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Parameter Estimation in Enzymatic Reaction Model

Hee Jeong Chae, Ji Hyeon Kim, Hyung Joon Cha and Young Je Yoo
Department of Chemical Engineering, Seoul National University
Seoul 151—742, Korea

A simple and convenient method was introduced to determine the kinetic parameters for various
enzymatic reaction kinetics, The method based on integrated formular can be applied to the parameter

estimations from a single experiment, A

estimation in reversible reaction and the equilibrium substrate concentration could be also estimated.
It is possible to identify the enzymatic reaction pattern by inspecting the parameter values and the

square of the correlation coefficient,
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Table 1. Parameter estimation

method for various enzymatic reaction
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reaction type kinetic model integrated coefficients kinetic
equation equation in equation parameters
Michaelis-Menten Vmax S t=a-bX, -cX, a=(KmlnSo+So)/Vm Vmax=1/b
kinetics = - where b=1/Vm
Km+ § X =S c=Km/Vm Km=c/b
X,=1nS
Michaelis-Menten Vmax S t=a-b¥,-cX,-dX; a=(KmlnSo+So-So/2Ki)/Vmax Vmax=1/b
kinetics with V=————~—~;- ,where b=1/Vmax
substrate Km+S+S°/Ki X=S c=Km/Vmax Km=c/b
inhibition X2=1nS d=1/2Vmaxki
%3=§2 Ki=b/2d
Reversible (Vs/Ks)S+(Vp/Kp)P t=a-bX, -cX, a=CSo+(AC+B)1n(So-R) A:by iteration
reaction F—_— b=C .
1+ S/Ks + P/Kp ,where c=AC+B B=c-Ab
X‘ =S
S-A X2=In(S-A) C=b
B +CS
,where
n=stoichiometric coefficient
A=nKsVp/(VsKp+nVpKs)
B=Ks(Kp+nSe)/(VsKp+nVpKs)
C=(Kp-nKs)/(VsKp+nVpKs)
Michaelis-Menten Vmax S Vm’ S t=a-bX, -cX, a=(¥m' InSo+So)/Vm’ Vm’'=1/b
kinetics with Vse—e————= b=1/Vm"
competitive Km(1+P/Ki}+S Km'+S ,where c=Km/Vm* Km'=c/b
product X1=S
inhibition ,where %2=1nS

Vm’ =Vmax/{ 1-nKm/Ki)
Km'=(KiKm+nKmSo)/(Ki-nkm)

Michaelis-Menten Vmax S t=a-bX, -cX,-dX; a=(KmlnSo+So+nSo-nSo/2Ki)/Vmax Vmax=1/{2dnSo+nb)
kinetics with V= where b=(1+nSo/Kp)/Vmax
uncompetitive KmtS(1+P/Ki) %= c=Km/Vmax Km=c/{2dnSotnb)
product irhibition X2=1nS d=n/2VmaxXp
Xy=8?
Michaelis-Menten Vmax S t=a~-bX, -cX,-dXy a=(Km’1nSo+So-So/2Ki')/Vm’ Vm’'=1/b
kinetics with RS b=1/Vm’
noncompetitive  Km(1+P/Ki)+S(1+P/Ki) ,where c=Km'/Vm’ Km'=c/b
product X:=§ d=1/2Vm’'Ki’
inhibition Vm’ S Xz=1gS Ki'=b/2d
— X3=S
Km' +5+8%/Ki"

,where

Vm’=VmaxKi/(Ki-nKm+nSo)

Km'=(KmKi+nKmSo}/(Ki-nKmtnSo)

Ki’=nKm-nSo-Ki
Michaelis-Menten Vmax S t=a-bX,-cX,-dX; a=(Km’1nSot+So-So/2Ki')/Vm’ Vm’=1/b
kinetics with {s=—m b=1/Vm’'
mixed-type Km(1+P/K, )+S(1+P/K,) ,where c=Kn'/Vm' Km'=c/b
product % =S d=1/2Vm’Ki’
inhibition Ym'S X,=ég5 Ki'=b/2d

e Xa=
Km' +8+S%/Ki’
,where
Vm’=Vmax/( 1-nKm/X, +nSo0/K;)

Km’=(Km+nKmSo/K, )/ (1-nKn/K; +nSo/Kz2)

Ki’

=nKmK, /K1 -nSo-K2
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Fig. 1. Experimental data(11) and simulation
result using estimated parameter values
for Michaelis-Menten kinetics.
Estimated parameter values:
3.755 X 10% Km=1.424 X 10™

Vmax=

Table 2. Estimated parameter values for the experimental data in Figure 1.

parameter estimation method

Halwachs(7) Hsu and Tsao(8) This study
Vmax (mol / L.-min) 342x10° 336%x10°® 376107
Km (mol /L) 1.05x10™ 142x10™ 1.42x10™
standard deviation,’
any (mol /L) 5.20x10° 519%10°* 4.38%107°
R? 0.995 0.930 0.997

1: standard deviation in terms of substrate concenttation,

oy ={2(8—S)/ (N—1)

, Where § = substrate concentration calculated from the model equation
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Table 3. Simulation results on reversible reaction kinetics
parameter true value estimated value' %perror
A (mol /L) 0.1691 0.1687 0.24
B {min) 28.512 29.933 4.98
C (min-1. / mol) 33.921 28.807 15.1
standard deviation,
' (mol/1.) 3539x10°®
R? 0.99
1 . generated data : 30 data points with 3% fudge
WA FE FASAT Fig 2049 o] A7}
Faksh vt Agel e 03H2% oluDE ugl 129 -
St =
1/} Fig, 3& AEA )7} 9l Ao uncompetitive i U b_lmulat_ed da[_a(fUdgC_'?/a)
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‘ Ll oA] }\Eé]‘)“ *1 uj 7HH1T" 24 6]' 4 *‘L]"_ L} Oq"T‘IL = 10? paramcter values
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A o AR 2 fudgee] 71918 5
s 49
z ]
4.07 A
1 [J Simulated data{fudge=4%) 24 :rall,:e :osllue serror
p — Simulation using the estimated IVeu] 9.40 [12.0] 278
= ] parameter values 55" %%05 %)9598 42%57
Z ] 0 Frrrtrrrrrbrerbrre e e
E 307 *=0.997 0 2 4 6 8 10
L Time (min)
= ]
g ]
5 209 Fig. 3. Simulation result using estimated par-
g ] ameter values for product inhibition
S ]
2 ] kinetics.
g -
g 10 ,
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Fig. 2. Simulation result using estimated par-
ameter values for substrate inhibition
kinetics.
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Simulation results using two inhibition
models for model identification.

Table 4. Model identification results for product inhibition patterns

estimated value

estimated value using

parameter true value using uncompetitive using competitive
product inhibition model product inhibition model

Vmax {or Vmax’) 9.40 12.0 1.76
Km (or Km") 2.00 2.99 2.06
Ki (or Ki') 0.76 0.58 -
standard deviation,
on’y(mol / L) 0.108 1172

R? 0.992 0.790

Table 5. Model identification results for various inhibition patterns

Michaelis-Menten

Michaelis- Menten

Michaelis -Menten

parameter kinetics kinetics with kinetics with
substrate product
inhibition inhibition

Vmax (mol / L.-min) 342x107° 387x107° —269x107°

Km R{mol /L) 1.05X10™ 8.44x107 —5.87x107°

Ki (mol/L) - —144X10™ —6.19x10™

standard deviation,

oy’ y(mol / L) 438x107° 340x10™ 3.78%10™

R? 0.997 0.620 0.620
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parameters of reversible reaction

coefficients of least-square method

enzyme of its concentration (mol /L)
initial enzyme concentration (mol/ L)
enzyme-substtate complex

inhibition constant {(mol /L)

apparent inhibition constant (mol / )
Michaelis-Menten constant (mol / L)
apparent Michaelis-Menten constant (mol /1)
Michaelis- Menten constant of backward
reaction in revetsible reaction (mol/1.)
Michaelis-Menten constant of forward reaction
in reversible reaction (mol L)

forward reaction rate constant

backward reaction rate constant

forward reaction rate constant of the second
step in enzyme reaction

backward reaction rate constant of the second
step in enzyme reaction

number of sample data

stoichiometric coefficient

product or its concentration (mol /L)

square of correlation coefficient
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S = substrate or its concentration {mol /L)
So

N = substrate concentration calculated from the

initial substrate concentration (mol/1.)

model equation (mol / 1.)

Lt = enzyme reaction time(min)

t = mean of enayme reaction times (min)
Vmax = maximun reaction rate (mol/I.-min)
Vman" = apparent maximum reaction rate (mol/L-
min)Vp = maximum reaction rate of backward reaction

in reversible reaction (mol / I.-min)
Vs = maximum reaction rate of forward reaction

in reversible reaction (mol /L -min)

X, Xz, X3 = variables of least-square method

oN, = standard deviation in least-square method
(min)

oN = standard deviation in terms of substrate

concentration(mol / 1.)
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