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Abstract — Immobilized enzymes are widely used fo
variety of applications. Based on the type ofpgplication,
the method of immobilization andsupport material can
be selected’he immobilized enzymes can be separated frol
the reaction mixture and reused and also immalized in
order to prevent the enzyme from being expode to
harsh conditions. High temperature, surfactants, and
oxidizing agentsused in food industry, pharmaceutical
industry bioremediation, detergent industry. Enzyne
immobilization improves the operational stabiliy and is
also due to the increased enzyme loading whiccauses
the controlled diffusion. Seveal hundreds ofenzymes art
immobilized and used for variousindustries.
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Applications of Techniques.

|. INTRODUCTION

The term immobilized enzymes refers to "enzy
physically confined or localized in a certain definregior
of space with retention of their catalytic actietj anc
which can be used repeatedly and continuou
Immobilized enzymes are currently the bject of
considerable interest because of their advantages
soluble enzymes. In addition to their use in indak
processes, the immobilization techniques are tlsés Har
making a number of biotechnology products v
application in diagnostics, daffinity chromatography
and biosensors. At the beginning, only immobilizatgle
enzymes were used, after 1970s more complex sy:
including twoenzyme reactions with cofactor regenera
and living cells were developed. The enzymes cal
attached d the support by interactions ranging fr
reversible physical adsorption and ionic linkagestable
covalent bonds. Although the choice of the n
appropriate immobilization technique depends on
nature of the enzyme and the carrier, in the lasrs the
immobilization technology has increasingly becom
matter of rational design. As a consequence of rag:
immobilization, some properties such as catalytitivay

or thermal stability become altered. These effdwige

been demonstrated and exted (Aehle, 2007). The
concept of stabilization has been an important iclgi

force for immobilizing enzymes. Moreover, tr

stabilization at the molecular level has been destrated

e.g., proteins immobilized through multipoint ccesat

binding.

Enzyme immobilization is confinement of enzyme t
phase (matrix/support) different from the one
substrates and products. Inert polymers and inds¢
materials are usually used as carrier matricesrtApam
being affordable, an ideal matrix must compass
characteristics like inertness, physical strengand
stability, and regenerabilityability to increase enzyn
specificity/activity and reduce product inhibitic
nonspecific adsorption and microbial contamina
Immobilization (Cao,2005).

[l. DIFFERENT TECHNIQUES USED FOR
| MMOBILIZATION

Affinity Immobilization Affinity immobilization
exploits specificity of enzyme to its support un
different physiological conditior

It is achieved by two ways: either the matrix
precoupledto an affinity ligand for target enzyme or 1
enzyme is conjugated to an entity that developmigff
toward the matrix. Affinity adsorbents have alsemesec
for simultaneous purification of enzymes (Gale, 409

Complex affinity supports like alki stable chitosan-
coated porous silica beads and agelinked multilayered
concanavalirAharbor higher amounts of enzymes wk
lead to increased stability and efficien

Bioaffinity layering is an improvisation of th
technique that exponentially ireases enzyme-binding
capacity and reusability due to the presence of-
covalent forces such as coulombic, hydrogen bondiag
der Waals forces, (Langmuir and Schaefer, 1938
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Adsorption Enzyme adsorption results frc
hydrophobic interactions arglt linkages where either tl
support is bathed in enzyme for physical adsorptiothe
enzyme is dried on electrode surfaces. Adsorbegnesg
are shielded from aggregation, proteolysis and-éaiion
with hydrophobic interfaces (Nelson and Griffin,16).
Researchers have used ddendly supports like cocont
fibers having good watdrelding capacity and high catic
exchange property; microcrystalline cellulose v
irreversible binding capacity; kaolin with high emnze
retainability by chemical acetylation; ar
micro/mesoporous materials having thiol functionedi,
large surface area ideally suited for rction and
oxidation reactions.

Covalent Binding : Covalentassociation of enzymes
supports occurs owing to their side chainno acids like
arginine, aspartic acid, histidine and degree attigity
based on different functional groups like imidaz
indolyl, phenolic hydroxyl, etc. Pepti-modified surfaces
when used for enzyme linkage results in higher ifipe
activity and stability withcontrolled protein orientatio
(Grubhofer and Schelth, 1953)Cyanogen bromide
(CNBr)-agarose and CNBr-activat&tpharose containir
carbohydrate moiety and glutaraldehyde as a spate
has imparted thermal stability to covalently bou
erzymes. Highly stable and hyperactive biocatalystgel
been reported by covalent binding of enzymes toasiel
carriers modified by silanization with eliminatioof
unreacted aldehyde groups and to 15 supports
containing cage-like pores lined by E moietie.

Crosshinking of enzymes to electrospunnanofibers
shown greater residual activity due to increasedase
area and porosity (Harkins and Foi940.

Entrapment : Entrapment is caging of enzymes
covalent or norcovalent bonds withingels or fibers.
Efficient encapsulation has been achieved withnalig—
gelatinealcium hybrid carriers that prevented enz)y
leakage and providedncreased mechanical stabil
(Barnet, 1959) Entrapment by nanostructured supp
like electrospunanofibers and pristine materials h:
revolutionalized the world of enzyme immobilizatiaith
their wideranging applications in the field of fir
chemistry, biomedicine biosensors aiofuels (Mosbach,
1966). Prevention of friability and leaching a
augmentation of entrapment efficiency and enz
activity byCandida rugosa lipase entrapped in chitos
have been reported. This support has also beemnte€po
be nontoxic, biocompatible and amenable to chem
modification and highly affinitive to |otein due to its
hydrophilic nature Entrapment by mesoporous silica
attributed to its high surface area, uniform
distribution, tunable pore size and high adsorg
capacity (Bernfel and Wan, 1963).
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I1l. NovEL METHOD FOR | MMOBILIZATION OF
ENzYMES TO MAGNETIC NANOPARTICLES

The value of coupling biological molecules such
enzymes to solid materials has long been recognize
date, protein immobilization onto such surfacesem
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involves covalent coupling, encapsulation, or-specific
adsorptiortechniques. Here we demonstrate the feasit
of specifically attaching a haloalkanedehalogemassyme
to silicacoated or uncoated iron oxide superparamag
nanoparticles using affinity peptic (Riaz and Anwar,
2009).The unique physical propert of nanoparticles are
allowing their application in many fields such
biomedicine. Sensorn development water purifice and
environmental remediation Superpara magnetism
magnetic nanoparticles (MNPs) is a =-dependent
property that is wuseful for pplications requiring
manipulation of MNPs by an external magnetic fi@dch
particles do not retain any residual magnetism dihex
magnetic field is removed. By coupling the unic
electrical, optical, and magnetic properties
nanoparticles with thespecific recognition or catalyt
properties of biomolecules, many novel biotechgical
applications have emerged (Tischer and Wedeking2).
The large surface-area-tmlume ratio of a nanopartic
allows it to serve as an efficient carrier of bidecules.
This feature has resulted in the development of yn
biomolecule-nanoparticle (biNP) hybrids for biomedice
applications in the diagnosis and localized treatnef
disease.

Enzymes have long been used in industry as cad:
for catabolic proceses or for the production of speci
chemical enantiomers. MN&hzyme conjugates (MMES)
represent a specific class of -NP conjugates that are of
great interest for biotechnological applicationsevenhigh
catalytic specificity, prolonged reaction e, and in some
cases the ability to recycle an expensive biocstaly
required. Inaddition, magnetic field susceptibiltsovides
a mechanism for efficient recovery of the enzymmpiex
from reaction products, which is especially impottan
the pharrmaceutical industry where enzyme contamina
of the final product can cause detrimental sideeati
(Salis, PinnaMonduzzi and Solinas, 20(. Xenobiotic
chemical degrading enzymes attached to MNPs alkb
potential for use in novel na-remediation technologies
that will allow precise delivery (using electromatjo
probes) of the MNH= conjugate to the contaminant sou
in locations such as aquifers while enabling recpend
reuse of the MNHEs. The fate of biomolecules in natu
or human-controld environments (e.g., sewage treatn
plants, aquifers, or soils) could also be tracedamging
the biomolecules with MNP&Sakai, Yuping, Yamaguct
Watanabe, Kawabe, and Kawakami, 2(.

V. APPLICATION OF THE |MMOBILIZED
ENzYMES

Biomedical Application : mmobilized enzymes ar
used in medicine from 1990 immobilized enzgnae
used for diagnosis and treatment of diseasesthe
medical field. The inborn metabolic deficiencgan be
overcome by replacing the encapsulatnzymes (i.e.,
enzymes encapsulated by erythrocytes) instdadiaste
metabolites, the RBC acts as a carrier for the exogs
enzyme drugs and the enzymes are biocompatat
nature, hence there is no immune resf (Mendes,
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Giordano and Castro, 2011)The enzyme encapsulatic
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through the electroporation is a easiest way
immobilization in the biomedical field and its a
reversible process for which enzyme can

regenerated.The enzymes when combined with
biomaterials it provides biological and function
systems. The biomaterials are used in tisengineering
applicationfor repair othe defect. The advantage of -
enzyme immobilization in biomedical is thdiet free
enzymes are consumed by the cend not active for
prolonged use, hence the immobilized enzymes rey
stable, to stimulate the growth and to repadr tdefec
(Bergmann and Sanik, 1957).

Food industry Applicationn food industry, the
purified enzymes are used but during the fmation
the enzymes will denaturedence th immobilization
technique makes the enzymes stable.The immobi
enzymes are used for the producticof syrups.
Immobilized beta-galtzosidase used fldactose hydrolysis
in whey for the production of baker’'s ye. The enzyme
is linked toporous silica matrix through coval linkage.
This method is not preferably usdde tc its cost and the
other technique developed by Valic198(, the enzyme
galactosidase was linked to resifood grad) through
cross linking. This method was uséor the various
purposes such as confectionaries and iceci (Bruce
andSen, 2005).

Biodiesel Production : Biodieselis monoalkylesters ¢
long chain fatty acids. Biodiesel is produced throug
triglycerides (vegetable gianimal fat) with esterificatio
of alcohol (methanol, ethanolin the presence of tt
catalyst. The production of catalyst is a drvaek of
high energy requirements, recovef glycerol and sid
reaction which may affect the pollution. Hence
biological production of liquid fuel with lipase
nowadays has a great consideration with @idr
improvement(Fernandes, Queiroz and Abraham, 2! .

Lipase catalyses h¢ reaction with less ener(
requirements and mild conditions required. Bhe
production of lipase is of high cost, hendhe

immobilization of lipase which results in eged use
and stability. The immobilization of ase includes
several methods entrapment, encapsulation, trssg,
adsorption and covalent bonding.

V. PROPERTIES OF IMMOBILIZED ENZYMES

The stability of the immobilized enzymes is baser
the temperature and tim&he activity of the enme is
retained throughout series of cycles. Due
immobilization, the properties of enzymes will beeged
such as catalytic activity with respect toe tsuppor
matrix. The change in the enzyme properiiesthe
immobilized enzyra is due to the enzyme and
substrate reacts in the microenvironment whiist
different from the enzyme substrate reaction in fiék
solution environmenfTratnyek and Johnson , 20. The
change is also due to the change in three
dimensional conformation of the protein whenkéd
with the support matrixThese conformation changes
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are to a lesser extent arthese chang' occur in the
limited enzyme systentshzyme immobilization improve
the operational stabilitand is also due to the increas
enzyme loadingrhich causes thecontrolled diffus. The
stabilization as a result of, number of bonidrmed
between the enzyme and the support matrikemithe
immobilized enzyme acts on the mimolecular
substrates, active site of the enzymes dussable to
access with the substrates, hence the enzyras Its
activity (Whitesides and Grzybowski, 200:;

VI. CONCLUSION

Enzyme immobilization is widely exploited technigine
various industries food industry, pharmaceut
industry, bioremediation, detergent industryextite
industry etc. This method is used due to its tezdirand
economical advantage. Lariqnumber of enzymes have
been immobilized and used in various largeales
processes. This Stabilization method caner the cost of

the enzymesEnzyme immobilization provides operatic
stability to enzymes.
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