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DESCRIPTION

Enzyme immobilization is a biotechnology approach in which
enzymes are confined, attached, or enclosed within a suitable
insoluble material while retaining their catalytic activity. Free
enzymes can perform biochemical reactions efficiently, but their
separation from reaction mixtures may be difficult, particularly
when they are present in small quantities. Immobilization
provides a practical method for recovering enzymes after a
reaction and using them repeatedly. This characteristic has
increased the value of immobilized enzymes in food processing,
pharmaceutical ~manufacturing, environmental
biofuel synthesis.
biological catalysts that accelerate specific chemical reactions

treatment,

production and chemical Enzymes are
under relatively mild conditions. Their activity depends strongly
temperature, pH,

concentration and the presence of inhibitors. When an enzyme

on solvent  composition, substrate
is immobilized, its interaction with the surrounding material can
physical catalytic

immobilization method can improve resistance to unfavorable

alter its and properties. A suitable
conditions while maintaining sufficient access to the active site.
The selection of the immobilization technique and support
material is therefore important for obtaining efficient catalytic

performance.

Several approaches are available for immobilizing enzymes.
Adsorption is one of the simplest methods and involves
attaching an enzyme to the surface of a solid support through
weak interactions such as hydrogen bonding, ionic interactions,
hydrophobic forces, or van der Waals interactions. Materials
used for adsorption include silica, activated carbon, polymers
and certain mineral surfaces. The method generally requires
relatively simple processing and can preserve enzyme structure
because strong chemical modification may not be necessary.
However, weak attachment can sometimes result in enzyme
release during prolonged operation.
provides stronger association between an enzyme and its

Covalent attachment

support. In this approach, functional groups on the enzyme
the
supporting material. Amino, carboxyl, sulthydryl and hydroxyl

interact chemically with reactive groups present on
groups can participate in different coupling reactions. Covalent
reduce enzyme during repeated
processing and may provide good operational stability. Excessive

chemical modification, however, can reduce catalytic activity if

immobilization can loss

important structural regions near the active site are affected.

Entrapment is another widely used technique. In this method,
enzymes are enclosed within a porous matrix that allows
substrates and products to move through the material. Calcium
alginate, polyacrylamide, silica-based matrices and other polymers
can be used for this purpose. Entrapment can protect enzymes
from direct exposure to certain environmental conditions while
allowing catalytic reactions to occur inside the matrix. The size
and distribution of pores are important because large substrates
may diffuse slowly through dense materials. Encapsulation
involves enclosing enzymes within a membrane or semipermeable
structure. The membrane allows selected molecules to pass while
retaining the enzyme inside the compartment. This arrangement
can provide physical protection and facilitate enzyme recovery.
Encapsulated enzymes are useful when the catalyst needs to
remain separated from the bulk reaction mixture while substrates
and products can still move between the internal and external
environments.

Cross-linking represents another method in which enzyme
molecules are connected to one another through chemical
bridges. Cross-linked enzyme aggregates can be prepared without
requiring a conventional solid support. This approach can
produce catalyst particles containing a high proportion of
enzyme. Such preparations can display improved resistance to
washing and may be suitable for repeated use. The cross-linking
conditions must be controlled carefully because excessive
chemical modification can affect enzyme conformation and
activity. The choice of support material strongly influences

Correspondence to: Hiroshi Tanaka, Department of Biochemical Engineering, Kyoto International University, Kyoto, Japan, E-mail:

hiroshi.tanaka@kiu.jp

Received: 29-Aug-2025, Manuscript No. JMBT-25-32549; Editor assigned: 01-Sept-2025, PreQC No. JMBT-25-32549 (PQ); Reviewed: 15-Sept-2025,
QC No. JMBT-25-32549; Revised: 22-Sept-2025, Manuscript No. JMBT-25-32549 (R); Published: 29-Sept-2025, DOI: 10.35248/1948-5948.25.17.656

Citation: Tanaka H (2025). Enzyme Immobilization: Improving Biocatalyst Stability and Reusability for Industrial Applications. ] Microb Biochem

Technol. 17:656.

Copyright: © 2025 Tanaka H. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

] Microbial Biochem Technol, Vol.17 Iss.3 No:1000656



Tanaka H

immobilized enzyme performance. An ideal support should
provide suitable surface characteristics, chemical compatibility,
mechanical stability and sufficient accessibility for substrates.
Silica, cellulose, agarose, chitosan, synthetic polymers, magnetic
particles and porous ceramics are among the materials used in
enzyme immobilization. Natural polymers can offer useful
biological compatibility, while synthetic materials can provide
adjustable chemical and physical properties.

Mass transfer is an important consideration in immobilized
enzyme systems. In a free enzyme solution, substrates can
directly interact with enzyme molecules. After immobilization,
substrates must move through the surrounding medium and
sometimes through pores within the support before reaching
catalytic sites. Products must then travel away from these sites. If
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diffusion is slow, the observed reaction rate may decrease even
when the immobilized enzyme itself retains substantial catalytic
activity. Particle size, pore structure, enzyme loading, agitation
and  substrate influence  this
Immobilization can also affect enzyme stability. Enzymes may
lose their
temperatures, unsuitable pH conditions, organic solvents, or

properties  can process.

active structure when exposed to elevated
mechanical stress. Attachment to an appropriate support can
restrict excessive molecular movement and provide a more
favorable microenvironment. As a result, certain immobilized
enzymes can maintain activity for longer periods than their free
counterparts. The extent of this improvement varies according
to the enzyme, support, attachment method and reaction

conditions.
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