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Abstract

Herein, we report preparation of magnetic hybrid nanoflower (MhNF) formed of horseradish peroxidase (HRP), copper ions
(Cu?*) and iron oxide nanoparticles (Fe30+ NPs) with greatly enhanced activity, stability, reusability and applicability for
use in removal of phenol from aqueous solution. In this study, pre-synthesized small sized Fe30+ NPs were immobilized to
synthesized HRP-Cu?* hybrid nanoflower (hNFs). The synthesized MhNFs were characterized using SEM, EDX and XRD
analysis. We also characterized the chemical structures of free HRP and MhNF using FTIR. The protein encapsulation yields
of synthesized MhNFs were determined spectrophotometrically and calculated as ~98% for all synthesis conditions. The
activities of free HRP, HRP-based non-magnetic hybrid nanoflower (hNF) and MhNF were calculated as 5847.6, 16738.2,
and 18830.5 EU/mg, respectively. The optimum pH of the synthesized MhNFs for phenol removal was determined as pH 7.
MhNF was easily and rapidly separated from reaction medium by an external magnetic field to be re-used. Even after seven
cycles, MhNFs maintained more than 75% of their initial activity. We believe that the repeated use can reduce the capital
and operation costs. The results are very promising in terms of increasing efficiency and applicability of HRP in industrial
application especially for wastewater treatment.

Keywords: Enzyme-inorganic hybrid nanoflower, enzyme activity, magnetic hybrid nanoflower, peroxidase, phenol
removal

MANYETIK NANOPARTIKULLE BIRLESTiRILMi$ YABAN TURPU PEROKSIDAZ
ENZiMi iCEREN TEKRAR KULLANILABILIR OZELLIKLi NANO CiCEKLER ICIN
RASYONEL BiR SENTEZ VE OKSIDATIF KUPLAJ] REAKSiYONUYLA FENOL
GIDERIMINDE KULLANIMLARI

Ozet

Bu calismada, miikemmel sekilde giiclenmig aktivite, stabilite, tekrarkullanilabilirlik ve sulu ¢ézeltilerden fenol gideriminde
kullanilacak yaban turpu peroksidaz (HRP), bakir iyonlar: (Cu?*) ve demir oksit nanopargaciklarindan (Fe304+ NP'ler)
olusan manyetik hibrit nano ciceklerin (MhNF) hazirlanmasi rapor edildi. Onceden sentezlenmis kiiciik boyutlu Fe304
NP'lar, sentezlenen HRP-Cu?* hibrit nano cigeklere (hNF'ler) immobilize edilmigtir. Sentezlenen MhNF'ler SEM, EDX ve XRD
analizi kullanilarak karakterize edildi. Ayrica FTIR kullanilarak serbest HRP ve MhNF 'nin kimyasal yapilari da karakterize
edildi. Sentezlenen MhNF'lerin protein kapsiilleme verimleri spektrofotometrik olarak belirlendi ve tiim sentez kosullari
icin ~%98 olarak hesaplandi. Serbest HRP, HRP bazli manyetik olmayan hibrit nano ¢icek (hNF) ve MhNF 'nin aktiviteleri
sirastyla 5847.6, 16738.2 ve 18830.5 EU/mg olarak hesaplanmistir. Sentezlenen MhNF'lerin fenol giderimi icin optimum
pH't 7 olarak belirlendi. MhNF, tekrar kullanilmak tizere harici bir manyetik alan olusturularak reaksiyon ortamindan
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kolaylikla ve hizla ayrildi. Yedi déngiiden sonra bile, MhNF'ler baslangi¢c aktivitelerinin yaklasik %75'inden fazlasini
korudu. Tekrarlanan kullanimin sermaye ve isletme maliyetlerini azaltabilecegine inaniyoruz. Sonuclar, ézellikle atik su
aritimi igin endiistriyel uygulamada HRP'nin verimliliginin ve uygulanabilirliginin arttiriimast agisindan ¢ok umut

vericidir.

Anahtar Kelimeler: Enzim-inorganik hibrit nanogicek, enzim aktivite, manyetik hibrit nanocicek, peroksidaz, fenol giderimi
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1. Introduction

Peroxidases (EC:1.11.1x) are a member of the
oxidoreductase family and they catalyze the oxidation
reactions of various organic and inorganic substrates
including phenols. And there is an enhanced curiosity in
the extraction and purification of peroxidase enzymes for
their economically use in biomedical, biotechnological
and industrial applications [1,2,3]. Among these
enzymes, horseradish peroxidase (HRP) is the most
widely studied peroxidase. HRP is an important molecule
for several applications including biomedical,
biotechnological, clinical, industrial and environmental,
because of its wide substrate specificity, broader
catalytic activity, and high sensitivity [4]. It can be also
operated at wide ranges of pH and temperature and its
activity can be spectrophotometrically measured [3].
Unfortunately, water-soluble (free) enzymes have some
disadvantages, such as short life time in solution,
inconvenient recovery, lack of long-term operational
stability and reusability, which strictly hinder their
aforementioned applications [5,6,7]. To overcome these
issues, many novel methods like enzyme immobilization,
enzyme modification, and protein engineering etc. are
being used [8]. Especially several immobilization
techniques have been developed by associating enzymes
to various support materials [9,10,11]. Although
immobilized enzymes can be easily separated from the
reaction media for reusability, improved stability
towards environmental changes, and can used for
bioreactor designs [5,12], most of them exhibited low
catalytic activity compared to free enzymes [12,13]. The
potential reasons for the decrease in catalytic activity of
immobilized enzyme are related about the mass transfer
limitations between enzyme and substrate, and
unfavorable conformational changes in enzyme [14]. Itis
worthy to mention that enzyme immobilization
approaches are very important issue in order to
efficiently use enzyme for diverse implementations. In
2012, Zare and co-workers reported an epochal
approach in immobilization by constructing flowerlike
hybrid nanostructure formed of protein and copper ions
(Cu?*) with enhanced catalytic activity and stability [15].
Inspiring from this work, several researchers have
synthesized and reported different kinds of organic -
inorganic hybrid nanoflowers and used them for a
variety of applications [16-29].
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Phenol mentioned as an one major toxic compounds by
several countries including the Environmental
Protection Agency have highly adverse effect to the living
organisms [30]. Phenolic compounds are widely
distributed as major environmental pollutants in
industrial wastewaters [31,32] and can cause several
human health problems, such as cancer, nervous and
respiratory system problems, abnormal function of
thyroid etc. [32]. Therefore, industrial wastewaters
containing phenols need to be depurate before discharge
into the environment. There is no one an internationally
recognized wastewater treatment process. The method
used is changed based on the type of waste water and
pollution and so, many different biological methods,
chemical and physical have been used. However, it is
believed that the biological wastewater treatment is
method of least damaging to the environment. Especially,
oxidoreductase enzymes have been attractively used for
the removal of phenolic compounds from wastewaters
[4,33,34,35,36,37]. Several studies reported to increase
interest for using the HRP to remove the phenolic
compounds from aqueous media [4,13,37]. Therefore,
the HRP-based catalytic systems have potential
applications in phenolic pollutants including wastewater
treatment.

Until now, various type of magnetic/organic-inorganic
hybrid nanoflowers have been synthesized [19,22,38].
For instance, Cheon et al 2019 have synthesized glucose
oxidase (GOx)-copper hybrid nanoflowers with Fe304
magnetic nanoparticles (MNPs-GOx NFs). When they
synthesized the MNPs-GOx NFs, they first preparated
amine-functionalized MNPs, then they combined MNPs
and GOx, and finally bonded the final product MNPs-GOx
NFs in metal ion and phosphate buffered medium [18].
The obtained MNPs-GOx NFs' demostrated increased
peroxidase-like activity as substrate for using glucose
determination. Lee et al 2020 also found that the MNPs-
GOx NFs showed a broad spectrum anti-bacterial activity
against both S. aureus (Gram-positive) and E. coli (Gram-
negative) [24]. Fenget. al 2020 reported a simple method
to synthesize magnetic nanoflowers with papain as
organic component [19]. In this study, the activated
Fe304 nanoparticles surfaces adsorbed papain enzyme,
then the papain-Cus(P04)2.3H20-magnetic nanoflowers
were obtained using copper ion and magnetic
nanoparticles with papain as in the previous study we
mentioned. The obtained magnetic material exhibited
1556% increased activity than the free papain enzyme.



Cevahir Altinkaynak, Nalan Ozdemir, Ismail O¢soy
A Rational Synthesis of Magnetic Nanoparticles Incorporated Horseradish Peroxidase Nanoflower and Its Use for The Removal of
Phenol Through Oxidative Coupling Reaction with Great Reusability

Wang et al. 2018 reported that one-pot synthesis method
of hemin-incorporated hybrid nanoflowers (HCH) is
produced using Con A and Hemin in PBS solution
containing copper ions [26]. It was also found to be a
compatible working component with antibody-labeled
magnetic nanoparticle for colorimetric detection of
foodborne pathogenic bacteria. In another study [29], the
Zn3(P04)2 crystal and BSA were combined in a phosphate
buffered medium to obtain BSA/Zn3(P0a4):/Fe304
magnetic hybrid particles, and used for the absorption of
Cu (II). Guo et al 2019 reported that ferrous phosphate
hybrid nanoflowers with GOx exhibited more stability,
catalytic activity, and reusability compared with free
enzymes [20]. Han et al 2019 expressed the preparation
method of Fe304@PMG-IDA-Cu?* flower-like material via
distillation-precipitation polymerization of glycidyl
methacrylate (GMA) [22]. In the synthesis, Fes04@PMG-
IDA was obtained, and then copper was absorbed onto its
surface. Finally, the magnetic nanoflowers were
synthesized using Fe304@PMG-IDA-Cu?*, HRP and PBS
solution. They also investigated pH and thermal stability,
and catalytic activity for degradation of BPA comparison
with free HRP.

In this study, we report that the magnetic Fe304 particles
and HRP-Cu?* hybrid nanoflower are synthesized
separately, and then combined to obtain magnetic
properties. The magnetic hybrid nanoflowers (MhNF)
with greatly increased activity, stability, reusability and
applicability for use in removal of phenol are formed of
horseradish peroxidase (HRP) enzyme, copper ions
(Cu?*) and iron oxide nanoparticles (Fe30s4 NPs). The
synthesis of MhNF was completed with two following
steps. In the first step, HRP-Cu?* hybrid nanoflower
(hNF) was formed via coordination reaction between
amine groups of HRP and copper ions. In the second step,
pre-synthesized small sized Fe304 NPs (around 10 nm)
were treated %5 glutaraldehyde (GA) treated and
immobilized o nanoflower (hNFs). MhNF was separated
from reaction medium by an external magnetic field
(magnet) to be easily re-used due to its magnetic feature.
We believe that the repeated use can reduce the capital
and operation costs. The results are very promising in
terms of increasing efficiency and applicability of HRP in
industrial application especially for wastewater
treatment.

2. Experimantal

2.1. Chemicals and materials

Horse radish (HRP; EC 1.11.1.7), hydrogen peroxide
(H202), copper (II) sulfate pentahydrate, guaiacol,
methanol, bovine serum albumin (BSA), phosphoric acid,
coomassie brilliant blue G-250, 1,6-diaminohexane,
sodium acetate, iron (III) chloride hexahydrate, ethylene
glycol, ethyl alcohol, ammonium acetate, CaClz, MnClz,
glutaraldehyde solution, NaCl, KCl, NazHPO4, KH2POs4,
HCl, NaOH, 4-aminoantipyrine (4-AAP), KsFe (CN)s and
phenol were purchased from Sigma-Aldrich. All the
following chemicals were of analytical grade.
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2.2. Preparation of magnetic hybrid nanoflower
(MhNF)

1.8 g of 1,6-diaminohexane, 2 g of sodium acetate and 1 g of
iron (I11) chloride hexahydrate were dissolved into 15 mL of
ethylene glycol, stirred until a transparent view. Then the
mixture was transferred into a Teflon-line autoclave and
incubated at 200°C for 6 h. The autoclave was cooled to
room temperature. The obtained amine capped Fe304
nanoparticles (NPs) were washed with ethyl alcohol 3 times,
and then also washed with distilled water 3 times. The
precipitates were dried in oven at 50°C. Preparation of FezO4
NPs, synthesis of HRP-Cu?* hybrid nanoflower and
formation of magnetic featured HRP-Cu?* hybrid
nanoflower (MhNF) were presented in Fig. 1, respectively.
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Figure 1. Preparation of MhNF

The hybrid nanoflowers were obtained following
modified reported methods [15,27]. In a typical
synthesis, the certain volume from 120 mM aqueous
CuSO04 freshly prepared as a stock solution was added to
certain volume of PBS buffer (pH 7.4) containing HRP
enzyme (0,02 mg mL-1). The last concentration of Cu?* is
fixed to 0.8 mM. The resultant mixture was vortexed for
30 s prior to leave undisturbed for incubation at +4°C for
3 days. After incubation, the precipitate as a product and
indication of nanoflowers occurred at the bottom of the
solution was collected by centrifugation at 10000 rpm for
15 min. The last product was re-dispersed and washed
with distilled water 3 times to remove unreacted
components and finally was dried under vacuum room at
temperature (RT= 25°C). Bradford protein method was
used in determination of the enzyme concentration in the
supernatant to calculate encapsulation yield. Fig. 1B
shows the general scheme of hNFs formation.

10 mg of the amine capped Fe304 NPs was dispersed in
coupled buffer (CB) pH 8.3 (50 mM ammonium acetate, 1
mM CaClz and 1 mM MnClz) before treated with
glutaraldehyde. 200 pL of glutaraldehyde 5% in CB
buffer-pH 7.0 was added to amine capped Fe304
nanoparticles (10 mg), and incubated under vigorous
stirring for 1.5 h. After the incubation time, the
precipitates were separated by a permanent magnet,
then PBS buffer (1 mL, pH 7.4) was added into aldehyde
capped Fe304 NPs around (10 mg). Finally, the activated
Fe304 NPs were stored at RT as stock solution. For
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magnetic hybrid nanoflowers, 1 mg/mL hNF and 40 pL of
activated magnetic Fe304 NP (stock solution) were mixed
into 800 pL of PBS(pH 7.4). The mixture was stirred for
1.5 h. After the incubation, the precipitates were
separated by a permanent magnet, and then dried under
vacuum at RT. The obtained HRP based magnetic hNF
were stored for further use. Schematic representation of
the preparation of HRP based MhNF is shown in Fig. 1C.

2.3. Instrumentation and characterization

The images of hNFs and magnetic hybrid nanoflower
(MhNF) were generated using scanning electron
microscopy (SEM, ZEISS EVO LS10). For that, dry hNF
and MhNF powders were deposited on adhesive carbon
tape covered stub before sputter coating device was used
to coat the stub with gold for conductivity. Finally, SEM
images were obtained. The elemental composition of
each products were analyzed by energy-dispersive X-ray
(EDX) analysis. The XRD measurements were performed
on a BRUKER AXS D8 ADVANCE Model. FTIR spectra
were collected with Perkin Elmer 400 spectrometer. The
optical properties of samples were measured at room
temperature with a UV-vis spectrophotometry (CheBios
optimum-one).

2.4. Enzymatic activity measurements

The similar concentrations of free HRP, hNFs and MhNFs
were used to determine their activities via colorimetric
and spectroscopic methods against guaiacol as a
substrate in PBS buffer (pH 6.8, 25°C) [1,3,27]. First, free
HRP, hNFs and MhNFs were separately dissolved in PBS
buffer (1 mL, pH 6.8, 25°C), and then hydrogen peroxide
(H202, 1 mL,22.5 mM) and guaiacol (1 mL, 45 mM) were
added in to each reaction tube. The last concentrations of
guaiacol and H20z2 in the tubes were arranged as 15 and
7.5 mM, respectively. The changes in absorbance of
oxidized guaiacol were recorded at 470 nm at 25°C using
UV-Vis spectrophotometry. One activity unit (EU) of HRP
was defined as the amount of HRP required to catalyze 1
umol of substrate per mininute under the specified reaction
conditions (€470nm: 26,6 mM-1.cm1).

2.5. Removal of phenol using magnetic hybrid
nanoflower (MhNF)

The concentration of total phenols was measured by
using a colorimetric method. Phenolic materials react
with 4-aminoantipyrine in the presence of potassium
ferricyanide. Phenol has been selected as a standard for
preparing standard curve by plotting instrument
response concentration values. For calibration curve, a
series of at least five standard phenol solution has been
prepared (1 mL Phenol solution [x] in PBS-pH 7.0, 1 mL
4-AAP, 2 mM and 1 mL KsFe(CN)e), 6 mM. The obtained
absorbance value will represent the concentration of
phenolic compounds present in the sample.

For phenol removal assay, the identical amount free HRP
and MhNFs were separately dissolved in PBS (pH 7.0) at
room temperature. The initial concentration of phenol
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solution was 0.6 mM. Then 2.5 mM hydrogen peroxide
(H202) was added to each reaction tube. When incubation
period is completed for mentioned experiment, the pellet
was easily collected to the bottom of the tube under favor
of the magnet. The supernatant was also analyzed for
detecting of residual phenol concentration as
aforementioned. The absorbance values at 510 nm were
transformed to phenol concentration in the samples after
MhNFs treatment, using a calibration curve.

3. Results and Discussion

The synthesized MhNFs were characterized using SEM,
EDX and XRD analysis. The elemental composition of the
MhNF powders and peak positions of Cuz(P0a4)2 in the
MhNFs were analyzed by EDX and XRD, respectively. The
encapsulation yields of synthesized MhNFs were
determined spectrophotometrically at 595 nm using the
Bradford’s method.

3.1. Preparation and characterization of magnetic
hybrid nanoflower (MhNF)

The proposed mechanism of magnetic hybrid
nanoflower (MhNF) formation is illustrated in graphical
abstract. Standard synthesis protocol of protein-
inorganic hybrid nanoflower was also described before
[23,27]. In a standard protocol, to obtain flower-like
hybrid nanomaterials, a certain amount of Cu?* is added
to PBS solution containing certain amount of protein. In
the mixture, firstly, the Cu?* ions formed primary copper
phosphate complexes with phosphate groups in
phosphate buffer solution, then the protein attached to
copper phosphate complexes through amine groups in
the backbone of protein and Cu?* ions to assemble hNF.
The formation of hNF is hierarchically and kinetically
started with n 6 hours and slowly completed within 3
days. Unlike other studies, in the present study after
preparation of hNFs, magnetic featured was gained.

The presence of Cu and Fe metals in MhNFs was analyzed
with EDX technique (Fig. 2A). The corresponding peaks
of Cu and Fe clearly appeared on EDX spectrum. XRD
spectrum showed the peak positions and relative
intensities of the HRP enzymes in MhNF were
characterized with XRD analysis (Fig. 2B). The diffraction
peaks of Cus3(PO4)2 nanocrystals in the MhNFs were
almost well consistent with the JCPDS card (00-022-
0548).

We also characterized the chemical structures of free
HRP and MhNF using Fourier Transform Infrared
Spectroscopy (FTIR) (PerkinElmer Spectrum 400). Both
free HRP and MhNF powders were dried at 70°C. And
then, they were mixed with IR-grade KBr and pressed
into tablet form. The characteristic peaks of HRP and
MhNF were presented on the FTIR spectrum (Fig. 3A and
3B).0 P O groups showed the bending vibrations at ~562
cm-tand ~556 cm~1 for free HRP and MhNF, respectively.
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Figure. 2. (A) EDX analysis of the synthesized MhNFs, (B)
XRD patterns of the synthesized MhNFs.

The very intense bending vibration of O P O groups was
revealed in the MhNF due to packed of HRP in MhNF.
Additionally, MhNF presented very strong P O stretching
bands at ~1042 cm! and ~1147 cm-! while very weak
stretching bands appeared for free HRP. The vibration
bands of -NH2 groups at ~1634 cm-! and ~1621 cm-!
were for free HRP and MhNF, respectively. Finally, its
stretching bands of it at 3000-3300 were attributed to -
CHz and -CHs groups of free HRP and MhNF.

TEM image of the Fe304 NPs is clearly shown in Fig. 4A.
The shape of Fe304 NPs is in spheres and their sizes are
in the size range of 10-20 nm. The hNFs are quite uniform
and monodisperse. They have spherical shapes with
diameters of ~5 um size (Fig. 4B). The grain boundaries
of HRP leaves in hNFs are observed in the high-
magnification image of Fig. 4C. It is also evidence than
how HRP petals act as a ‘glue’ to bind the petals together
for for nanoflower self-assembly. The post modification
of pre-synthesized Fes04+ NPs to hNFs for formation of
MhNFs was achieved (Fig. 4D).

The high-magnification image of Fig. 4E shows the
binding and insertion of Fe304 NPs to hNFs. The blue
color of hNFs solution was turned into black color after
binding of Fe304 NPs to hNFs as shown in Fig. 4F (left).
We also claim that MhNFs is quite water-soluble and
stable in aqueous solution compared to hNFs. To test the
magnetic property of MhNFs, we used a magnet (the
external magnetic field). When a magnet was touched to
a glass vial, the MhNFs were rapidly collected on the glass
wall where a magnet placed as shown in Fig. 4F (right).
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:::::

Figure 4. SEM images (A) Fes04NPs, (B) hNFs, (C)
magnified hNFs, (D) MhNF (E) magnified and (F)
photographs of MhNF solution with (right) and without

(left) a magnet (E).

= =T

Interestingly, collected MhNFs still stayed on the vial wall
for a long time when a magnet was removed. It also
indicates that MhNFs was highly magnetized in the
presence of an external magnetic field. The magnetic
properties of MhNFs were utilized for their separation
from reaction media without any centrifugation. It is also
noteworthy to mention that MhNFs allowed us for recycling
use for phenol removal.

3.2. Activity measurements

The protein encapsulation yields of synthesized MhNFs
were calculated as ~98% for all synthesis conditions.
The activity measurements of magnetic hybrid
nanoflower (MhNF) were performed by spectroscopic
methods using guaiacol and H20: as substrates. In all
activity and stability measurement experiments, the
MhNFs (prepared from 0.02 mg mL-! HRP and 0.8 mM
Cu?*) and an identical concentration of HRP based
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nonmagnetic hybrid nanoflower (hNF) and free HRP
were used. A standard activity measurement protocol
(pH 6.8, 0.1 M KH2PO4, 25 °C) was applied in order to
determine the activities of MhNFs, hNFs and free HRP.
HRP catalyzes the oxidation of guaiacol to produce the
orange colored quinone type structure, 3,3-dimethoxy-
4,4-diphenoquinone [23,27]. This colored product
allowed to monitor the activities of free HRP, synthesized
hNFs and MhNFs with the spectrophotometrically with
the increase in the absorbance of the product at 470 nm.
In this study, one enzyme activity unit of horseradish
peroxidase (HRP) (EU) was defined as the amount of
horseradish peroxidase (HRP) required to catalyze 1
umol of substrate per minute under the specified
reaction conditions. The activities of free HRP, hNF and
MhNF were calculated as 5847.6, 16738.2, and 18830.5
EU/mg, respectively. The activity differences in the
nanoflowers are due to the expansion of the pore width
and surface area of the structure. In addition, combining
the structure with the magnetic particle caused to
increase in enzymatic activity.

3.3. Removal of phenol using magnetic hybrid
nanoflower (MhNFs)

HRP catalyzes the oxidation of several organic and
inorganic substrates including phenols in the presence of
H20:2. The effect of pH and time on the removal of phenol
are given in Fig. 5A and 5B, respectively.

The optimum pH of the MhNFs for phenol removal was
determined as pH 7 (Fig. 5A). For this reason, different
time studies and the reusability experiments were then
performed at pH 7. As can be seen from Fig. 5B, almost
85% removal of phenol was done in one hour and 100%
removal of phenol was performed in 2 hours for free
HRP. On the other hand, almost 97% removal of phenol
for MhNFs was performed in 20 minutes and 100%
removal of phenol was performed in 30 minutes. It can
be seen from the Fig. 5B, the phenol removal
performance of MhNF is higher than free HRP. In addition
to the higher phenol removal performance of MhNFs
compared to free HRP, reusability of the MhNFs makes
them very attractive.

The reusability of free enzymes are still unsolved issue
for their efficient use. Although hNFs was re-used for
collecting them from reaction media via centrifugation,
some undesired cases occurred during the centrifugation
step. For instance, 1) the morphology of hNFs was
deformed after a few cycles, which causes a severe
reduction in catalytic activity of hNFs, 2) when the
mixture of hNFs and substrate was centrifuged at high
speed, some portion of substrate insert into the
substrate, then it may give false positive response and 3)
the insertion of substrate into the boundaries of hNFs
may restrict both capacity and activity of hNFs. In here,
we developed a novel design to make hNFs magnetic and
called MhNFs.
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Figure 6. The schematic representation of magnetic
hybrid nanoflower’s reusability

Fig. 6 showed the schematic representation of magnetic
hybrid nanoflower’s reusability. Fig 7 showed that the
same MhNFs was repeatedly used for phenol removal in
success. Even after seven cycles, MhNFs maintained
more than ~75% of their initial activity. In typical
recycling test the phenol solution was simply mixed with
suspension of MhNFs and followed by reaction at RT for
some time. The MhNFs were rapidly separated from the
suspension by a magnet and the supernatant was
removed by a pipet for its absorption measurement. The
new phenol solution was added to the MhNFs for next
catalytic experiment. Thus, magnetic property of MhNFs
make them to use repeatedly.
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Figure 7 The reusability of magnetic hybrid nanoflower
(MhNF)

4. Conclusion

In summary, we were provided the magnetic Fe304
particles and HRP-Cu?* hybrid nanoflower are
synthesized separately, and then combined to obtain
magnetic properties. Our magnetic property based-
hybrid materials indicated high enhanced activity,
stability, reusability and applicability for use in removal
of phenol compared with free HRP enzyme. The optimum
pH for magnetic hybrid nanoflower (MhNF) was found
7.0 for phenol removal reactions. When MhNFs was
magnetized in the presence of an external magnetic field,
it was utilized for their separation from reaction media
without any centrifugation for phenol degradation. So
that, MhNF was easily removed from reaction medium
for reusability. The proposed method has an advantage
for rapid response, excellent intervention, and saving
time. The magnetic hybrid nanoflower (MhNF) have
great potential as visual biosensor in green chemistry.
Besides that, our technologic application's to protein-
inorganic nanoflowers can offer a new platform in many
areas such as biomedical, biotechnology,
nanobiotechnology and chemistry.
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