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Abstract 

 

The immobilized enzymes refer to enzymes localized in a certain defined region of 

space with retention of their catalytic activities. In addition the application in industrial 

processes, the immobilization processes are the basis for production of important 

bioproducts in enzymatic reactions with applications in diagnostics, and biosensors. The 

intent of this part of the review is to explain the basic principles of immobilization and 

various methods of immobilization enzyme for the purpose of preparative biotransformation. 
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1. Introduction 

 

Enzymes are biological catalysts and derived from living organisms. It is catalyses metabolic 

reactions in living cell and conversion of substrates in enzymatic reactions. The enzymes are 

the works at suitable reaction conditions such as mild temperature, pH, pressure, substrate 

specificity for the production of various types of bioproducts with low byproducts 

contaminations [1]. Enzymes are widely used in food industries, pharmaceutical industries, 

cosmetics, paper industries, textile industries, waste water treatment etc.[2].  

The enzyme productions methods are very costly, so new technique have been employ to 

reduce in production cost. The use of enzymes in enzymatic reaction have been some 

limitations  such  as  highly  sensitive  to  pH, temperature, contamination by organic acids, 

difficulty in its recovery, low stability and reutilization and high cost. Immobilization 
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techniques are strategy to overcome these problems, as it can efficiently improve the enzyme 

activity, thermal stability, pH stability and reusability [3]. 

Immobilized  techniques  are  being  used since  1916,  when Nelson  and  Griffin  was 

discovered  invertase  enzyme and it absorbed  to  charcoal  for inhance the  ability  to 

hydrolyse the sucrose [4]. The Grubhofer and Schelth was identified the possibility of 

immobilized enzyme for enhanced stability and reuse of enzymes, reported the covalent 

immobilization of several enzymes [5]. The immobilization methods are applied for the 

different types of enzyme, which catalyse various types of reaction. Immobilization process 

can not be possible for any types of enzymes at all types of supports carriers. The 

immobilized enzymes are used in repeated enzymatic reactions which reduce the cost of 

reaction. The reuse of immobilized enzyme in reactions is very easy and it can be separated 

through filtration techniques [6]. 

 

2. Enzyme Immobilization Methods 

 

Many previous studied on the immobilization of enzyme have been reported [7]. The 

attachment of enzymes onto surface of artificial and natural carriers is more importance. 

Immobilization of enzymes are be commonly defined as a process to its limited mobility. 

Immobilization methods are classified according to its different chemical and physical 

principle [8]. Proteins content in enzymes have been optimized by development for metabolic 

activity in living organisms. In bioreactors, enzymatic reaction conditions are controlled for 

optimum catalytic activity. Immobilization enzyme can be enhanced tolerances towards 

various cruel reaction environments. Some previous studied on modification of catalytic 

activity of enzymes are reported [9].  

 

3. Classification of immobilization methods 

 

The immobilization process is carried out in a way that allows the enzyme to maintain 

its activity and catalytic flexibility. In addition, catalytic activities of immobilized enzymes 

are undisturbed and preserved. Mainly, four types of immobilization process [10]:  
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3.1. Enzyme Functional Groups 

 

Functional groups of supports surface and enzyme are bind with bi or multifunctional 

coupling agent. In addition enzymes are cross-linking to intra and intermolecular. The 

chemical reactivity of supports depends on the reactivity of the amino acid side chains in its 

microenvironment. Amino acid side chains are active in chemical modification of supports 

[11].  

 

3.2. Synthetic Functional Groups  

 

Enzymes proteins are modified and create specific groups, so that it is binding with 

more affinity to supports surface. The reactive groups of supports are modified by chemical 

molecules and attached with enzyme. Nucleophiles on surface of the supports and react with 

carboxylic acid activated enzymes has reduced of activity of enzyme. Immobilization of 

enzyme on amino functionalized agarose has worked out at mild conditions [12]. 

 

3.3. Covalent Binding 

 

Covalent binding is a common type of method for immobilization of enzyme.  

Enzymes are direct attachment with supports through the covalent linkage. The covalent 

linkage is stable and strong immobilization process of enzymes [13]. The various support 

material uses for enzymes immobilization such as porous glass, agarose, polyacrylamide and 

poroussilica. Enzymes are activated for the immobilization process to binding on supports 

surface. This processes some loss of catalytic activities, because the protein part of enzymes 

is modified by reactive compounds in biochemical reaction. This immobilization is generally 

used when  a  enzymatic reactions are not  require  enzyme  in  the product [14].  

 

3.4. Entrapment 

 

Enzymes are entrapping in the permeable membrane synthetic or natural polymeric 

networks. It is allows the substrates and the products to pass, but it retain the enzyme inside 

the network. It is mild conditions required, fast, and cheap for reaction process. The main 

disadvantage is mass transfer limitation [15].  
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3.5. Microencapsulation: 

 

The supports protect the enzymes from proteins, microbial contamination, in the 

microenvironment [16]. This process provides the large surface area between supports and 

the enzyme. The main disadvantage of this method is inactivation of enzyme during 

encapsulation [17]. 

 

3.6. Adsorption 

 

It is a simple method of preparing immobilized enzymes. The various types of 

materials used for adsorption are activated Alumina, charcoal, ion exchange resins, this 

method is easy for use and cheap. The main drawback is a weak binding force between the 

enzyme and supports. This immobilization process is reversible. Adsorption immobilizations 

are the oldest and easiest processes [18]. The interaction between the enzyme and supports 

through weak forces, hydrogen bonding, hydrophobic bonding, ionic bonding and van der 

waals forces. The carriers used in immobilization process are modification of surface for 

enhancement to attachments with enzyme. The free enzyme is attached to supports in 

successive steps in suitable condition by the various types of molecules. It is most important 

technique to attached enzymes to supports surface [19].  

 

3.7. Cross Linking Carbohydrates  

 

Carbohydrates are used as supports for immobilization of enzymes. Two main reasons 

for used the carbohydrates to immobilization processes. Lections are used for immobilization. 

The lections interaction with enzyme is non-covalent. Binding strength is depends on the 

group constant. This immobilization process is expensive because immobilized protein is 

produced further [20]. 
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Fig. 1. Enzyme immobilization methods. 

 

4. Carriers used for immobilization of enzymes 

 

4.1. Inorganic carriers 

 

Inorganic supports used for enzymes immobilization by adsorption. Silica are 

supports, which have drawn most attention. Silicas of different dispersive-morphological 

parametersand porous structures large scaleis mesoporous silica SBA-15 have proposed. 

Another mesoporous silica MSU-H are the specific surface area [21].  

 

4.2. Organic carriers 

 

Organic supports for the enzyme immobilization is chitosan. Chitosan is a polya-

minosaccharide   obtained   from   chitin   by   deacetylation.  Chitosan  is  a  biocompatible, 

and nontoxic,  used as a membranes,  beads, hollow fibers, nanoparticles, fibers. It is also 

useful in the microcrystalline form [22].  
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5. Conclusion 

 

Enzymes are catalysts in the synthesis of bioproducts, particularly in the food 

industries for the manufacture of food products. Immobilization of enzymes is a useful tool to 

reduced the cost and to developed advantage technological. Immobilization allows reuse of 

enzymes and significant cost savings. The intent of this part of the review is to explain the 

basic principles of immobilization and various methods of immobilization enzyme for the 

purpose of preparative biotransformation. 
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