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This work presents an alternative analysis of the integrated rate equations corre-
sponding to the simple Michaelis-Menten mechanism without product inhibition. The
suggested new results are reached under a minimal set of assumptions and include,
as a particular case, the classical integrated Michaelis—Menten equation. Experimen-
tal designs and a kinetic data analysis are suggested to the estimation of the maxi-
mum steady-state rate, Vimax, the Michaelis—Menten constant, K, the initial enzyme

*Corresponding author.

789

0259-9791/07/1100-0789/0 © 2006 Springer Science+Business Media, Inc.



790 R. Varon et al. | Integrated form of the Michaelis—Menten Equation

concentration, [E]y, and the catalytic constant, k». The goodness of the analysis is
tested with simulated time progress curves obtained by numerical integration.
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1. Introduction

The simple Michaelis—Menten reaction mechanism shown in scheme 1 (see
below) is the most widely used in enzyme kinetics analysis, in spite of only few
enzyme reactions evolve according to this mechanism. In scheme 1, E denotes
the free enzyme, S the substrate, ES the complex enzyme-substrate, and P is
the product of the reaction and ki, k_; and k, the rate constants corresponding
to the elementary reaction steps. The steady-state parameters describing scheme
1 are the maximum initial rate, Vinax (i.€. k2[E]o, [E]o being the initial enzyme
concentration), the catalytic constant, kcy¢ (i.e. kp) and the Michaelis—Menten
constant Ky, [i.e. (k_1 + k2)/k1]. The reason for the wide use of scheme 1 is
that most of the enzyme systems can be apparently described by means of the
same equations corresponding this scheme, but using apparent maximum initial,
apparent catalytic constant and apparent Michaelis—Menten constant, which are
composed of algebraic combinations of the individual rate constants.
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Scheme 1.

The most frequently used equation related with reaction mechanisms fit-
ting scheme 1 is the called Michaelis—-Menten equation which gives the initial
steady-state rate, v, of product formation, P, at the steady-state of the reaction
as a function of the initial enzyme and substrate concentrations, the rate con-
stant k» and the global kinetic parameter K, [1,2]. By deriving this equation,
it is assumed that the initial substrate concentration remains approximately con-
stant during the reaction time assayed. To reach experimentally this condition it
is necessary and sufficient that the initial substrate concentration, [S]y, is much
higher than that one of the free enzyme, [E]y, and that the reaction time assayed
is such that the product concentration at this time, [ P] is much less than the ini-
tial substrate concentration, e.g. [P] = 0.05[STp.

But under some experimental situations can be not advisable to restrict
the reaction extension to a small reaction progress. Some examples of these
situations are: (1) Ky, is very small. In this case, the initial concentration of the
substrate used must be also very small in order to the product rate is [S]p-depen-
dent and thus can use the steady-state rate equation. But if [S]g is very small,
then, the concentration of the formed product is also very small and difficult
to measure and, moreover, the substrate concentration diminishes rapidly and



