
 

11 
 

Bernstein Polynomials Method to Solve 

Fractional Model of Basic Enzyme Kinetics 

 

Mohammed Alshbool 

Department of Applied Mathematics, Abu Dhabi University, Abu Dhabi, United 

Arab Emirates. 

Abstract 

Approximate solutions of fractional model of biochemical reaction using Bernstein 

polynomials method are derived in this paper. Enzyme-substrate reaction system is formed 

by a system of nonlinear ordinary differential equations. Fractional orders for the system are 

investigated at α = 0.6, α = 0.75, α = 0.90 and α = 1, to see the behavior of the system when 

the order is fraction between zero and one, 0 < α ≤ 1. 

The effectiveness of the method is illustrated in a numerical experiment. 
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1 Introduction 
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scheme (1) is biochemical reaction model describe the enzyme processes and the basic 

enzymatic reaction where E is the enzyme, The substrate, Y the enzyme-substrate 

intermediate complex and X the product [2]. The fractional time evolution of the scheme 

(1) can be determined from the solution of the system of fractional coupled nonlinear, 

given as 

  (2) 

with the boundary conditions 
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where ϵ, α, λ are dimensionless parameters and 0 < α < 1. 

Fractional order is investigated in the scheme, where α = 0.6, α = 0.75, α = 0.90. 

Many numerical and analytical methods are applied to solve fractional differential 

equation such as homotopy perturbation method [3]. New modification in Bernstein 

functions is produced to solve fractional-order differential equations [1]. Basic enzyme 

kinetics is solved by many applied mathematical method such as variational iteration 

method [2] and multistage homotopy analysis method [7]. 

Our motivation for this work is to provide an accurate and efficient method to find the 

solution for the fractional biochemical Reaction Model. Bernstein polynomials method 

will be used to find the solutions, because Bernstein polynomials method is one of the 

important methods for solving differential equations [4, 5, 6]. Bernstein polynomials will 

be used to find the solutions of the model then correct the previous solutions by using the 

residual correction procedure. 
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2 Description of Method with Application 

We obtain an approximate solution of the problem (1) in the form of 

 . (3) 

Here 0 < α < 1, ck,k = 0,1,2,...,n are the unknown Bernstein coefficients, n is chosen for 

any positive integers, and Bk,n
α (x) are obtained by putting x → xα in Bernstein polynomials 

as defined by 

 

it becomes 

 

So 

 . (5) 

By using some definitions and properties of the fractional calculus for the Caputo 

derivative, see [1], we have 

  constant), (6) 

 and β < ⌈α⌉, 

(7) 

 for β ∈ N0 and β ≥⌈α⌉ or β > ⌊α⌋. 

Then 

 Dαy(x) ≈ CT Dαϕ∗(x), (8) 

where Dαy(x) is obtained in [1]. 

Results and discussion 

The model (2) is solved for the case m = 5 and λ = 0.5, ϵ = 0.6. We study the fractional 

order of the model at and α = 0.60, α = 0.75 and α = 0.90, to see the behaviour of the model 

when the orders are not integer. Figure 1 and Tables (1,2,3) show the results of our 

technique by using the Bernstein polynomials. 
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3 Conclusions 

In this paper we find the solutions of very important model. The fractional case of the 

model is investigated at deferent values of the fractional orders α, the results are noted 

with more details values of t. These results show that the Bernstein polynomials method 

has much impact on the accuracy of the solution on this fractional basic enzyme kinetics 

scheme. The method is easily implemented. 
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Figure 1: Compare between α = 0.60, α = 0.75, α = 0.90 and α = 1 to Examples 1, for the 

case m = 9 

Table 1: The values of the unknown t for x(t). 
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Table 2: The values of the unknown t for y(t). 

 

 

 

Table 3: The values of the unknown t for z(t). 

 

 

 


