A method for estimation of enzyme kinetics in metabolic
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1 Introduction

In attempting to develop large-scaled metabolic models using general dynamic modeling methods, a
large set of data, such as kinetics mechanisms and parameters, is required. It is difficult to obtain
a complete set of rate equations and kinetic parameters. To solve the problem, we have proposed
an algorithm which simulates a pathway model including dynamic kinetic parts and flux-based static
parts together. The flux-based static part requires only stoichiometric coefficients and exchange flux
rates at the system boundary to develop a model, and neither rate equations nor kinetic parameters are
necessary in the static part. However, dynamic properties of bottle neck reactions are still needed for
the dynamic part. To obtain their kinetic information without biochemical experiments, we developed
a novel method for the estimation of parameters whose kinetics were unknown using GMA (general
mass action) from time-course data of metabolites.

2 Method
2.1 GMA

GMA is one of the most powerful and uniform approaches to express enzyme reactions[1].GMA adopts
the following form:
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Where v and f are coefficients, X; is a concentration of the variable. Although GMA consists of
the previous fixed form, it has an extremely wide expression space. This significant feature enables to
express enzyme reactions systemically and automatically.

2.2 A method for estimation of enzyme kinetics in metabolic pathways using
GMA

This method adopted the following three Steps:

Step 1.Information Collecting. Data of unknown kinetics of enzymes were collected from enzyme
database, BRENDA and ExPASy, and pathway database KEGG with the focus on the following three
points.



e List of stoichiometric relationship of the pathway
e Reversibility of enzyme activity

o List of effectors

Step 2.Model Building. GMA equations of the enzyme were built considering the previous points.

Step 8.Parameters Optimization. These parameters cannot be determined by the presence of
kinetic equations transformed by GMA itself. They were optimised using real coded GA from time-
course data of metabolite[2,3]. An evaluation function of this optimization method has the following
form:
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Where n is the number of substrates and products of target enzymes, m is the number of sampling
points of a time-course, X/(t) is a time-course, calculated by the model previously obtained, of a state
variable X/, X;(t) is a time-course obtained by experiments of a state variable Xj.

3 Results and Discussions

Verifications of this method using simple toy models were carried out. Firstly the toy models were
constructed with pure dynamic kinetics. Some kinetic equations were selected and replaced with GMA
following the previous method. These models showed high accuracies compared with the simulation
results of the original kinetic models. The maximum error was 1.7%, which seemed to be sufficient to
complement the kinetic dynamic equations.

In applying this method for constructing a metabolic model, we will obtain time-course data of
metabolites from a high throughput metabolic technique using capillary electrophoresis mass spec-
trometry developed by our laboratory[4]. This method may enable the constructing and analysis of
large-scaled dynamic metabolic models from metabolome data.
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