— k ' International Journal of Pharmacy and Pharmaceutical Sciences

s, 4 J L
m ACADEMIC SCIENCES

Knowledge to innovation

ISSN- 0975-1491 Yol 8, Issue 5, 2016

Short Communication

MORAXELLA OSLOENSIS MEDIATED SYNTHESIS OF TIO2 NANOPARTICLES

VALLI NACHIYAR C.*, VIJAYALAKSHMI R., NIVEDHA KUMAR, BAVANILATHA M., SWETHA SUNKAR

Department of Biotechnology, Sathyabama University
Email: vnachiyar@gmail.com

Received: 01 Jan 2016 Revised and Accepted: 15 Mar 2016

ABSTRACT

Objective: The main idea behind the present investigation is to explore the ability of Moraxella osloensis to reduce Titanium dioxide to nanosizes in
a facile manner.

Methods: The bacterium was grown in nutrient broth for 24 hr. The culture supernant was used for the bioreduction process. The synthesized
nanoparticles were characterised by instrumental analyses namely FTIR, SEM and XRD. Toxicity of the nanoparticles was tested against HaCaT and
Hep2 cell lines.

Results: Moraxella osloensis with the dye degrading ability was found to be capable of reducing bulk Titanium dioxide to nanostructure. These
biogenic TiOz nanoparticles (TiOz NPs) were in the size range of 60-150 nm with the average size of 72 nm. The particles were found to irregularly
shaped and uniformly dispersed with less aggregation. In addition, XRD analysis indicated the presence of titanium beta. FTIR confirmed the
involvement of proteins in the bioreduction and stabilization. Nano TiO2 was found to be more toxic against HaCaT and Hep2 cell lines than its bulk
counterpart.

Conclusion: Moraxella osloensis successfully synthesised TiO2 NPs in environmentally safe and cost effective method in an extracellular fashion.
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Nano biotechnology, an emerging area of research, interlaces
various disciplines of science such as physics, chemistry, biology and
material science. As the size of material decreases to nanoscale the
percentage of surface atoms increases, thus increasing their high
surface-to-volume ratio, surface energy, spatial dimement and
reduced imperfections, which in turn impart characteristic physical,
chemical, electronic, electrical, mechanical, magnetic, thermal,
dielectric, optical and biological properties to nanoparticles as
opposed to bulk materials [1, 2]. As the biological processes also
occur at the nanoscale and due to their amenability to biological
functionalization, the nanoparticles are finding important
applications in the field of medicine [3].

Titanium dioxide (TiOz2) is a white pigment and because of its
brightness and very high refractive index it is most widely used. TiO>
can be used in paints, coatings, plastics, papers, inks, medicines,
pharmaceuticals, food products, cosmetics, and toothpaste. TiO:
nanoparticles (TiOz NPs) are also used in sunscreens [4]. The non-
toxic and biocompatible properties of titania, make it find its
applications in biomedical sciences such as bone tissue engineering
as well as in pharmaceutical industries [5]. Even though, number of
physical and chemical methods are available for the synthesis of
TiO2 nanoparticles, biological synthesis is gaining importance as it is
relatively simple, cheap and environmentally friendly [6].

Biological methods involve either plants or microorganisms or
sometimes biomolecules derived from them that facilitate both
intracellular and extracellular synthesis. This method limits the
use of expensive chemicals and advocates the more acceptable
“green” route. Biological synthesis of the TiO: is still in its nascent
stage and there are few reports confirming the ability of the
various bioentities like bacteria [7-9], fungi [10-12] and plants [13,
14] successfully synthesizing TiO2 nanoparticles. Hence an attempt
has been made to isolate, identify the microorganisms and
biologically synthesize TiO2 nanoparticles, characterize them using
various instrumental analyses and check for their cytotoxic
activities.

The organism used in this study, Moraxella osloensis was isolated
from a textile industry effluent in an attempt to isolate an organism

with an excellent dye degrading ability [15]. The bacterium was
grown in 100 ml nutrient broth for 24 h. The culture supernatant
was obtained after centrifugation of the broth at 10,000 rpm for 15
min followed byfiltration using Whatman filter paper No 1. This
filtrate was challenged with 0.025 M TiOz and stirred for 1 h.

This was followed by heating the solution at 60 °C for 30 min. The
white deposit formed at the bottom of the flask, indicating the
formation of TiO2 NPs, was separated by centrifugation and dried. A
control containing only TiO2 solution was maintained under similar
conditions [9].

The synthesized nanoparticles were subjected to various
instrumental analyses like FESEM-EDAX (Carl Zeiss, Germany) and
XRD (Rigaku, Japan) and FTIR (Perkin Elmer FTIR spectro-
photometer) to identify the size, size distribution, shape, the
crystalline structure and the functional groups of the stabilizing
molecules. While FESEM provides information about the size and
size distribution of nanoparticles, EDAX gives information about the
elemental composition. XRD provides the crystalline structure, size
and size distribution of the nanoparticles and the FTIR provides
information about the functional groups of the stabilizing molecules.
EDAX analysis indicated the chemical composition and purity of TiO:
NPs which is evident from the peaks corresponding to Ti element
and oxygen.

FESEM analysis of TiO2 NPs produced by Moraxella osloensis has
confirmed the bio reduction of bulk TiO: to nanoscale with the size
in the range of 60-150 nm. The particles were found to be
irregularly shaped and uniformly dispersed with less aggregation
(fig. 1). While the TiO2 NPs synthesized by Aeromonas hydrophila
[16] was reported to be spherical and uneven, whereas the
nanoparticles synthesized by Bacillus subtilis [17] and
Propionibacterium species [18] were found to be spherical.

The XRD pattern of the TiO2 NPs produced by Moraxella osloensis has
shown broad peaks indicating the small size of the particles (fig. 2).
The broad peaks indicate either particles of very small crystallite
size, or particles are semicrystalline in nature [5, 9, 18].


http://creativecommons.org/licenses/by/4.0/�

Nachiyar et al.

R

EHT =20.00 kv
WD = 91 mm

Signal A = InLens
Mag = 50.00K X

Date :16 Feb 2015
Time :12:53:28

Int ] Pharm Pharm Sci, Vol 8, Issue 5, 397-400

Fig. 1: (a) FESEM graph and (b) EDAX picture of TiO: nanoparticles synthesized by Moraxella osloensis

The formation of anatase crystal phase was confirmed from the peak
signals at 25.38 °, 37.86 °, 48.09 °, 53.96 °, 55.11 °, 62.73 ° and 75.07
° corresponding to planes (101),(004),(200),(105),(211),(20
4) and (2 1 5) respectively, which coincide with Crystallography
Open Database (COD) DB Card number 9008213. While most of the
biologically synthesized TiO2 NPs were found to be predominantly in
anatase crystal phase [8, 9, 18] rutile crystal phase were also
reported [5, 16, 17]. In addition to these peaks, three prominent
peaks at 38.63, 55.11 and 68.80 corresponding to planes (11 0), (20
0), (2 1 1) respectively indicating the presence of Titanium beta. The
peaks are comparable with the standard peaks in COD DB Card

number 9008554. The average particle diameter of the
nanoparticles was calculated from XRD pattern using the Scherrer’s
equation

_ kr

" BcosO

Where d is the crystal size; k is the wavelength of the X-ray radiation
(k = 0.15406 nm) for Cuka; k is usually taken as 0.89; and f is the
angular FWHM of the XRD peak at the diffraction angle 6 [17]. The
TiO2 NPs synthesized by Moraxella osloensis were found to have
their size in the range of 62 to 90 nm with the average being 72 nm.
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Fig. 2: X-ray diffractogram of TiO: nanoparticles synthesized by Moraxella osloensis

Fig. 3 Shows the FTIR spectra of bulk and nano TiO: (reduced by
Moraxella Osloensis) respectively. While peaks at 3333 cm-1, 1651
cm-1, 773 cm-1 (C-H rock of alkanes) can be seen in both bulk and
nano TiOz, peaks at 2333 cm-1, 1117 cm-1 (C-N stretch of aliphatic
amine), 678 cm-1 (N-H wag of 1° and 2° amines) and 516 cm-1 could
be been only in TiOz. The peaks found in bulk TiO2 were comparable
with the peaks for pure TiO; obtained by Wan et al. [19] and Wu et
al. [20]. A shift in peak wavelength from 3333 cm-1 to 3412 cm-1
was observed after reduction of bulk TiOz to nano TiO2. This may be
due to the overlapping of 3333 cm-1 with the N-H stretching
vibrations of 1° and 2° amines and amides of bacterial proteins that
are involved in the bio-reduction.

In recent years, TiOz NPs have been widely used in industrial and
consumer products due to their stronger catalytic activity when
compared to TiO: Fine Particles. Their application in cosmetic
products such as sunscreen creams, whitening creams, morning
and night creams and in skim milk [21, 22] (web ref) makes the
toxicity analysis mandatory.

Further, TiO2 NPs are reported to be more toxic than FPs [4].
Hence, the biologically synthesized TiO2 NPs and the bulk TiO2
were checked for their cytotoxicity using MTT assay against
normal (HaCaT) and cancer (Hep2) cell line. Cytotoxicity tests
were carried in replicate as explained previously [23].
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The cytotoxicity results given in fig. 4 clearly indicated that the NPs
were more toxic than its bulk counterpart. The size dependent
toxicity of TiO2 was evident from the ICso value of bulk TiOz for
HaCaT which was found to be 150 pg/ml as against the ICso value of
55 pg/ml for TiO2 NPs. Similar trend was observed in case of Hep2
cell line except the fact that this cancer cell line was comparatively
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resistant than the normal cell line exhibiting the ICso values of 550
pug/ml and 172 pg/ml of bulk and nano TiO: respectively. Swetha et
al. [9] have reported that the biogenic TiO2 NPs synthesized by an
endophytic Bacillus cereus has an ICso value of 465 pg/ml against
Hep 2 cell line. Increased toxicity of the TiOz NPs synthesized by
Moraxella osloensis may be due to the increased incubation period.
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Fig. 3: FTIR spectrum of (a) bulk TiO: and (b) TiOz nanoparticles synthesized by Moraxella osloensis
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Fig. 4: Cytotoxicity analysis of Bulk TiOz and TiOz nanoparticles synthesized by Moraxella osloensis against (a) HaCat and (b) Hep2 cell

This study reports the environmentally safe and cost effective
method of producing TiO: NPs by a dye degrading Moraxella
osloensis in an extracellular fashion. In addition to TiO2 NPs elemental
Ti could also be identified from XRD. FTIR confirmed the presence of
proteins which are involved in the bioreduction and stabilization of
nanoparticles. Cytotoxicity studies against HaCat and Hep2 cell lines
indicated that the nano TiOz is comparatively toxic than its bulk
counterpart and HaCaT is more sensitive compared to Hep2 cell lines.
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