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ABSTRACT

In the present paper the synthesis of magnetite nanoparticles and their surface functionalization with protein has
been described. Surface functionalization of these nanoparticles was confirmed using various techniques including
Transmission Electron Microscopy, X-Ray Diffraction, Vibrating Scanning Magnetometry, Thermo-gravimetric
studies and Fourier Transform Infrared Spectroscopy. Further, surface-functionalized magnetite nanoparticles were
loaded with ciprofloxacin drug and then screened for their antibacterial activity against two gram-positive (Bacillus
subtilis and Staphylococcus aureus) and two gram-negative (Pseudomonas aeruginosa and Escherichia coli)
bacterial strains.
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INTRODUCTION

Nanoscience has been emerged as one of the most significant scientific research areas in the new century
due to its potential applications in various industries including food, farming and pharmaceutical."”
Nanoparticles may be synthesized using various cost-effective and eco-friendly methods such as sol-gel
method, green synthesis and nanoprecipitation technique.*’ Surface functionalized magnetite
nanoparticles have become more popular among researchers due to their vast applications. The surface
functionalization of magnetite nanoparticles with protein enhances the capabilities of these nanoparticles.
Biopolymers including proteins have some superb features including biocompatibility which makes them
superior to synthetic polymers for the development of nanocarriers.® Artificial nanoparticles combined
with biopolymers such as proteins become compatible with the human body. Proteins coating additionally
provide nanoparticles with many bioactive features like biodegradability and nontoxicity.” Apart from
that, protein-mediated nanoparticles have been found more efficient nanocarriers to deliver the low
molecular-weight drugs.'” Prompted from these studies, in the present paper, synthesis and
characterization of protein-mediated magnetite nanoparticles have been discussed. In addition to that,
these functionalized MNPs were loaded with CPF drug. Furthermore, these CPF loaded protein
functionalized MNPs were evaluated for their biological activity against four test bacteria.

EXPERIMENTAL
Materials and Methods
Reagents
All the chemicals purchased were of analytical grade and used without further purification. Ferrous
sulfate (FeSO,.7H,0), ferric chloride (FeCl;.6H,0), ciprofloxacin, hydrochloric acid and ammonia were
purchased from SRL (India). Deionized water was used whenever required.

Instruments
Rigaku Ultima IV fully automatic high-resolution X-Ray Diffractometer system with theta-theta
goniometer, Philips CM 200 transmission electron microscope, MB-3000 ABB spectrophotometer.
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Preparation of Magnetite Nanoparticles

The co-precipitation method was used for synthesizing bare and functionalized magnetite nanoparticles as
reported in previous work.'" In brief, 50 ml of ferrous sulphate solution (0.5 M) was mixed with 50 ml of
ferric chloride solution (1.0 M). The resulting mixture was heated to 85°C with simultaneous stirring at
high speed under the continuous supply of nitrogen. After that, the pH of the solution was raised to ~ 10.0
by the addition of ammonia solution into the reaction mixture where MNPs were precipitated. The
formation of these magnetite nanoparticles was confirmed by the transformation of the color of the
solution from brown to black. The precipitated magnetite nanoparticles were washed many times with
deionized water. These magnetite nanoparticles were dried in a vacuum oven at 25'C. The synthesis of
magnetite nanoparticles may be represented as follows.'>"?

Fe?' + 2Fe3'+ 8OH" ———» Fe;0, +4 H,0

Surface Functionalization of MNPs with Protein

The surface of synthesized MNPs was functionalized with protein. Firstly, the protein was dissolved in
water to produce a stable emulsion. This, so formed emulsion was added to a well-dispersed solution of
magnetite nanoparticles followed by gentle shaking. These protein treated MNPs were finally washed and
dried.

CPF loaded EA-MNPs (CPF @ EA-MNPs)

The surface-functionalized MNPs were added to a 100 ml solution of ciprofloxacin drug and allowed to
shake very gently. During this process, CPF drug gets loaded on the surface of functionalized MINPs.
After that, these drug-loaded nanoparticles were washed and dried in vacuum. The comparison of IR
spectra of Ciprofloxacin and CPF loaded EA-MNPs confirmed the loading of CPF on the surface of EA-
MNPs.

Antimicrobial Assay

Antibacterial Studies of Ciprofloxacin and CPF Loaded Protein Functionalized Magnetite
Nanoparticles (CPF @ EA-MNPs)

Autoclave sterilized glassware (121°C, 15 min) was used for the experiments. The agar well diffusion
method was used for the evaluation of antibacterial studies i.e after 24 hours of incubation at 37°C, the
samples were assessed for the screening of growth of inhibition zone.

RESULTS AND DISCUSSION

FTIR Spectral Studies

The FTIR spectral technique was used for the confirmation of surface functionalization of MNPs and CPF
loading on the surface of functionalized MNPs. The comparative study of FTIR spectra of bare magnetite
nanoparticles, pure egg albumin protein and protein-coated magnetite nanoparticles confirms the coating
of egg albumin on the surface of magnetite nanoparticles. The FTIR spectrum of magnetite nanoparticles
show absorption band below 600 cm™' (Fe-O stretching) and 3400 cm’'(O-H stretching)M. In FTIR
spectrum of Egg Albumin functionalized magnetite nanoparticles new peaks were observed at 3278 cm’
'1643 cm™, 1519 cm™ and 1080 cm™. These new peaks observed in the FTIR spectrum of egg-albumin
coated magnetite nanoparticles were similar to those observed in the FTIR spectrum of pure egg-albumin
protein'®. Thus, the appearance of these new peaks in the FTIR spectrum of EA-MNPs confirms the
coating of egg albumin protein on the surface of MNPs'® (Fig.-1a). Similarly, the comparison between
FTIR spectra of pure CPF and CPF@EA-MNPs led us to conclude that CPF has been successfully loaded
on the surface of EA-MNPs (Fig.-1b).

Transmission Electron Microscopic Studies
TEM studies of bare MNPs and EA-MNPs confirms the coating of egg albumin protein on the surface of
magnetite nanoparticles as EA-MNPs have an average size of about 20 nm (Fig.-2a) whereas the average
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size of bare MNPs was only 10 nm (Fig.-2b). The increased size of EA-MNPs confirms the coating of
protein on the surface of bare MNPs.
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Fig.-1a: FTIR Spectra of Bare MNPs, Egg Albumin and EA-MNPs
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Fig.-1b: FTIR Spectra of CPF and CPF@EA-MNPs

Fig.-2a: TEM image of EA-MNPs
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XRD Studies of MNPs and EA-MNPs

The data for the diffraction pattern was collected in a range of 20° to 50° with a counting rate of 2s/steps
and a step increment of 0.020. The diffraction plots for bare and surface coated MNPs are shown in (Fig.-
3a and 3b), respectively. The semi-crystalline nature of these MNPs was confirmed from the high-pitched
crystalline peaks'’ observed in the XRD pattern of bare magnetite nanoparticles at (20 = 22.90, 30.04,
35.36, 43.02).
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Fig.-3: XRD Plot of (a) Bare and (b) Protein Coated Magnetite Nanoparticles

Similarly, the characteristic peaks were obtained for the coated magnetite nanoparticles at (20 = 22.90,
30.04, 35.32, 42.88). The particle size (D) for these uncoated and coated nanoparticles was also
determined with the help of Debye-Scherrer’s equation (D=KA/B cos 0), Where, D is the average size of
the particles, K is shape factor having a constant value of 0.91, X is the wavelength of X-ray (A = 0.15406
nm), B is the line width at half of the maximum intensity (FWHM) and 0 being the Bragg’s diffraction
angle. In this study, the particle size for the bare and coated MNPs was found to be 12.5 nm and 36.8 nm,
respectively. The difference in the size of bare and coated MNPs confirms the coating of protein on the
surface of MNPs. Furthermore, the size of bare and coated MNPs determined using Debye-Scherrer’s
equation are in close agreement with the results obtained from TEM studies for this purpose.

Magnetic Properties of MNPs

The VSM plots of both bare and coated magnetite nanoparticles (Fig.-4a and 4b) indicate their
superparamagnetic behavior as the coercivity or remanence was found to be nil in the magnetic loops of
both VSM plots. These studies were carried out at room temperature under the applied magnetic field in
the range +10,000 to -10,000 Oe.

2.0+
2.0 4
B-MNPs 1.5 EA-MNPs
1.5
1.0 4
. 1.0+
>
R 0.5+
E 05 s
= ®
N _
§ oo- A
= o i
4 =]
i o -0.5
-— 0.5 -
8 = (b)
= J
e (a) 1.0
= -1.0
1.5 - 1.5 -
-2.0 T T T T T T T T T g -2.0 T T T T T
10000 5000 o 5000 10000 -10000 -5000 0 5000 10000
H (Oe) H (Qe)

Fig.-4: VSM Plot of (a) Bare and (b) Coated MNPs
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The plots of M versus 1/H were extrapolated to zero in order to obtain the magnetic saturation (Ms)
values for bare and coated MNPs. A net value of zero was found for the magnetization in absence of
external magnetic field. At 10 kOe, Ms for bare MNPs was found to be 1.65 emu/g (Fig.-5a) whereas this
value for EA-MNPs was found to be 0.91 emu/g (Fig.-5b), which is comparatively lesser than that for the
bare MNPs.
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Fig.-5: Magnetic Saturation Plot of (a) Bare and (b) EA-MNPs

This decrease in the magnetization value of the EA-MNPs may be attributed to the fact that material
(protein) used for the coating of MNPs is of nonmagnetic nature. However, the coating of protein on
MNPs did not significantly diminish the magnetic property of bare magnetite nanoparticles as there is a
minor difference in saturation magnetization (M) values of bare MNPs and EA-MNPs. A comparison of
the M value (emu/g) of uncoated and EA-coated MNPs suggested that the content of protein in coated
MNPs was about 45%. Further, from the VSM study, it is clear that the superparamagnetic nature still
persists in coated MNPs and thus can be used for targeted drug delivery under the effect of external
magnetic field'®.

Thermogravimetric Studies
TGA curve of coated MNPs (Fig.-6) suggests a weight loss of about 6% near 100°C which indicates the
removal of moisture.
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Fig.-6: TGA plot of EA-MNPs
From the above-shown curve, it is clear that thermal degradation of the surface coating material of coated
MNPs started at temperature 225°C and continued up to 440°C, with 25% weight loss. After this
temperature, no more changes were observed. This reduction in mass could be explained due to the
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burning of the coating layer of MNPs."” However, these changes were not observed in the case of bare
MNPs as reported in a previous paper.'' These studies clearly suggest the presence of coating material i.e.
protein on the surface of MNPs.

Biological Activity of CPF@EA-MNPs

The antibacterial activity shown by CPF@EA-MNPs was compared with that of CPF drug against the
same bacterial strains. It was observed that the zone of inhibition is greater in the case of CPF@EA-
MNPs (Table-1) indicating their increased antibacterial activity.

Table-1: In vitro Antibacterial Activity of CPF and CPF@EA-MNPs Using Agar Well Diffusion Method

Compounds Diameter of Zone of Inhibition (mm)*
Gram +ve Bacteria Gram -ve Bacteria
Bacillus subtilis Staphylococcus Pseudomonas Escherichia coli
aureus aeruginosa
CPF 32 25 28 25
CPF@EA-MNPs 36 27 30 35
CONCLUSION

In the present work, superparamagnetic MNPs were synthesized and their surface was functionalized with
protein. Different techniques including the IR spectrum and TGA confirmed the coating on the surface of
MNPs. Further, it was observed that after functionalization, the superparamagnetic behavior was not
changed significantly. Hence the magnetic property of these MNPs may be used even after their surface
modification. In addition to that, CPF loaded EA-MNPs were also tested for their antibacterial activity. It
was found that there is a small increment in antibacterial activity as compared to that of standard drugs.
This effect may be attributed to the increased surface to volume ratio in the case of CPF loaded EA-
MNPs.
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