automated metab olic reconstruction: theory and exp erimen ts, Ph.D Thesis, T oky o Univ, 1999. [2] Arita, M., Asai, K. and Nishiok a, T., Finding precursor comp ounds in secondary metab olism, Genome Informatics , 10:113{120, 1999. [3] Eppstein, D., Finding the k smallest spanning trees, BIT , 32:237{248, 1992. [4] Eppstein, D., Finding the k Shortest P aths, Pr o c 25th A nn. Symp. on F oundations of Comp. Sci. (F OCS’94) , 154{165, 1994. [5] Ogata, H., Goto, S., Sato, K., F ujibuc hi, W., Bono, H. and Kanehisa, M., KEGG: Ky oto Encyclop edia of Genes and Genomes, Nucleic A cids R es , 27(1):29{34, 1999. http://www.genome.ad.jp/kegg