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13.1    INTRODUCTION 

Despite high catalytic efficiency, widespread applications of enzymes is 

hindered by lack of operational stability, short shelf life and cumbersome 

recovery. All these factors pose major challenge for the industry. Think from a 

commercial point of view; is usage of enzymes cost effective? The answer 

would be no unless we have an enzyme technology that involves reuse of 

enzyme for different commercial purposes. How will it be possible? The 

answer lies in the enzyme immobilization and enzyme engineering.  

An enzyme that is physically attached to an inert solid support is known as 

immobilized enzyme. 

Immobilization is a process in which enzymes are attached to or within solid 

supports thereby generating a heterogeneous immobilized enzyme system. 

The solid support helps the enzymes to maintain their activities. Immobilized 

enzymes imitate their natural mode in living cells, where most of them are 

attached to cellular cytoskeleton, membrane, and organelle structures. 

Immobilization benefits include increased resistance of enzymes to the 

changes in conditions such as temperature or pH. Recent developments in the 

field of immobilization technology and its potential commercial applications 

have renewed interest in million-dollar food and pharmaceutical industries 
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worldwide. This unit discusses the fundamental concept of enzyme 

immobilization, methods of enzyme immobilization as well as its several 

applications. 

Enzyme engineering has developed as a useful tool to overcome the 

limitations of native enzymes as biocatalysts. It is the procedure of enhancing 

enzyme efficiency or an increased enzyme activity by modifying or changing 

its amino acid sequence. Several approaches are being utilized for 

engineering enzymes. Rational design, Semi-rational and directed (molecular) 

evolution are the three general approaches in enzyme engineering. Lately, 

genetic engineering techniques are extensively used to improve enzyme 

efficiency. For exploring enzyme sequences and for creating new and efficient 

biocatalysts, the combination of directed evolution and rational protein design 

using computational tools is becoming increasingly relevant.  

Expected Learning OutcomesExpected Learning OutcomesExpected Learning OutcomesExpected Learning Outcomes        

After studying this unit, you should be able to:  

� describe the concept, properties and importance of enzyme 

immobilization, 

� determine different types of immobilization, 

� find out how enzyme can be immobilized, 

� explain the binding mode of enzyme,  

� discuss the potential uses of immobilized enzymes, 

� distinguish different methods of enzyme engineering. 

13.2    ENZYME IMOBILIZATION-TYPES AND 
METHODS 

Immobilization of enzyme increases its commercial value. These enzymes are 

more stable and easy to handle. They are also more robust and resistant to 

environmental changes in comparison to free enzymes. Another advantage of 

using heterogeneous immobilized enzymes systems is that they allow the 

effortless recovery of both enzymes and products along with multiple reuses of 

enzymes. Immobilization ensures nonstop operation of enzymatic processes, 

speedy termination of reactions and better range of bioreactor designs. These 

potential uses along with non contamination of reaction products with enzymes 

make them highly lucrative for industry. In some cases of immobilized 

enzymes such as proteases reduced levels of autolysis process proves highly 

beneficial. 

However, immobilized enzymes showed lower activity in comparison to free 

enzymes. The possible reason may include their accessibility to substrate or 

any alterations induced during immobilization that causes structural changes 

in the enzyme molecule or from the creation of a microenvironment in which 

immobilized enzyme works. It is very likely that the characteristics exhibited by 
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a free enzyme may be different than when they are attached to any carrier. 

The physical and chemical properties of enzymes may undergo changes 

during the process of immobilization. Several factors such as temperature, pH, 

Km, nature of the medium, product formation influences the rate of an enzyme 

catalyzed reaction.  The microenvironment generated on account of enzyme- 

carrier interactions will most likely affect the above-mentioned factors as well 

as stability of enzyme, conformational and steric effects of enzymes. 

13.2.1  Properties of Immobilized Enzymes 

The attachment of an enzyme to an inert surface may impose certain 

behavioral changes. These changes will be reflected in the physical and 

chemical properties of immobilized enzymes. Major changes seen in the 

immobilized enzymes on account of microenvironment of the supporting matrix 

may be in their stability, conformational and steric effects or kinetic properties 

of the enzymes in comparison to the native enzyme.  

Stability of Enzymes 

There could be an increase or decrease in the stability of immobilized 

enzymes. The physical environment of support medium or its chemical nature 

provides a denaturation or stabilization atmosphere to the enzyme. Generally, 

the enzymes stability is enhanced on immobilization as the inactivation of 

enzymes due to auto digestion of proteolytic enzymes is significantly reduced. 

It has been observed that enzymes immobilized to inorganic carriers are more 

stable than those to organic polymers when stored at 4 or 25oC. 

Conformational and Steric Effects of Enzymes 

As you know that most enzymes are proteins. Their tertiary structure will be 

affected on account of their immobilization to the supporting medium as 

determined by the spectral, fluorescence and circular dichroism studies on the 

enzymes during immobilization. In any enzyme reaction, the catalytic site 

holds key to the formation of products. Under ideal conditions, the 

immobilization process should not affect the catalytic site of an enzyme. 

However, an effect on the active site of enzyme during immobilization cannot 

be ruled out and these expected changes may arise due to change in the 

conformation of enzyme. As you know, enzyme interacts with specific 

substrate to form a transition state complex (ES) which is crucial for the 

product formation. The changes on account of crowding of atoms will lead to 

steric hindrance and may hamper the product formation. Therefore, an utmost 

caution is required in any immobilization process as well as the type of 

supporting matrix material on which the enzyme is immobilized.  

Microenvironment of the Supporting Medium 

The supporting medium of the immobilized enzyme influences its stability. The 

very presence of charged amino acids in the enzyme exhibiting an 

electrostatic effect along with bulk hydrophobic or hydrophilic groups present 

in the supporting matrix material may lead to desorption of the immobilized 

enzyme. The interactions of the microenvironment of immobilized enzyme with 

the substrate molecules also holds key to the product formation. Therefore, 

right choice of supporting matrix may provide the enzyme more stability. 



 
 
Block IV                                          Purification and Application of Enzymes 

 

244 

Effect of pH on the Immobilized Enzyme 

The pH of the immobilized enzyme is determined by the charged nature of its 

carrier (supporting matrix). If it is polyanionic (negative), there will be flow of H+ 

ions towards it and if it is polycationic the flow of H+ ions will be reduced. The 

pH optima of the immobilized enzyme will be low (acidic) when the carrier is 

polyanionic and it will be raised when the supporting carrier is polycationic.  

SAQ 1SAQ 1SAQ 1SAQ 1        

Do as directed: 

a) The attachment of an enzyme to an inert surface may impose certain 

behavioral changes (True/False)  

b) Enzymes get inactivated due to auto digestion by proteolytic enzymes 

(True/False).  

c) The pH optima of the immobilized enzyme will be low/high when the 

carrier is polyanionic (Pick the correct option) 

    
13.2.2  Types of Immobilization 

There are number of ways by which enzymes can be immobilized. Entrapment 

method involves localization of enzyme in a polymer network. It is also 

considered as a type of physical adsorption. Enzyme does not bind with the 

carrier (support matrix). Therefore weak Vander waals interaction between 

enzyme and carrier causes little damage of enzyme activity.  

A)  Entrapment:    a) Gel entrapment 

                              b) Fibre entrapment 

                              c) Microencapsulation 

According to the binding mode of immobilization methods they can be 

classified by four ways. In physical methods weak interfaces between support 

and enzyme are present and in chemical methods covalent bonds are formed 

between the support and the enzyme. 

B) Binding: a) Carrier binding 

� Physical adsorption 

� Ionic binding 

� Chelation or metal binding 

� Covalent binding 
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b) Cross-linking 

Entrapment method: 

These methods are generally used for cell immobilization but now-a-days 

these methods have been used for enzyme immobilization.  In this method, 

enzyme is not bound to the polymer; however, its open flow is restrained or in 

other words simply caging of the enzyme. Entrapment methods are cheap and 

fast. Three types of entrapment methods are presently employed for enzyme 

immobilization. The commonly used method of enzyme is gel entrapment. 

Gel Entrapment:  Enzymes are entrapped within the interstitial spaces of 

cross linked water insoluble polymer gels. This method involves 

polymerization of monomer acrylamide molecules in an aqueous solution 

along with the soluble enzymes. Cross linking agents such as N, N-methylene 

polyacrylamide are used along with the usual initiators such as TEMED, 

ammonium persulfate or riboflavin for polymerization. The gel block is 

dispersed into particles of desired shape. The quantity of enzyme in surplus of 

1 g of enzyme per gram of gel may be trapped. Table 13.1 enlists gels widely 

adopted for the entrapment of enzymes. The gelatinous nature of entrapment 

may lead to leakage of enzyme from the gels. 

Table 13.1: Gel for the enzymes entrapment 

S.No Nature of Gel Entrapped Enzyme 

1 Polyacrylamide Acetyl cholinesterase 

Chymotrypsin 

Asparaginase 

Glucose Dehydrogenase 

2 Ethylene Glycol FructoFuranosidase 

Glucose Isomerase 

Fibre Entrapment: The membrane confinement of enzymes may be realized 

by several methods which depend for their usefulness on the semi-permeable 

makeup of the membrane. These semi-permeable membranes while retaining 

the enzyme must allow free passage to the products and substrates. Fibre 

membranes are used for enzyme entrapment via non-covalent interactions. 

The high surface area, anti-microbial activity provided by thin fibres as well as 

resistance to weak acids and alkalis makes them better support material for 

enzyme immobilization. Hollow fibre membrane units are available 

commercially with large surface areas comparative to their controlled volumes 

(> 20 m2 L-1). These membranes are porous only to substances of molecular 

weight considerably smaller than the enzymes. Cellulose acetate in methylene 

chloride is used for enzyme entrapment. More than one enzyme can also be 

immobilized in the fibres. Several enzymes such as aminoacylase, 

glucoamylase, D-glucose isomerase, penicillinamidase and urate oxidase can 

be immobilized on cellulose acetate. 
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Microencapsulation: Spherical semi-permeable polymer membranes are 

used for microencapsulation of enzymes. The enzymes are enclosed by 

polymer membranes of diameter 1-100 µm. The enzyme immobilization 

engages Vander Waals and hydrophobic interactions. Substrates as well as 

products can diffuse across these polymer membranes provided they are 

smaller in size. This enzyme immobilization method is advantageous as it 

offers more surface area. In the interfacial microencapsulation method of 

enzyme immobilization, enzymes and hydrophilic monomer are emulsified in 

water immiscible organic solvent by stirring for example nylon encapsulate β-

D-galactosidase or asparaginase. Liquid drying method of encapsulation 

involves dissolution of polymer in a water immiscible organic solvent at a 

boiling point lower than that of water. Thereafter aqueous solution of enzyme 

is dispersed in the organic phase to form water in oil emulsions that are further 

dispersed in aqueous phase having colloidal substances such as gelatin and 

surfactant forming a second emulsion. Vacuum removes the organic phase 

and a polymer membrane is produced to give enzyme microcapsules. 

Triacylgylcerol lipase and catalase enzymes can be encapsulated by 

ethylcellulose using this technology. Similarly, polystyrene is used to trap 

urease and triacylglycerol lipase enzymes. 

Biological membranes such as liposomes are also well known for enzyme 

microencapsulation. Liposomes are artificially-prepared vesicles which are 

primarily composed of a lipid bilayer surrounding the soluble enzyme.  

Binding: Binding methods are better than other immobilization techniques of 

localization because physical nature of binding between the enzyme and the 

carrier molecule may involve combinatorial effect of several non-covalent 

interactions such as hydrogen, hydrophobic, ionic and Vander Waals. Multiple 

interactions help the immobilized enzyme to withstand harsh conditions 

prevailing in the system. It is quite likely that the binding between enzyme and 

its support material may also leads to inactivation of enzyme or it may render 

the enzyme unusable.  

Carrier Bound Enzymes: The properties of immobilized enzymes depend on 

the nature of enzyme as well as its support material for example substrate 

size, surface area of the carrier as well as chemical composition of the carrier. 

The interactions between the enzyme and carrier molecule influences the 

chemical, biochemical, mechanical and kinetic properties of the immobilized 

enzymes. The support (carrier) can be a synthetic organic polymer, a 

biopolymer or an inorganic solid and the binding mode may be physical, ionic 

or covalent. The carrier binding method can be further subclassified into 

physical adsorbtion, ionic binding, metal binding and covalent binding. 

SAQ 2SAQ 2SAQ 2SAQ 2        

Do as Directed: 

a) Give two examples of enzymes immobilized on cellulose acetate. 

b) Liposomes are also well known for enzyme microencapsulation 

(True/False) 
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c) Immobilized enzyme produced by micro encapsulation technique 

provides a small surface area (True/False) 

d) The properties of immobilized enzymes do not depend on the nature of 

enzyme as well as its support material. (True/False) 

        
Physical Adsorption: Physical adsorption of enzymes on water insoluble 

carriers relies on non specific interactions such as hydrophobic interactions, 

Vander Waals forces, hydrogen bonds between the enzyme and surface of the 

matrix. It is considered as the simple and economical method. This method 

causes little or no conformational change in the immobilized enzyme.  

Different processes involved in adsorption are static, electro deposition, 

reactor loading or mixing or shaking bath loading. For commercial purposes 

reactor loading is the most preferred method. The carrier is loaded first into the 

reactor followed by the addition of enzyme and then recirculation or agitation is 

done through the reactor. In electrode position, carrier is positioned next to 

one of the electrodes in an enzyme bath. On passing the current, enzyme 

migrates to the carrier and gets deposited on the surface. Physical adsorption 

is advantageous because relatively fewer steps of activation are required for 

enzyme immobilization but suffers on account of desorption of enzyme from 

the carrier due to changes in pH, temperature and ionic strength.  Table 13.2 

enlists immobilized enzymes along with their carrier used for physical 

adsorption. 

Table 13.2: Enzymes immobilization by Physical Adsorption 

S.No Nature of Carrier Immobilized Enzyme 

1 Phenoxyacetyl 

cellulose 

Alkaline Phosphatase 

 

2 Palmitoyl cellulose Triacylgylcerol Lipase 

Naringinase 

3 Zeolite Trypsin 

Chymotrypsin 

4 Silica gel Alcohol Dehydrogenase 

Covalent Binding: As the name suggests and you can also guess that this 

method of enzyme immobilization involves covalent bond formation between 

the enzyme and support matrix. It is one of most important methods of 

immobilization techniques as the selection of conditions for immobilization is 

more difficult than the other methods.  A major limitation being that the binding 

does not lead to loss of enzyme activity.  On the other hand, major advantage 

lies in the strength of binding between enzyme and the solid support which 

prevents the leakage of enzyme even in the presence of substrate and 

solutions of high ionic strength. The mode of covalent attachment must involve 

functional groups of the enzyme that are not involved in the catalytic action. 

Numbers of protective methods are being adopted to prevent inactivation 
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reactions with amino acid residues in the active site of enzymes. These 

methods include covalent attachment of enzyme in the presence of 

competitive inhibitor or substrate, a reversible covalently linked enzyme 

inhibitor complex or a zymogen precursor. 

The covalent binding can be done by several methods such as diazotization, 

amide bond formation, alkylation and arylation, Schiffs base etc (Table 13.3).  

Table 13.3: Enzyme Immobilization by covalent bonding using different 

processes 

S.No. Name of Process  Chemical Procedure Examples 

1. Process of 

diazotization 

Support-N=N-ENZYME β-D-Galactosidase 

D-Glucose oxidase 

Trypsin 

Papain 

Protein kinase 

Chymotrypsin 

2. Using Amide bond 

formation 

Support-CO-NH-

ENZYME 

Alkaline 

phosphatase 

Naringinase 

Trypsin 

Chymotrypsin 

Papain 

Penicillinamidase 

Papain 

3. Alkylation and 

Arylation method 

Support-CH2-NH-

ENZYME 

Support-CH2-S-ENZYME 

Aminoacylase 

Glucoamylase 

Trypsin 

Amylase 

 

4. Schiff’s base 

formation method 

Support-CH=N-ENZYME Penicillinase 

β-D-Galactosidase 

D-Glucose oxidase 

Trypsin 
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5. Amidation reaction 

process 

Support-CNH-NH-

ENZYME 

 

6. Carrier binding 

with bifunc- 

tional reagents 

Support-

O(CH2)2N=CH(CH2)3 

CH=N-ENZYME 

 

Eupergit-C (Fig. 13.1) is an acrylic resin and a copolymer of N, N’-methylene-

bi-metacrylamide and glycidyl methacrylate. Immobilization by covalent 

binding to Eupergit-C has been successfully used for a variety of industrially 

applied enzymes for example penicillinamidase. The average particle size of 

Eupergit-C is 170 µm with pore diameter of 25 nm. It is highly hydrophilic and 

stable over a wide range of pH (0-14). It binds to proteins at neutral or alkaline 

pH. 

 

Fig.13.1: Immobilization of enzyme on Eupergit-C. 

Ionic Binding:  The ionic method of binding involves ionic interactions 

between side chains of enzyme (lysine, arginine, histidine, aspartate and 

glutamate) with water insoluble carriers containing ion exchange residues. 

Ionic interactions provide strength to the enzyme carrier linkages. Protein 

macromolecules and polysaccharides such as gelatin, albumin cellulose, 

dextran, starch and chitosan are extensively used biopolymers for 

immobilizing enzymes. Ionic method is similar to the ion-exchange 

chromatography where a diffusible exchanger ion is attached to that of inert 

immovable counter ion exchanger. This method causes little changes in the 

conformation or active site of enzyme and therefore immobilized enzymes are 

of high reactivity. The most common anion exchanger is DEAE (diethyl amino 

ethyl) derivative while CM (carboxy methyl) derivatives are the most common 

cation exchanger (Table 13.4). Aminoacylase from Aspergillus Oryzae 

immobilized on DEAE-Cellulose is used for the production of L-amino acids. 

D-Glucose isomerase and beta-D-fructofuranosidase can also be immobilized 

on DEAE-Sephadex. Similarly, immobilized biocatalyst epoxide hydrolase from 

Aspergillusniger is active at high substrate concentration and can be recycled 

seven times.  
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Table 13.4: Enzyme Immobilization by Ionic bonding 

S.No. Inert Carrier  Exchanger Examples of Immobilized 

enzymes 

1. DEAE-Cellulose Anionic Glucoamylase 

Phosphodiesterase 

D-Glucose Isomerase 

Aminoacylase 

 

2. AE- Cellulose Anionic D-Glucose Isomerase 

3. DEAE-Sephadex Anionic D-Glucose Isomerase 

beta-D-fructofuranosidase 

4. CM-Cellulose Cationic Pencillin Amidase 

Amino acyl –

tRNASynthetases 

5. CM-Sephadex Cationic Dextran Sucrase 

Chelation or Metal Binding: Immobilization of enzymes can be carried out by 

transitional metal compounds. They are used to activate the surface of inert 

solid matrix for direct coupling with the enzyme through the formation of 

chelates. Several inert supports used in this process are glass, chitin, alginic 

acid and gelatin. The Table 13.5 enlists several enzymes immobilized by 

transition metals.  Transition metals involved in this type of enzyme 

immobilization include titanium (III) and zirconium (IV) that form polymeric 

oxides and hydroxides. 

Table 13.5: Enzyme immobilization by metal binding 

S.No. Nature of Support Enzyme 

Immobilized 

 a) Organic Supports  

1. DEAE- cellulose Pectin lyase 

2. Nylon  D-Glucose 

dehydrogenase 

3. Cellulose β-D-

Fructofuranosidase 

 b) Inorganic Supports  

4. Alumina Glucoamylase 

β-D-Xylosidase 
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5. Magnetic iron oxide α –Amylase 

6. Silica gel Trypsin 

7. Titanium (IV) oxide Dextranase 

8. Hydrous metal oxides prepared from  

Ti (IV), Zr(IV), Fe(III) and Sn(II) 

Chymotrypsin 

Glucoamylase 

D-Glucose oxidase 

Papain 

Peroxide 

Trypsin 

 

Cross linked Enzymes: Immobilization by cross linking of enzymes can be 

achieved by intermolecular cross linking (formation of covalent bonds between 

enzyme molecules by means of cross linking agents) to form three 

dimensional cross linked aggregates with functional groups on an insoluble 

support matrix. It is not an ideal method since many molecules simply act as 

support to others. Therefore, cross linking is performed in conjunction with 

other methods of enzyme immobilization. The reagents required for cross 

linking generally has two identical functional groups or two or more functional 

groups. Some of the commonly used reagents are 

a) Carboxy functional groups react with L-Lysine residues by Schiffs base 

formation 

b) Diazo groups reacts with L-Lysine, L-Histidine, L-Tyrosine or L-Cysteine 

c) Isocyanate groups react with amide (peptide) bond formation 

The most common reagent used for cross linking is glutaraldehyde. The 

process of cross linking occurs via glutaraldehyde and NH2 groups present on 

the surface of enzyme for example cross linking of carboxypeptidase A with 

glutaraldehyde. Cross linking by glutaraldehyde process has several 

disadvantages such as low activity retention, poor reproducibility and low 

mechanical stability. The process of enzyme crystallization is laborious and 

time consuming. Moreover, purification of proteins involves addition of salts, 

water miscible organic solvents or non-ionic polymers. Retention of enzyme 

bioactivity on crystallization is of immense value that led to the new family of 

immobilized enzymes: cross linked enzyme aggregates (CLEA) [Fig. 13.3]. 

Industrially important enzymes such as penicillin amidase CLEA are effective 

catalysts for the synthesis of penicillin. Similarly, CLEAs of several 

commercially important enzymes such as lipases have shown excellent 

performance in water than their standard immobilized form. 
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Free Enzyme in                                Aggregate (1 um)                   CLEA (1-100 

um) 

Solution (5 nm) 

Fig.13.3: Preparation of a CLEA. 

SAQ 3SAQ 3SAQ 3SAQ 3        

Do as directed: 

a)  The immobilized technique involving chemical method is covalent 

dependent/non-covalent dependent. 

b)   In adsorption method of enzyme immobilization, the state of 

immobilization is very sensitive to solution …………………., 

……………………. and ……………………….  

c)  ……………………… is the most commonly employed cross linked 

polymer. 

d)  The most common reagent used for cross linking is glutaraldehyde 

(True/False) 

    

13.3    ENZYME ENGINEERING 

Since you know enzymes are proteins so the term enzyme engineering is 

synonyms with protein engineering. The procedure of customizing a new 

enzyme with improved properties by changing or transforming the amino 

acids in the enzyme is known as enzyme engineering. These improved 

properties may include the following characteristics: 

a) Kinetic properties of enzyme turnover and Michaelis Constant Km 

b) Thermostability and optimum temperature for the enzyme 

c) Stability and activity of enzyme 

d) Substrate and reaction specificity 

e) Stability and activity of enzyme 
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f) Substrate and reaction specificity 

g) Cofactor requirements 

h) Optimum pH 

i) Protease resistance 

j) Allosteric regulation and 

k) Molecular weight and subunit structure 

The changes may include combination of some of these above mentioned 

characteristics to get the most efficient form of enzyme. The general 

approaches in enzyme engineering include rational designing, semi-rational 

design, DNA shuffling, structure base design and directed (molecular) 

evolution, random mutagenesis, cell surface display technique, etc. Let us 

discuss some of the main strategies for protein engineering i.e. directed 

evolution, rational protein design, semirational design, etc. 

Directed Evolution 

Directional evolution is a new approach of enzyme engineering, which 

includes random mutagenesis and high throughput screening (HTR). In this 

method, gene is subjected to multiple rounds of mutagenesis (creating a 

library of variants) followed by selection (expression of those variants and 

isolation of ones with the preferred function) further followed with amplification 

(production of a pattern for the subsequent rounds). 

The engineering could be accomplished by three major methods: (1) randomly 

recombining a set of related sequences (e.g., DNA shuffling) to allow 

recombination between existing genes for related enzymes. This technique is 

used to develop drugs, dyes and fragrances. Enzymes can be produced in 

large numbers using this technique. (2) Introduction of random changes in 

single protein sequences (point mutations by chemical mutagens or error 

prone PCR) or insertions and deletions (using transposons); this method 

involves mutagenesis and selection for improving the specific property of 

enzyme. Example includes Xanthine dehydrogenase enzyme that oxidizes 2 

hydroxy purine at position 8 but a mutant shows oxidation at position 6 of 2 

hydroxypurine. Lactate dehydrogenase can be modified to malate 

dehydrogenase by a natural mutation leading to single amino acid substitution 

(Gln102-Arg) (3) screening of coding genes. Each coding gene is 

being expressed and assayed for the quantitative measurement of the activity 

Most of the mutations are lethal therefore libraries of mutants tend to have 

variants with reduced activity. High-throughput assays is required for 

measuring activity to find the exceptional variants with valuable mutations that 

has the desired or improved properties. Two types of method are used for the 

detection and isolation of functional variants. Selection systems directly pair 

protein function to gene survival, whereas screening systems individually 

assay each variant and permit a quantitative threshold to be set for sorting a 

variant or population of variants of a desired catalytic activity. Both selection 

and screening can be performed in living cells (in vivo evolution) or carried out 

directly on the protein or RNA without any cells (in vitro evolution) 
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It is necessary to know the detailed information of protein, such as the amino 

acid sequence, structural, and the active site, and the thereafter the scope of 

application could be expanded. However, procedure of directed evolution 

would obtain huge number of mutants, which need to be further screened by 

several rounds. Hence, this procedure is time consuming and laborious for 

further high-throughput assays. 

Rational Protein Design 

Several important developments such as availability of database of protein 

structure, sequences and functions have made it possible to arrange proteins 

in family trees and to understand their functions. These developments are 

proving very helpful for protein engineering. In the rational design process, 

amino acid sequences are mutated by specific blue print based on the 

comprehensive information of the protein (structure function relationship) 

which is applied by mutations using site directed mutagenesis to the change 

the specific amino acids of the protein through substitution, insertions, or 

deletions. Rational protein design process includes recombination-dependent 

exponential amplification PCR, homologous recombination, and point 

mutation. Lately rational protein design has been applied to improve the 

catalytic activity and stability of natural enzyme protein, substrate 

specificity, coenzyme specificity, enantio selectivity, expression level and new 

catalytic functions. The rational design is universal, fast and also one of the 

highly successful enzyme engineering methods, but the design relies on the 

profound understanding of the structure-function relationship of protein 

structure. This method has the prospective to be developed into algorithms 

that can quantitatively envisage the act of the designed sequences. Important 

examples include engineering of membrane bound di-iron enzymes having 

activities like hydroxylase, epoxidase and conjugase activities during fatty acid 

biosynthesis in plants. Four amino acid substitutions convert a desaturase to 

hydroxylase and six substitutions convert a hydorxylase to desaturase 

Semirational Design 

This type of protein engineering method coalesce the benefits of directed 

evolution with rational protein design to generate smaller libraries based on 

the known information of protein (biochemical, structural data, etc.). Semi-

rational approaches of enzyme engineering target numerous precise amino 

acid residues to mutate on the basis of previous available structural or 

functional information to produce 'smart' libraries that are more likely to give 

positive results. The approach is highly beneficial when no HTS is available. In 

such a scenario a smart library can be built with same number of mutants than 

with a random whole gene mutagenesis. Experimental and computational 

methods offer efficient sampling of mutations that can affect enzyme function 

with remarkable improvements in substrate selectivity and specificity and in 

the de novo design of enzyme activities within scaffolds of known structure. 

The combinatorial active-site saturation test (CAST) is one of the extensively 

used technology for the semi rational design that employs the information from 

structural data to identify the specific amino acids (e.g., active site) for 

mutation by random mutation or/and site-saturation mutagenesis. 
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Gene Fusion 

In this technology, poly functional mutienzymes can be generated by joining of 

structural genes or two or more enzymes. The translational stop signal at 3’ 

end of first gene is removed and ligated in frame to ATG start codon of the 

second gene. Short linkers can also be used sometimes. The novel chimaeric 

gene has a single polypeptide chain carrying active sites of both genes. The 

gene fusion may involve a) monomeric enzymes b) monomeric and dimeric 

enzyme c) two dimeric enzymes. Examples include gene fusions of 

galactosidase-galactokinase, galactosidase-galactose dehydrogenase 

(Fig.13.4). 

 

Fig.13.4: Reactions catalyzed by bifunctional enzyme constructs a) 

galactosidase-galactokinase  b) galactosidase-galactose 

dehydrogenase. 

In conclusion, enzyme engineering has been developed as a promising tool 

and technology to improve the properties of native enzymes and plays an 

important role in the application of industry. 

Chemical modification of enzymes 

We all know that protein can undergo post translational modifications. In 

proteins or enzymes such modifications can causes change in stability, 

integrity, altered solubility and reactivity. The in vitro alterations may 

sometimes be able to generate variant enzyme or entirely new enzyme by 

creating new active sites or altering the existing ones. Some of the examples 

are: 
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a) Enzyme-PEG conjugates: Enzyme L-asparaginase is toxic with active for 

only 18 hrs. However, L-asparaginase from E.coli can be altered by 

polyethylene derivatives to generate PEG-asparaginase conjugates. 

These conjugates differ from original enzyme as they retain 52 % of 

catalytic activity, resistance to proteolytic degradation and the variant 

enzyme does not cause allergy. So, this enzyme is more useful to treat 

malignant tumors than the native enzyme. 

b) Alteration of proteases to peptide ligases: Peptide ligation to native 

enzymes leads to high specificity and stereo selectivity and suppress 

side reactions. 

c) Production of site specific nucleases: Fusion of non-specific 

phosphodiesterases to oligonucleotides of defined sequence can 

generate site specific nucleases. This approach can be used for the 

production of artificial restriction enzymes. 

Hybrid Enzymes 

Genetic engineering approaches have made it feasible to generate hybrid 

enzymes. In these enzymes, each enzyme holds portions of two or more 

enzymes thus increasing the prospective uses of natural enzymes. The 

alterations include non-catalytic and catalytic properties of enzymes to 

produce hybrid enzymes. These novel enzymes are produced by 

1) Single point mutation or by substitution of secondary structure from one 

enzyme to other enzyme 

2) Transfer or exchange of a secondary structure element or a monomeric 

unit of multimeric enzyme with other enzyme 

3) Fusion between two enzymes having separate and distinct activities. 

Hybrid enzymes are being used for biosynthesis of group of secondary 

metabolite called polyketides acquired through repeated condensation of 

acetyl and malony units to produce compounds like antibiotics, anti cancer 

agents or immune suppressants. 

Artificial enzymes  

Molecules designed and modified to display enzyme-like characteristics are 

called as artificial enzymes. These enzymes have a substrate-binding site and 

a transformation site that are employed for fast binding and conversion of 

substrate molecules into products. They may mimic the catalytic ability and 

specificity of a well-characterized enzyme or catalyze non-naturally occurring 

chemical reactions using known mechanisms of enzymatic catalysis. The 

benefits of artificial enzymes are that they show faster reaction rate constants 

in comparison to natural enzymes while displaying similar catalytic 

activity. They are more flexible and effective over a range of environment 

conditions such as pH, temp, pressure or ionic strength. Widespread method 

utilized in the production of artificial enzymes involves addition of an adequate 

functional group to macromolecules so that they can mimic the amino 

acid residues in the active site of enzymes.  
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Classically, artificial enzymes bind substrates using receptors such 

as cyclodextrin, crown ethers, and calixarene. Artificial enzymes based 

on amino acids or peptides have increased the field of artificial enzymes 

or enzyme mimics. For example, scaffolded histidine residues mimic 

certain metalloproteins as well as enzymes such as hemocyanin, tyrosinase, 

and catechol oxidase. Some of different types of enzyme mimics are: 

Chemzymes: These are enzyme mimics that employs supra molecular 

structure and artificial, non-protein molecules as host molecules. The 

examples include cyclodextrin-based artificial enzymes and diaminoxanthone-

derived artificial enzymes. 

Synzymes are the synthesized enzymes made from naturally occurring host 

molecules such as oligomers, polymers, and derivatized proteins. 

Nanozymes: Nanozymes are nanomaterials based artificial enzymes having 

enzyme-like characteristics. They have been explored for applications such as 

biosensing, bioimaging, tumor diagnosis and therapy, and anti-biofouling. 

Examples include magnetoferritin (MFt) nanoparticles that mimic peroxidase 

activity. 

Achievements of Enzyme Engineering: Some of the achievements of 

enzyme engineering are as listed below: 

1) T4 Lysozyme: The change in 51st threonine into a proline increases the 

affinity of T4 lysozyme as well its activity by 25 times. 

2) Enzyme xylanase from Thermomyceslanuginosus by error-prone PCR 

led to an increase in its half life from 9 to 25 min under 100 C .  

3) A phenylalanine residue has been involved in the reducing potential of 

protein Cytochrome C in electron transport chain but non essential for 

electron transfer. 

4) Trypsin can be redesigned with altered substrate specificity 

5) Replacement of single amino acid aspartic acid to asparaginase 

decreases specific activity of Dihydrofolatereductase. 

6) T1/2of lipase from Candida antarctica enhances from 2 to 24 h under 

45°C after DNA shuffling. 

SAQ 4SAQ 4SAQ 4SAQ 4    

Do as directed: 

a) Name two approaches for enzyme engineering. 

b) This type of enzyme engineering method combines the benefits of 

directed evolution with rational protein design. Name the method. 

c) Enzyme-PEG conjugate is an example of chemical modification of 

enzyme (True/false).  

d) Nanozymes are nanomaterials  (True/False) 
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13.4 SUMMARY 

Let us summarize: 

• The extensive range of commercial application of enzymes has led to 

strong focus on the immobilization processes. The usage and 

development of advanced techniques of enzyme isolation and 

purification has also paved their way of immobilization to several 

mediums.  

• It is necessary to understand that changes in the physical and chemical 

properties of enzymes are expected during immobilization. The stability 

of enzymes may also be affected. The enzyme-supporting matrix 

interactions generated microenvironment may influence the 

conformational and steric effects of enzyme.  

• There are many types of immobilization methods and several parts of an 

enzyme molecule are targeted for immobilization. Various gels such as 

polyacrylamide and ethylene glycol are used for entrapment of enzymes.  

• A high surface area is provided by fibre entrapment method for enzyme 

binding. Microencapsulation is another method for the immobilization of 

enzyme. Either individually or combinatorial manner, non–covalent 

interactions such as hydrogen, hydrophobic, ionic are used to immobilize 

the enzyme. Carrier binding method of enzyme immobilization is further 

classified into physical adsorption, ionic binding, metal binding or 

covalent binding. Intermolecular cross linking with groups on support 

matrix also helps in enzyme immobilization. 

• Many natural enzymes generally show some limitations, such as low 

catalytic efficiency, low activity, and low stability, etc. These factors 

normally limited the application of these wild-type enzymes. Enzyme 

engineering could improve the properties of enzyme, and the modified 

enzyme could be applied broadly. Several methods of enzyme 

engineering can be used individually or in combination. 

13.5 TERMINAL QUESTIONS 

1.   What do you understand by statement “Liposomes are well known for 

enzyme microencapsulation”. Explain the concept of 

microencapsulation.  

2. Discuss ionic binding and covalent binding methods of enzyme 

immobilization? 

3.  Elaborate on different types of immobilization by entrapment. 

4.  How cross-linked enzymes are formed? Explain with diagrams. 

5.  Discuss different types of enzyme engineering. 
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13.6   ANSWERS 

Self-Assessment Questions  

1. a) True b) True  c) low 

2.    a) Aminoacylase, Glucoamylase, D-glucose isomerase, pencillinamidase 

and urate oxidase b) True c)  False d) False 

3.    a) covalent dependent, b) pH, ionic strength and temperature, c) 

polyacrylamide gel d) True  

4.  a) rational designing, semi-rational design, DNA shuffling, b) 

Semirational Design c) True d) True 

Terminal Questions 

1. Refer to microencapsulation section of  13.2.2 

2. Refer to covalent and ionic bonding sections of carrier bound enzymes. 

3. Refer to section A of 13.2.2 

4. Refer to section on cross linked enzymes. 

5. Refer to section 13.3 
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