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T Catalisis enzimatica

Ventajas:
- Alta velocidad de reaccion.
- Elevada selectividad.

Desventajas:
- Alto costo.
- Termolabiles.
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Ecuacion de Michaelis-Menten
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Ecuacion de Michaelis-Menten: Estimacionde V__ y K
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The Direct Linear Plot

A NEW GRAPHICAL PROCEDURE FOR ESTIMATING ENZYME
KINETIC PARAMETERS

By ROBERT EISENTHAL*
Biochemistry Department, 4-West, University of Bath, Claverton Down, Bath BA2 TAY, U.K.

and ATHEL CORNISH-BOWDEN
Department of Biochemistry, University of Birmingham, P.O. Box 363,
Birmingham B15 2TT, U.K.

(Received 19 December 1973)

A new plot is described for analysing the results of kinetic experiments in which the
Michaelis—-Menten equation is obeyed. Observations are plotted as lines in parameter
space, instead of points in observation space. With appropriate modifications the plot is
applicable to most problems of interest to the enzyme kineticist. It has the following
advantages over traditional methods of plotting kinetic results: it is very simple to con-
struct, because it is composed entirely of straight lines and requires no calculation or
mathematical tables; the kinetic constants are read off the plot directly, again without
calculation; it may be used during the course of an experiment to judge the success of the
experiment, and to modify the experimental design; it provides clear and accurate infor-
mation about the quality of the observations, and identifies aberrant observations; it
provides a clear indication of the precision of the kinetic constants; constructed with care,
it provides unbiased estimates of the kinetic constants, the same as those provided by a
computer program;, it may be used to simulate results for illustrative purposes very rapidly
and simply.



T Direct linear plot

L v, S V- Sl

87.2 | 0.4967 K+ S

43.0 | 0.4840

213 | 04712

106 | 0.4331 V= 5; — K — Vi = Vj
531 | 0.3273 S; S v Yy
212 | 0.1704 v, vp S5i 9
1.06 | 0.1008

Combinaciones = En(n —1)



T Direct linear plot
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Robust regression of enzyme kinetic data

Athel CORNISH-BOWDEN?* and Laszlo ENDRENYIt

*Department of Biochemistry, University of Birmingham, P.O. Box 363, Birmingham B15 2TT, U.K., and tDepartment of
Pharmacology, University of Toronto, Toronto, Ontario M5S 1A8, Canada

A method described previously [Cornish-Bowden & Endrenyi (1981) Biochem. J. 193, 1005-1008] for fitting
theoretical equations to enzyme kinetic data without prior knowledge of weights or error distribution has
been tested by computer simulation. With the equations for various kinds of linear inhibition as an example,
the method performed well under all of the conditions examined, giving results that were often much better
than those given by widely used least-squares alternatives, and were never appreciably worse. Although
equations for two-substrate kinetics were not explicitly tested, the results for inhibition equations can be
generalized to include two-substrate equations because the twoe are formally equivalent for simulation
purposes. As a check on the results with inhibition equations the method was also tested for fitting bell-shaped
pH-activity profiles and gave correspondingly good results.

tne meaian metnoa periormea aboul equally well 1n the
Michaelis—Menten case. However, the median method
cannot readily be generalized to equations of more than
two parameters, whereas the new method can in principle
be applied to any equation normally analysed by linear
or non-linear regression. The corresponding computer
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A Method of Graphically Analyzing
Substrate-Inhibition Kinetics
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Abstract: A model of substrate inhibition for enzyme ca- where [S] is the substrate concentration, and V., K, (this

talysis was extended to describe the kinetics of photo-  ;5(ation will be used throughout this article for different
svnthetic production of ethvlene by a recombinant cva- : . . al & m omal taes e s

ana v ..., and e meaian values oI tnese estumares are tne
best-fit values. A disadvantage of this plot is that it cannot
be extended directly to fitting equations containing more
than two parameters, such as Eq. (1). However, we can
estimate [S],,.« first and rewrite the equation into
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Analysis of the substrate inhibition
of complete and partial types

Masataka Yoshino™ and Keiko Murakami

*Correspondence:
yoshino@aichi-med-u.acjp Abstract

Department of Biochemistry, A simple graphical method was described for determining the kinetic parameters of

hi I Universi ey a ; ‘
;\gwgg?mdﬂ::my substrate inhibition of complete and partial types. The method consists of plotting

strate inhibition. However, various kinetic methods for analyzing inhibition mechanism
(Segel 1973; Cornish-Bowden 1974a, b; Eisenthal and Cornish-Bowden 1974; Baici 1981;
Yoshino 1987) cannot be applied to substrate inhibition. In this report we describe a new
graphical method for direct determination of the inhibition constants and the reaction
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ABSTRACT

Keyriords:

Direet linear plot

Median method

Substrate inhibition

Kinetic constants estimation

In 1974, Eisenthal and Cornish-Bowden published the direct linear plot method, which wsed the median to
mtimate the Vi, and K, from a set of initial rates as a function of substrate concentratons. The robustness of
this non-parametric method was clearly demonstrated by comparing it with the least-squares method. The
authors commented that the method cannot readily be generalized to equations of more than two parameters.
Unfortunatdy, this comment has been misread by other authors. Comments such as “this method cannot he
extended directly to equations with more than two parameters” were found in some publications. In addition,
recently, the most drastic comment was published: “this method eannot be applied for the analysis of substrate
inhihition.” Given all of these presumptions, we have been motivated to publish a demonstration of the
contrary: the median method can be applied to more than two-parameter equations, using as an example, the
substrate uncompetitive inhihition equation. A computer algorithm was written to evaluate the effect of
simulated experimental error of the initial rates on the estimation of Viras, K and Ks. The error was assigned
to different points of the experimental design. Four different Kg/K,,, ratios were analyzed with the vales 10,
1041, 1000 and 10,0041 The results indicated that the least-squares method was slightly better than the median
method in terms of accuracy and variance. However, the presence of outliers affected the estimation of kinetic
constants using the least-squares method more severely than the median method. The estimation of Kg using
the median method to estimate 1/Kg was much better than the direct estmation of Kg, cansing a negative effect
of noninearity of Ksin the knetic equation. Considering that the median method is free from the assumptions
of the kast-squares method and the arbitrary assumptions implict in the linearization methods to estimate the
lanetic constants Vinow, Ko 80d K5 from the substrate uncompetitive inhibition equation, the median method
is highly superior to all published methods, including the non-linear regression by least squares. We concluded
that the median method can be applied to the substrate uncompetitive inhihition equation and other equations
with more than two parameters. In addition, as we can project, the medisn method is the most reliable and
robust method for the estimation of kinetic parameters from enzyme kinatic models.
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T Direct linear plot aplicado a Modelo Inhibicion por Sustrato
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ﬁDirect linear plot aplicado a Modelo Inhibicion por Sustrato%
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T Direct linear plot

Problema 1. Determinacion de constantes cinéticas (V,,
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ﬁDirect linear plot aplicado a modelos de inhibicion por producto J
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T Direct linear plot aplicado a modelos de inhibiciédn por producto
|

Resolver el siguiente sistema de ecuaciones:

v Py .
V; — Si + — _ViSi [l = 1, 2,3




T Direct linear plot aplicado a modelos de inhibiciédn por producto
|

Problema 1. Determinacion de constantes cinéticas (V,;,4x, K,y K,)

Objetivo

Validar estadisticamente el uso del método DLP aplicado al modelo de inhibicion por producto

Actividades

1. Implementar algoritmo computacional para métodos minimos cuadrados y DLP.
2. Diseifar datos simulados.
3. Validar método con datos simulados.
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T Determinacidon parametros cinéticos
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T Catalisis enzimatica heterogénea

Problema 2. Determinacion del coeficiente de difusion efectiva (D)
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Determination of Effective DiifTusion Coefficients —
an Important Parameter for the Efficiency of
Immobilized Blocatalysts

PETER GRUNWALD

Institut fiir Physikalische Chemie der Universitit Hamburg
Bundessirasse 45, 2000 Hamburg 13
West Germany

Introduction

The limitation of mass transport by diffusion plays an important
role in hetcrogeneous catalysis especially when the insoluble
catalyst has a porous structure. Therefore, knowledge of
diffusion processes influencing the reaction rate is of particular
interest when the preparation of immobilized enzymes (or cells)
must be optimized with respect to their catalytic activity. It is
often assumed that it is difficult to investigate the diffusion
behaviour of substrate molecules near the surface of a carrier or
within its matrix. In this paper an experimental procedure is
described that allows the determination of the effective diffusion
coetficient O, for low molecular weight substrates using a ball-
shaped carrier for enzyme immobilization.

Problema 2. Determinacion del coeficiente de difusion efectiva (D.;)

only approximately with the square root of enzyme concen-
tration,

(3) Further, the influence of the substrate concentration
gradient on the reaction rate v is diminished if the diameter d of
the beads containing the catalyst is reduced. v is inversely

proportional to d.

(4) Measuring v as & function of substrate concentration ¢ leads
10 an en shanced Ky value, as v increases more slowly with ¢,
The relation between the .,ﬁlcn:ucy 7 and these different
parameters has been treated in detail in this journal by Roig et
al.*

The expression for the diffusion of molecules in a
matrix with radius r is

ball-shaped

':'-t_c-m
L'I_'cﬂ:-

i; n- 'E‘{IJ(" b}

For sufficiently large values of t, this expression can be
approximated by the first term of the series:
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Problema 2. Determinacion del coeficiente de difusion efectiva (D)




T Estimacion de parametros

Problema 2. Determinacion del coeficiente de difusion efectiva (D)

Der =4.77 1071 m? /s

1.0 1.5 2.0
t (min)



T Estimacion del coeficiente de difusion efectiva

Objetivo

Estimar el coeficiente de difusion efectiva en catalizadores de enzima inmovilizada utilizando
la ecuacidn de difusidn sin aproximacion analitica

Actividades

1. Deducir la ecuacion de difusion para particulas esféricas en medio liquido.
2. Implementar algoritmo de estimacion del coeficiente de difusion.
3. Validar método con datos simulados.
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Problema 3. Determinacion de constantes cinéticas intrinsecas.
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T Catalisis enzimatica heterogénea

Problema 3. Determinacion de constantes cinéticas intrinsecas.
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T Estimacion de constantes cinéticas ——

Problema 3. Determinacion de constantes cinéticas intrinsecas (V__., K., K,)

max’

Modelo para inhibicion acompetitiva por sustrato
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Determinacion numeérica de parametros cinéticos de catalizadores
T usando un modelo de inhibicidn por sustrato

Modelo de inhibicion por sustrato

(d 1%
—S:— S =, t€(0,7),
A I N

\ Ko

| S(0) = S,

Problematica: Determinar los parametros cinéticos V, Ky Ks, a partir de mediciones
de la concentracion de sustrato S en un intervalo de tiempo [0,T].



Determinacion numeérica de parametros cinéticos de catalizadores
T usando un modelo de inhibicidn por sustrato

Metodologia
1. Plantear el problema usando el siguiente enfoque:
p=(V,K, K,)

min J(S,p) s.a S resuelve el siguiente sistema:

pe[)ad
( dS VS
— = — =, t€(0,7T),
dt . S
4 K454+ —
[\S




Determinacion numeérica de parametros cinéticos de catalizadores
T usando un modelo de inhibicidn por sustrato

Metodologia

2. Aplicar el método del gradiente para el resolver el problema del inciso 1:
k+1 _k _ 1y k
p — Had [p _ Qk'] (p )]

i\' /7 . . .
Para calcular /(") usar el Método adjunto, el cual consiste en expresar J'(p")
en términos de la solucién S de la ecuacién diferencial del inciso 1 y una
funcion A\ que resuelve un sistema denominado Sistema Adjunto.



Determinacion numeérica de parametros cinéticos de catalizadores
T usando un modelo de inhibicidn por sustrato

Algoritmo

1. Pardmetros iniciales p° .
2. Dado el vector de parametros p*, resolver el sistemas directo y

adjunto.
3. Obtener la derivada del funcional, i.e., 7' (?").
4. Evaluar la proyeccion:

Had [pk - (Yk"]l(pk)]

5. Pararcuando J(»") < TOL, O |p"*' —p*| < TOL,.



Determinacion numérica de parametros cinéticos de catalizadores
T usando un modelo de inhibicién por sustrato

Objetivo

Implementar algoritmo computacional usando la Metodologia descrita para la determinacion
de los parametros cinéticos V, Ky K .

Actividades

1. Implementar algoritmo computacional usando la metodologia descrita.
2. Estudiar la sensibilidad del sistema al error de estimacion de los parametros.
3. Comparar resultados con minimos cuadrados.



