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ABSTRACT

In this paper biosynthesis of stable gold nanoparticles (GNPs) using Chlorella pyrenoidusa extract is demonstrated.
The most influential parameters for the synthesis of GNPs were pH 8, 100°C and 100 ppm aurochlorate salt. The
results were verified using UV-Vis spectroscopy, XRD and High Resolution Transmission electron microscopy.
HRTEM micrographs as well as the SPR peaks of UV-Vis spectra showed that the size of the GNPs ranged from 25-
30 nm. The HRTEM demonstrated that at alkaline pH (8, 10) spherical nanoparticles were formed whereas pH 4
showed formation of anisotropic nanostructures. The Nitrate reductase activity was found to be 0.7245
pmole/min/gramin algal extract, which got reduced to 0.5244 pmole/min/gram after the formation of GNPs.
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INTRODUCTION

Material scientists are constantly striving hard $gnthesizing plethora of different methods fontéesis of gold
nanoparticles of uniform size, shape, compositiod amonodispersity. There is overwhelming need fageg
synthesis of environmental friendly method of naartiple synthesis, thus generating negligible an®warf toxic
chemicals. Thus, to refrain from catastrophic tatiemical synthetic strategies, material scientistge turned to
organisms for inspiration. Apart from physical acftemical methods, biological system are found tcetfieient
nano-factories for gold nanoparticle synthesisesithey possess reducing agents such as enzymes, edmn reduce
metals at room temperature and is thermodynamicaliple for months together. Gold nanoparticlesehideir
applications in almost all the disciplines of scernwhich necessitated scientists to find variousimaeof their
production. Biosynthesis of gold nanopatrticles Wiest reported by usin@acillus subtilis [1]. It was noticed that
Gold ions accumulated in the bacteria clumping tiogreto form a precipitate. This precipitated coexpivas then
dumped inside the cell-wall. Further insights it work reported when Lactic acid bacteria waxcidated into
gold ion solution [2]. Sulfate reducing bacteriar&valso found to synthesize gold nano particlemdetiularly [3]
using gold thiosulfate complex. These nano pasiclere spherical aggregates of octahedral gold.optekc
anaerobic bacteriurBhewanella algae have also been used for synthesis of nanoparticles; where H acted as an
electron donor for intracellular precipitation ofld at 28C and pH 7[4]. The reductive precipitation was st fa
process, producing insoluble nanoparticles of 20 Am size within 30 min.

Apart from prokaryotes, eukaryotic systems have btsen found to possess many biomolecules suchitashjone,
phytochelatins and enzymes such as reductases Whigh got the potential to reduce Gold ions to fgoid
nanoparticles. Marine alg@argassum wightii [5] as well as brown marine alg&®icus vesiculosus [6] has been
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exploited for extracellular synthesis of gold naaicles. Pandey and co-workers exploited the redupotential
of Awasica [7] for tuning the parameters for GNPs formatiohey also quantified the activity of nitrate redseta
involved in catalyzing the nanoparticle biosyntseSame group also usédacemosus [8], M. charantia [9] for
catalyzing the formation of extremely stable go&thoparticles.The GNPs were extremely stable thamitally
synthesized gold nanoparticles. Such stable GNR$eaused as an ideal vessel for ferrying therapeuieties
inside the living system. Marine algae were alspl@ed for their potential for synthesis of GNP<zaCet al used
Sargassum wightii [10] for bio-fabrication of GNPs. They also stutlithe impact of ionic strength of the
surrounding medium on synthesis of gold nanopadicA detailed account of living system used fartlsgsis of
plethora of metal nanoparticles can be understga@ferring author’s exhaustive review [11]

In the present work, we have used a fresh watex, €lgorella pyrenoidusa for synthesis of gold nanoparticles and
studied different parameters such as temperatw@Bnat which monodispersed nanoparticles withtrodlied size
and shape could be synthesized. Efforts were aleotdd towards comprehending the modus operandyiathesis
of nanoparticles.

MATERIALS AND METHODS

Chlorela pyrenoidusa was procured from NCIM, Pune; and maintained in'§dgedium (for Algae) containing
MgS04.7H20 0.2 g, K2HPO4 0.2 g, Micronutrient 1.0 solution (H3BO3 286.0 mg, MnCI2.4H20 181.0 mg,
ZnS04.7H20 22.0 mg, Na2Mo04.2H20 39.0 mg, CuS0O4GBHBD mg), CaCl2.H20 0.1 g, Fe-EDTA solution 5.0
ml, Agar (Difco) 12.0 g, 0.2% KNO3 in 1 L Distitlewater.

Harvesting: The algal culture was harvested at stationary-patdéC by centrifugation at 6000 x g for 15 mirdan
washed with deionized water. The cells were théeddand with the help of mortar and pestle and igdaw a fine
powder 0.5-1 mm in particle size. Prior to the ekpents, the dried powder was washed several timgsdilute
HCl and deionized water to remove adsorbed immgritthat might interfere with the formation of gold
nanoparticles.

Procedure for GNP synthesis:About 1.0-2.0 g of thoroughly washed powder undeexperimental conditions
was added to 100 ml of deionized water and theuréxivas aged for 1-2 days. In a typical experimaligal extract
was mixed with deionized water, followed by the ipdiate addition of HAuGlto make its concentration to 100
ppm. The pH of the reaction medium was adjusteddaing 1 M NaOH solution or 1 M HCI solution. Theaction
was carried out under vigorous stirring at roomgeratures (vide infra) for 0-48h.

Chemicals and Glass wares: Chemical used for the synthesis of gold nanogdasgiwas Chloroauric acid (HAugl
(Sigma-Aldrich). 100mL of 1mM aqueous HAuUCI4 sotutiin 500mL of Erlenmeyer flask was taken for gold
nanoparticle synthesis.

Experimental conditions: After harvesting the cultures, they were used fad gnanopatrticle synthesis. Initially the
impact of different temperature (4, 37, 60 and ©@)05n synthesis of GNPs was studied. When the suitible
temperature was found to be 200 then the impact of different pH (2, 4, 6,8,10igherent pH of algae) on
synthesis of GNPs were studied. The most influentiacentration of aurochlorate was fond to be ppth; hence
for all the experiments this concentration was used

Characterization of Nanoparticles: UV-Vis Measurements- UV-visible spectroscopy was carried out on a dual
beam spectroscopy Lambda 25 Perkin Elmer, USA udé@ignized water as the reference. The colloidhltiem
was then added into a quartz cuvette cell followgdmmediate spectral measurements. A UV-Vis spettis an
indication of Surface Plasmon Resonance (SPRY#itts the size and distribution of nanoparticles.

Transmission electron microscope- Examination of the nanoparticle morphology by higkelution analytical
transmission electron microscopy (TEM) was perfairoe a Carl Zeiss Micro imaging, GmbH, Germany veth
electron kinetic energy of 200 kV. For sample prapan, 2-3 drops of the colloidal gold solutionreraispensed
onto a carbon-coated 200-mesh copper grid and driddr ambient condition before examination.

XRD Measurements- Crystallographic information about the samplesswabtained from X-ray diffraction
(XRD).XRD patterns were recorded by a (P Analyti¢ilips PW 1830, The Netherlands) operating akM@&nd
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a current of 30 mA with Cu &radiation § = 1.5404 A) and the®scanning range was of 30-80° at 2° thifthe
colloidal suspension containing metal nanopartielas dried on a small glass slab.

Nitrate Reductase Assay-For extraction of Nitrate Reductase from C. pyrdosa, 100 mg alga; powder was
homogenized with Tris-HCI buffer (pH 8) and themtéuged at 0°C at 2000 rpm for 15 minutes. Thpesnatant
was used as enzyme source.

Nitrate Reductase activity was measured by Vega@ardienas method [12].The standard graph for enitkids
calibrated using 5¢M working standard of Sodium Nitrite. To 0.1ml supetant known amount of KNQOwas
added and incubated for 24 hours. Then 1 ml ofadd@mipling reagent (1% sulfanilamide in 3 ml HCHah02%
N-(1-naphthyl) ethylenediamine hydrochloride) wasled to 3 ml reaction mixture and diluted 10 foldsdetect
the remainingN@After 30 minutes of incubation in dark at 30°C @tevelopment of colour;O.D. was recorded at
540 nm. The result was calculated against the atdrgtaph of nitrite.

RESULTS AND DISCUSSION

When Gold salt solution was added to chlorellaasts and then was heated to °MOit resulted in change of
colour from yellow to wine red. Wine red is knownhe associated with the formation of gold nandiglas since
the days of Faraday [13]. At 1@ the influential pH values were found to be 618 & inherent pH of extract (8.3)
as shown in the colors of GNPs exhibited due to PB 1. a).At lower pH (pH 2 & 4) very large gold
nanoparticles were synthesized that had a tendeténggt agglomerated (Fig 1.a), impact of pH onl@ageration
has been reported earlier also [14]. Interestirglgn very high (alkaline) pH 10 was also foundbéoefficient in
producing nanoparticles, but they agglomeratediwiigw days.

The UV-Visible spectral data was also analyzed gbaith visual observations and impact of differpht on GNP
synthesis was studied. At pH 2, flat absorptioncepen was observed. A broad hump centered at 542vam
exhibited at pH 4 (Fig.1). This indicates formatimihboth spherical as well as anisotropic nanosnes (Fig 2.d).
At pH 6, a small hump at 535 nm was observed dagigtolydispersed nanoparticles. The larger sirebsadue to
the coalescence of smaller nuclei since there ésgmce of smaller nanoparticles. When gold nanicfesrtwere
synthesized at pH 8, a sharp peak was centere®@@tnt (Fig 1. b). The peak signifies uniformly sadp
nanoparticles. A possible explanation for this wiooi that due to alkalinity, i.e. hydroxides gegtdeposited on the
gold nanoparticles. It is hypothesized that at piisboth reducing as well as capping agents areiaffly reducing
the particles and further encaping them at spetdoets. This allows growth of spherical nanopteticdue to
vulnerable deposition of gold atoms on all the faderming thermodynamically favorable sphericahojarticles.
The special groups which are actually involved le hanoparticle formation includes amino, sulphiycuyd
carboxylic acid [15, 16, 17, 18, 19].Due to vergthiproton concentration at lower pH, all these fiomal groups
possess positive charge. Thus even if the nanofestare formed but then also they are not stabtmgh to
prevent agglomeration. The reducing power of tHiasetional groups at lower pH is less, but asghkeincreases
to alkalinity range, the reduction potentials dfthkse functional groups are enhanced, thus atigwhe formation
of thermodynamically favorable structures. The S#Rd centered at 540 nm at pH 10 and the solutiomed
agglomeration (Fig 1. a).

High resolution transmission electron microscopic (HRTEM) studies

HRTEM analysis of GNPs at different pH showed thatgold nanoparticles are in the range of 25-30AnpH 4,

the TEM micrograph exhibits both spherical as waslicosahedral nanostructures of size 25-30 nrpHA8 as well
as at inherent pH (8.3), there is appearance gétaspherical nanoparticles with multi twinned stunes of size
20nm. And at pH 10 the GNPs are roughly spherieaifg 10 nm diameter, which tends to agglomera tdu
electric double layer destabilization.

X-ray diffraction

The XRD pattern obtained corresponds to the golibparticles exhibits Bragg reflections, which cobkl well

manifested on the basis of the face centered dfdny gold nanostructures. The very strong diffiactpeak at 38
degrees is considered to be of {1 1 1} facet offdme centered cubic structure (Fig 3), while tH&attion peaks
of other gold peaks are found to be much weakempeoed to standard GNPs. It is imperative to no& tie ratio
of intensity between {2 0 0} and {1 1 1} peaks, 220} and {1 1 1} peaks as well as {3 1 1} and {111 peaks are
much smaller compared to the intensity ratios afidard GNPs [20].
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Figure 1: Effect of pH on GNP synthesis usin@hlorella pyrenoidusa; (a) Change in SPR with respect to
different pH (b) UV-Visible spectra

Figure 2: HR-TEM analysis of Chlorella pyrenoidusa showing the impact of temperature on biosynthesisf
GNPs at 106C at (a) pH 10 (b) pH 8 (c) inherent pH (d) pH 4

1408
Pelagia Research Library



Madhuri Sharon et al Adv. Appl. Sci. Res,, 2012, 3(3):1405-1412

Table 1: Impact of pH on biosynthesis of GNPs at T{C using100 ppm Aurochlorate ions

pH Observation
Change in colour in < 5 sec
Flat absorption spectra
Change in colour in < 5 sec
Broad hump at 542 nm

XRD Crystalline structure

TEM - spherical as well as anisotropic nanopatrticle
Change in colour in < 5 sec

6 Small hump at 535 nm

XRD Crystalline structure
Change in colour in < 5 sec
Sharp peak at 530 nm

8 XRD Crystalline structure
TEM- Large Spherical nanoparticles
Change in colour in < 5 sec

10 Broad peak at 540 nm

XRD Crystalline structure

TEM- Roughly Spherical nanoparticles
Change in colour in <5 sec

Sharp peak at 540 nm

XRD Crystalline structure

TEM -Spherical nanoparticles(30-40 nm)

pH of algal extract (8.3

g000 -
(111)
4000 <
2000 4
| (200
0 L.....__IL.JIL..__,&
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Figure 3: X-ray diffraction pattern of gold nanoparticles biosynthesised usinghlorella pyrenocidusa

Nitrate Reductase Activity

Chlorella pyrenoidusa is a fresh water alga rich in reductases and delggthase. These reductases help in NADH
dependent extracellular reduction of Awo Al thus leading to the formation of GNPs. Nitrate idaes are
considered to be most efficient NADH-dependent emzyacting as a nucleating as well as capping dgergold
nanoparticle synthesis(Fig. 4).
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Fig. 4: Schematic representation of nitrate reductae activity in reduction of gold salt and formationof GNP

It was found thatChlorella pyrenoidusa extract exhibited the Nitrate reductase activigyOa7245umole/min/gram
of extract, which got reduced to 0.524ehole/min/gram of extract when it was subjected@® € (Fig.5). After the
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formation of GNPs, the nitrate reductase activitgswagain assayed in the reactant mixture which stoav
substantial decrease (almost nil) in the solutivengng GNPs. This result confirms the involvemeintealuctases in
the reduction of gold ion to GNPs.

GNPsynthesis No Nitrate reductase activity

Boiled extract (05244)

Chlorella Extract

(0.7245)

LI LA LR LA B NN LR LR
0.0 0.1 0.2 0.3 0.4 0.5 0.6 07

[ Nitrate Reductase activity (micromoles/min/gm) i

Figure 5: Nitrate reductase activity ofChlorella pyrenoidusa extract, Boiled plant extract and gold nanoparticle
respectively in pmoles/min/gm.

CONCLUSION

Chlorela pyrenoidusa can be used for rapid synthesis of GNPs. The nméistential parameters were found to be
alkaline pH and high temperatures. The TEM micrpggaof GNPs show the presence of both spherical and
icosahedral nanostructures. The substantial deergathe nitrate reductase activity confirms ttestuctases are
involved in the reduction of gold ions to GNPs. Thethodology presented can be used for a contteltahing of

the synthesis of thermodynamically stable gold panticle.
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