70 No. 37 Kim and Konaga y a The 2D Gel Electrophoresis Sim ulator: S imGel Ch ungfan Kim Akihik o Konaga y a ckim@jaist.ac.jp kona@jaist.ac.jp Sc ho ol of Kno wledge Science, Japan Adv anced Institute of Science and T ec hnology , 1-1 Asahidai, T atsunokuc hi, Nomigun, Ishik a w a 923-1299, Japan Keyw ords: electrophoresis, mobilit y , gel, sim ulator, SimGel 1 In tro duction 2-dimensional (2D) gel electrophoresis has b een a p opular and useful protein/DNA analysis metho d for a long time b ecause of its ease of examination. Although the pro cedure of this metho d is relativ ely easier than other molecular biological exp erimen ts, it has sev eral ph ysically caused limitations suc h as random distortion of gel, sp ot smears and quasi-sp ots (artifacts), and unev en in tensit y of eac h sp ot. In order to alleviate these di�culties and help practitioners with computational aids, w e dev elop ed the SimGel , an in teractiv e 2D gel electrophoresis sim ulator. SimGel helps y ou to analyze ordinary electrophoresis quan titativ ely , in teractiv ely , and in details of single n ucleotide/amino-acid of ev ery sp ot with pin-p oin t accuracy . SimGel allo ws practitioners to: � try man y kind of restriction enzymes and examine optimal exp erimen ted condition in adv ance � pin-p oin t the appro ximate lo cation of the fo cused sp ots � view the lo cation of sp ots without an y smear and gel distortion � trace the lo cation of sp ots(lab eled/unlab eled) in arbitrary time-scale and ph ysical scale � measure the sp ots in one n ucleotide/amino-acid wise � review the n ucleotide/amino-acid sequence in teractiv ely So w e b eliev e that this new application program will not only help practitioners of molecular biological exp erimen t but also c hange the w a y to practice the exp erimen ts in biology lab oratory . And additionally , com bination of SimGel and automated RLGS (Restriction Landmark Genomic Scanning) electrophoretogram pro cessing metho d [1] will promote the highly computational functional analysis of genes that is v ery crucial for p ost -Genome Pro ject researc h activities. 2 Metho d and Results 2D gel electrophoresis sim ulation naturally requires the mo deling of b eha vior of molecules in a gel with electoric p oten tial gradien t. Sim ulation of protein electrophoresis needs prediction of iso electric p oin ts, denoted as pI , for ev ery tested proteins. Although the prediction of pI is exp ected to b e built in SimGel , curren t implemen tation emplo ys sim ulation of DNA electrophoresis only . W e w an ted to �nd mobilit y dep endency on molecular size to compute the lo cation of ev ery sp ot at arbitrary momen t. W e measured the mobilit y of ev ery sp ot that has di�eren t molecular size from our examination results of electrophoresis for E. c oli genome. As Figure 2 sho ws, the measuremen t found that, in a certain range of molecular size ( m ), the mobilit y ( M ) can b e denoted in the equation; M ( m ) = exp a log ( m )+ b . Ho w ev er to o small/large molecules do not follo w the equation and suc h molecules are almost in vis- ible on the electrophoretogram. Besides, the mec hanism of micro/macro molecular b eha vior in a gel

No. 37 Kim and Konaga y a 71 Figure 1: Measured data are plotted as cross-hairs. Solid line represen ts molecular mobilit y dep ends on molecular size. Dotted arcs represen t unkno wn but exp ected molecular mobilit y for v ery small/large molecules. Figure 2: Side b y side comparison b et w een 2D electrophoretogram (left) and SimGel sim ulated image (righ t) with base-size tags for E. c oli DNA. The strip e patters are added to pro vide at-a-glance corresp ondence b et w een sp ots. has de�nitely non-linear c haracteristics. In addition, it is w ell kno wn that molecular mobilit y strongly dep ends on DNA b ending caused b y adenine-th ymine tacts [2]. So it is v ery hard to compute the b eha vior from a �ne mathematical mo del and suc h computation gets simply b ey ond the p erformance of p ersonal computers. Th us w e need to fo cus on a certain range of molecular size whic h allo ws us to tak e try-and-error approac h to construct a mo del to sim ulate the electrophoresis with reasonable precision. Our preliminary implemen tation attained fairly iden tical sp ot images that is obtained b y 2D electrophoresis exp erimen ts (see Figure 2). References [1] T ak ahashi, K., Nak aza w a, M., W atanab e, Y., and Konaga y a, A., Automated pro cessing of 2-D gel electrophoretograms of genomic DNA for h un ting pathogenic DNA molecular c hanges, Genome Informatics , 10:121{132, 1999. [2] Ko o, H.-S., W. H-M., and Crothers, D.M., DNA b ending at adenine-th ymine tacts, Natur e , 320(10):501{506, 1986.