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ABSTRACT

The development of simple and reliable technique for the immobilization of enzymes is an important
part of biotechnology. We demonstrate herein the modification of magnetic nanoparticles and its use in
the immobilization of the urease enzyme. Magnetite particles were prepared by simple co-precipitation
method in aqueous medium and then subsequently coated with phosphonomethyl iminodiacetic acid.
Urease was immobilized on the magnetic nanoparticles through a carbodiimide reaction. Surface func-
tional groups and surface composition were analyzed by Fourier transform infrared (FTIR) spectroscopy
and thermo gravimetric analysis (TGA), respectively. The structural characteristics of the powders were
studied by XRD. These modified nanoparticles were characterized by dynamic light scattering (DLS)
and high resolution transmission electron microscopy (HRTEM). Vibration sample magnetometry (VSM)
measurements showed the superparamagnetic nature of the particles at room temperature. The catalytic
activity of the immobilized urease was comparable to that of the free enzyme in solution. The immobilized
urease exhibited excellent catalytic activity over six times successive reuse as well as the stability. By
using immobilization technique on this magnetic nanoparticle it is easy to isolate product from reaction

mixture enabling to control the reaction and simultaneously lowers the cost of enzyme.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Metal oxide nanoparticles, with their potential applications
in the fields of physics, chemistry, biology, and medicine have
attracted increasing research attention from the past decades
because of their interesting physical and chemical properties. In
the recent years, nanosized iron oxide particles have been paid
considerable attention in the fields of biological applications [1-5].
Applications of these magnetic iron oxide nanoparticles not only
cover traditional electrical, optical, magnetic areas but also expand
applications in biotechnologies. Magnetic nanoparticles have been
widely used in the immobilization of enzymes [6], immunoassay
[7], bioseparation [8], biosensor [9], targeted drug delivery [10],
and environmental analysis [11]. It is cheap, non-toxic, biocom-
patible, and easy to prepare. The surface properties of magnetic
nanoparticle allow to functionalize magnetic nanoparticles by var-
ious functional groups for a range of applications. Although there
are several reports on generating water soluble magnetic nanopar-
ticles, most of methods produce poor dispersibility in aqueous
solutions. Therefore, using hydrophilic molecules to modify the sur-
face of magnetic nanoparticles becomes a necessary requirement
before their use in biological systems.
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Enzymes are versatile biocatalyst that control specific chemi-
cal reactions effectively in vivo and in vitro [12]. To make enzymes
cost-effective and long lived, various supports have been utilized
to immobilize enzymes through polymer membranes [13,14], silica
[15,16], chitosan-siloxane hybrids [17] a zeolites [18], and molec-
ular sieves [19,20]. Immobilization of enzymes onto solid supports
is a popular principle for a wide range of applications because
of their low cost, recyclability, fast product separation, improve-
ment in enzyme stability, and to make catalytic properties intact
[21]. Nanomaterials have potential to serve as superior support
for enzyme immobilization due to their large surface-to-volume
ratios in comparison with traditional macroscale materials, where
the reduction of substrate size may induce the deactivation and
the desorption of enzymes in the processes of enzymatic reactions
[22]. Magnetic nanoparticles have a wide promise to immobilize
enzyme on its surface not only to perform better than micrometer-
sized resins or beads used in enzyme immobilization but also faster
separation by external magnetic field. Moreover the efficient sep-
aration of the suspended small solid enzyme carriers from product
using an external magnetic field is therefore of immense interest
[23].

Urease is a highly efficient catalyst for the hydrolysis of urea.
Urease converts urea to ammonia and carbon dioxide. Urea is the
main toxic metabolic products, and removal of this excess is a major
problem for patients suffering from renal failures [24]. The enzyme
is found in a variety of bacteria, fungi, and plants thus playing
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an important role in the circulation of nitrogen in nature. The
applications of urease in biotechnology are urea content analysis
in blood, urine, alcoholic beverages, natural water, and environ-
mental wastewaters. The most effective way of removing urea
from aqueous solutions is the utilization of immobilized urease
as no efficient adsorbents available. The urease enzyme is utilized
for homogeneous generation of CO, and NH3 for various analyt-
ical applications. However, there is no simple means to remove
enzyme from reaction mixture. In this regard urease tagged mag-
netic nanoparticle would be very effective to replace pure enzyme
and after the reaction magnetic enzyme can be separated from reac-
tion mixture by external magnetic field. In this principle iron oxide
nanoparticles with superior magnetic properties hold best support
material for enzyme immobilization. Many polymeric materials
have been used for urease immobilization and their applications
in analytical and biomedical fields are well studied [25-27]. A
significant focus on current research is to replace polymer sup-
port and develop surface functionalized iron oxide nanoparticles
to immobilize urease. As the support of enzymes immobilization,
magnetic nanoparticles are of great interest and the use of magnetic
nanoparticles for enzyme immobilization has been widely investi-
gated [28-31]. To the best of our knowledge, the immobilization
of urease onto phosphonate grafted magnetic nanoparticle is not
established.

Recently, we have reported the practical implementation of
phosphonate stabilized magnetic nanoparticles in various bio-
logical applications [32-34]. In this work we have modified
phosphonate conjugated iron oxide nanoparticles of approxi-
mately 20nm for immobilization of urease. Our main aim is
the development of a facile, economical, and simple strategy
for the synthesis of monodisperse hydrophilic superparamagnetic
nanoparticles for immobilization of enzyme. The surface of iron
oxide nanoparticles is functionalized with N-phosphonomethyl
iminodiacetic acid (PMIDA) as a ligand. In this contribution,
we report a simple and low-cost route to immobilize urease
on superparamagnetic nanoparticles through carbodiimide reac-
tion. Surface coating of the ligand has been established by FTIR,
thermal analysis, and XPS analysis. The structural purity of the
iron oxide nanoparticle has been investigated by XRD studies.
These PMIDA modified magnetic nanoparticles are characterized
in terms of their size distribution by dynamic light scatter-
ing (DLS) and high resolution transmission electron microscopy
(HRTEM). Urease isimmobilized on the magnetic nanoparticles sur-
face, the detail activity and kinetic behavior of the immobilized
urease have been studied at different conditions. To our knowl-
edge, this PMIDA functionalized magnetic nanoparticle is used
for the first time as a support material for enzyme immobiliza-
tion.

2. Materials and methods

2.1. Materials

Urease (From Jack bean, activity 50,000-100,000 units/g solid)
was obtained from Sigma Chemicals, USA. FeCl3 (anhydrous)
and FeSO4-6H,0 were procured from Merck, Germany. N-
phosphonomethyl iminodiacetic acid (PMIDA) and urea were
obtained from Aldrich Chemicals, USA. Ethylenediaminete-
traacetic acid (EDTA), sodium tungstate (NayWO4-2H,0), 1-
[3-(dimethylamino) propyl]-3-ethylcarbodiimide hydrochloride
(EDC), were obtained from Merck. All the chemicals were
used without further purification. The water used in this
work was Millipore water. Nessler’s reagent was prepared as
usual procedure reported on Inorganic Practical Analysis by
Vogel.

2.2. Synthesis of magnetite nanoparticles

Magnetic nanoparticles were synthesized according to our
reported procedure [35]. In a 100 ml three naked flask equipped
with a mechanical stirrer were taken 0.324 g of FeClz and 0.278 g of
FeSO,4-6H,0 in 40 ml of absolutely deoxygenated Millipore water
under argon flow. 5ml of NH3 (25%) solution was added into it
drop wise over a period of 15min during which black precipi-
tates formed. The reaction mixture was stirred for 30 min at 70°C.
Then the black particles were separated and washed 5 times with
Millipore water by magnetic concentrator. In the next step the
nanoparticles were dispersed in Millipore water thoroughly by
using ultrasonic probe (Misonix 3000) with micro tip for 30 min at
37°C. For surface modification on magnetite nanoparticles Fe30,4
and PMIDA were taken 1:1 molar ratio in alkaline medium which
was maintained pH 8.0. This solution was again sonicated for
20 min. The particles were separated magnetically and washed
five times with water followed by ethanol and dried in vacuum.
Few drops of the suspended particles in water were acidified with
dilute acetic acid (pH was maintained 4-5) and further dispersed
in 10 ml of Millipore water by ultrasonication and was activated
by EDC, then the reaction mixture was stirred for 3-4 h. The EDC
activated magnetic nanoparticles were washed three times with
Millipore water in order to remove unreacted EDC. The mag-
netic nanoparticles were recovered by magnetic separation using
a permanent magnet. Finally the above EDC activated carboxyl
terminated nanoparticles was treated with enzyme as mentioned
below.

2.3. Conjugation of urease on magnetite nanoparticles

10mg of above functionalized magnetic nanoparticles were
treated with 2 mg urease containing 8 ml. Phosphate buffer (0.01 M)
having pH 7.4 and the resulting solution was stirred for 12hat4°C.
After 12h enzyme tagged magnetic nanoparticles were washed
five to six times with PBS (pH 7.4). The supernatant after immobi-
lization was collected to determine the amount of enzyme bound
to the magnetic nanoparticle surface. The urease conjugated with
Fe304-PMIDA producing magnetic enzyme.

2.4. Urease activity assay and protein determination

The activities of the urease (free and immobilized) were deter-
mined using Nessler's method [36]. After the immobilization of
urease, the magnetic nanoparticles were retained by a magnet,
and the UV absorption value of the supernatant solution was mea-
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Fig. 1. FTIR spectra of Fe304 nanoparticles, PMIDA, Fe;04 functionalized PMIDA

nanoparticles, native urease and immobilized urease on Fe;04-PMIDA nanoparti-
cles.
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Scheme 1. Systematic procedure for the immobilization of urease on the PMIDA functionalized iron oxide nanoparticle.

sured at 480 nm to calculate the activity of immobilized urease on
the magnetic nanoparticles. The amount of protein bound to the
nanoparticle surface was calculated in UV-Vis spectrophotometer
using a standard curve of various concentrations of urease versus
absorbance at 280 nm.

2.5. Characterization

The phase formation and crystallographic state of uncoated as
well as functionalized magnetic nanoparticles were determined
by Phillips PW 1710 X-ray diffractometer with Ni-filtered Co-K
radiation (A=1.79A). Presence of surface functional groups was
investigated by FTIR spectroscopy. The samples were prepared in
KBr medium in the range 400-4000cm~! with a model Thermo
Nicolet Nexux FTIR (model 870). The surface compositions of the
different nanoparticle preparations were obtained by analyzing
XPS data using an Al Ka excitation source in an ESCA-2000 Mul-
tilab apparatus (VG microtech). Thermal analysis was done with
a thermal analyzer (Pyris Diamond TG/DTA) with a heating rate
8°C/min with in temperature range 50-850 °C. The size and mor-
phology of the nanoparticles were observed using a Phillips CM
200 transmission electron microscope (TEM) with an acceleration
voltage 200kV. The nanoparticles were thoroughly dispersed in
water by ultra-sonication and placing a drop of solution on the
carbon coated copper grid. The hydrodynamic size of the particle
was measured by dynamic light scattering (DLS) techniques, using
a Brookhaven 90 Plus particle size analyzer. The laser light of wave-
length (A=660nm) was scattered with an angle 6=90° at 27°C

placing the dispersion in a polystyrene cuvette. Magnetic measure-
ments were performed using vibration sample magnetometry.

3. Results and discussion

Magnetic nanoparticles are prepared by co-precipitation from
Fe2* and Fe3* using NH4OH solution. Particles are modified with
PMIDA for stable aqueous magnetic dispersion. This PMIDA is an
effective coupling agent containing one phosphonate and two car-
boxyl functions per molecule. This phosphonate groups strongly
anchor the nanocrystal surface, the free carboxyl functions on the
outer surface induce electrostatic repulsion between the nanocrys-
tals, which generates an exceptionally stable ferrofluid. Then this
carboxyl decorated magnetic nanoparticles are activated by EDC
and then conjugated with urease by simple carbodiimide reac-
tion. Scheme 1 illustrates the detail synthetic procedure for PMIDA
functionalized magnetic nanoparticles and immobilization of
urease.

The conjugation of PMIDA onto the Fe304 surface is established
from Fourier transform infrared spectroscopy. The comparison of
FTIR spectrum of pure magnetic nanoparticles, PMIDA, PMIDA
modified magnetic nanoparticles (Fe304-PMIDA), urease and
immobilized urease (Fe304-PMIDA-urease) is shown in Fig. 1. For
pure magnetic nanoparticles exhibit a strong band at 571cm!,
characteristic of the Fe-0 vibration correlated to the magnetic core
and the broad band around 3300 cm™!, indicative of the presence
of —OH groups on the nanoparticle surface. After modification of
PMIDA on the nanoparticles surface a significant decrease in the
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Fig. 2. X-ray photoelectron spectra of PMIDA modified magnetic nanoparticles using Al Ka source. (a—d) High-resolution O1s, P2p, Fe2p, and C1s spectra with fitted curves.

intensity of the band at 571cm~! is observed which indicates
the adsorption of phosphonic acids on the magnetite surface. A
broad peak at 1054cm~! accounts for M—O-P and P=O stretch-
ing bands superimposed on one another. The typical vibrations of a
—CO,H group (1720cm~1) appear in the corresponding FTIR spec-
trum. After conjugation with urease, the spectrum of the resultant
nanoparticles Fe304-PMIDA-urease show the characteristic bands
at571,1635cm~! (-CONH amide band)and 1554 cm~! (-NH amide
band). From this absorption spectra it is confirmed that the success-
ful conjugation of urease on the Fe;04-PMIDA nanoparticles.

X-ray photoelectron spectroscopy analysis is further used to val-
idate the successful PMIDA functionalized magnetite nanoparticles
(Fig. 2). The high resolution O1s spectrum (Fig. 2a) of PMIDA-coated
magnetite displayed peaks at 529.52, 530.1, 530.6, and 531.4eV,
which corresponded to oxygen being present in four different
environments as P-0, C--0, Fe-0, and O-H. The P2p spectrum
(Fig. 2b) exhibited two peaks at 132.26 and 138.9eV correspond-
ing to P2p3/2 and P2p1/2, respectively. The Fe2p doublet with
binding energy values of 710.8 and 724.29eV (Fig. 2c) implied
the presence of Fe-O bonds, typical for magnetite. Furthermore,
the high-resolution C1s spectrum (Fig. 2d) displayed four peaks
at 284.32, 284.5, 285.7 and 287.93 eV, attributed to C-C, C=0,
NH-C=0, and C=0 (typical of ester/carboxylic acid).

Fig. 3 shows the XRD patterns for pure Fe304, and PMIDA conju-
gated Fe304 nanoparticles. The characteristic peaks at 26 =35.45°,

41.55°, 50.53°, 63.7°, 67.64°, and 74.36° for pure Fe304 nanopar-
ticles, which were marked respectively by their indices (22 0),
(311), (400), (422), (511), and (440), were also observed for
Fe304-PMIDA nanoparticles. This revealed that the surface mod-
ification and conjugation of the Fe;04 nanoparticles do not lead
to their phase change. The d values correspond to that of inverse
spinel magnetite [Fe304] (JCPDS card no. 85-1436). The broadening
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Fig. 3. X-ray diffraction patterns for pure Fe;04 nanoparticles (a) and PMIDA func-
tionalized Fe;04 nanoparticles (b).
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of each peak in XRD mean crystallite size was calculated by applying
Scherrer’s equation: D=0.9A/f cos 6, where D is the average diam-
eter in A, B is the broadening of the diffraction line measured at
half of its maximum intensity in radians, A is the wavelength of the
X-rays and 0 is the Bragg diffraction angle. The mean crystallite size
was found to be around 20 nm.

Thermal analysis was performed to confirm the coating forma-
tion on the surface of the magnetite. Fig. 4 shows comparative
weightloss for uncoated iron oxide and Fe;O4—PMIDA. In the case of
uncoated magnetic nanoparticles the weight loss between 50 and

150°C is due to loss of physically adsorbed water molecules. The
weight loss between 150 and 250°C is presumably due to the loss
of surface hydroxyl groups. In the case of Fe304-PMIDA the weight
loss at 50-150°C is due to the loss of physically adsorbed water on
the surface. The weight loss in the second regime (9%) corresponds
to the decomposition of the adsorbed phosphonic acid coupling
agent.

The typical HRTEM images and particle size distributions of
the PMIDA coated magnetic nanoparticles and urease immobilized
on the same nanoparticles are shown in Fig. 5. From the figures,
PMIDA stabilized magnetite nanoparticles are well dispersed. The
nanoparticles are narrow size distribution with a mean average size
of 17.5 nm and after enzyme immobilization on the same nanopar-
ticles are almost uniform sizes. The hydrodynamic diameter of
the PMIDA modified magnetic nanoparticles is determined by DLS
technique. Here we have observed that the size measured by the
DLS is higher than the TEM measurement. It is due to the thin
phosphono coating formed around small aggregates of the mag-
netite particles. The formation of small aggregates of magnetite
nanoparticles results from the magnetic dipolar interaction among
the particles. The thin layer coating on the nanoparticles surface
could reduce the magnetic dipolar interaction and promote the
stability of magnetite nanoparticles. From DLS measurement the
average diameter of PMIDA coated iron oxide is 55-75 nm and after
urease immobilization particle size is increased from 80 to 100 nm.
This reveals that the conjugation of urease on the nanoparticles
surface.

Plots of magnetization versus magnetic field at 300K for Fe304
and enzyme immobilized PMIDA conjugated Fe;04 nanoparticles
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Fig. 5. TEM micrographs and DLS size distributions of Fe;04,-PMIDA nanoparticles before (a) and after (b) conjugation with urease.
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are illustrated in Fig. 6. The saturation magnetizations are found
to be 65.4emu/g for bare magnetic nanoparticles and 48.3 emu/g
for enzyme immobilized PMIDA conjugated Fe304 nanoparticles.
Moreover, the magnetization curves in two cases exhibit nearly
zero remanence, which proves the existence of the superparamag-
netic character. This reduction in Ms could be partially contributed
by the diamagnetic organic coating and defect in crystal. In addition
to this, the disordered structure and incomplete crystallization at
the interface could be a cause for decrease in effective magnetiza-
tion. These magnetically active properties of the PMIDA conjugated
Fe304 nanoparticles render them very susceptible to magnetic
fields and therefore make the solid and liquid phases separate eas-
ily.

Urease activity is determined through the hydrolysis experi-
ment of urea and subsequent measurement in UV-Vis spectrome-
ter. The known hydrolysis reaction of urea with enzyme urease is

NH,-CO-NH, + H,0 = 2NHs + CO,

The specific activity of conjugated urease is predicted through
the determination of ammonia concentration using Nessler’s
reagent. The final product exhibits a brown color whose absorbance
at 480 nm is proportional to the ammonia concentration. The activ-
ity of the urease was calculated from the production rate of NH3
in a period of 30 min. The enzymatic activity of urease immobi-
lized on magnetic nanoparticle is studied by plotting the graph
between the hydrolysis rate of urea versus the concentration of
product formed at room temperature which is shown in Fig. 7.
From figure it is depicted that urea is catalytically hydrolysed by
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Fig. 7. Variation of reaction rate with substrate concentrations of immobilized ure-
ase.
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Fig. 8. Optimum pH of (a) native urease and (b) immobilized urease onto PMIDA
coated magnetic nanoparticles.

immobilized urease. On adding excess substrate concentration and
keeping it for prolonged period does not depict any more hydrolysis
which means the active site of the enzyme becomes fully saturated
with substrate. The specific activity of urease is expressed in mM
ammonia liberated per minute while the relative activity is taken as
the amount of ammonia (mM) liberated expressed in percentage.
In the present investigation, urease immobilized on PMIDA mod-
ified magnetic nanoparticles retained 57% of its specific activity.
The amount of urease immobilized on PMIDA modified magnetic
nanoparticles was observed by increase with increasing enzyme
concentration for each particle concentration. The amount of ure-
ase immobilized on PMIDA modified magnetic nanoparticles was
observed maximally 2.4 mg protein/10 mg particle.

The effect of pH on urease activity has been investigated by
varying the pH of buffer from 3.0 to 11.0. The pH dependence of
enzymatic activity is presented in Fig. 8. The native urease shows
its maximum activity at pH 7.0 whereas the immobilized enzyme
shows its maximum activity at pH 8.0. However, the immobilized
urease shows almost equal catalytic activity varying pH range from
3.0 to 8.0. On the other hand the relative catalytic activity was
decreased at pH higher and lower than 7.0. This shows the immobi-
lization enhances the stability of enzyme at broader pH. This result
indicates that the immobilized enzyme has greater stability at dif-
ferent pH ranges. Immobilized urease shows better activity in acidic
pH as compared to free urease and the catalytic activity of immo-
bilized enzyme is retained. This is due to the immobilized enzyme
is less sensitive to pH changes than that of free urease. However by
immobilizing enzyme on magnetic nanoparticles surface we have
reused several times. According to Gabrovska et al. [37], the maxi-
mum activity for both free and immobilize enzyme was at pH 5.8.
With rise in pH from 5.8 to 7.0 the catalytic activity was decreased
for urease immobilized on polyacrylonitrile-chitosan membrane.
Bayramoglu et al. [24] observed the maximum urease activity at pH
6.5. The retention of activity of immobilized enzyme on magnetic
nanoparticles at different pH might be caused due to rigid structure
formation through covalent immobilization which seems to be one
of the most promising possibilities to improve enzyme stability.

Thermal stability of immobilized and native urease is compared
by measuring their activities at various temperatures ranging from
30 to 80°C shown in Fig. 9. With increase in temperature the
percentage of decrease in the catalytic efficiency of native urease
is reasonable but immobilized enzyme shows increasing in cat-
alytic activity. At 80 °C, the immobilized urease retained its activity
whereas the native urease lost 90% of its original activity. Hence,
these results showed that immobilized enzyme has better thermal
resistance as compared to its native counterpart. The enhance-
ment of thermal stability of immobilized enzyme is attributed
due to covalent bonding between carboxyl decorated iron oxide
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and urease, which may restrict the conformational change of ure-
ase through heating. The improved thermal enzymatic stability
through binding on magnetic nanoparticle has been ascribed to
higher hydration strength of the enzyme on nanoparticle. The pres-
ence of special water structuring properties of hydroxyl group on
nanoparticle which prevents the denaturation of enzyme. We con-
clude that this behavior is probably due to constraint induced by
covalent bonds that hinder denaturing by molecular relaxation
[38].

The stability of enzyme on magnetic nanoparticle is determined
by checking its activity in six continuous experiments perform-
ing every five days interval for a total period of one month. From
Fig. 10 it is observed that the immobilized enzyme shows up to
70% of relative activity after five times reuse. It means the immo-
bilized enzyme retains its catalytic activity for repeated use. From
figure we conclude that the immobilized enzyme is very stable. But
free enzyme cannot be reused and recycled for next subsequent
catalytic experiment.

The immobilized urease is stored in 0.01 M phosphate buffer
saline at pH 7.4 at 4 °C for 45 days. The activity is checked at regu-
lar 5 days interval which we have already discussed in our previous
experiment. The immobilized enzyme retains its activity even after
6 times of repeated uses through the isolation of magnetic enzyme
by external magnetic field. The strong binding of urease on the sur-
face of magnetic nanoparticles by covalent attachment enhances
the stability of enzyme. The storage stability of both native urease
and free urease is investigated. Both native enzyme and immobi-
lized enzyme are stored at 4°C. It is indicated that the immobilized
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Fig. 10. Reusability of the immobilized urease on PMIDA coated magnetic nanopar-
ticles in repeated batch hydrolysis of urea.
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enzyme shows better storage stability for a longer period of time as
compared to native urease. The immobilized urease retained up to
70% activity over a period of 45 days. In contrast free enzyme lost
all its catalytic activity after the same time period.

The Michaelis constant is determined from the
Lineweaver-Burk plot which is shown in Fig. 11. Both free
and immobilized enzyme activity are determined 32°C in 0.01M
phosphate buffer saline at pH 7.4. The graph is plotted taking
different substrate concentrations and their corresponding reac-
tion rate. The reciprocal of substrate concentration (1/S) is plotted
against the reciprocal of reaction rate (1/V) according to the
following equation:

1 Km 1

= +
V Vmax VITIHX

In both the cases the graphs are linear indicating free and immo-
bilized enzyme obey Michaelis-Menten enzyme kinetics and the
kinetics data is fitted with Michaelis-Menten equation. The inter-
cept of the straight-line gives the value of the inverse of maximum
hydrolysis rate (1/Vmax ) of urea, whereas the slope gives the ratio of
the Michaelis constant to the maximum hydrolysis rate (K /Vmax)-
For free urease K and Vpmax are found to be 1.1 x 10~ mol/l
and 1.0 x 10~3 mol1-1 s~1, respectively. In the case of immobilized
enzyme the values of K;; and Viax are found to be 2.0 x 10~1 mol/I
and 2.0 x 10~4moll-1s~1, respectively. Kinetic data observed for
immobilized urease is different from that of free urease. Kumar
et al. observed the Ky, value of immobilized urease on alginate bead
was almost twice than that of free urease [39]. Increase in Ky, and
decrease in Vpax upon immobilization were observed for urease
on polyurethane foam reported by Bachmeier et al. [40]. Godjevar-
gova and Gabrovska reported Viax for modified membranes was
lower than that of free urease [41]. Our results show Vi ax value for
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free urease in solution is more compared to immobilized urease on
nanoparticle. This is due to rate limitation imposed by diffusion.
The apparent increase in Ky, value after immobilization might be
attributed due to changes in the accessibility of the substrate to
the active sites of enzyme caused by diffusional limitations, steric
effects and structural changes of enzyme after immobilization [42].

4. Conclusion

In summary, nanosized carboxylic acid functionalized magnetic
particles with high magnetic responsivity and excellent dispersibil-
ity have been prepared through a facile one-pot synthesis and was
successfully applied, for enzyme immobilization. The immobilized
enzymes are reused more than 6 times without much degradation
of activities. This investigation shows that the immobilized enzyme
has activity not affected by wide change of pH, longer period of
storage without losing catalytic activity and high thermal stabil-
ity. These results are expected to open up a new possibility for the
enzyme immobilization as well as a new application of magnetic
nanoparticles. Immobilization of enzyme on magnetic nanoparticle
offers several advantages compared to other conventional support
because of easy product isolation by using a permanent magnet,
low cost, facile preparation procedure and high chemical stability of
enzyme on magnetic nanoparticle. This low cost root paves the way
for immobilization of other industrially important enzymes easily.
The key step in the enzymatic process lies in successful immobi-
lization of the enzyme that allows for its recovery and reuse. The
optimum pH and temperature profiles of the immobilized enzymes
has compared to free form. The thermal stability of the urease was
increased upon immobilization. This support is a promising mate-
rial for storage and enzyme immobilization.
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