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Metaboliki putovi bioloSkih stanica su vrlo kompleksni samot@gjuci reakcijski sustavi
koji omogtavaju svrhovitu prilagodbu Zivih sustava na promjergkalini. Modeliranje i
analiza ovih sustava ima za svrhu undprge upravljanja biotehnoloSkih procesa na mole-
kularnoj razini primjenom gengékog inZenjerstva ali i na makroskopskoj razini undpre
njem procesa u bioreaktoru. Osnova analize metditolreakcija u stacionarnom stanju
zasniva se na svojstvima stehiometrijske matrice, airdicka analiza koja otkriva meha-
nizme enzimske regulacije je bitno sloZenija zbogonedanosti kinetkin modela. U svr-
hu pojednostavljena dinatkie analize u radu je primijenjen postupak dekompjezieak-
cijskog sustava i oddévanje glavnih komponenata. Za dekompoziciju i ddrenje glav-
nih komponenata primijenjen je numikii postupak dekompozicije singularnih vrijednosti
(SVD) dinamékih bilanci. Postupak je primijenjen za eksperimergalrijednosti odaziva
koncentracija metabolita sredisSnjeg metabolizm&dije 20 sekundi u stanié. coli pota-
knutog impulsnom promjenom ekstracelularne konceijragukozé®. Dekompozicijom
izvornog model® od 14 bilanci s 160 kinekih parametara u obliku sustava jako spregnu-
tih i krutih nelinearnih diferencijalnih jednadzbdbivene swetiri glavne komponente koje
pokrivaju 85 % varijacije dinardkih promjena svih metabolita. Statita analiza pogre-
Saka modela i eksperimentalnih podataka nakon dekadoigoukazuje na znatno unapre-
denje slaganja u usporedbi s kompleksnim izvornim maodeRezultati dekompozicije
omoguuju znatno jednostavniji naknadni postupak kifletg modeliranja, jasniji uvid u
mehanizme enzimatske regulacije, a s time i pouadangcjenu mogéih uc¢inaka modi-
fikacije metabolizma primjenom gengkog inZenjerstva.
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Metabolic networks of biological cells are very conxpdend selfregulated reaction systems
which enable goal oriented and adaptive responskgirtg organisms on perturbations in
surroundings. Modeling and mathematical analysis lesaddvance of control of biotec-
nological processes on molecular level by genetidneleging, but also on macroscopic
level by improvement of processes in a bioreactortabidic flux analysis is commonly
performed under steady state assumption which enabl@siation of the fluxes from
knowledge of stoichiometric matrix and fundamentaistmints, but analysis of the fluxes
under dynamic conditions reveals mechanisms of imbeddzaghre control and is unreli-
able due to uncertainties of kinetic models. Hereapmied methods of decomposition and
principal components with aim of essential simplifioatiof the analysis. The method is
based on the numerical procedure of singular valuendpasition (SVD) applied to the
model of dynamic balances. Analyzed are dynamic resgsonf the metabolite concentra-
tions of E. coli central metabolism during 20 seconds of impulse gaation of extracellu-
lar glucos&. Decomposition of the original mof&based on 14 mass balances with 160
kinetic parameters given as a system of strongly cduptel stiff ordinary differential
equations gave four principal components which accfur85 % of dynamic variations of
the model metabolites. Statistical analysis of erratsvben the model and experimental
data shows significant improvement of the prediciam comparison with the original
model. Results obtained by decomposition enable additsimplification in the postponed
kinetic modeling and more reliable insight into eneyegontrol mechanisms leading to
more reliable predictions of effects of genetic ergiing modifications.
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