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ABSTRACT

Nano technological revolution unfolded a new arena of interdisciplinary research involving biology, chemistry, pharmaceutical
engineering and medicine. The secret gleaned from nature had led to the generation of biogenic machinery for the manufacture of
nanomaterials. Present investigation disclosed the gold nanoparticles’ biosynthesizing capability of the gametophyte of a bryophyte
for the first time. Rapid, cost-effective, one-step process of synthesis had been achieved. Newly genre AuUNPs were confirmed by a
change in extract colour from light yellow to dark red and surface plasmon resonance spectra obtained in a range of approximately
540 nm. Nanoparticles with an average diameter of 70 + 5 nm were generated. Different instrumental techniques, like TEM, XRD,
EDAX, particle size analyzer, and FTIR, were used to characterize the synthesized AuNPs.
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INTRODUCTION

olloidal gold had been used for medicinal purpose

from time immemorial. In ayurvedic medicine

Swarna Bhasma (gold ash) is used for rejuvenation
and revitalization." In Ayurved Prakasha and Rasa
Chandanshu, it is mentioned that any disease not curable
with all available medicines can be cured by use of gold.*?
Even modern science accepted its medicinal importance
and used it in form of its salt, colloidal solution and nano-
particles.*” Gold nanoparticles due to its biocompatibility
and strong interaction with soft bases played a major role
in the treatment of cancer.® Recent investigations
revealed that gold nanoparticles could inhibit ovarian
cancer, metastasis,*’® function of VEGF,'' chronic
lymphatic ~ leukemia,">  rheumatoid artharitis,"
inflammation™**® etc. It had shown a strong vermifugal
activity'’ and antimicrobial potentiality.”® Conventional
synthetic methods of AuNPs had involved a number of
chemical methods. With the rapid development of these
chemical methods, concern for environmental
contaminations was regularly heightened as the chemical
procedures involved in the synthesis of nanomaterial
generates a large amount of hazardous by-products.
Thus, there was an urgent need for ‘green chemistry’ that
includes clean, nontoxic and environment friendly
methods of nanoparticle synthesis with precise control
over the shape and size. In the recent years, ‘green
synthesis’ of the nanoparticles had paid much more
attention in the rapidly growing area of nanoscience and
nanotechnology.™ Furthermore, because of the increase
demand of AuNPs in medicine and many industrial
applications there was also a growing need for cost
effective production system. Therefore, there had been
tremendous excitement in the study of gold nanoparticle
synthesis by using biological system. The biological

method for the synthesis of gold nanoparticles utilized
different biological agents like bacteria, fungi,
actinomycetes, algae and higher plants.”>%

Working towards the goal to enlarge the scope of the
biosynthesis of nano-materials, we explore the potential
of a bryophyte, Taxithelium nepalense (Schwagr.) Broth.,
gametophyte extract for the first time to reduce
tetrachloroauric acid to gold nanoparticles.

MATERIALS AND METHODS
Reagents and Chemicals

Tetrachloroauric acid (HAuCl4, 6H,0) was obtained from
Sigma Aldrich. Freshly prepared double distilled water
was used throughout the experimental work.

Collection of specimen

The specimens were collected from Narendrapur
Ramakrishna Mission Ashrama, Narendrapur, Kolkata,
India. The specimen were brought to the laboratory and
identified following standard literature.”®

Biological synthesis of gold nanoparticles

The gametophyte of Taxithelium nepalense was
thoroughly washed several times with Milli-Q water. 10 g
of the plant bodies were quick frozen in liquid nitrogen.
The frozen tissue was powdered in a mortar in liquid
nitrogen and then homogenized in 10 ml of Milli-Q water
using a polytron at full speed. The Milli-Q water was
added further at a ratio of 1:10 of tissue (weight) to water
(volume). It was then filtered through Whatman filter
paper no. 1. The filtrate was used as reducing agent and
stabilizer. Then in a typical experiment, 40 mL of that
filtered broth was added to 60 mL aqueous chloroauric
acid (HAuCl,) solution (3 mM final concentration) and
agitated for 12 hours at room temperature (37°C).
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Simultaneously, only the filtered broth of Taxithelium
nepalense and only chloroauric acid solution were
maintained under same conditions. Within 12 hours dark
red solution was obtained.

The gold nanoparticles were separated out by
centrifugation at 12000 g for 10 min, and the settled
nanoparticles were washed with Milli-Q water (three
times). The purified AUNPs were resuspended in Milli-Q
water and ultrasonicated by Piezo-u-sonic ultrasonic
cleaner (Pus-60w). Synthesis of AuNPs was repeated for
three times (n=3) and subsequently utilized for
characterization of the particles.

UV-visible spectroscopy

The absorption at 540 nm (maximum absorbance
observed in the full range scan) was measured
continuously to determine the stability of the solution.
The UV-visible spectra of the solution were kinetically
monitored in the range of 200-900 nm recorded in a
Hitachi 330 spectrophotometer. Milli-Q water was used
as blank.

Size measurement by dynamic light scattering (DLS)
experiment

Particle size was measured by laser diffractometry using a
nano size particle analyzer (Zen 1600 Malvern USA) in the
range between 0.6 nm and 6.0 um, under the following
conditions: particle refractive index 1.590, particle
absorption coefficient 0.01, water refractive index 1.33
and temperature 25°C.

X-ray diffraction (XRD) analysis

After bioreduction, the liquid reaction mixture was dried
at 45°C in a vacuum drying oven. The vacuum dried
mixture was then collected and used for powder XRD
analysis. The spectra were recorded in a PW. 3040/60
PANalytical X-ray diffractometer (Cu Ko radiation, A
1.54443) running at 45 kV and 30 mA. The diffracted
intensities were recorded from 30° to 90° 26 angles.

Energy dispersive X-ray (EDX) analysis

Energy dispersive X-ray (EDX) analysis was carried out by
the Hitachi S 3400N instrument (Japan) and employed to
know the elemental compositions of the particles.
Samples were filtered and dried before measurements.

Fourier transforms infrared spectroscopic (FTIR) analysis

For FTIR analysis, the vacuum dried bio-reduced AuNPs
were mixed separately with potassium bromide (KBr) at a
ratio of 1:100 and the spectra were recorded with a
Shimadzu  8400S  Fourier  transform  infrared
spectrophotometer using a diffuse reflectance accessory.
The scanning data were obtained from the average of 50
scans in the range between 4000 and 400 cm'™.
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Transmission electron microscopic (TEM) observation of
gold nanoparticles

TEM samples of the aqueous suspension of AuNPs were
prepared by placing a drop of the suspension on carbon
coated copper grids and allowing the water to evaporate.
The micrographs were obtained by Tecnai G° spirit
Biotwin (FP 5018/40) TEM, operated at 80 kV accelerating
voltage.

RESULTS AND DISCUSSION
Characterization of the specimen

Plant body robust, yellow green, corticolous, dull to
slightly glossy plants forming dense tufts. Main stem long,
creeping, irregularly giving rise, leaves dense crectopatent
(appressed to stem when dry), strongly concave, ovate
with acute tips. Capsule inclined or horizontal. Curved
constricted under mouth when dry, oval, 1.28 x 0.5 mm.
Operculum conical, apiculate, calyptras cucullate.
Peristome double, hypnoid, ~330 u high, cilia single, basal
membrane high. Spores 13 to 18 p in diameter. The
specimen was identified as Taxithelium nepalense
(Schwagr.) Broth.?

Figure 1: Digital photograph of the gametophyte of
Taxithelium nepalense used in the biosynthesis of gold
nanoparticles.

Production and characterization of gold nanoparticles

It is well known that gold nanoparticles exhibit dark red
colour in aqueous solution due to excitation of surface
plasmon vibrations in gold nanoparticles.* Reduction of
the gold ion to gold nanoparticles during exposure to the
bryophyte gametophyte extract could be followed by
colour change. Only the reaction mixture displayed a time
dependent colour change, where as the broth and the
chloroauric acid solution was observed to retain their
original colour (Figure 2 inset). At the beginning, the
reaction mixture was light yellow and became pinkish
after one hour of incubation at room temperature (37°C);
the pinkish colour changed to dark red colour gradually at
12 hour and then the red colour did not change with
increasing incubation time. The appearance of the red
colour indicated the occurrence of the reaction and the
formation of AuNPs.

UV-Visible spectroscopic analysis

The characteristic red colour of the reaction solution was
due to the excitation of the surface plasmon vibration of
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Au° particles and provided a convenient spectroscopic
signature of their formation. Both the control set showed
no significant colour change in the same experimental
conditions. The reduction of chloroauric acid was
subjected to spectral analysis by using the UV-visible
spectrophotometer. This showed an absorbance peak at
540 nm, which was specific for gold nanoparticles.”
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Figure 2: UV-visible spectra recorded as a function of
reaction time of an aqueous solution of 3 MM HAUCI, with
the bryophyte gametophyte extract. Inset: Represents
three flasks containing only chloroauric acid solution (a),
reaction mixture of the filtered gametophyte extract with
chloroauric acid (b) and only the filtered gametophyte
extract of Taxithelium nepalense (c) The appearance of
red colour only in the flask (b) due to the addition of
filtered gametophyte extract of Taxithelium nepalense to
3 x 10 M aqueous HAUCI, solution after 12 h incubation
period.

Particle size measurement

Particle size was determined by dynamic light scattering
measurement. Laser diffraction revealed that particle size
obtained in the range of 42 to 145 nm with an average
diameter of 70 £ 5 nm.
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Figure 3: Histogram of particle size distribution as
obtained from light scattering of the gold nanoparticles
produced by the gametophyte extract of Taxithelium
nepalense.

XRD analysis of the gold nanoparticles

In order to confirm the mono-crystalline nature of the
AuNPs, XRD analysis was performed. Figure 4 showed the
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X-ray diffraction pattern obtained from the AuNPs. The
Bragg reflections obtained from the AuNPs clearly
correspond to the fcc crystalline structure of gold. The
XRD pattern exhibited four identical diffraction peaks
corresponding to the [111], [200], [220] and [311]
appearing at 20 = 38.2°, 44.5°, 65.6° and 78.6° of metal
gold, respectively (International Centre for Diffraction
Data, ICDD No. 04-0783), indicating that the precipitate
was composed of pure crystalline gold.**
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Figure 4: Representative XRD patterns of gold
nanoparticles synthesized by the reaction of 3 mM
aqueous HAuCIl, solution with gametophyte extract of
Taxithelium nepalense.

EDX observation of gold nanoparticles

An elemental composition analysis employing EDX
showed the presence of a strong signal from gold atoms.
Moreover, the presence of sharp optical absorption peak
in the range of 2 to 3 keV which is typical for the
absorption of metallic gold nano-crystallites.25 This
analysis indicated that the nanostructures were
composed solely of gold.
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Figure 5: Recorded EDX spectrum showing sharp peak in
between 2 and 3 keV confirming the presence of gold.

FTIR analysis of gold nanoparticles

FTIR absorption spectra of biosynthesized vacuum dried
gold nanoparticles were shown in the figure 6. The
spectra showed the presence of bonds due to O-H
stretching (around ~3430 cm™) and aldehydic C-H
stretching (around ~2920 cm™).?° These peaks indicated
the presence of proteins and other organic residues,
which might have produced extracellularly by Taxithelium
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nepalense. FTIR spectrum of AuNPs showed absorption
band at 1632 cm™, corresponding to the amide | of
polypeptides.”® The peak at 1404.8 cm™ may be assigned
to the symmetric stretching of the carboxyl side groups in
the amino acid residues of the protein molecules.”” The
FTIR peak at around 1240-1260 cm™ signified amide 11|
band of the random coil of protein.”® Band at around
1052 cm™ indicated C-O stretching.” These findings
supported the results of Gole et al., who reported that
proteins can bind to nanoparticles either through amino
groups or cysteine residue or through electrostatic
attraction.*® Furthermore, Ahmad et al. and Xie et al.
reported that protein can interact with AuNPs either
through free amine, carboxyl or phosphate groups to
stabilize them.**® Thus, it can be concluded that the
AUNPs are stabilized by surface bound protein molecules
that also prevent aggregation.

83

%l

2481 09
mn

T T T T T T T T
4000 3800 3200 2800 2400 2000 1800 1200 800 400
cM!

Figure 6: FTIR absorption spectra of bio-reduced
chloroauric acid.

TEM image of gold nanoparticles

Transmission electron microscopic (TEM) image recorded
different sizes of AuNPs which arose from the
bioreduction of chloroauric acid by bryophyte
gametophyte extract at room temperature (37°C) for 12
h. These observations revealed that spherical, triangular
as well as hexagonal structures of the AuNPs were formed
in the reaction solution. The diameters of these AuNPs
were measured and the size was in the range of 42 to 145
nm. The average diameter of these AuNPs was of 70 + 5
nm.

Figure 7: Transmission electron micrograph of gold
nanoparticles after bioreduction of chloroauric acid.
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CONCLUSION

Nanoparticles synthesis from biological route served as an
important alternative in the development of clean,
nontoxic, economical and environmentally friendly
procedures. Here, we proposed a simple eco-friendly
method for gold nanoparticles synthesis using bryophyte
gametophyte extract. The bioreduction of chloroauric
acid by Taxithelium nepalense yielded AuNPs in the range
of 42 to 145 nm. The spectroscopic characterizations
using various analytical instruments were useful in
proving the composition of the nanoparticles and also in
confirming their size and shape. FTIR evidenced the
formation and stability of the bio-synthesized AuNPs
which can be studied further to understand the chemical
and molecular interactions responsible for the synthesis
of the nanoparticles. Potential benefits of gold
nanotechnology in medicine were inimitable owing to
refined, highly targeted drug delivery and imaging
platforms and unique transfection, as well as analytical
and tissue engineering approaches. Thus, this simple and
rapid, green synthesis of AuNPs can further be applied in
various biomedical and biotechnological fields and their
properties and applications can further be explored.
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