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ABSTRACT 

 
 

Colorimetric detection of glucose in sample 

liquids such as human plasma is made by using 

enzymatic reactions. In the multi reactional 

scheme, the first enzymatic reaction is 

determinant. Either glucose oxidase (GOX) or 

glucose dehydrogenase (GDH) can be used to 

convert glucose. We focused here on the study of 

the enzyme GDH together with the enzymatic 

cofactor NAD (nicotinamide adenine 

dinucleotide, oxidized form).  

 

This reaction falls in the category of ternary 

enzymatic reactions. Such reactions depend on 

four parameters. A method to determine these 

four parameters is presented in this work, based 

on a comparison between a series of experiments 

and the theory. The best values of the parameters 

are indicated.  

 

Keywords: ternary enzymatic reaction, bi-

substrate kinetics, glucose. 

 

 

INTRODUCTION 

 
 

Many glucose tests are now currently available 

on the market. However, the accuracy of 

detection can still be improved. The most 

convenient detection is colorimetry. Colorimetric 

detection of glucose in sample liquids such as 

human plasma is made by using enzymatic 

reactions. In the multi reactional scheme, the first 

enzymatic reaction is determinant. Either glucose 

oxidase (GOX) or glucose dehydrogenase (GDH) 

can be used to convert glucose. We focused here 

on the study of the enzyme GDH together with 

the enzymatic cofactor NAD (nicotinamide 

adenine dinucleotide). The reaction can be 

written as 

 

GDHNADHlactoneGlucono

GDHNADeGluD



 cos
   (1) 

 

This reaction falls in the category of ternary 

enzymatic reactions (figure 1). In a first 

reactional step, the coenzyme NAD 

(nicotinamide adenine dinucleotide) binds to the 

GDH (glutamate dehydrogenase) and in a second 

step, the -glucose binds to the enzymatic 

complex. The reaction then occurs, and the 

product (glucono-lactone) is released together 

with the NADH (nicotinamide adenine 

dinucleotide dehydrogenase, reduced form). 

 

enzyme
A

 
Fig.1. Principle of enzymatic ternary reaction: A=-

glucose, B=NAD, P= glucono-lactone, Q= NADH. 

 
Ternary reaction models—also called bi-substrate 

models, because one enzyme and one coenzyme 

intervene—depend on four parameters [1-4].  
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In order to optimize the reaction, these 

parameters must be knowned. A method to 

determine these four parameters is presented in 

this work. The determination of the four reaction 

parameters stems from a comparison between a 

series of experiments and the theory. The best 

values of the parameters are indicated.  

 

 

THEORY 

 

 
The theory of ternary enzymatic reaction is well 

documented. It is derived from the Michaelis-

Menten approach [1-4]. The reaction velocity is 

given by 
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where [E] is the concentration of enzyme (GDH), 

[E0] is the initial enzyme concentration ([E0]=1.4 

10
-5

 mM); [A] is the -D-glucose concentration, 

[B] the NAD concentration, and the coefficients 

K’s are the Michaelis-Menten constants.  In our 

case the NAD concentration is fixed and equal to 

[B0] = 0.4 mM. 

 

Relation (2) generalizes the Michaelis-Menten 

law: if we note 
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relation (2) reduces to the Michaelis-Menten law.  

 

For the concentration [B] the reaction can be 

simply characterized by the two Michaelis-

Menten constants Vmax and KM. But the 

knowledge of the four ternary reaction constant 

bares a larger generality. 

 

Reaction kinetics (2) is valid if both 

concentrations [A] and [B] are such that [A] >> 

[E0] and [B] >> [E0], which is our case for 

reaction (1) and which has been reproduced in the 

experimental set-up.  

MODEL 
 

 

Relation (2) has three unknowns V, [A] and [B], 

and four parameters K0, KMA, KMB and KSA. By 

definition the reaction velocity is 

 

 
dt

Ad
V            (5) 

 

Using the law of mass action [1,2], we can write 

 

       AABB  00          (6) 

 

Relation (2) can then be cast in the form of a 

differential equation in [A], with the initial values 

[E0], [B0] 
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Equation (7) is of the form:  
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where P2 and Q2 are two second order 

polynomials.  

 

We have programmed the integration of (8) with 

the software MATLAB, and used a conventional 

Runge-Kutta approach to solve for the NAD 

concentration. 

 

Finally, the product (glucono-lactone) 

concentration [Q] is given by  

 

     AAQ  0
             (9) 

 

 

EXPERIMENTS 
 

A series of six kinetics using increasing 

concentrations of-D-glucose has been 

performed (figure 2). Briefly, final concentrations 

of -D-glucose, ranging from 0mM to 20mM, 

were incubated together with NAD and glucose 

dehydrogenase (Pseudomonas sp from Sigma 

Aldrich) at concentrations of 0.4 mM and 

0.5U/mL respectively, using a 25mM Tris, 

192mM Glycine buffer pH 8.05 at 37°C. For each 

-D-glucose concentration, the reactions have 
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been done in triplicates, Kinetics were obtained 

by following the OD (optical density) at 340nm, 

corresponding to NADH spectrum.  
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Fig.2. Reaction kinetics for different concentration of 

-D-glucose {2,3,6,10,15,20 mM} in Tris/Glycine 

buffer. 

 

 

In a Michaelis-Menten type of reaction, the 

reaction is characterized by the affinity of the 

substrate (-D-glucose) for the enzyme (kM) and 

the enzyme turn over (kcat), which represent a 

global view of the reaction.  

 

On the basis of the Lineweaver-Burk plot (figure 

3), the affinity of the -D-glucose for the enzyme 

can be determined: kM = 9.0 mM. In addition, the 

enzyme turn over has the value kcat = 89 s
-1

.  

 

R² = 0,99

0,0E+00

1,0E+04

2,0E+04

3,0E+04

4,0E+04

5,0E+04

6,0E+04

7,0E+04

0 100 200 300 400 500 600

1
/v

i ,
 m

in
/M

1/[A], M-1

 
Fig.3. Lineweaver-Burke plot used for the 

determination of kM and kcat. The slope of the linear fit 

is kM/Vmax, and the intercept with the vertical axis is 

1/Vmax.  The notation [S] stands for the -D-glucose 

concentration. 

 

 

The ratio kcat / kM, reflecting enzyme efficiency, 

equals to 9.8 x 10
3
 M

-1
.s

-1
. These results are in the 

same order of magnitude with that obtained in 

previous works at pH 8.0, performed on wild type 

and mutants of GDH isolated from Bacillus 

megaterium, known to be specific for glucose 

determination in body fluids [5]. In these studies, 

kM values ranged from 2.7 to 55 mM and kcat 

values are comprised between 23 and 430 s
-1

 [6-

8]. Depending on the mutants, the enzyme 

efficiency previously reported varies from 3.6 x 

10
3
 to 42.8 x 10

3
 M

-1
.s

-1
. The results that we 

obtain for the enzyme efficiency using GDH from 

Pseudomonas sp compare well with the previous 

ones reported on the various forms of GDH from 

Bacillus megaterium. 

 

 

DETERMINATION OF THE 

REACTION PARAMETERS 
 

 

In reality, the reaction is a Michaelis-Menten 

ternary reaction. In order to characterize the 

reaction in details, we follow a double reciprocal 

plot approach. The velocities V are calculated 

from the kinetic curves of figure 2.  In a {1/[A], 

1/V} coordinates plot, the experimental data 

points are satisfactorily aligned (figure 4).  

 
Fig.4. Representation of the experimental velocities in 

a double reciprocal diagram. 

 

 

The four bi-substrate Michaelis-Menten 

parameters (K0, KMA, KMB and KSA) can be 

determined by comparison with experimental 

results.  

 

A linear fit with the experimental results 

produces the values of the four reaction constants 

(figure 5). The fitted values of the four bi-

substrate reaction constants are: K0=1.1 10
5
 s

-1
, 

KMA= 1 mM, KMB = 2.9 mM, KSA=12 mM. 

Reporting these values in (3) and (4), with 
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[B]=0.4 mM, we find KM,app= 10.7 mM, and 

Vmax,app=  0.003 mM/s, and kcat,app= Vmax,app /[E0]= 

222 s
-1

. The values of apparent KM and kcat 

deduced from the ternary model are in the same 

range as the corresponding experimental 

Michaelis-Menten kinetic constants. 

 

 
Fig.5. Fit of the theoretical model on the experimental 

results in the double Lineweaver-Burke diagram. 

 

 

 

Reversing the approach, and reporting the fitted 

parameters in relation (5), we obtain a 

satisfactory comparison of the kinetics between 

experiments and model (figure 6), confirming the 

approach. 

 

 
Fig.6. Kinetics comparison between model and 

experiments: continuous lines correspond to the 

experimental measures and the dots to the model. 

 

 

 

 

 

CONCLUSION 
 

In this work, we propose a method for the 

determination of the kinetic coefficients for the -

D-glucose-NAD-GDH enzymatic ternary 

reaction, based on the comparison between the 

theory of bi-substrate enzymatic reaction and 

experiments.  

 

In order to determine the four constants of the 

reaction, we place ourselves in a double 

reciprocal plot approach {1/[A], 1/V} where the 

kinetic curves are linear. Such an approach 

facilitates the fit of the constants. A reverse 

reconstruction reproduces the kinetic signals. 

 

The knowledge of the coefficients of the reaction 

is essential to optimize glucose detection systems. 

Moreover, the method can be generalized to other 

bi-substrate reactions.   

 

 

REFERENCES 
 

[1] I.H. Segal, Enzyme kinetics, John Wiley & 

Sons, New York, 1975. 

[2] A. Cornish-Bowden, Fundamentals of enzyme 

kinetics, 3rd Edition, 2004, Portland Press 

[3]  P.A. Frey, A.D. Hegeman Enzymatic 

reaction mechanisms, Oxford University Press, 

New York, 2007. 

[4] C.A. Janson, W.W. Cleland, The kinetic 

mechanism of glycerokinase, J Biol 

Chem.  249(8), 2562-2566, 1974. 

[5] H. Rindfrey, R. Helger and H. Lang, Kinetic 

Determination of Glucose Concentrations with 

Glucose Dehydrogenase, J. Clin. Chem. Clin. 

Biochem., 15, 217-220, 1977. 

[6] S.-H. Baik, T. Ide, H. Yoshida, O. Kagami, S. 

Harayama, Significantly enhanced stability of 

glucose dehydrogenase by directed evolution, 

Appl Microbiol Biotechnol 61:329–335, 2003. 

[7] T. Nagao, T. Mitamura, Xiao Hui Wang, S. 

Negoro, T. Yomo, I. Urabe, H. Okada, Cloning, 

Nucleotide Sequences, and Enzymatic Properties 

of Glucose Dehydrogenase Isozymes from 

Bacillus megaterium IAM1030, J. Bacteriology, 

174(15), 5013-5020, 1992. 

[8] K. Yamamoto, T. Nagao, Y. Makino, I. 

Urabe, H. Okada, Characterization of Mutant 

Glucose Dehydrogenases with Increasing 

Stability, Ann N Y Acad Sci.  613, 362-365, 

1990. 

 

 

 

140 TechConnect Briefs 2015, TechConnect.org, ISBN 978-1-4987-4729-5

http://www.ncbi.nlm.nih.gov/pubmed/4362686
http://www.ncbi.nlm.nih.gov/pubmed/4362686
http://www.ncbi.nlm.nih.gov/pubmed/2075979



