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Enzyme Reactor Engineering is organized into eleven volumes in four major 
sets: Enzyme Reactor Engineering; Analysis of Enzyme Reaction Kinetics; Analysis 
of Enzyme Reactor Performance; and Mathematics for Enzyme Reaction Kinetics 
and Reactor Performance. 

In particular, Enzyme Reactor Engineering provides an overview of the 
behavior of both biocatalyst and bioreactor, including biochemical 
relevance and industrial applications. Analysis of Enzyme Reaction Kinetics 
covers analysis of rate expressions and effects of processing conditions 
upon enzyme reactions. Analysis of Enzyme Reactor Performance looks at 
analysis of reactor design and performance using enzymes as catalysts, 
departing from the simplest cases of ideal (single and multiple) reactors, 
and expanding toward nonideal hydrodynamic patterns and multiphasic 
systems. Finally, Mathematics for Enzyme Reaction Kinetics and Reactor 
Performance examines mathematical background–from trivial to advanced 
mathematical concepts of algebra, calculus and statistics, useful for all 
aforementioned analyses.
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Mathematics for Enzyme  
Reaction Kinetics and Reactor 

Performance, 2 Vol Set

This two volume-set relates specifically 
to the wide mathematical background 
required for systematic and rational 
simulation of both reaction kinetics 
and reactor performance; and to fully 
understand and capitalize on the 
modelling concepts developed.

VOLUME 1
Basic Concepts of Algebra
	 Scalars, vectors, matrices and 

determinants
	 Function features

	 •	 Series 
•	 Multiplication and division  
	 of polynomials 
•	 Trigonometric functions 
•	 Hyperbolic functions

	 Vector operations 
•	 Addition of vectors 
•	 Multiplication of scalar  
	 by vector 
•	 Scalar multiplication of vectors 
•	 Vector multiplication  
	 of vectors

	 Matrix operations 
•	 Addition of matrices  
•	 Multiplication of scalar  
	 by matrix  
•	 Multiplication of matrices 
•	 Transposal of matrices 
•	 Inversion of matrices  
•	 Combined features

	 Tensor operations
	 Determinants 

•	 Definition 
•	 Calculation 
•	 Eigenvalues and -vectors

	 Solution of algebraic equations 
•	 Linear systems of equations 
•	 Quadratic equation 
•	 Lambert’s W function 
•	 Numerical approaches

	 Further reading

VOLUME 2
Basic Concepts of Calculus
	 Limits, derivatives, integrals and 

differential equations
	 Limits and continuity 

•	 Univariate limit 
•	 Multivariate limit 
•	 Basic theorems on limits 
•	 Definition of continuity 
•	 Basic theorems on continuity

	 Differentials, derivatives and 
partial derivatives 
•	 Differential 
•	 Derivative 
•	 Dependence between 		
	 functions 
•	 Optimization of univariate 	
	 continuous functions 
•	 Optimization of multivariate 	
	 continuous functions

	 Integrals 
•	 Univariate integral 
•	 Multivariate integral 
•	 Optimization of single integral 
•	 Optimization of set  
	 of derivatives

	 Infinite series and integrals 
•	 Definition and criteria  
	 of convergence 
•	 Taylor’s series 
•	 Gamma function and factorial

	 Analytical geometry 
•	 Straight line  
•	 Simple polygons 
•	 Conical curves 
•	 Length of line 
•	 Curvature of line 
•	 Area of plane surface 
•	 Outer area of revolution solid 
•	 Volume of revolution solid

	 Transforms 
•	 Laplace’s transform 
•	 Legendre’s transform

	 Solution of differential equations 
•	 Ordinary differential 		
	 equations 
•	 Partial differential equations

	 Vector calculus 
•	 Rectangular coordinates 
•	 Cylindrical coordinates  
•	 Spherical coordinates 
•	 Curvature of three-		
	 dimensional surface 
•	 Three-dimensional integration

	 Numerical approaches 
	 to integration 

•	 Calculation of definite 		
	 integrals 
•	 Integration of differential 		
	 equations

	 Further reading
Basic Concepts of Statistics
	 Continuous probability functions 

•	 Basic statistical descriptors 
•	 Normal distribution 
•	 Other relevant distributions

	 Statistical hypothesis testing
	 Linear regression 

•	 Parameter fitting 
•	 Residual characterization 

•	 Parameter inference 
•	 Unbiased estimation 
•	 Prediction inference 
•	 Multivariate correction

	 Further reading

Analysis of Enzyme 
Reaction Kinetics, 2 Vol Set   

This second set in the volume 
describes rate expressions pertaining 
to enzymatic reactions, including 
modulation by physicochemical factors, 
as well as tools for prediction and 
control of how fast substrates are 
transformed to products.

VOLUME 1
Mathematical Approach to Rate 
Expressions
	 Introduction 

•	 Basic concepts  
•	 Chemical mechanism and rate 	
	 expression  
•	 Historical perspective  
•	 Further refinements  
•	 Multisubstrate approaches  
•	 Objective  
•	 Strategy

	 Rate expression  
•	 Kinetic features 
•	 Order of reaction

	 Michaelis & Menten’s rate 
expression with single enzyme 
•	 Michaelis & Menten’s rationale  
•	 Graphical interpretation  
•	 Semilogarithmic plot  
	 Eisenthal, Cornish &  
	 Bowden’s plot  
•	 Dixon’s plot  
•	 Concentration of enzyme 		
	 forms  
•	 Best reparameterization  
•	 van Slyke & Cullen’s rationale  
•	 Briggs & Haldane’s rationale  
•	 Absolute sensitivity to lumped 	
	 parameters  
•	 Relative error of alternative 	
	 derivations  
•	 Relative sensitivity to intrinsic 	
	 parameters 
	 Biochemical rationale  
•	 Derivatives of rate expression 

	 Michaelis & Menten’s rate 
expression with multiple enzymes 
•	 Several isozymes 
•	 Two isozymes 
•	 Infinite isozymes 
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	 Michaelis & Menten’s rate 
expression with autocatalysis

	 Michaelis & Menten’s rate 
expression with multiphasic 
systems

	 Improved rate expression with 
single enzyme 
•	 Morrison’s rationale  
•	 Graphical interpretation  
•	 Low enzyme concentration 
•	 Best reparameterization 
•	 Kim’s rationale  
•	 Graphical interpretation  
•	 Specific kinetic features 
•	 Absolute sensitivity to intrinsic 	
	 parameters  
•	 Improved simulation of initial 	
	 transients 
•	 Improved simulation of final 	
	 transients 

	 Alternative forms of Michaelis & 
Menten’s rate expression  
•	 Integrated form  
•	 Linearized form 

	 Rate expressions for multisubstrate 
reactions  
•	 Shortcut approaches to pseudo 	
	 steady state 
•	 Uni Uni mechanism 
•	 Ordered Bi Uni mechanism 
•	 Other Uni/Bi and Bi/Bi 		
	 mechanisms  
•	 Simplification of multisubstrate 	
	 rate expressions 

	 Further reading 
Statistical Approach to Rate Expressions
	 Introduction 

•	 Basic concepts  
•	 Objective  
•	 Strategy 

	 Assessment of data and models 
•	 Independence checks  
•	 Normality checks  
•	 Homoskedasticity checks  
•	 Linearity checks 41 
•	 Relationship checks 
•	 Adequacy checks 
•	 Sufficiency checks 

	 Fitting of models to data 
•	 Linear regression analysis 
•	 Improved regression analysis 
•	 Nonlinear regression analysis

	 Generation of data  
•	 Empirical designs 
•	 Mechanistic designs

	 Further reading

VOLUME 2
Physical Modulation of Reaction Rate
	 Introduction 

•	 Basic concepts  
•	 Thermodynamic approach  
•	 Kinetic approach  
•	 Physical deactivation  
	 of enzymes 
•	 Objective 
•	 Strategy 

	 Unimodal deactivation  
•	 Simple reversible deactivation 
•	 Simple irreversible deactivation  
•	 General deactivation 

	 Bimodal deactivation  
•	 Simple reversible deactivation  
•	 Simple irreversible deactivation

	 Effects upon nonelementary 
reactions

	 Temperature-driven modulation 
•	 Thermodynamic formulation  
	 of temperature-dependence 	
	 of elementary steps 
•	 Kinetic formulation  
	 of temperature-dependence  
	 of elementary steps  
•	 Improvement of parameter 	
	 fitting

	 Mechanical force-driven modulation  
•	 Normal elastic forces  
•	 Tangential elastic forces  
•	 Tangential plastic forces 

	 Response of enzyme deactivation 
	 Response of enzyme reaction
	 Further reading

Chemical Modulation of Reaction Rate
	 Introduction 

•	 Basic concepts 
•	 Thermodynamic approach 
•	 Kinetic approach  
•	 Chemical deactivation 
•	 Chemical modulation  
•	 Objective 
•	 Strategy 

	 pH-driven modulation  
•	 Protolysis of enzyme only 
•	 Protolysis of enzyme and 		
	 substrate

	 Ionic strength-driven modulation
	 pH-driven deactivation 

•	 Reversible decay  
•	 Irreversible decay

	 Self-deactivation 
	 Microbial deactivation 
	 Heterologous bimodal deactivation 

•	  Reversible deactivation 
•	 Irreversible deactivation

	 Heterologous unimodal deactivation  
•	 Reversible deactivation 
•	 Irreversible deactivation 

	 Mechanism discrimination 
•	 Sequential random Bi Bi 
•	 Sequential ordered Bi Bi 
•	 Ping pong Bi Bi  
•	 Graphical comparison 

	 Homologous modulation  
•	 Independent sites  
•	 Sequential transition  
•	 Concerted transition  
•	 Asymptotic patterns 

	 Further reading
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