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Abstract
Recent advancement in nanotechnology has provided us diverse nanostructured
materials for wider applications. Nanomaterials are emerging innovative field that
have attracted considerable attention for the enzyme technology. The current
demand is to develop and implement new technologies in order to enhance enzyme
immobilization. The entrapment of enzymes in suitable matrices facilitates
enhanced catalytic activity, stability, catalyst recovery, loading ability and
reusability etc. These unique properties are inevitable and cost effective for large
scale application in industrial biotechnology. The present review delineates some
of these aspects in the field of nanotechnology for enzyme stabilization.
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Introduction
Enzymes are ubiquitous biological catalyst that has remarkable history. The rapid growth in
protein engineering has provided ability to manipulate catalytic activity along with chemo
selectivity, region selectivity and especially stereo selectivity which are of immense
importance for the industrial applications. These generally operate under myriad of mild
physico-chemical conditions. Unlike other conventional chemical catalyst, biological
catalyst catalyzes the chemical reaction with lower activation energy thereby increasing the
turnover number[1]. The wider applications of enzymes for various industrial purposes are
generally hampered due to lower operational stability, recovery and reusability [2]. The
enzymes having enhanced stability, prolonged shelf-life and reusability provide efficient
application with reduced utilization of enzyme [3].These limitations of enzymes can be
overcome by adopting suitable immobilization techniques.
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The immobilized enzymes are more preferred in comparison with their free-counterparts.
The ideal kinetic and biochemical properties of enzymes are coupled with their carrier
molecule having desired chemical and mechanical properties for the efficient
immobilization. These provide higher efficiency, immobilization (%) and operational stability
[4]. Thus, immobilization techniques have paved the way for the successful large scale
commercialization of these environmental friendly biocatalyst. Nelson and Griffin for the
first time discovered immobilization of enzymes when sucrose was hydrolyzed by invertase
absorbed to charcoal surface [5].However, immobilized enzymes are being used since
1966 for the industrial application [6].
Recent breakthroughs in nanotechnology have emerged as a new area of fundamental
sciences. Extensive research has made various nanostructures affordable for the efficient
enzyme immobilization by offering versatile and excellent matrice for the purpose. The
major goal of nano imobilization is to achieve better enzyme recovery, operational stability
and reusability.In current scenario nanoparticles stabilized enzymes are receiving global
attention. In the last couple of years, there are many reports relevant to fabrication of
nanoparticles for the enzyme immobilization [7-10].
With the upsurge of enzyme applications, there is increasing demand for the suitable
enzyme which utilizes inexpensive production techniques [11]. The α-amylase are endoacting glycoside hydrolases which hydrolyzes α-1,4-O-glycosidic bond present in
polysaccharides to produce glucose, maltose and maltotriose units [12]. These are
second most important industrial enzyme which accounts for 30% of the world’s
production. Their major applications are in the starch based industries and in detergent
formulations. Although amylase is immobilized on various matrices, the primarychallenge
is to develop nanoformulation based enzymatic immobilization techniques. So the present
review is intended to discuss some of these aspects of nanoparticles for the enzyme
immobilization.

Methods of enzyme immobilization
In the last few decades, immobilization techniques are rapidly growing but it still needs
some further advancements. The term ‘immobilization’ can be referred as confinement of
enzyme molecules in a certain space with retention in enzyme activity and ease to reuse.
Immobilization reduces the protein contamination of the product. These also provide facile
route for the enzyme separation along with their desired storage and operational stability
[13-16].The enzyme stability is time and temperature dependent. The retention in enzyme
activity through a series of cycles can be attributed to the immobilization processes. The
catalytic activity of enzyme changes according to the support matrices. The properties of
immobilized enzyme may be altered when enzyme and substrate reacts in the
microenvironment as compared to the bulk environment. These changes occurs due to
alteration in the three dimensional structure of protein (enzyme) when linked with the
support matrices [17,18].
In general, there are three principle methods for the enzyme immobilization. This includes
binding of enzyme to suitable support or carrier, cross-linking and entrapment or
encapsulation [19,20], [Fig.1].These approaches of immobilization, possess their own
advantages and disadvantages [21].The binding of enzyme to a support is achieved
through various physical and chemical methods [22].The materials such as activated
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charcoal, alumina, ion exchange resins, hydroxyapatite, silica, chitin, chitosan,alginate
etc., are used for adsorption. In physical method weak interaction (van der Waals forces,
hydrogen bonding and ionic interactions) occur between enzyme and the adsorption
surface [23, 24]. Since covalent binding of the enzyme to the support is much stronger
than an ionic binding, therefore,it prevents leaching of enzyme from the surface [21].
Immobilizing an enzyme via crosslinking is a carrier free process. These involve
aggregation of enzyme molecules to form a large three dimensional structures [25].The
covalent binding generally occurs between enzyme and bifunctional cross-linker such
asglutaraldehyde.The cross-linked enzyme provides poor mechanical stability,
reproducibility and lowretention of activity. However, in recent years cross-linked enzyme
aggregates (CLEA) have emerged as a novelmethod for the carrier free immobilization.

A: Physical adsorption B: Covalent binding C:Crosslinking D: Entrapment
Figure 1: Common methods of immobilization.
Entrapment is caging of enzyme molecules in a network of gel or fibre by covalent or noncovalent bonds [26].The problem of enzyme leakage can be prevented by controlling the
pore size of the polymeric network which allows the free diffusion of substrates and
products [27,28].These provide high enzyme loading, offering cost-effective and fast
process of immobilization with less mass transfer. Entrapment can be achieved by
entrapping an enzyme molecule e.g. via sol-gel matrices. Moreover, the additives such as
polyethylene glycol, polyvinyl alcohol, and albumin play a key role in enzyme stabilization
[29]. Meanwhile, entrapment via nanostructured supports such as electrospun, nanofibers
and pristine materials have provided a wealth of diverse applications [30].

Role of nanoparticles in enzyme stabilization
New frontiers in nanotechnology have manifested their immense role in biotechnological
processes. In comparison with traditional immobilized enzyme carrier, nanostructure
offers stable immobilization. In present era, several nanostructures such as nanotubes,
nanosphere, nanocomposites, nanoparticles [NPs] etc., have received considerable
attention as enzyme carrier. Owing to intrinsic large surface area, extreme small size and
electronicproperties of NPs, offer effective enzyme loading. The nanostructured materials
have great potential to control the environment of enzymes to nanoscale level [21].These
nanoparticles have their profound applications for immobilizing various biomolecules such
as proteins, enzymes, antibodies, and anticancer agents, etc.[31].The present review
reveals the immobilization of amylase onto polymeric and metallic NPs. These
nanoimmobilized enzymes also have various biotechnological applications [Table 1].

Silver Nanoparticles
The noble silver nanoparticles offer diverse applications in optics, electronics, biolabelling, antimicrobials, sensors and catalysts [32]. The Ag-NPs revealed its major
application for the enzyme immobilization which relies on its ideal characteristics
[33,34].There are many reports relevant to amylase immobilized silver nanoparticles. The
amazing silver nanoparticle upon interaction with enzymes facilitated faster hydrolysis of
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starch, for its efficient use in food industries [35].Further, similar report outlined that
interaction of enzyme and Ag-NPs lead to structural changes of protein molecule and its
surface modifications. This entails an increase in catalytic activity due to stabilization of
enzyme on the silver nanoparticles [32]. In the presence of silver nanoparticle the rate of
hydrolysis increases, ensuring that enzyme has successfully immobilized on the surface
of nanoparticles [36]. The polyaniline-assisted Ag nanocomposites are reported for
coupling α-amylase. The nanocomposite immobilized enzymes exhibited high
thermostability with varying pH, large surface area and effective enzyme loading for
starch hydrolysis and their role in food industry [37].

BSA Nanoparticles
Nowadays, bioactive polymeric nanoparticles are deliberately employed for improving
enzyme immobilization. The nanoentrapment of amylase onto BSA matrix offers stable
enzyme system. This favors protection against microbes for its efficient utilization in drug
delivery, food and detergent industries. The encapsulation method was used for bindingαamylase with BSA NPsusing hydrophobic ion pairing (HIP) complexation. The addition of
BSA increases the rate of stabilization with improved stability and particle size to100 nm
[38]. Recently BSA NPs were also used for amylase encapsulation from Cicerarietinum
and Pearl millet. The chemical modification of nanoparticles is achieved by utilizing
glutaraldehyde, almond oil, and n-butanol. The alkaline protease plays a vital role in
controlled and sustained release of enzyme from oil driven emulsified BSA NPs. The
emulsified nanoparticles show elevated encapsulation, storage stability, reproducibility
and thermal stability. Moreover, these ideal properties of amylase encapsulated into
emulsified BSA NPs have their excellent role in detergent formulations [39,40].

Magnetic nanoparticles
Beside various other supports, magnetic nanoparticles are extensively used for the
enzyme stabilization. Application of magnetic nanoparticles has given prominence in
biomedical field for drug delivery, hyperthermia treatment, cell separation, biosensors and
enzymatic assays[41,42] including biocatalyst applications,[43] environmental remediation
etc. The magnetic nanoparticles have certain advantages such as lack of toxicity,
biocompatibility, and most interesting their magnetic properties offering small size
[44].This provides large surface area allowing easy recovery and reusability for the
immobilized enzymes [45].
Currently, many enzymes including amylase are immobilized onto magnetic nanoparticles
[45,46]. Magnetic nanoparticles basedon magnetite (Fe3O4) and maghemite (Fe2O3) are
employed for the enzyme stabilization. The covalently bonded amylase onto Fe3O4
magnetic nanoparticles were used for immobilization via carbodiimide activation. These
covalently attached enzyme and support modification involved multiple reaction steps for
effective enzyme activity [47].The porcine pancreatic α-amylase immobilized onto
magnetic (Fe2O3) NPs enhances the starch hydrolysis. This occurred due to improved
catalytic activity of enzyme bound to magnetic nanoparticle with higher thermal stability
[48].The novel approach is adopted for preparation of magnetic CLEAs of alpha amylase
via amino functionalization of magnetite nanoparticles. These aggregated magnetic
CLEAs are easily separated with efficacy from reaction mixture using magnetic field.
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Efficacious thermal, storage stability and reusability of magnetic CLEAs opens an
alternative way for the stable CLEAs preparation [49].

Silica nanoparticles
The enzymes stabilization on solid supports is of great interest. Among various inorganic
materials, silica are efficiently exploited for enzyme immobilization. The promising
application of α-amylase immobilized on silica nanoparticles in detergent formulation were
achieved with enhanced storage stability. The nm size of silica and similar sizes of
enzyme molecules provided high surface areas, ordered structures, high stability to
chemical and mechanical forces, and resistance to enzymatic attack [50]. The silica and
laponite nanoparticles upon interaction with α-amylase were also used for removing
starch based soil [51].The colloidal silica NPs and functionalization of silica NPs via3aminopropyl is also reported for amylase immobilization [52, 53].

Conclusion
The recent development in nanotechnology has given new opportunities for enzyme
immobilization. Although, the use of chemical catalyst has been replaced by enzymes for
industrial purposes, commercialization of immobilized enzymes is still a limiting factor. For
industrial point of view, reusability and operational stability are key factors for its efficient
application. The extensive array of research on enzyme stabilization has enabled
advanced techniques to face major challenges, such as improved operational stability
and reusability in order to reap maximum advantages.The rigorous efforts are dedicated
for stabilizing various enzymes on nanomatrices. Nanoparticles offers highly efficient
andcost-effective enzyme carrier with promising applications in various industries.The
alpha amylase immobilized onto surface of nanoparticles, offers enhanced storage
stability, thermostability and reusability which promises its potential application in food
and detergent industries.
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Table 1:Application of nanoimmobilized α-amylase

S No.

Type of
nanoparticle
AgNPs

Method of attachment

Polyaniline assisted
AgNPs

Covalent coupling of
enzyme with PANI/Ag
nanocomposite
Encapsulation
(hydrophobic ion pairing
complexation )
Encapsulation

1

2

BSA NPs
3

Stabilizatio+
n of enzyme by thiol
linkage

Applicat
ion
Rapid
degradati
on
of starch
Starch
hydrolysi
s
Starch
hydrolysi
s
Additive
in
washing
detergen
ts
Starch
hydrolysi
s

Reference
[35]

[37]
[38]

4

Coconut oil driven
emulsified BSA
NPs

[39]

Magnetic Fe2O3
NPs

Adsorption

5

6

Si NPs

Physical adsorption

Laundary
detergents

[50]

7

3- aminopropyl
functionalized Si
NPs

Crosslinking

Starch
hydrolysis

[53]

8

Silica and laponite
NPs

Cleaning
performanc
e of
enzyme
toward
starch soil

[48]

[51]
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