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ABSTRACT

Synthesis of TiOnanoparticles using optimized biomass of Planoafitrm sp., which is isolated from melted ice.
Herein, the TiQexhibited maximum absorbance peak at 400 nm in id\8pectroscopy. The XRD spectrum shows
the nature of the nanoparticles and the crystalkiee of the nanoparticles measured using DebyefBclequation
was used to particle size range from 8.89 nm. SElye shows the shape of the nanoparticles. The €diRrmed
the existence of protein as the stabilizing ageinthe TiQ particles. The nanoparticles exhibit antibacterial
microbial activity against B.Subtilis, K.planticgland A.niger.The ecofridely cost effective methead involving in
this synthesis of nanoparticles.
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INTRODUCTION

Nanotechnologies concern the expansion of expetahenocesses for the synthesis of nanoparticléls wiusual
physicochemical and optoelectronic properties, wr@didigagnostics, biomedical imaging, chemical and
biochemical sensing, nanomedicine and nanoelecsoril, 2]. Various chemical and physical methods a
involving for the synthesis of nanoparticles [3, Bhe chemical and physical synthesis of nanopestis expensive
and often involves the use of toxic, hazardous d¢bt&sy which may pose environmental risks [5]. Bgtal
methods have been put ahead to be advantageoustbeersynthetic methods as they are cost effeetindbdo not
involve the use of toxic chemicals, high pressereergy and temperatures [6, 7]. The Nanopartidesgnthesized
using various biosources such as bacteria, furggisty plant extract; Synthesis using bio-organismmompatible
with the green chemistry principles: the bio-orgamiis eco-friendly as are the reducing agent enedand the
capping agent of the reaction [8]. Various classkegram positive bacteria and Gram negative bectewntain
known to adsorb and capture up heavy metal ionsaAihges of using bacterial system consist of éasylling
and they can be manipulated hereditarily withoutimdifficulty [9-11]. Also, a bacterial system cdyprove to be
an excellent polydispersity and stability altematfor the plant extract and fungal nanoparticlegttsesis [11]. The
biological method of nanoparticles synthesis isvemtional to chemical and biological methods far flynthesis of
in a clean, non-toxic, ecologically sound and emwinent-friendly manner [1].A number of organisma gaow and
survive in the high ion at high metal ion concetiradue to their resistance to the metal. The meigms involve
for the synthesis of nanoparticle are: efflux systealteration of solubility and toxicity via redion or oxidation,
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biosorption, bioaccumulation, extra-cellular conxaliion or precipitation of metals and lack of sfiecmetal
transport systems [12, 13].

Titanium dioxide (TiQ) is a material of great significance in many figlé.g., photo catalysis, solar cell devices,
gas sensors, and biomaterifld]. The non- toxic and biocompatible propertiésTdania find its applications in
biomedical sciences such as bone tissue engineasinggell as in pharmaceutical industries [15, T8], catalysts
have been confirmed to be excellent and efficidmitpcatalysts for the degradation and inhibitionnafnerous
toxic environmental contaminants. Various applmasi of titanium dioxide include air and water cliegnand
surface cleaning [17]. Titanium is recommended desalinization plants because of its strong rasigtato
corrosion from sea water. In medical applicatidmes titanium pins are due to because of their nactiee nature
when contacting bone and flesh [18]. The Ji@nopatrticles are synthesized using various metkodh as sol gel,
hydrothermal, flame combustion, solvothermal, fungezediated biosynthesis etc. The production of esilv
nanoparticles within the periplasmic surfacePgEudomonas stutzeand the formation of gold nanoparticles using
Salmonella typhj11] andC. limone[12]. The plant sources are also involving in nartiples synthesis. Recently
the microorganisms such hactobacillus spand Saccharomyces cerevisaee used for the synthesis of Titanium
dioxide nanopatrticles [15].

In this work, we have developed Ti@anoparticles usinglanomicrobium spthe synthesized nanoparticles were
characterized using XRD which revealed the cnjs&lstructure of the nanoparticles, Scanning edaatnicroscope
involved for analysis the shape of the nanopasgiclée FTIR was used for characterized the funatignoup and
antimicrobial activity of TiQnanocolloids are also compared.

MATERIALSAND METHODS

Bacterial strain and growth conditions

Ice cream samples were collected from milk markbey were serially diluted and spread on nutrigyarglates.
The plates were then incubated at 27°C for 1webk.i3olated microorganism was identifying by moiphéaally
and biochemical characterizedRIsnomicrobium sp. In this study, we usedlanomicrobium sgproduce the green
pigmentpyoverdin.

Synthesis of TiO, nanoparticles using Planomicrobium sp

Planomicrobium sp.¢ulture was allowed to grow for 24 hrs in distllevater containing suitable nutrient sources
for 24 hrs. Then 25 ml was taken and diluted foores by adding 75 ml of sterile distilled water taining
nutrients. The diluted culture solution was agdioveed to grow for 24 hrs. Followed by, 20 ml ob@5g of TiQ
was added to the culture solution and it was heatedteam bath up to 5@ for 10—20 min, then white colour
deposition starts to appear at the bottom of thekfl The culture solution was cooled and alloweidi¢abate for 24
hrs at room temperature. After 12 to 48 hrs théucellsolution was observed to have white colouodiéed at the
bottom of the flask.

Characterization of TiO,nanoparticles

The UV spectra of the samples were measured by $ible spectrophotometer. The absorption spectra taken

at different time intervals. The supernatant tréatéh TiO, was air dried and used for analysis. Scanningrelec
microscope (HITACHI Model S-3000H) was recorded fogusing on clusters of particles, and it shows the
morphology of the nanoparticlefo check phase formation and purity, powder XROigyas were recorded using
an X-ray diffractometer (X'per PRO model) using Gukadiation, at the 40 keV in thed2range of 10-80. The
FTIR (MAKE — BRUKER Optik GmbH MODEL No - TENSOR 27the sample was mixed with KBr and then
pressed into thin pellet. Infrared spectra weresuesd at the wavelength in the range of 400-4000. étrshows
the functional group of the Tianoparticles.

Antibacterial activity of TiO, Nanoparticles

The antibacterial effect of TiOnanoparticles were examined by disc diffusion asmlggainst a gram positive
bacteria Bacillus substilis (3053) and gram negative bactefdebseilla planticola (2727). The different
concentration of Ti@nanoparticles were added in sterile discs and alibfew minutes in hot air oven to dry. After
that the dried discs were gently placed in the Btullinton medium and incubate it at 24 hrs incubatiThen the
discs were containing different concentration dDsmanoparticles (50 ul, 100 pul and 200 ul) placed the Petri
plates. After incubation at 37°C for 24 hours, zbae of inhibition the against nanopatrticles wdysesved
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Antifungal activity of TiO,Nanoparticles

The antifungal activity of Ti@nanoparticles was carried out agaiAspergillus nigewere grown in Rose Bengal
medium with different concentration of Ti@anoparticles (100 pl, 200 pl, 300 pl and 400 thk, placed Petri
plates at room temperature. After 48 hours of iatiom the plates were observed.

RESULTSAND DISCUSSION

I solation and | dentification

In this study used strain was isolated from iceawre The isolates were morphologically and biochathic
characterized aBlanomicrobiumsp (Figure 1). It is gram positive, rod shaped aod spore forming bacteria to
identify and maintain at Gene bank Acme Progen dgiot (India) Pvt.Ltd, SalemPlanomicrobium sp.,s
psychrotolerant and yellow to orange pigmenteddy&ac{19].

Fig 1: Planomicrobium Sp

UV-is spectrophotometer

A study on biosynthesis of Tihanopatrticle by the culture broth Bfanomicrobium sp.was carried out in this
work. The culture broth incubated with TiGig. 2a showed a color change from yellow to dahitev Fig. 2b
shows that control there is no color change coelalbserved in culture broth without addition of Tithe TiO,
were synthesized extracellularly froflanomicrobium sp.,In Fig. 2 shows UV-Visible spectrum the absorption
band at about 400 nm in the broad peak and themuamisynthesis can be observed at 24 hours frorbegimning

of 4 hour to 24 hour the absorption were increaaedg8hours of incubation it starts to reduce the produactThe
similar result could be observed with biologicahhesis of TiQnanoparticles[20].

X-ray Diffractometer

The X-ray diffraction was used to confirm the cajhe nature of the synthesized nanoparticles. Hige 3 shows
the XRD patterns of Ti@nanoparticles and it reveals four intense pealkkéarwhole spectrum of2dvalues ranging
from 20° to 80°. A comparison of XRD spectrum witle TiO, particles formed in our experiments was in thenfor
of nanocrystals. The peaks &t\2alues of 25.37°, 37.85 ©, 48.09 ©, 53.92 °©, 554:0d 62.77 ° corresponding to 101,
004, 200, 105, 211 and 204. This indicates confetearly that good nanoparticles assisted by baagteri
Planomicrobium sp.are composed of pure crystalline 3iOThe XRD spectra pure crystalline structures i@,T
nanoparticle have been published by the Joint Cateenbon Powder Diffraction Standards (file no. 8285). the
broadening of Bragg’s peaks indicates the format Miean size of the as-prepared Jifanocrystals was measured
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by using the Scherer equation of the full width h&fif maximum (FWHM) of ion of nanoparticle. The 101
refraction peak using the following equation:

D=K AL/pCos0

The equation uses the mention peak width at ahyglehere K is a shape factdy,is the width of the XRD peak at
half height and. is the wavelength. The mean size of the biosyibdsTiO, crystalline size was found to be 8.89

nm.
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Figure 3: XRD pattern of TiO,nanoparticle
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Scanning Electron Microscope

The Fig. 4 shows Scanning electron microscope imafi@iO, nanoparticles. The TiChanoparticles were viewed
at different magnification like 10,000X and the tgdes was approximately in the range of 100 to BA0(Scale bar
500 nm). The SEM image clearly indicates the piadievere agglomerated and they formed irregulap&hiew
particles with were spherical in shape. Similarutesf the TiQ nanoparticles shape was reported by using
Lactobacillus sp.[15].

Figure 4: Shape of the TiO, Nanopar ticles shown Scanning Electron Microscope (a and b)
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Figure5: FTIR spectrum of the Tio, nanoparticles

FTIR
The Fig. 5, Table 1 shows the FT-IR spectrum daiahvwill shown the results the peak at 518dndicates the
Ti-O stretching vibrations , 1642 ¢m1392 crif,and 1054 cm-1 had the slight peak level, 679 @¥H stretching
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vibrations and bands revealed N-H stretching vibrat of primary and secondary amines respectig#{9 cnt
are identified as the phenol groups arise due ¢oQkH stretching vibrations. 1642 ¢man be assigned to the -
C=C- stretching vibrations and 1392 ¢timdicated C-H in plane bending vibrations of alkemespectively. The
band at 1064 cihcorresponds to the C-N stretching vibrations oftatic amines respectively. It has confirmed
that the amines linkages of proteins have the gaoability to bind metal, so that the proteins rpagsibly form a
coat covering the metal nanoparticles to prevemficageration of the particles and stabilizing in timedium.
Similar result of synthesized Tianoparticles by usinBacillus subtiliseither through the amines residues in the
proteins and lipids [20].

Table 1: Detection of variousfunctional groupsby FTIR from planomicrobium sp

S.No | Group frequency cm™ of the sample Functional group assignment
1 51¢ Ti-O stretching vibratior
2 679 OH group, N-H stretching Vibrations 1° & Piaes
3 1064 C-N stretching vibrations, Aliphatimanes
4 1392 alkenes - € bending vibrations
5 1642 -C=C- stretching vibrations
6 341¢ phenol group:- O-H stretching vibrations

Antimicrobial activity of TiO, nanoparticles

Antibacterial activity of TiO, nanoparticles

Table 2 shows the antibacterial activity of Fi@anoparticles were carried out by disc diffusioetimd against
Bacillus subtilis (3053) andKlebsiella platicola(2727) purchased from (MTC®umbai India). The various
concentrations of TiPnanoparticles 50 pl, 100 pl and 200 pl. The foromapf zone around the T¥hanoparticles
integrated discs clearly moved the antibacteriapprty of TiQ nanoparticles. The clear zones of inhibition while
the standard antibiotic like Kanamycin. The inhdoit of zone increased while the concentration oO,Ti
nanoparticles increased. The zone of ihibiton basethe average description, strong activitiesd#1.33 and 17

+ 0.32 deduced.planticola and B.subtilis,respectively. The mean of three replicates of zohimhibition (mm)
around disc wittplanmicrobium sp.mediated Ti@nanopatrticles is presented in the Table 2. The exdnation of
ppm level for 0.1 ppm, 0.2 ppm and 0.4 ppm. Théedihtial sensitivity of Gram-negative and Gramifies
bacteria towards nanoparticles may be depends ti@ncell outer layer attribute and their interactwith the
charged Ti@ nanopatrticles. It was observed that the negatiegge on the cell surface of Gram-negative bacteria
was higher than that the Gram-positive bacteriaredeer, the cell barrier of Gram-negative bactedasists of an
outer membrane collected of lipids and proteinsciiperform as a barrier and present effective ptiate against
antibacterial agents. But the cell barriers of Gyaositive bacteria do not consist of a cell surfad®, synthesized
were highly opportune bacteria, hence a great giaten biomedical applications and cosmetics [21].

Table 2: Grown inhibitions of (a) Klebsiella planticola (b) Bacillus subtilisthe presence of TiO,nano particles

Concentration of TiO, nanoparticles Zone Of. |_nh|b|t|0n (mm in diameter)
B.subtilis K.planticola ppm

50 pl 9.6 +0.33 8 +0.33 0.1

100 pl 13 +0.33 11 +0.33 0.2

200pl 17 +£0.32 14 +0.33 0.4

Kanamycin (control) 18 + 0.66 22 +£1.001 -

+ Standard deviation

Antifungal activity of TiO, nanoparticles

Theantifungal activity of TiQ nanoparticle was carried out agaiAspergillus nigetfin Rose Bengal agar medium
(Purchase from Microbiology Department of Sri Paaigalyani College, Alwarkurichi). The various contrations
of nanopatrticles 100 pl, 200 ul, 300 ul and 40@njxed with medium and poured in Petri plates. Tinegfis were
inoculated into the nanoparticles and then incub&be 48 hours at room temperature. After 48 hoths, plates
show the susceptible growth of fungus and its dihilthe fungal growth was decreased at the inctease
concentration of Ti@nanoparticles. The positive control was maintaiard the maximum growth inhibition was
achieved at the concentration of 1ml of Ti@noparticles. In that figu (a) is the positive control containing only
medium with fungi and 0.1 ml, 0.5 ml and 1 ml ohpparticles containing agar having the differentlef fungal
growth in figurers 6(b), 6(c) and 6(d) respectivelhe figure 6(d) having low level of fungal growbiecause of
higher amount of nanoparticles it shows the antil capacity of the nanopatrticles.
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Figure 6: Growth of fungus Aspergillus niger on different concentration of TiO, nanoparticles containing medium.
CONCLUSION

In the present investigation, the Bi@anoparticles was synthesized by usPlgnomicrobium sp.which was
isolated from contaminated ice cream and identifigcbiochemical test. The synthesis of Jli@noparticles was
confirmed by colour change of the liquid mediumnfrgellow to intense dark white in colour and it éoited at
maximum absorbance at 380 nm play a prominent ileeduction Tig to TiO, nanoparticles. The X- ray
diffractometer showed the crystalline nature of dfzarticles. The possibility of protein as stabilgimaterial in
TiO, nanoparticles is exposed by the FTIR analysis. Mlogphology of theTiO, nanoparticles observed using
scanning electron microscope. The antibacterialviactof TiO, nanoparticles were carried out using various
concentrations againBacillus subtilis(3053), Klebsiella planticola(2727) and maximum was observed at 200 pl.
The biosynthesis of nanoparticles is non-toxic fiéendly. The biologically synthesized nanopartickre used for
inhibit the growth of the pathogenic microorganisemssmetics, paints and food packaging material, et
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