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What is Immobilization?

• Immobilization of enzymes (or cells) refers to the
technique of confining/anchoring the enzymes (or
cells) in or on an inert support for their stability and
functional reuse.

• The support or matrix on which the enzymes are
immobilized allows the exchange of medium
containing substrate or effector or inhibitor molecules.

• The practice of immobilization of cells is very old and
the first immobilized enzyme was amino acylase of
Aspergillus oryzae for the production of L-aminoacids
in Japan.



Support/ matrix used for immobilization  

• The matrix holds the enzyme/cells.
• The matrix used should be cheap and easily

available.
• Their reaction with the product should be minimum.
• Various types of matrix are used and the major

category includes:
– Natural polymers
– Synthetic polymers
– Inorganic materials



Natural Polymers
• ALGINATE: Derived from algal cell wall (calcium or

magnesium alginate)
• CHITOSAN AND CHITIN: Used for enzyme attachment; binds

to the free -OH group
• COLLAGEN: Protein derived
• CARRAGEENAN: A sulphated polysaccharide obtained from

algae
• GELATIN: Partially hydrolysed collagen with high water

holding capacity.
• CELLULOSE: Cheapest support available
• STARCH: Good water holding capacity
• PECTIN: Good water holding capacity



Synthetic Polymers

• They are ion exchange resins or polymers
• They are insoluble supports with porous

surface
• The porous surface trap and hold the

enzymes/cells
• Examples:

– DEAE CELLULOSE
– POLYVINYL CHLORIDE
– UV ACTIVATED POLYETHYLENE GLYCOL



Inorganic Materials



Methods of Immobilization



Adsorption



...Adsorption



Covalent Bonding

• Involves the formation of covalent bonds 
between enzyme/cell and support 

• Widely used method for enzyme 
immobilization 

• Chemical bonds in enzymes that forms 
covalent bonds with support are:
– Amino groups and imino groups 
– Hydroxyl groups 
– Carboxyl groups 
– Thiol groups and methylthiol groups 
– Guanidyl groups and imidazole groups 
– Phenol rings 



Support Materials for Covalent Bonding
• Carbohydrates:

– Cellulose,
– DEAE cellulose,
– Agarose

• Synthetic agents:
– Polyacrylamide

• Amino group bearing carriers:
– Amino benzyl cellulose

• Inorganic carriers:
– Porous glass,
– Silica

• Cyanogen bromide:
– CNBr-agarose
– CNBr-sepharose

• Protein carriers:
– Collagen
– Gelatin



Methods of Covalent Bonding 

• DIAZOATION: Bonding between amino group of
support and tyrosil or histidyl group of enzyme

• PEPTIDE BOND: Between amino and caboxyl groups
of support and enzyme

• POLY FUNCTIONAL REAGENTS: Use of a bi-functional
or multifunctional reagent like glutaraldehyde which
forms a bonding between the amino group of the
support and the amino group of the enzyme



...Covalent Bonding
Advantages of covalent bonding method
• Strong linkage of enzyme to the support
• No leakage or desorption problem
• Comparatively simple method
• A variety of support with different functional groups.
• Wide applicability
Disadvantages of covalent bonding method
• Chemical modification of enzyme leading to functional

conformation loss.
• Enzyme inactivation can occur due to conformation changes

when undergoes reactions at active site.



Entrapment
• Cells/ enzymes are physically entrapped in a matrix.
• Bonds involved can be covalent or non covalent.
• Matrix used will be a water soluble one.
• Pore size of matrix is adjusted to prevent the loss of enzymes.
• Pore size can be adjusted with the concentration of the polymer used.
• Agar-agar and carrageenan have comparatively large pore size.
• It has not much application in industrial level
• Easy to practice at small scale level
• Examples of matrix:

– Polyacrylamide gels
– Cellulose triacetate
– Agar
– Gelatin
– Carageenan
– Alginate



Methods of Entrapment

• Inclusions in gel: Cells/enzymes are trapped in GEL
• Inclusions in fibres: Cells/enzymes are supported on

fibre matrix
• Inclusions in microcapsules: Cells/enzymes are

trapped in microcapsules formed by monomer
mixtures such as polyamine, calcium alginate etc.



...Entrapment



Cross linking (Copolymerization)
• In this method enzymes are directly linked

by covalent bonds between various groups
of enzymes via polyfunctional reagents.

• Commonly used polyfunctional groups
includes:
– Glutaraldehyde
– Diazonium salt

• This technique is cheap and simple but not
used with pure enzymes.

• It is widely used in commercial
preparations and industrial applications.

• A disadvantage of polyfunctional group is
that, they may denature the enzyme
leading to the loss of catalytic activity.



Encapsulation
• This type of immobilization is done by

enclosing the enzymes in a membrane capsule.
• The casule will be made up of semi-permeable

membrane like nitro-cellulose or nyon.
• The effectiveness of method depends upon the

stability of enzymes inside the capsule.



Advantages of Immobilized Enzymes



Disadvantages of Immobilized Enzymes



Applications of Enzyme immobilization



Advantages & Disadvantages of Immobilized 
Whole Cells



Applications of Immobilized 
Whole Cells



...Applications of Cell immobilization
• Antibiotics production: The most widely studied system is the production of

penicillin G using immobilized cells of Penicillium chrysogenum.
• The adsorbed cells exhibited maximum specific reaction rates over free-cells.
• It has been reported that the adsorption on celite was five times more

productive than entrapment in carrageenan.
• Organic acids Production: Aspergillus niger is the widely used microorganism

for the synthesis of citric acid.
• The fungal fermentations have serious disadvantage of rising viscosity during

growth, leading to poor oxygen supply to the cells.
• In case of immobilized cells, since growth is restricted, it is possible to

operate the fermentor without affecting the viscosity.
• The methods most widely used for immobilization of A. niger cells are the

entrapment in alginate gels, agarose and polyacrylamide.
• In addition, adsorption on various supports, such as polyurethane foam and

entrapment in hollow fibres.
• Enzymes Production: Aspergillus strains and Bacillus cereus have been

immobilized for the production of glucoamylase and a-amylase enzyme.



Questions
• What is immobilization technique?
• What are the methods used for the immobilization of cells and enzymes of

industrial importance.
• What is the significance of immobilization technology?
• What are the merits and demerits associated with immobilization of cells

and enzymes?
• Write short note on application of:

– Immobilized enzymes
– Immobilized whole cells
– Support materials for cell/enzyme immobilization
– Adsorption method of cell/enzyme immobilization
– Covalent bonding method of cell/enzyme immobilization
– Copolymerization method of cell/enzyme immobilization
– Cross linking method of cell/enzyme immobilization
– Entrapment method of cell/enzyme immobilization
– Encapsulation method of cell/enzyme immobilization
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