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ABSTRACT

The growing use of gold nanoparticles and theirjagates in medical field for a number of purpospscgally in
cancer studies emphasizes on the method employ#iefosynthesis. The existing chemical methddsynthesis
require high temperatures and also result in envimental pollution by the usage of toxic chemicdlfie present
study demonstrates the synthesis of gold nanopesticsing endophytic bacterium Bacillus cereusaisa from the
medicinal plant Justicia beddomei. Initial syntisesf the nanoparticles was observed by the colange from
pale yellow to pink which was later confirmed bg thV-vis spectra that showed a characteristic paa&36 nm.
The size of the synthesized gold nanoparticlesimddaby TEM analysis revealed the size to be inmdhge of 16 —
40 nm. The three dimensional view of the gold partles was visualized by AFM analysis. EDX msad
confirmed the presence of elemental gold in theoparticle solution. Further these gold nanopawrilwere
stabilized using a biopolymer chitosan to preveggragation of the nanoparticles. This functionatian of the
nanoparticles is key step in their usability in iears medical applications.
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INTRODUCTION

Nanotechnology, an interdisciplinary research figldolving chemistry, engineering, biology, and roite, has
great potential for early detection, accurate digsig) and personalized treatment of cancer [1]ndfarticles are
typically smaller than several hundred nanometersize, comparable to large biological moleculeshsas

enzymes, receptors, and antibodies. With the cizdbout one hundred to ten thousand times smidgdéar human
cells, these nanoparticles can offer unprecedentedactions with biomolecules both on the surfatandinside

the cells, which may revolutionize cancer diagnagisl treatment. Multifunctionality is the key adtage of
nanoparticles over traditional approaches. Targeligands, imaging labels, therapeutic drugs, arahymother
functional moieties can all be integrated into tlaoparticle conjugate to allow targeted molecutaaging and
molecular therapy of cancer. Gold nanoparticleswarique in a sense because of its intriguing apticoperties
which can be exploited for both imaging and theuigeapplications [2].

Gold nanoparticles can be successfully synthedizettaditional chemical and physical methods. Heevethese
methods strongly depend on severe reaction conditifior example, aggressive agents like sodium Hyahade,
hydrazinium hydroxide, acetyltriethyl ammonium biide and harmful solvent system to environmentecaogy,
higher temperature and higher pressure [3]. Fafer £nvironment, it is imperative to develop aaadlesynthetic
approach using the concept of “green chemistry’obdain nanomaterials targeted for different appiices,
especially in biomedical fields. In this directjaghe synthesis of nanoparticles using biologigatems has grabbed
remarkable attention as they offer more facile and-friendly route to synthesis. Microbes have enaddecent
entry into this zone by producing metallic nanojose$s both extracellularly and intracellularly. d&phytes are one
group of microorganisms that display the poteriadynthesize metallic nanoparticles in a facilenns [4, 5].
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The present study attempts to synthesize gold ratioles using the endophytic bacteri@acillus cereusABSW
10 (GenBank: HM998898.1) isolated fratusticia beddomegxtracellularly as a one step process. The psocks
isolating and identifying the endophytic bacteriisndescribed elsewhere and this bacterium was ssfidein
synthesizing silver nanoparticles [4]. Hence, lie present investigation, this bacterium was engaoin the
synthesis of gold nanopatrticles extracellularlyras step would facilitate the process of extrattio

EXPERIMENTAL SECTION

Chloroauric acid HAuGlwas procured from Sigma Aldrich, USA. The endohigacteriumBacillus cereusADA
was isolated frondusticia beddomejAdathoda beddompis described elsewhere [4].

Biosynthesis of the Gold Nanopatrticles

The endophytic bacteriuBacillus cereusvas inoculated in 100 mL of Luria Broth medium andubated for 36
hrs at 37+2 °C with shaking at 150 rpm. After ibation, the culture supernatant was collected Ioyrifegation at
10,000 rpm for 10 min followed by filtration. 10Lnof the supernatant is challenged with 20 ml ofML.iHAucl,
and incubated under dark conditions for 48 hr. fimemation of gold nanoparticles was observed leyadhange in
color of the solution from pale yellow to pink.

Characterization of gold nanopatrticles

Various spectrophotometric and microscopic analysese carried out to characterize the gold nanapest The
formation of gold nanoparticles (AuNPs) was initiabbserved by the change in colour of the solufimm pale
yellow to pink. This was confirmed further from UXNs spectroscopy of the reacting solution using
spectrophotometer, in a 1 cm path quartz cell agsolution of 1 nm from 250 to 800 nm. Additioyall
morphology, size and distribution of the AuNPs wérand various microscopic analyses namely Trarsoms
Electron Microscope (TEM) and Atomic Force Micropgd AFM). FTIR analysis was carried out to undanst
the possible biomolecules involved in the synthe$isanoparticles. Elemental composition of theagarticles
was carried out on an air-dried, carbon coated Eanging an energy dispersive spectroscopy (EDechiment on
a scanning electron microscope using the followimgfrumental conditions: accelerating voltage ofke¥ and
counting time of 100 s.

Stabilization of gold nanoparticles using chitosamd their characterization

Chitosan solution (1%) (w/v) was prepared by digsgl 0.1 g chitosan powder in 10 ml 0.05 M acetiida
solution, and then it was mixed with AuNPs soluttorprepare the chitosan - AuNP solution (1:1, J¥6]) The

chitosan - AuNPs are characterized by TEM to detenthe size of the coated to chitosan - AuNPsainéd

spectrophotometer (FTIR) Model: Perkin EImer FT2800 was employed to verify the change of the fonet

groups of chitosan and Au-chitosan particles.

Cytotoxicity of Chitosan — AuNPs

The cell lines were procured from the Kings Insétof Preventive and Medicine, Guindy, Chennai #rel cell
lines were subcultured and maintained in,@@ubator at 37C. 20% serum containing RPMI growth media was
used for growing the cells. The cells were contirslp monitored under inverted microscope for tleeinfluence
and to confirm the absence of the bacterial anddloontaminants.

Cell lines were subcultured and 1x104 cells waandferred to the 96 wells and incubated &4t@T CQ incubator
for 2 days to form confluence. The spent media reamsoved and 150 pl of fresh media was added. 15§f p
Chitosan - AUNPs (1mg/ml) was added and seriallytelil to get 1fold dilution in each wells till 6thlution to get
varying concentration from 75 pg to 1.14 pg. Thetqd were incubated at €7 for 4 hrs in CQ incubator. After
incubation the drug was removed and 20 pl of MTIOtgmn (5mg/ml) and 180 pl of media were addedh® wells.
The plates were incubated at’@#for 3.5 hrs in CO2 incubator. Without disturbihg cells the media was removed
carefully. The insoluble formazon crystal was diged by adding DMSO and the Absorbance was re&¥@tnm
with reference filter at 630 nm. The percentagetopicity was calculated and used for finding tli&, The
untreated cells were considered as control.

(AbSpopers = AbSTest)
% Cytotoxicity = Eﬂ”;” 100
Scontrol
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RESULTS AND DISCUSSION

The possible benefits of nanomaterials in varidakl$ are well accepted in the recent times. I lifological
context, recent reports focus on the effect of, Shape, bioavailability, uptake, and subcellulatribution of such
nanomaterials. At the cellular level, gold nanoipbes have shown promising potential in cataly$iglogical
labeling, and sensing [7]. Because of its chemigattness, gold has been used internally in hurfarnthe past 50
years, from its use in teeth to implants to radieacgold in cancer treatment [8, 9]. GNPs exhguitne special
optical properties such as plasmon resonance, wisichrimarily a quantum phenomenon operative on the
nanoscale. This means that GNPs make an integeptiobe for studying some intricate biomoleculaerds
including protein folding and also serve as spémdl microscopic probes to study cancer cells, leEaGNPs
selectively accumulate in tumor cells, showing brigcattering [10,11].

Incidentally, their use in human systems demands tiocompatibility with the same and hence the@chanism
of synthesis is crucial at this juncture. Vari@xssting physical and chemical methods often phegitoblems like
the use of toxic chemicals under severe conditiohsacile green route to their synthesis is preddy biological
sources where the plants and microorganisms disgi@ymous potential as nanosynthesizers. Inlitgs the
present study successfully demonstrated the fagitehesis of gold nanoparticles using an endoptcillus
cereus

Biosynthesis of gold nanoparticles

The main focus of the study was to synthesize galdoparticles (AuUNPs) extracellulary as the usdiomass
would demand an additional step of ultrasonication their release into the surrounding liquid medidhe
formation of extracellular AuNPs was initially ologed by the change in colour of the supernatamhfpale yellow
to pink (Fig. 1 inset) after challenging with chdauric acid.

This change in colour was due to the collectiveeteht oscillation of conduction electrons at thdame of the gold
nanoparticles when these particles interact with dhcillating electric field of the incident ligha, phenomenon
called surface plasmon resonance (SPR). This ehangolor indicates the reduction of AyClI Similarly, gold

nanoparticles were synthesized Kiebsiella pneumoniag¢1?], and Pseudomonas aeruginog&3] which was

initially observed by the change in color from pgddlow to pink.

Characterization of Gold nanoparticles

The preliminary information on the formation of ABN was initially gathered by observing the coldwarge in the
reaction medium from pale yellow to pink. It wasrther confirmed by various instrumental analysest t
authenticate the formation and delve into the aim shape of these nanoparticles.

UV-Vis spectrophotometry

The most commonly used method for confirming thespnce of nanoparticles is UV-Vis spectroscopy. -\i§/
absorption measurements in the range 350-600 nnpreatide an insight about their size, distributemd surface
properties and also give information about theaaptproperties of the AUNPs. The surface plasnmamdb for the
AuNPs usually ranges between 510 and 560 nm in cagusolution depending upon the function of their
morphology, since plasmon bands are very sendibiihe length and sharpness of the tips of nanorale The
wavelength of peak absorption depends upon sefaatalrs such as particle size, dielectric constdusurrounding
media and the inter-particle distance.

The UV-Vis spectrum of the AuNPs obtained displagedlear distinct peak at 536 nm (Fig. 1). Theultes
obtained in the present study very well adherdnéostandard SPR peaks wavelengths [14]. The siegle peak
obtained in the present study was observed at B8@&ich indicates the spherical nature of the AUNPs

It is well known that spherical nanoparticles of slwuld exhibit single-surface plasmon bands wiseagésotropic
particles should exhibit two or three bands, cquoesling to the quadrupole and higher multipole miais
excitations [15, 16]. It was stated earlier thglherical nanoparticles have strong absorptior2@trsn with almost
no absorption after 600 nm with only a single SRRdin the absorption spectra [17].

The methodology demonstrated in the above studyinexd|no harsh chemicals or conditions and heniisfiea the
“green approach” towards the synthesis of nanagesti The reduction of gold was not instantanebusthe gold
nanoparticles are found to be very stable in th#oidal suspension. Extracellular biosynthesis gifld
nanoparticles was achieved by an easy biologicaqature using(lebsiella pneumoniaas the reducing agent [12].
Even marine bacteria are exploited towards thefabdity of gold nanoparticles (AuNPs) productiorstable,
monodisperse AuNP formation with around 10 nm disi@m occured upon exposure of HAYGblution to whole
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cells of a novel strain dflarinobacter pelagiug18]. The use of endophytes for synthesizing gudtioparticles
was initiated by Vijay Verma [19] who used the exts of endophytiéspergillus clavatugor the synthesis and
stabilization of gold nanoparticles.
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Fig. 1. UV-Vis spectrum of the gold nanoparticleslset: Color change of the nanoparticles from palgellow to pink)

Morphological studies —-TEM, EDX and AFM analysis

The morphology and size of the nanoparticles paysmportant role in their functional propertiddence the size
and shape of these AuNPs were identified by TEMyais(Fig. 2a). The TEM image revealed the Aui®be

smooth and spherical in shape without much aggimgatThe size was observed to be in the rangesof37 nm.

Among the various types of gold nanoparticles, ghkerical form is the most widely used. As goldiospheres
can be easily prepared by reducing the gold ion @ndrolling the particle size, it is possible tarry out the
production of gold nanoparticles with relative easel subsequently to use them not only in a vaoétynedical

diagnoses but also as therapeutic and drug delsyestems [20]. The presence of elemental goltérbiologically

synthesized nanoparticles was confirmed by EDXyaigl(Fig. 2b) where optical absorption peaks wdserved
approximately at 2 keV, confirming the presencgafl in the solution.
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Fig. 2. a) TEM micrograph of biogenic AuNPs b) EDXspectrum of the biogenic AUNPs

Microscope images are essential in research andlamwent projects and can be critical when trodtdeting
quality control issues. Using the AFM, individuarpcles and groups of particles can be resolvigte AFM offers
visualization in three dimensions. Resolution ie Yertical, or Z, axis is limited by the vibratienvironment of the
instrument: whereas resolution in the horizontalXéy, axis is limited by the diameter of tip uséd for scanning.
For individual particles, size information (lengttvidth, and height) and other physical propertisach as
morphology and surface texture) can be measure8M hAas several advantages over TEM for characteyizi
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nanoparticles. Images from an AFM represent datlree dimensions, so that it is possible to meathe height
of the nanoparticles quantitatively. With an AFkhages can be measured in all environments; armbigdiquids
and vacuums. The AuNPs were analysed using AFNhtterstand their morphology and size as this ingntal
method would facilitate the 3D visualisation of fheticles.

The images of the biogenic AuNPs (2D and 3D) waerth Ioun on the same area of the sample. Bridfly,AFM
topography of the AuNPs (Fig. 3) shows the strietfrgold nanoparticles to be spherical. The serfgppeared to
be smooth and the average roughness of the partiele calculated and was obtained to be 9 indpdtia relative
smoothness of the nanoparticles. The overall sfzthe nanoparticles was in the range of 16 - 45winch is
similar to the result obtained in TEM analysis. eTtiistogram analysis of the size distribution @& ttanoparticles
also indicated that most of the nanoparticles atieimthe range of 30 — 80 nm.
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Fig. 3. AFM images of AuNPs A) 2D image of AuNPs BYD image of AuNPs C) Histrogram showing the sizeigtribution

FTIR spectra of gold nanoparticles

The nature of possible biomolecules involved in $lgathesis and stabilisation of nanoparticles wastified by
FTIR spectra. Many reports have stated that bicddgsynthesis of nanoparticles is facilitated by tproteins
produced by the microorganisms as revealed by TH® Bpectra. The singular advantages of FTIR ather
techniques are that spectra can be obtained fdeipsoin a wide range of environments, requiringsléme and
sample, and direct correlations between the IR arhidand frequencies and the secondary structurgapents
can be found [21]. The FTIR spectrum of the biag&uNPs is given in Figure 4.
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Fig. 4. FTIR spectra of the biogenic AuNPs

The spectra documented two very prominent peal@825 cn and 1632 cm with small peaks at around 600 —
700 cm. The peak at 3325 c¢hrorresponds to amide A absorption band which isatttaristic of N-H stretching
vibrations. The peaks at 1632 trprrespond to C=0 stretching vibrations. This seconfers to the standard
peaks of FTIR spectra of the proteins and pepfig2s- 25] thus confirming the presence of extradatl proteins
that may be responsible for the synthesis of galtbparticles. It has been documented earlierttiga¢xtracellular
proteins perform dual functions of formation andbdization of silver nanoparticles in the aqueouwsdium [26].

These proteins function as capping agents as g group from the aminoacid residues show gfeorability
to bind to metals [27].

The IR spectral data of high polymers are usuallgrpreted in terms of the vibrations of a strugtuvepeat unit [22,
23, 28]. The polypeptide and protein repeat ugiits rise to nine characteristic IR absorption lsamémely, amide
A, B, and I-VIl. Of these, the amide | and Il barare the two most prominent vibrational bandshef firotein
backbone [23, 29-30].

The most sensitive spectgion to the protein secondary structural comptménthe
amide | band (1700-1600 ¢Hy which is due almost entirely to the C=0 stretitfrations of the peptide linkages

(approximately 80%). The frequencies of the anlittand components are found to be correlated glasethe
each secondary structural element of the proteitie amide Il band, in contrast, derives mainhynfrim-plane NH
bending (40-60% of the potential energy) and fréva €N stretching vibration (18-40%) showing mucksle
protein conformational sensitivity than its amideounterpart [23]. Gold nanoparticles can bingrateins through

free amine groups or carboxylate groups in thegimot The presence of the intense peak at C=Ccbingt mode
indicates the presence of carboxylic groups imtlagerial bound to gold nanopatrticles [31].

Stabilization of AUNPs using biopolymer Chitosad aharacterization

It is well known that metallic nanoparticles have ttendency to aggregate in solution due to thmalissize.
Moreover, upon extraction in powder form, the cidléd particles (which are held apart by electrostaiteractions
while in solution) agglomerate and lose their chamastic properties [32]. Therefore, one of tifle@ive ways to
avoid agglomeration of the particles is to useibtaly agents or protective agents such as thglsfactants and
polymers. It is well established that AUNPs amcbmpatible and non-toxic [33]. Due to the preseoftchegative
charge on the surface of AuNPs, they are highlgtres, which helps to modify the surface of AuNR#ng several
biomolecules. The stabilizing molecules can cdrtre particle size as well as prevent the agglatiam of metal

particles. Ideally, this polymeric material sholle biocompatible and have reactive functional gsofor further
attachment of biomolecules.
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One such natural polymer is chitosan that offessimitive advantages such as good biocompatibitibntoxicity,
remarkable affinity to proteins and excellent gmidfiing ability and hence can be used to preparealmet
nanocomposites [34-35]. The suitability and perfance of chitosan for drug delivery applicationyehdeen
investigated earlier [36]. It is used in contrdlidrug delivery application as a component mucosighedosage
forms and rapid release dosage forms in improvedigedelivery and for gene delivery. In view bétadvantages
posed by chitosan in biological systems, the presemy focuses on the stabilization of biogenid\/Rs using
chitosan. Chitosan stabilized biogenic AUNPs Haaen characterized using the standard instrumemely TEM
and FTIR analysis to confirm the process of coatinigpsan onto the gold nanoparticles.

UV-vis spectrophotometry and TEM analysis of ChitosAuNPs

The colour of the AuUNPs solution after stabiliziwgh chitosan was dark pink in color which is cdrovating with
the results obtained by Jin et al. [37]. The U\s—a&bsorption spectrum of Chitosan — AuNPs was cedefrom
300 nm to 800 nm (Fig. 5a). The UV- Vis spectreorded for the Chitosan - AuNPs showed a slight ghithe
peak from 536 nm to 500 nm except which there vedsmuch variation thus confirming the presencetalble gold
nanoparticles.

The TEM micrographs (Fig. 5b) revealed the AuNPthvei region around them indicating that the chitobas
coated the AuNPs in a uniform manner thereby prévgithe aggregation of the nanoparticles and ktatg them.
The size of Chitosan-AuNPs was more compared toahaaked AuNPs which points out that these AuMise
coated with chitosan.

2000

00 5500 6000 6500 7000 7500 8000

000 00 40
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Fig. 5. a) UV-Vis spectra of Chitosan — AuNPs b) T image of chitosan stabilized AuNPs

FTIR analysis
Chemical modification of the AUNPs was studied loyiffer-transform infrared spectroscopy. Figursh@ws the
FTIR spectrum of chitosan and Chitosan - AUNPs.

The characteristic peaks of chitosan were obtamte8375 crit, 2138 crif, 1651 cnif, 794 cm and 495 cr
represent the —~NiH—OH and —Cl{ and —CH aliphatic groups. Absorption bands at 1651*aepresent the amino
group bending vibrations. The amino group hasaatieristic absorption band in the region of 34500 crit
which is masked by the broad spectrum band from-@id group. The absorption band at 1657-d¢sattributed to
the —CONH group of chitosan. Similar peaks were also oleskin the chitosan stabilized gold nanoparticles at
3399 cnt, 2131 cnif representing the —~NiH—OH and —Ch} and —CH aliphatic groups. The peak obtained at 1653
cmi® represents the amino group bending vibrationsfandother smaller peaks at 817 &nb68 cnt, 547 cnf,

516 cm® with a reduction in the peak at 2138 trbroadening of peak at 1653 ¢rand disappearance of the peak
at 794 crit. This spectrum clearly indicates that the AuNRsaated with chitosan.
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Fig. 6. FTIR spectrum A) Chitosan B) Chitosan — AulPs

Cytotoxicity of Chitosan — AuNPs
A preliminary study on the cytotoxicity of chitosastabilized AUNPs was carried out using the MESay with 4
hrs of incubation time (Fig 7).

It was noticed that the % cytotoxicity showed adgia increase in both the cell lines (Vero and Hepigh an in
the concentration of Chitosan - AuNPs. Thegl@alue for Vero and Hep2 cells was found to be 2fj@nd
38ug/ml respectively. Maximum cytotoxicity was ebsged to be 73 and 78 % for Vero and Hep2 at aamnation
of 75 pug/ml. While significant toxicity was not tieed till ~10 pg/ml, there has been noteworthyréase in the
toxicity after this concentration. This study muiths the potential of the Chitosan — AuNPs in roeldfield, but a
detailed study on the effect of these nanopartialeBicreased concentrations for a prolonged peviotime is
required to understand their efficacy and efficieimccancer studies.
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Fig. 7. Cytotoxicity of Chitosan — AuNPs against l® and Hep2 cell lines
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CONCLUSION

Micron and nanosized particles are sophisticatetnielogies that were developed to answer specé#ioahds in
the field of drug delivery. It was demonstratedttheveral gold compounds were nanoparticles hega designed
and tested for medical applications. The prestmtysdemonstrated the development of gold nanagpestin a

“green” way using an endophytic bacteriBacillus cereusn one step. Their size was in the range of 30u80
with a smooth surface which was well convinced fstrumental analyses. These nanoparticles have fogéer

stabilised with chitosan as it has been proveddrigaatible and safe. TEM and FTIR confirmed thespnee of
chitosan as a coating over the gold nanoparticlEsis study establishes the fact that biogenic g@doparticles
synthesised in a facile manner can be well usediious fields of medicine as these were appraogisiegtabilised
by chitosan.
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