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Abstract

Nanobiotechnology is a new era paving a way to develop advanced technology especially in the field of
medicine. In the present work, magnetic nanobiocomposite of fungal asparaginase was produced using
polyethylene glycol. The formation of magnetic nanobiocomposite of asparaginase was confirmed by
laser light scattering and confirmed using UV-Visible spectrophotometer. The specific activity of fungal
asparaginase was increased from 320 U/mg of crude asparaginase to 385.81 U/mg of magnetic
nanobiocomposite. The primary amines majorly involved in binding of asparaginase on magnetic
nanoparticls were confirmed using FT-IR analysis. The AFM analysis has revealed the size of magnetic
nanobiocomposite in the range of 130 to 160 nm. The synthesized magnetic nanobiocomposite has
shown good cytotoxicity on MCF-7 and HT-29 cancer cell lines. Hence synthesized magnetic
nanobiocomposite of fungal asparaginase could be used as an active anticancer drug.
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Introduction

Biological molecules bound to metallic
nanoparticles paved new directions in medicinal
diagnostics, imaging and biomedical applications
[1]. Metal nanoparticles exhibit intrinsic optical
properties which will enhance the transparency
of polymer-particle composites [2]. Drug
delivery focuses on maximizing bioavailability
both at specific places of disease in the body and
over a period of time. It is all about
personalizing drug molecules with the help of
nanoparticles and delivering drugs with cell
precision. A personalized medicine is intended to
avoid damage to normal cells, reduce the drug
consumption and treatment expenses resulting in
an overall societal benefit by reducing the costs
to the public health system [3].

The chemotherapeutic agents such as
Carbiplatine, Paclitaxel, and Doxorubicin are
used to treat cancer along with nanoparticles.
The gold nanorods loaded, chitosan conjugated
and pluronic based nanocarriers were used as
imaging agents for cancer cells and as
hyperthermic agents for photothermal cancer
therapy. Positive results were reported that the
tumor developed in the mouse disappeared in six

days proving that nanoparticles are efficient drug
carriers [4,5]. Gold coated silica nanoparticles
used for rapid tumor destruction with minimal
damage to normal cells [6]. Magnetic
nanoparticles provide good stability and poses
low toxin to the normal cells [7]. The targeted
delivery of PEG  modified liposome
nanoparticles encapsulated with doxil was
reported six times efficient than free doxorubicin
treatment [8].

L-asparaginase reduces the L-asparagine
content available in the blood as well in the
surroundings of the cell. Reduction in the L-
asparagine content is responsible for the loss in
the viability and necrosis of the cancer cells [9,
10]. Fungal asparaginase was reported for lesser
side effect than bacterial asparaginase. The fungi
Aspergillus terreus can be used for synthesize of
asparaginase [11]. Better plasma L-asparaginase
activity and effective depletion of asparagine in
serum and cerebrospinal fluid was reported for
PEG modified L-asparaginase. PEG modified L-
asparaginase was reported for more activity than
native L-asparaginase [12, 13]. Thus L-
asparaginase bound on nanoparticles had
promising therapeutic potential for cancer
treatment [14]. Hence the present work was
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focused on polyethylene glycol mediated
fabrication of magnetic nanobiocomposite of
fungal aasparaginase from Aspergillus terreus.
Anticancer activity of the synthesized magnetic
nanobiocomposite of asparaginase was studied
against MCF-7 and HT-29 cancer cell lines.

Materials and methods
Microorganisms used

The fungus Aspergillus terreus MTCC
1782 was obtained from IMTECH Chandigargh,
India. A. terreus strain was cultivated in Czapek
agar slants at 37°C for 4 days and used as
inoculum for the synthesis of asparaginase.

Reagents and cancer cell lines

The chemicals used for the preparation of
magnetic nanobiocomposites are as follows:
Ferric chloride (FeCl3) and Ferrous Sulphate
(FeSO,4) purchased from CHEMSPURE, India
were used as metal precursor for synthesis of
magnetic nanoparticles. The binding agent
polyethylene glycol and the agar used in Czapek-
Dox media were purchased from HIMEDIA Pvt.
Ltd., Mumbai, India. The amino acid asparagine
was obtained from LOBA CHEMIE Pvt. Ltd.,
Mumbai and proline was purchased from
QUALIGENS, Mumbai, India. The other
laboratory reagents used are sourced from
SISCO RESEARCH LABORATORIES Puvt.
Ltd., Mumbai, India. For the in-vitro analysis,
MCEF-7 and HT-29 cell lines were obtained from
Veterinary College, Vepery, Chennai. The cells
were maintained in Minimal Essential Medium
supplemented with 10% FBS, penicillin (100
U/ml), and streptomycin (100 pg/ml) in a
humidified atmosphere of 50 ug/ml CO, at 37°C.

Preparation of inoculum culture

Aspergillus  terreus obtained from
IMTECH, Chandigarh, India strain was
cultivated in Czapek agar slants at 37°C for 4
days.

Production of asparaginase

Aspergillus terreus is inoculated in a 500
ml Erlenmeyer flask containing 200 ml of
modified Czapek-Dox liquid medium containing
(9/100): 2.0 L-Proline, 1.0 L-Asparagine, 0.2
glucose, 1.0 sodium nitrate, 0.052 potassium
chloride, 0.152  Di-potassium  hydrogen
phosphate, 0.001 zinc sulphate, 0.001 copper
sulphate, 0.001 ferrous sulphate and 0.052
magnesium sulphate, maintained at pH 6.2. Then
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the fungus was grown aerobically by agitating in
an orbital shaker at 160 rpm at 32°C for 4 days
[15]. The fermentation broth was filtered under
vacuum through Whatman #2 filter paper which
Is rich with L-asparaginase.

Chemical synthesis of magnetic nanoparticles

The magnetic  nanoparticles  were
prepared by co-precipitation method. Typically a
mixture of solution containing 0.2 M Ferric
chloride and 0.1 M Ferrous sulphate are prepared
in the presence of a reducing agent (10% NaOH)
under constant stirring for magnetic nanoparticle
production [16]. The obtained black precipitate
was washed with milliQ water and collected by
magnetic decantation.

Pretreatment of magnetic nanoparticle with
polyethylene glycol and synthesis of magnetic
nanobiocomposite of asparaginase

The black precipitate of magnetic
nanoparticle was washed twice with deionized
water and then dispersed in 100 mM of
PEG4000. The pH of the solution was
maintained at 8.5 to enable the attachment
PEG4000 to magnetic nanoparticle. The mixture
was ultrasonicated for 3 h for well dispersion of
PEG pretreated magnetic nanoparticles. Then the
mixture was left at room temperature. 100 ml of
PEG pretreated magnetic nanoparticle solution
was mixed with 50 ml of crude asparaginase for
30 min at 30°C. Then it was kept at 4°C for 6 h
and centrifuged at 4°C and 10000 rpm to
separate the magnetic nanobiocomposite of
asparaginase for further characterization.

Lyophilization of magnetic nanobiocomposite
of asparaginase

The magnetic nanobiocomposite of
asparaginase were freeze dried for further
characterization. The magnetic
nanobiocomposite slurry was taken in 1.5 ml
centrifuge vials and centrifuged at 10000 rpm for
10 min. The supernatant were discarded and the
pellet was frozen overnight in the freeze drier.
The frozen pellets were placed in a freeze dryer
chamber and deep frozen to -40°C. The vacuum
pump was switched on, so as to reduce the
pressure of the drying chamber. Lyophilization
was carried out for 4 h. The freeze dried
magnetic nanobiocomposite of asparaginase
were later stored in the freezer at 4°C for further
characterization.
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Estimation of L-asparaginase activity and
protein concentration

L-Asparaginase  activity of crude
asparaginase was estimated using Nessler’s
method. The 0.1 ml of crude asparaginase was
mixed with 0.9 ml of 0.1 M phosphate buffer and
1 ml of 0.04 M of L-Asparagine. This mixture
was incubated at 37°C for 10 min. The reaction
was stopped by adding 0.5 ml of 15%
Trichloroacetic acid, after this thorough mixing,
it was centrifuged at 6000 rpm for 10 min at 4°C.
Then 0.1 ml of supernatant was taken in a
separate tube, made up to 8 ml and mixed with
this 1 ml of 2 M NaOH and 1ml of Nessler’s
reagent. Then the mixture was incubated for 10
min at room temperature. Finally absorbance
was noted at 480 nm in spectrometer [17].
Protein concentration in crude asparaginase was
estimated Bradford method. Sample consisting
of 20 pl was mixed with 180 pl of distilled water
along with 2 ml of Bradford’s reagent separately.
This mixture was incubated for 10 min at 37°C
in an incubator. Finally absorbance was noted at
595 nm in spectrometer [18].

Characterization of synthesized magnetic
nanobiocomposites using FTIR, XRD and
AFM analysis

The optical property of the manetic
nanobiocomposites  was  investigated by
SYSTRONICS Double Beam UV-Visible
spectrophotometer 2201 obtaining spectrum
values from 300 to 800 nm. The Fourier
Transform Infra-red (FT-IR) spectroscopy was
used to analyze the functional groups present in
the nanobiocomposites using BRUKER a-T FT-
IR Spectrometer. The lyophilized samples were
mixed with KBr to form Discs under high
pressure using hydraulic press. These discs were
scanned from 400 to 4000 cm-1 to obtain the FT-
IR spectra. The details regarding the particle size
and surface morphology are observed by Atomic
Force Microscope (AFM) (NTMDT, Ireland)
analysis. The metallic composition of magnetic
nanobiocomposites was analysed using X-ray
Diffraction (XRD) spectroscopy.

Anticancer activity of magnetic
nanobiocomposite of asparaginase against
MCF-7 and HT-29 cancer cell lines

Cancer cells (1x10°/well) were plated in
24-well plates and incubated in 37°C with 5%
CO, condition. After the cell reaches the
confluence, the various concentrations of the
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samples were added and incubated for 24 h.
After incubation, the sample was removed from
the well and washed with phosphate-buffered
saline (pH 7.4) or MEM without serum. 100
pl/well (5 mg/ml) of 0.5% 3-(4, 5-dimethyl-2-
thiazolyl)-2,5-diphenyl-tetrazolium bromide
(MTT) was added and incubated for 4 h. After
incubation, 1ml of DMSO was added in all the
wells. The absorbance at 570 nm was measured
with UV-Spectrophotometer using DMSO as the
blank [19]. Measurements were performed and
the concentration required for a 50% cancer cell
inhibition (IC50) was determined graphically.
The cell viability was calculated using eq. (1).

% cell viability = (A570 of treated cells / A570
of control cells) x 100 ....... (1)

Graphs are plotted using the % of Cell Viability
at Y-axis and concentration of the sample in X-
axis. Cell control and sample control is included
in each assay to compare the full cell viability
assessments.

Results and discussions
Asparaginase activity

The synthesised magnetic nanofluid was
black in colour consisting of fine magnetic
nanoparticles. The magnetic nanoparticles
separated under magnetic field were very fine
and black colour in nature (Fig. 1(a)). The
intensity of the nanofluid colour was increased to
dark brown on the addition of polyethylene
glycol (Fig. 1(b)). The specific asparaginase
activity was increased from 320 U/mg of crude
asparaginase to 385.81 U/mg of asparaginase
bound magnetic nanobiocomposite. Thus the
presence of asparaginase on the synthesized
nanobiocomposite ~ was  confirmed.  The
synthesized nanobiocomposite of asparaginase
was found to have good asparaginase activity.
Hence it can be used as potential anticancer

drug.
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Fig. 1. (a) Synthesized magnetic nanoparticles,
and (b) L-asparaginase bound magnetic
nanoparticles under magnetic field
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UV spectroscopic analysis

The UV absorption spectrum of magnetic
nanoparticles (Fig. 2(a)), PEG pretreated
magnetic  nanoparticles (Fig. 2(b)) and
asparaginase magnetic nanobiocomposite
colloids (Fig. 2(c)) were observed in the range of
300 to 800 nm. The plasmon peaks in fig. 2 at
477.6 nm confirms the formation of magnetic
nanoparticle (Fig. 2(a)) and presence of magnetic
nanoparticle in PEG pretreated nanofluid (Fig.

2(b)) and asparaginase magnetic
nanobiocomposite (Fig. 2(c)).
(a)
140 (b)
(c)
Fig. 2. UV spectrum of (a) Magnetic

nanoparticles (b) PEG pretreated magnetic
nanoparticles (c) Magnetic nanobiocomposite of
asparaginase

FT-IR analysis of magnetic nanobiocomposite
of asparaginase

The interaction between asparaginase and
magnetic nanoparticle was analysed by using
FT-IR spectroscopy. The spectra represented an
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average of 50 scans. All were recorded from 600
to 4000 cm™ with a resolution of 4 cm™ as
shown in Fig. 3. The pellets of magnetic
nanobiocomposite of asparaginase were prepared
by gently mixing 1 mg of the lyophilized sample
with 100 mg of KBr. There were eight peaks
observed as shown in Fig. 3. The peak at 3377
cm™ confirms the presence of —NH, in aromatic
amines, Primary amines and amides. The peak at
677 cm™ represents the presence of strong C-H
bond for cis-disubstituted alkenes. The presence
of benzene ring confirmed with the peaks at 796,
892 and 1627 cm™. The peak at 1066 cm™
represents the presence of overlapped C-N bond
for aliphatic amines. The peak at 1627 cm™
represents the presence N-O aromatic nitro
compounds of conjugated asparaginase on
magnetic nanoparticles. Thus the FT-IR results
confirmed the presence of bound asparaginase
on magnetic nanopartiles.

XRD analysis of magnetic nanobiocomposite of
asparaginase

XRD analysis was used to determine the
crystallinity, and metallic nature and cubic
structure  of magnetic nanoparticles. The
lyophilized magnetic nanobiocomposite was
subjected for XRD Analysis. Peaks obtained at
30.36 and 43.32 20 exhibits the crystalline
nature of the synthezised nanobiocomposite (Fig.
4). The peaks in the pattern are higly intensed
and very close to each other, this is might be
caused due to the over agglomeration of the
polymer matrix and asparaginase over the
magnetic nanoparticle. The masking of the
polymer over the magnetic particle produces
partiality in the crystaline structure, showing that
it is amorphous in state. Generally, an
amorphous polymer in an XRD analysis do not
show any sharp and extremely intensed peaks
whereas the magnetic nanobiocomposite along
amorphous polymer (PEG) showed sharp and
highly intensed peaks.This is due to the
development of crystallinity in the amorphous
polymer (Arunkumar et al., 2005).

Surface morphology and particle size analysis
using AFM

The surface morphology such as solid
structure, surface area, thickness of synthesized
magnetic nanobiocomposite was studied using
AFM. The AFM analysis was carried out at 5*5
and 10*10 area contact modes. The 2D and 3D
surface structures of magnetic nanobiocomposite
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observed under 5*5 area contact mode are shown
in as shown in Fig. 5(a) & (b). The histogram
analysis provides the size of the magentic
nanobiocomposite. The size of the magnetic
nanobiocomposite ranged from 130 to 160 nm.

100
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The magentic nanobiocomposite was observed
with large aggregates, this might be due to the
formation of polymer layer and binding of
asparaginase enzyme.

4000.0 3600 3200 2800 2400

1800 1600 1400 1200 1000 200 600.0
cm-1

Fig. 3. FT-IR analysis of magnetic nanobiocomposite of asparaginase
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Fig. 4. XRD analysis of magnetic nanobiocomposite of asparaginase

Anticancer activity by MTT assay

The magnetic nanobiocomposite of
asparaginase was tested for its anticancer activity
againts MCF-7 (Breast cancer) and HT-29
(Human colon adenocarcinoma) cell lines. The
concentration of magnetic nanobiocomposite of
asparaginase was varied form 1000, 500, 250,
125, 62.5, 31.2 ,15.6, and 7.8 pug/ml. The figure
6 shows the anticancer effect of magnetic

nanobiocomposite of asparaginase on HT-29 cell
line. The decrease in number of cancer cells was
observed corresponding to the increase in
magnetic nanobiocomposite of asparaginase
concentration. The 1000 pg/ml of magnetic
nanobiocomposite of asparaginase showed very
few cells while as the 15.6 pg/ml comparatively
showed increased number of cells.
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3D observed under 5*5 area contact mode

The fig. 7 exhibits the MTT assay of the

HT-29 cell line treated with different

concentration of magnetic nanobiocomposite of
asparaginase. The cell viability was 9.25, 20.37,

! 29.62, 35.18, 40.74, 44.44, 50 and 55.55 % for
1000, 500, 250, 125, 62.5, 31.2, 15.6 and 7.8

pg/ml - of magnetic nanobiocomposite  of
asparaginase respectively. The cell control had

100% viability. There was a long sustained

it T v at steady increase in the cell viability on decrease

L in the concentration of the drug showed steady

cytotoxic effect of the drug. The ICs, value of
magnetic nanobiocomposite of asparaginase
against HT-29 cell line was found as 125 pg/ml.
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The fig. 8 shows the cytotoxic effect
magnetic nanobiocomposite of asparaginase
againts MCF-7 cancer cell line. It showed a
decrease in growth of MCF-7 cancer cells as the
concentration of the magnetic nanobiocomposite
of asparaginase increases. The normal MCF-7
cell line was the control used for the in-vitro

e analysis.
Fig. 5. Surface morphology of magnetic
nanobiocomposite of asparaginase (a) 2D and (b)
(a) (b)

(c)
(d)

(¢)

Fig. 6. Cytotoxic effect of magnetic nanobiocomposite of asparaginase on HT-29 cell line (a) 1000
pg/ml (b) 125 pg/ml (c) 62.5 pg/ml (d) 31.2 pg/ml (e) Normal HT-29 Cell line
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Fig. 7. MTT  assay of  magnetic
nanobiocomposite of asparaginase on HT-29 cell
line

The fig. 9 shows the MTT assay of MCF-
7 cancer cell lines treated with different

concentration of magnetic nanobiocomposite of
asparaginase and its anticancer effect. The cell

(a)

(c)
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viability was 10.20, 10.32, 26.53, 40.81, 48.97,
51.10 , 59.18 and 63.26 % for 1000, 500, 250,
125, 62.5, 31.2, 15.6 and 7.8 pg/ml of magnetic
nanobiocomposite of asparaginase respectively.
The cell control had 100% cell viability. There
was a gradual increase in the cell viability on
decrease in the concentration of the drug showed
stable cytotoxic effect of the drug. The ICs
value of magnetic nanobiocomposite of
asparaginase against MCF-7 cell line was found
as 62.5 pg/ml. On comparison of the both cancer
cell lines the rapid destruction of the cancer cell
were observed on the MCF-7 cancer cell line
[20]. Thus the magnetic nanobiocomposite of
asparaginase is more effective against MCF-7
cancer cell line than HT-29 cell line.

(b)

(d)

(e)

Fig. 8. Cytotoxic effect of magnetic nanobiocomposite of asparaginase on MCF-7 cell line (a) 1000
pg/ml (b) 125 pg/ml (c) 62.5 pg/ml (d) 31.2 pg/ml (e) Normal MCF-7 Cell line
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Fig. 9. MTT  assay of  magnetic

nanobiocomposite of asparaginase on MCF-7cell
line

Conclusions

The fungal asparaginase was effectively
immobilized on magnetic iron nanoparticles by
using polyethylene glycol. An increase in
specific activity of immobilized asparaginase
was increased to 385.81 U/mg from 320 U/mg of
crude asparaginase. The peaks in the UV
spectroscopy indicated the presence of gamma
iron oxide. The FT-IR peaks elucidated the

functional groups involved in binding of
asparaginase. The XRD analysis showed the
partial crystallinity of magnetic

nanobiocomposite of asparaginase. The AFM
analysis showed the average particle size and the
surface texture. The steady decrease in viability
cancer cells were observed for increases in
concentration of magnetic nanobiocomposite of
asparaginase. The in-vitro assay displayed the
rapid destruction of the cells were observed on
the MCF-7 cancer cell line. Thus the magnetic
nanobiocomposite of asparaginase is more
effective against MCF-7 cancer cell line than
HT-29 cell line.
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