	Subject:  
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	Prerequisites: 

Physical chemistry, organic and inorganic chemistry, mathematics



	Lecturer,s name: 
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	Lecturer,s position:

Assoc. Prof.
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	Contact hours/week :  

2+0+0


	Examination:
K
	Credit value:
2

	Educational Objectives:  

Understanding of the fundamental differences between chemical and biological processes, and getting familiar with the most important types of bioreactors



	Contents: 

Week

1. Enzymes as biocatalysts, classification of enzymes

2. Enzyme activity, influencing factors

3. Enzyme kinetics

4. Immobilized biocatalysts, immobilization techniques

5. Catalytitic activity and stability of immobilized biocatalysts

6. Microbial growth. Chemical and elemental composition of microorganisms

7. Inhibition kinetics

8. Effect of temperature, pH and other parameters on growth

9. Classification of bioreactors

10. Monod chemostate and application, fed-batch reactors

11. CSTR reactors, PFTR reactors

12. Sterilization reactors

13. Industrial application of immobilized biocatalysts, hystory

14. Fructose syrup production by immobilized glucose isomerase

15. Immobilized cell reactors in water treatment
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	Types of Practical Exercises (Assignments) for Students:
Examination Requirements and Questions:

Enzyme catalysis

· definition and classification of enzymes

· enzyme activity, definition, influencing factors

· enzyme kinetics, derivation of the Michaelis-Menten equation

· other kinetic expressions, substrate and product inhibition, competetive and noncompetitive inhibition, cofactors

· determination of the enzyme kinetic parameters, Lineweaver-Burk, Eadie-Hofstee plots

Immobilized biocatalysts

· immobilization techniques: adsorption, ionic and covalent bonds, crosslinking, gel-entrapment,

      membrane encapsulation

· catalytic activity and stability of immobilized biocatalysts

Microbial growth

· chemical and elemental composition of microorganisms

· transient growth of bacteria, typical phases of  growth, generation time and specific growths rate

· monod kinetics, determination of the kinetic constants from batch and continuous experiments, 

     L-B plot, integration of the batch growth model

· inhibition kinetics, substrate and product inhibition, multi-substrate limitation

· effect of temperature on growth, optimum temperature, psychrophil, mesophil and thermophil

      organisms

· effect of pH, ionic strength, shear stress etc. on growth

· substrate utilization and product formation kinetics, yield factors, growth related and biomass

      related product formation, Leudeking-Piret kinetics, determination of kinetic parameters

· apparent and true substrate yield, assimilation, maintenance, and energy production, the  

      corresponding yield coefficients

· typical yield and kinetic data for various substrates and microorganisms

· growth stoichiometry, definition of C-mol, carbon yield, stoichiometric equations of biomass

      growth

· unstructured and structured growth models, the Williams model 

Bioreactors

· classification of bioreactors, batch, fed-batch, continuous, CSTR, PFTR, tanks-in-series,

· the Monod chemostate and its application, 

· fed-batch reactors, typical characteristics and applications

· enzyme reactions in CSTR

· CSTR cell reactors with recycle and wall growth

· PFTR with suspended biomass

· PFTR enzyme reactor

· reactors with special feed functions: fed-batch, semi-continuous, repeated fed-batch

· nonideal mixing in bioreactors

· sterilization reactors

· reactors with immobilized biocatalysts: loop, fluidized bed, membrane reactors

Industrial application of immobilized biocatalysts

· history: vinegar generator

· resolution of D,L-amino acid raceme mixtures by immobilized aminoacylase

· fructose syrup production by immobilized glucose isomerase

· immobilized cell reactors in water treatment 
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