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A B ST R AC T

I

n this study, a novel enzyme system based on ferritin nanocages was designed.
α-Amylase was covalently crosslinked on surface of ferritin nanocages by EDC/NHS.
The activity of immobilized enzyme was monitored by using UV-vis spectrophotometer.
The optimum temperature of immobilized enzyme shifted from 50 oC to 70 oC due to the
ferritin nanocages. In addition, The Km and Vmax values of immobilized enzymes were
5.19 mg mL -1 and 3.3x10 -5 U mg-1, respectively. This novel enzyme system displayed
higher catalytic activity and enhanced stability.
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INTRODUCTION

I

n recent years, the combined use of chemistry,
biology and nanotechnology has made significant
contributions to the field of medical diagnosis
and treatment. For example, quantum dots or
fluorochrome-linked macromolecules have been
developed as cell and tissue imaging materials. Iron
oxide nanoparticles have also been developed for use
as biomedical applications, such as hyperthermia,
cancer diagnosis and therapy, and as a contrast agent
in magnetic resonance imaging (MRI). However,
these nanostructures, which have been subjected
so much research on them, they have toxic effects.
For this reason, the search for biocompatible
nanomaterials in diagnosis and treatment of diseases
has become intense. Protein lattices such as ferritin
and virus capsules (protein layer outside the virus)
are versatile nanoscale perfect architectures that
allow both genetic and chemical modification.
Nanoscale protein architects with multiple
functionalities have a good potential, especially
in medical imaging and treatment fields. Protein
lattice structures have different subunits that can
be used as the interface between the inner and outer
and subunits. The subunits can be easily modified
genetically and chemically to demonstrate versatile
functionality. Ferritin is a very large iron storage and
detoxification protein found in many organisms [1,2].
In nature, ferritins are filled with iron. Ferritin is a
natural nanocage and also ready to be combined with
biomolecules for preparing nanobiosensors. Thus,

biomedical applications have a promising potential
for sensitive and robust bioassays. Based on these
properties, ferritin is not only due to its inherent nanosize and nanostructure, but also by its high stability
and specific structures [3-9]. In addition to these
superior properties, nanotecnology researchers have
found that nanosized biomaterials such as ferritin,
apoferritin in biomedical field, such as diagnosis and
treatment of diseases because they are biodegradable,
biocompatible and non-toxic properties [10-12].
In this study, it is aimed to developed ferritin
nanocage-based platform to construct an enzyme
system. To prepare this system, α-amylase enzyme was
covalently crosslinked on the outer surface of the ferritin
nanocages. The activity of this novel enzyme system was
investigated for different temperatures and substrate
concentrations using UV-vis spectrophotometer.

EXPERIMENTAL

Materials

All chemicals were used for the preparation enzyme immobilization ferritin nanocages. Ferritin nanocages Type I: From Horse Spleen and α-amylase
(E.C.3.2.1.1, 47 kDa) were obtained from Sigma.

Enzyme immobilization
To immobilize α-amylase onto the ferritin nanocages,
firstly, ferritin nanocages were suspended in
phosphate buffer solution ( pH 7.4) by ultrasonic bath

Figure 1. TEM images of a) ferritin nanocages b) enzyme immobilized ferritin nanocages

during 45 min. Then, α-amylase was also preactivated
with EDC:NHS (1:1, w:w) and in phosphate buffer
solution for 30 min, and added to the ferritin nanocage
suspansion, and stirred at room temperature for 4 h
with constant shaking. The enzyme immobilized ferritin
nanocages were washed with the buffer solution. Finally
re-dispersed in phosphate buffer solution (pH 7.4). After
redispersed in PBS (pH 7.4) enzyme immobilized ferritin
nanocages were kept at +4 °C until further use.

onto the ferritin nanocages via EDC/NHS. The TEM
characterization results were summarized Fig. 1a.
Fig. 1a demonstrated the TEM images of bare ferritin
nanocages. The bare ferritin nanocages were uniform size
and no exhibited agglomeration in Fig. 1. Their average
diameters 13.7 ± 0.54 nm. With the enzyme immobilized,
the ferritin nanocages well dispersed with an average
diameter 17.3± 0.82 nm was determined in Fig. 1b.
Enzyme immobilization was accomplished via
reacting a constant concentration of ferritin nanocages
with a fixed concentration of enzyme solution. α-amylase
enzyme was preactivated by EDC/NHS in solution before
it was linked on the ferritin nanocage surfaces. Finally,
α-amylase enzyme was immobilized on the surface of the
ferritin nanocages by reacting between the amino groups of
nanocages and carboxyl groups of enzyme. The efficiency
of immobilization was determined to be 97.3%. This result
indicated that, binding process was successful.

Immobilization experiments
The activity of α-amylase was determined via examing
the reduction of starch in different conditions. The
concentration of substrate was determined via UV-vis
spectrophotometer at 560 nm.
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Immobilization efficiency was determined by using the
Eq.1:
Immobilization efficiency = 1-([enzyme]upper phase/
[enzyme]initial)				
(1)

Thermal stability of immobilized α-amylase was

Where [enzyme]supernatant is the enzyme concentration
in the upper phase and [enzyme]initial is the initial
concentration of the enzyme.

Characterization
TEM investigation was performed using a JEOL 100CX
instrument working at 120 kV. UV-vis absorbances were
determined by a Shimadzu UV-2450 spectrophotometer
at room temperature.

RESULTS AND DISCUSSION

Preparation of novel enzyme system

Figure 2. Effect of temperature on free and immobilized enzyme
activity

Firstly, α-amylase enzyme was covalently crosslinked
116

Table1. Kinetic parameters of free and immobilized enzymes
Vmax
U mg-1

free enzyme

2.63

10.6x10-5

immobilized enzyme

5.19

3.3x10-5

compared with the free enzyme at different temperatures
(20-90 oC). The results were showed in Fig 2.
Free enzyme very stable and can be incubated at 50
o
C. Optimum temperature of immobilized enzyme was
changed from 50 oC to 70 oC. As a result, immobilized
enzyme more resistant to heat than the free enzyme. It
can be probably ferritin nanocages were enhanced enzyme
activity at higher temperatures. Moreover, it can be the
hydration layer around the ferritin nanocages prevented the
thermal denaturation of the enzyme.

Figure 4. The reusability of immobilized enzyme

the results, the immobilization process and the ferritin
nanocages increased the storage stability and durability of
immobilized α-amylase.
The reusability of immobilized enzyme is very
important feature for their large-scale applications. The
reusability of immobilized enzyme was measured for 10
reuse in 1 day. (Fig.4)

Kinetic parameters of free and immobilized enzymes
were determined by using the Michaelis-Menten equation.
The results were summarized in Table 1.
The Km values of free enzyme and immobilized
enzymes were 2.63 and 5.19 mg mL-1, respectively. The
Vmax values of free enzyme and immobilized enzymes were
found to be 10.6x10-5 and 3.3x10-5 U mg-1, respectively. The
Km value of immobilized enzyme higher then the free
enzyme .It can be due to the changes in the conformation of
the enzyme molecules after the immobilization and it may
be increased enzyme activity [13].

In Fig. 4, after 10 reuses immobilized enzyme protected
about 93% of the initial activity. This result showed that
there was no significant loss after the 10 reuses. Therefore
the ferritin nanocages can be reused and they could be an
economic platform for enzyme immobilization.

CONCLUSION
A novel enzyme system was developed by using
natural protein cages. Model enzyme α-amylase
was covalently immobilized onto the nanocages and
optimum immobilization conditions were determined.
The immobilized enzyme showed better temperature
resistance than the free enzyme. In addition, storage
stability of immobilized enzyme was excellent when
compared the free enzyme. These results can be
attributed to the ferritin nanocages. As a result, ferritin
nanocages are very important platforms for enzyme
immobilization because of their enzyme mimic activity.

Generally, enzymes may lose their activities due to
environmental conditions. So that it is important their
storage stability for industrial usage. In order to determine
the storage stabilities of free and immobilized α-amylase
enzyme, which were kept in phosphate buffer solution (pH
7.4) at +4 oC. Their activities were investigated in every 5
days during 30 days. (Fig. 3)
Free enzyme was lost its about all initial activity within
15 days but immobilized enzyme preserved about 96 % of
the initial activity. After 30 days, the immobilized enzyme
retained about 84 % of the initial activity. According to
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