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Abstract Natural carbohydrate polymer B-p-glucan extracted from Tricholoma crassum (Berk.)
Sacc. predominantly linked by B-glycosidic bonds have been used to synthesize gold nanoparticles
(Au NPs). As glucan is water soluble, the Au NPs are prepared in water medium, a green solvent.
The morphology and characterization of the synthesized Au NPs have been confirmed by various
techniques, like TEM, EDX, XRD, UV-Vis and FT-IR spectroscopic studies. The obtained Au
NPs exhibits chemosensing property against Methyl Parathion, a group of highly toxic organophos-
phorous pesticide, extensively used as an agricultural chemical. Degradation of parathion using Au
NPs lead to water-soluble products thereby reducing the toxicity of Methyl Parathion by disrupting
the thiophosphate-ester linkage. The synthesized Au NPs also act as a good fluorescence quencher
of Rhodamine B, a common fluorophore and carcinogenic compound, obeying Stern-Volmer equa-
tions. The B-pD-glucan capped Au NPs are safe having possible medicinal usage.
© 2018 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

E-mail address: mukutchem@yahoo.co.in (M. Chakraborty). Physico-chemical properties of metal nanoparticles have been
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catalysis, optics, electronics, and biotechnology [1-5]. Noble

metal nanoparticles like Silver and Gold have proved their ver-
satility in application areas such as catalysis [6,7], biological
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antimicrobial and anticancer activity [11,12] and in various
other fields [13].

The frequently used synthesis routes for metal nanoparti-
cles make use of chemical reducing agents like sodium borohy-
dride, N,N-dimethylformamide, trisodium citrate and other
organic compounds [5,14,15]. Potential environmental risk
associated with chemical toxicity and bio-hazard is becoming
the main opposing factors against the rampant use of chemical
reducing agents. Over the past few years, targeting the funda-
mental principles of green chemistry, scores of attempts have
been made to synthesize nanoparticles using green techniques
[16,17]. Different precursors, like biomolecules and bioorgan-
isms [18,19], peptides [20.21], plant extracts [22,23] and
biopolymers [24] have been used for the synthesis of nanopar-
ticles, mostly for their environment friendly attribute. Polysac-
charides, an essential natural resource have also been used
along with various biological materials, for the synthesis of
metal nanoparticles. Raveendran et al., 2003 reported the
preparation of silver nanoparticles using B-p-glucose as a
reducing agent and starch as capping agent [25]. Mukherjee
et al., 2001 reported a novel biological method for the synthe-
sis of gold nanoparticles using the fungus Verticillium [26].
Biosynthesis of Au, Ag and Au-Ag nanoparticles using edible
mushroom extract was reported by Philip [27].

B-p-Glucans originate from bacteria, algae, yeasts, mush-
rooms, moulds and higher plants, and consequently, their
structure depends on the source from which they were isolated
[28-30]. Fungal B-glucans provide a major health benefit to
humans as they bind to membrane receptor and exhibit anti-
cancer, immune-modulating, anti-cholesterolemic, hepatopro-
tective and neuroprotective activities [31-33]. B-p-Glucan
isolated from Ganoderma lucidum (Fr.) Karst, a mushroom,
is used as a traditional medicines in many Asian countries.
These fungal polysaccharides are especially used as a rich pro-
tein source and in the development of biomedical drugs. How-
ever, mixed solubility reports of f-glucans in aqueous medium
is a major obstacle to its clinical utilization. Specifically, (1 —
3)-B-glucan exists as an insoluble microparticulate in aqueous
medium upon initial isolation from G. Lucidum, and topical
administration of insoluble microparticulates of (1 — 3)-fB-
glucan induces no toxicity. However, Williams et al. have
demonstrated that (I — 3)-B-glucan isolated from yeast, Sac-
charomyces cerevisiae is water-soluble and immunologically
active [34,35]. Tricholoma crassum (Berk.) Sacc., family Tri-
cholomataceae [36] is an ectomycorrhizal fungus [37,38] which
is edible and non-toxic [38,39]. The nutritional value of T. cras-
sum is very promising [40] and the method of cultivation of this
mushroom has been commercially exploited. Synthesis of silver
nanoparticles [41] with the extract of mycelium of 7. Crassum
(Berk.) Sacc. and the fibrinolytic activity [42] using fruit bodies
are also reported. Recently, the detailed structural characteri-
zation of the heteropolysaccharide and its immunological
activity from the alkaline extract of 7. crassum (Berk.) Sacc
were carried out and reported [43]. The major bioactive
polysaccharides isolated from T. crassum (Berk.) Sacc. are f-
(1 - 3) and B-(1 — 6)-p-glucans. Detailed work related to
the structural characterization, immunological, and lipid per-
oxidation properties of the polysaccharide isolated from the
aqueous extract of the fruit bodies of Tricholoma crassum
(Berk.) Sacc. have also been reported [44].

We report here the synthesis of gold nanoparticles (Au
NPs) with the crude form of the extracted B-p-glucans from

bodies of ectomycorrhizal edible mushroom Tricholoma cras-
sum (Berk.) Sacc. The Au NPs synthesized are of different
shape and we have been able to prepare multi-pod gold nanos-
tructures with this polysaccharide. The Au NPs have been
studied using various spectroscopic and characterization tech-
niques. Diffraction studies have been done to confirm
nanoparticle formation. The synthesized Au NPs exhibit Che-
mosensor activity. Hence these glucan stabilized Au NPs have
been used as colorimetric sensor for detection and estimation
of pesticide present in the environment in aqueous medium.
We have also schematically proposed the mechanism of degra-
dation of the pesticide, Methyl Parathion in presence of the
nanoparticles.

These nanostructures are also able to quench the strong flu-
orescence of dyes like Rhodamine B. The B-p-Glucan capped
Au NPs are non-toxic and can have possible medicinal
applications.

Au NPs find various biomedical applications and knowl-
edge about their toxicity and health impacts helps us to use
these in real clinical settings. Nanomaterials, if toxic for envi-
ronmental bacteria, have devastating effect on the ecosystems
and leads to ecological imbalance. Alternately, if the bacteria
are resistant to nanomaterials, they can be used to adsorb them
onto their membrane or cells so they can be responsible for
their transfer in the environment. This leads to the transfer
of NPs from contaminated to non-contaminated areas. Hence,
the antimicrobial and toxicity studies of the glucan stabilized
Au NPs were also carried out.

2. Experimental

2.1. Materials

B-p-Glucan extracted from Tricholoma crassum (Berk.) Sacc.,
Tetra-chloroauric (IIT) acid (HAuCly, Sigma—Aldrich, Stein-
heim, Germany) solution of 1072 M concentration, Nutrient
agar from Hi Media and triple distilled water were used to syn-
thesize the Au NPs. Mouse fibroblast (L929) cell lines were
purchased from National Centre for Cell Science, Pune, India.
Cell culture media and all the other materials required for cul-
turing were obtained from Gibco, USA.

2.2. Synthesis of gold nanoparticles

A 0.05% aqueous solution of B-p-glucan was prepared by con-
tinuous stirring on a magnetic top at room-temperature. The
prepared glucan solution was then placed on a water bath
maintained at 70-80 °C and to the hot glucan solution 107>
M auric chloride solution was added drop wise under stirring
condition. A dark violet coloured solution was obtained after
about 30 min indicating the formation of Au NPs. The Au NPs
were preserved for subsequent characterization.

2.3. Characterization of gold nanoparticles

2.3.1. Uv—visible spectral analysis

The obtained dark violet coloured solution was characterized
using UV—Vis spectrophotometry. The spectra were recorded
on a double beam spectrophotometer (Perkin Elmer Lambda
25) from 200 to 800 nm at a resolution of 1 nm. The UV-Vis
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spectra of 0.05% B-glucan solution and glucan stabilized Au
NP was recorded using triple distilled water as reference. For-
mation of Au NPs was indicated by the appearance of the typ-
ical SPR band characteristic of Au NPs in the UV-Vis spectra.

2.3.2. High resolution-transmission electron microscopy (HR-
TEM) and energy dispersive X-ray (EDX) analysis

The size and shape of the synthesized gold nanoparticles were
subsequently studied using a High Resolution Transmission
Electron Microscopy (HRTEM) equipped with energy disper-
sive X-ray (EDX) spectrometer. The sample was prepared by
casting a drop of the diluted and ultra-sonicated Au NPs solu-
tion on a 300 mesh carbon coated copper grid and air-dried.
HRTEM images were taken on JEOL JEM 2100 equipped
with a Gatan Image Filter operated at an accelerating voltage
of 200 kV.

The HRTEM instrument was also equipped with Energy
dispersive X-ray (EDX) technology. The EDX spectrum of
the sample was measured with the same carbon coated copper
grid and helps in confirming the formation of gold
nanoparticles.

2.3.3. Fourier transform-infrared (FT-IR) spectra analysis

To obtain dried, solid Au NPs the solution was centrifuged at
10,000 rpm speed for 20 min. The concentrated solution was
washed 4-5 times with triple distilled water to remove excess
glucan adsorbed on the particles. Thereafter, the supernatant
solution was decanted leaving the black precipitate which
was collected and dried for further use. The purified powder
of Au NPs was subjected to Fourier Transform-Infrared
(FT-IR) spectroscopic measurement. These measurements
were carried out on a Perkin Elmer spectrum two instrument
in the diffuse reflectance mode at a resolution of 4cm™! in
KBr pellets. For comparison, finely powdered glucan was
mixed with KBr powder and pelletized which were also sub-
jected to similar spectroscopic measurement. In case of liquid
samples, the Attenuated Total Reflectance (ATR) attachment
with ZnSe crystal was used.

2.3.4. X-ray diffraction (XRD) analysis

The crystalline pattern of the synthesized Au NPs were con-
firmed by X-ray Diffraction (XRD) technique. Using step scan
technique XRD was studied using a PANalytical: XPERT-
PRO equipment with pure CuKa radiation produced from a
Johansson monochromator. The sample was prepared on a
glass slide using the centrifuged solution of Au NPs, which
was scanned from 10 to 120° (26) after drying.

2.4. Chemosensor application of glucan capped Au NPs by
breaking organophosphate ester

The glucan capped Au NPs were mixed with Methyl Parathion
(MP), a common pesticide to understand the interactions
between the substrates. A coarse water solution of MP was
prepared by adding ~2 pL of it into 10 ml of distilled water
which was labelled as set 1. Set 2 contained the same methyl
parathion stock solution along with glucan capped Au NPs
solution. The pH of these solutions was tested with a pH meter
and was about 7 and 5 for set 1 and 2, respectively. Subse-
quently, set 3 was prepared by adding a very small amount

of NaOH solution into MP-Au NPs solution such that the
pH of the solution was about 9. The different sets were studied
as given below.

2.4.1. UV-Vis spectrophotometric and FT-IR
spectrophotometric observations

The different sets prepared above were allowed to homogenize
and were scanned using a UV-Vis spectrophotometer in the
range 200-800 nm using triple distilled water as reference.

The data obtained from UV-Vis spectroscopy was subse-
quently checked and correlated through FT-IR spectroscopy.
Here, we have used the Attenuated Total Reflectance (ATR)
mode to scan the liquid samples in the range 4000-400 cm ™!
where the ZnSe crystal was loaded with the solution one by
one.

2.5. Fluorescence quenching of synthesized Au NPs

Being electron rich moiety, Au NPs are capable of quenching
the fluorescence intensity of any fluorescent probe as the
nanoparticles remain surrounded by a strong Plasmon field
[45]. To investigate the quenching property of Au NPs, the glu-
can capped Au NPs were mixed with a well known fluorescent
probe Rhodamine B. Rhodamine B exhibits multiple peaks
having maximum absorbance at 360 nm, with well defined
peak sharpness. This lead us to use an excitation wavelength
of 360 nm for fluorometric experiments. The emission spectra
were recorded in the range of 370-700 nm. The fluorescence
spectra exhibited a maximum intensity at 578 nm and the sub-
sequent quenching studies were carried out at that wavelength.
A total volume of 100 pL of Glucan capped Au NPs solution
in portions of 10 uL each were added to the Rhodamine B
solution (10~° M) and the spectra recorded after each addition.
We know that the Stern-Volmer constant (Kg,) value depends
upon the temperature [46] as well as the viscosity of the med-
ium The quenching studies were carried out in four solvents
viz., Water (0.89 cP), Ethanol (1.095 cP) Isopropanol (1.96
cP) and Ethylene glycol (16.10 cP) having different viscosities
keeping the temperature constant at 25 °C. The fluorescent
probe Rhodamine B was prepared in these four solvents sepa-
rately and quenching study was done as described.

2.6. Antimicrobial and antitoxicity study of synthesized Au NPs

The antimicrobial activity of glucan stabilized Au NPs was
studied on Gram positive bacteria Staphylococcus aureus and
Gram negative bacteria Klebsiella aerogenes and Escherichia
coli using standard protocol [47]. Following overnight incuba-
tion, the diameter of zones of inhibition were measured and
recorded. A minimum of at least three readings were taken
for reporting.

The growth curves at room temperature of the Au NPs
were studied to understand their antitoxicity effect. Escherichia
coli (E. coli) cells were grown overnight in presence of glucan
stabilized Au NPs and the supernatant obtained during
nanoparticle synthesis for experimental study. Similar cells
were grown in nutrient broth as control. For the purpose of
experiment, 100 pL of supernatant and 100 pL of Au NPs were
added to 25 ml of bacterial culture and grown for 15-16 h. The
following day 4.5 ml of overnight culture of each type was
added to fresh nutrient broth and the volume made up to
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50 ml. The bacterial growth (indicated by change in absor-
bance values) in presence and absence of Au NPs were taken
at intervals of 30min at 600nm using a UV-Vis
spectrophotometer.

1929 (1 x 10° cells/mL) cells were plated in 96-well micro-
titer plates and incubated over- night for cell attachment.
The medium was then removed and fresh medium, along with
the corresponding sample concentrations (100—1000 pg/mL)
were added to the cultures. Following treatment for 48 h at
37 °C, MTT solution (5 mg/mL in PBS) was added and incu-
bation was prolonged for 4 h at 37 °C. Inhibition of cell prolif-
eration was monitored by MTT (Himedia) assay [47].
Absorbance of the MTT-formazan product dissolved in
DMSO (Himedia) was estimated at 595 nm using an ELISA
plate reader (Thermo, USA).

3. Results and discussion

3.1. Polysaccharide characterization

The polysaccharide used in our study as reported earlier was
white in colour and soluble in water having a-glucan and B-
glucan content of 8.373 £+ 3.148 g and 15.334 + 1.183 g/100
g of polysaccharide, respectively. The B-(1-6)-glycosidic bonds
exist in an ordered three-dimensional triple helical conforma-
tion as determined by Congo red studies [48].

3.2. Characterizations of glucan capped gold nanoparticles (Au
NPs)

3.2.1. Uv—visible spectral analysis

The yellow coloured solution of B-p-glucan changed to a dark
violet colour on addition of auric chloride and was studied
using Ultraviolet—Visible spectrophotometry. The spectra of
the resultant solution (Fig. 1, spectrum a) showed a sharp peak
at 541 nm along with a broad hump at around 700 nm. The
peak at 541 nm is characteristic of the SPR band of Au NPs
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Fig.1 (a) UV-vis spectra of glucan stabilized Au NPs and (b) B-

glucan itself. The peak at around 541 nm corresponds to the
surface plasmon resonance of Au NPs and double hump signifies
the multi-structured Au NPs.

and preliminary confirmed the formation of gold nanoparti-
cles. The hump at higher wavelength may be due to the forma-
tion of some larger particles or particles of different shapes
[49]. Fig. 1, spectrum ‘b’ represents the absorbance band of
the B-p-glucan. In spectra ‘b’ there is only a small hump at
~255 nm which is slightly shifted to ~264 nm in spectra ‘a’.

The slight shift in the peak position of glucan is probably
due to involvement of the functional groups present in the
biopolymer which act as binding sites for the Au NPs. How-
ever, the formation of the SPR peak at 541 nm which appears
for Au NPs clearly confirms the formation of Au NPs.

3.2.2. High resolution-transmission electron microscopy
(HRTEM) and energy dispersive X-ray (EDX) analysis

High resolution transmission electron microscopic (HRTEM)
technique was employed to study the morphology of the syn-
thesized nanoparticles. Fig. 2a-d depicted the images of the
particles under an accelerating voltage of 200 kV. Starting
from Fig. 2a to d the magnification of the micrographs was
increased gradually. Fig. 2a clearly shows that particles of var-
ious shapes and sizes were generated which justify the appear-
ance of double humped UV-Vis spectra which is normally
observed when particles of different aspect ratio are synthe-
sized [12]. Magnification was slightly increased in Fig. 2b
and we observe that the particles which seemed to be spherical
in Fig. 2a, are actually hexagons, pentagons etc. In Fig. 2¢ as
we further increased the magnification, under higher resolution
it was observed that the synthesized particles had pod like
structures. This shows that the synthesized gold nanoparticles
have multipod structures as we can clearly see different struc-
tures like hexagons, pentagons and rod shaped particles.
Fig. 2d depicts the HRTEM image where the lattice fringes
of the particle are clearly observed and the distance between
them can be easily measured to ascertain the type of lattice
formation.

The energy dispersive X-ray analysis (EDX) shown in
Fig. 2e revealed strong signal of gold and again confirmed
the formation of Au NPs. Metallic gold nanocrystals generally
show typical optical absorption peak approximately at 2.983
keV due to surface Plasmon resonance. Peaks of carbon and
copper were also obtained due to the carbon coated copper
grid.

3.2.3. Fourier transform-infrared (FT-IR) spectra analysis

FT-IR analysis was done to identify the role of glucan in
nanoparticles synthesis and stabilization. In the FT-IR spec-
trum of glucan (Fig. 3a), a broad stretching peak displayed
around 3392 cm™! is characteristic for hydroxyl group and
the weak band at 2928 cm™' is associated with the aliphatic
C—H stretching vibration. The peaks at 1404 and 1078 cm™!
are possibly due to the bending vibrations of C—OH and the
antisymmetric stretching band of C—O—C groups of polysac-
charides [50]. In the FT-IR spectrum of Au NPs-glucan bio-
conjugates (Fig. 3b), a notch was observed in the region
1720-1740 cm™'. To get a clear view, the region between
1700 and 1740 cm ™' is expanded and shown in higher resolu-
tion which clearly shows the presence of two small peaks at
1713 and 1730 cm™!. Since a neutral polysaccharide (glucan)
was used for the synthesis of Au NPs, peaks in the region of
1720-1740 cm ™" would not be usually expected but the appear-
ance of two peaks (1713 and 1730 cm™!) suggests that there
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(a) & (b) TEM images of multi-structured Au NPs, (¢) Pod structured Au NPs are formed, (d) HRTEM image of Glucan capped

Au NPs and (e) Energy dispersive X-ray (EDX) image of synthesized Au NPs.

must be some changes in the functionalities of glucan during
the course of the reaction. The peaks at 1713 and 1730 cm ™"
are probably due to the stretching vibrations associated with
COOH group [51]. In acidic solution of HAuCly, there would
be a possibility for cleavage of some glycosidic (C—O—C) link-
ages of the glucan chain and this may lead to the formation of
some shorter segments with open chain structure [52]. In this

open chain form there would be existence of potential CHO
groups. Since, Au®" ions are present in the reaction medium;
these CHO groups would be readily oxidized to COOH groups
with concomitant reduction of Au®" to Au®[53]. Similar results
have been observed in case of the glucan stabilized Au NPs. The
slight shift in the peak positions is due to the interactions of the
different groups of glucan with the Au NPs [47].



942

S. Pattanayak et al.

Transmittance (%)

1078

3392

1740 1720 1700

T T T T T T

3500 2500 1500 500
Wavenumber (cm™)

Fig. 3  FT-IR spectra of (a) 0.05% (w/v) glucan solution and (b)

Au NPs-glucan bioconjugates prepared with 0.05% (w/v) glucan
and 107> M HAuCl,.

3.2.4. X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) analysis further confirmed the crys-
talline nature of Au NPs. Fig. 4 shows the XRD patterns of
Au NPs-glucan bioconjugates prepared with 1072 M HAuCl,.
Diffraction peaks were obtained for 20 values of 28.20, 38.21,
44.39, 64.76, 77.76, 81.72 and 115.20° and can be correlated to
the (220), (111), (200), (220), (311), (222) and (420)
planes respectively of face-centered cubic (fcc) lattice of Au
NPs. The observed higher relative intensity of (1 1 1) diffrac-
tion peaks for the Au NPs prepared with the above mentioned
concentrations of HAuCl, and of glucan (0.05%), presumably
indicates greater exposure of the (11 1) facets to the crystal
surface of Au NPs [54]. The lattice constant obtained for the
(111) diffraction pattern was 4.066 A for the Au NPs pre-
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Fig. 4 XRD patterns of dried Au NPs-glucan bioconjugates
prepared with 0.05% (w/v) glucan and 107>M HAuCl,. Peaks
could be indexed to FCC gold.

pared for the mentioned concentration of HAuCly. The
observed value was in close agreement with previous literature
report (a = 4.0786 A; Joint Committee on Powder Diffraction
Standards file No. 04-0784).

3.3. Cleavage of phosphate-ester bond of Methyl Parathion by
glucan capped Au NPs

Methyl Parathion (MP), a very common pesticide renowned
for its highly neurotoxic agricultural chemical property is
extensively used world-wide to manage a wide range of insect
pests. The environment including human health faces a deadly
risk as its residue remains in the soil causing severe pollution.
We have studied the sensing properties of glucan stabilized Au
NPs towards methyl parathion by examining the UV-Vis spec-
tral changes and its subsequent degradation at the ppm level.

3.3.1. UV=Vis spectrophotometric and FT-IR spectroscopic
observations

Fig. 5a shows the UV—Vis spectrum of an aqueous solution of
MP (set 1). The UV—Vis spectrum shows a peak at 295 nm,
which is similar to literature values of pure MP [55]. After add-
ing Au NPs into it (set 2), the peak is shifted to 313 nm (Spec-
trum of MP + Au NPs) and subsequently when a very small
amount of NaOH is added to it, the peak further shifts to
400 nm (Spectrum of MP + Au NPs + base). It has been ear-
lier reported and proved that peak of nitrophenols are
observed at about 300-315 nm, whereas peak of nitropheno-
late ion appears at around 400 nm [56]. In set 2 the peak at
313 nm indicates the formation of nitrophenol in acidic med-
ium (in the absence of base) and the peak at 400 nm in the
basic medium in set 3 shows the presence of nitrophenolate
ion. Therefore, it can be easily seen that Au NPs are able to
break the thiophosphate-ester bond of MP leading to the for-
mation of nitrophenol and ultimately degrade MP.

The spectra obtained using MP + base is identical to the
spectra obtained in set 3 (as shown below). This clearly shows
that MP is degraded in presence of a base as we have already
stated that it is a base catalysed reaction. This clearly proves
that we can degrade MP without any externally added base
in an acidic medium (pH in our case was around 5). Hence
we can say that the glucan stabilized Au NPs are able to
degrade MP without any other externally added agent. More-
over, on addition of base the peak shifts from 313 to 400 nm
due to the formation of the nitrophenolate ion as the medium
becomes basic in nature.

In order to further substantiate the above observation
FTIR analysis of Au NPs-MP was carried out. Previous
reports have shown that hydrolysis of methyl parathion
(MP) in acidic medium gives two products, 4-nitrophenol
and dimethylthiophosphoric acid [57]. After adding a small
of NaOH solution, the colour of the solution turns bright yel-
low due to the formation of 4-nitrophenolate and sodium di-
O-methyl thiophosphonate ions as evident from the peak
around 400 nm obtained in UV—Vis spectra (set 3). From this
observation it can be said that the formation of these ions from
MP is a base catalyzed reaction. However, although our glu-
can capped Au NPs are unable to form the 4-nitrophenolate
ions (as the medium is acidic in nature), they are able to break
the phospho-ester bond and destroy the harmful effects of MP.
To prove this contention we had studied the FT-IR spectrum
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(a) UV-Vis spectra of Methyl parathion solution, Methyl parathion solution along with glucan capped Au NPs solution and

Methyl parathion and Au NPs solution with a small amount of base. (b) FT-IR spectroscopic measurement of Methyl parathion (MP)

solution and Methyl parathion-Au NPs solution.

of MP and MP-Au NPs solutions (Fig. 5b). It was observed
that in MP spectrum there was no sign of —OH peak whereas
in MP-Au NPs spectrum a broad peak of -OH was observed at
about 3500 cm™'. This clearly shows that the Au NPs were
able to degrade MP as presumed above.

The proposed scheme for the above degradation is as fol-
lows. Hydrolysis of methyl parathion is carried out in NaOH
by nucleophilic attack of hydroxyl ion to the phosphorus cen-
tre followed by concomitant cleavage of P—OAr bond
(Scheme 1). But in acidic/neutral medium where no free hydro-
xyl ion is present, the phosphorus centre doesn’t have enough
electrophilicity to be attacked by the water molecule only,
resulting in the cleavage of the P—OAr bond.

But in presence of Au NPs formed over there, even if the
medium is at an acidic pH, as described in due course of the
work, we believe that Au NPs possibly engage themselves to
form some kind of covalent interaction with sulphur of
‘—P=S’ moiety as can be expected from soft-soft (SHAB prin-
ciple) interaction between Au NPs and Sulphur. This makes
the phosphorus centre of MP more electrophilic in nature

(OAr = gONOZ
|

which in turn allows water molecule, present in acidic pH med-
ium, to attack and thus became capable to cleave the ‘P—OAr’
bond (Scheme 1).

3.4. Effect of Au NPs on Rhodamine B fluorescence in different
solvents

Rhodamine B, a common fluorophore and a suspected car-
cinogenic compound containing a warning on its product label
can be easily detected using a fluorimeter. As Au NPs are cap-
able of quenching the fluorescence intensity of any fluorescent
probe, the glucan capped Au NPs were mixed with Rhodamine
B. Fig. 6 depicts the fluorescence emission spectra of Rho-
damine B (Rh B) (2 x 107* M, J., = 360 nm) solution with
different concentrations of Au NPs at 25 °C in four different
solvents. The maximum emission wavelength for Rh B in
water was observed at about 578 nm. The same trends were
observed for the other three solvents viz., ethanol, isopropanol
and ethylene glycol. With increase in concentration of glucan
capped Au NPs (Fig. 6a), the fluorescence intensity of Rh B

S
hydrolysis ”
MeQ——P——S > MeO—P——OH + NaO—@—NOZ
* Na OH |
OoMe © 5 OMe
Methyl parathion (MP)
OAr (OAr
hydrolysis I
MeO——P——=§ —t"m MeO—fP==S -------- AuNPs HO—@—NOZ
AuNPs ; |
OMe oh’ OMe
H,0,
Scheme 1  Plausible mechanism of degradation of Methyl Parathion by glucan capped Au NPs.
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Fig. 6 Rhodamin B fluorescence quenching by Au NPs in three different solvents of increasing viscosity (a) Water, (b) Ethanol, (c)
Isopropanol and (d) Ethylene glycol. Corresponding Stern-Volmer plots shown in inset.

in water decreased progressively, however, the emission wave-
length at maximum emission was almost constant. From this
observation one can conclude that there was no observable
photochemical reaction between Au NPs and the dye in water
medium. This clearly shows that the Au NPs sense and quench
the fluorescence intensity of Rh B resulting in a decrease in the
dye concentration in the mixture. This nature of the curve indi-
cates that the Au NPs can be used as an effective tool in min-
imizing the carcinogenic effect of the dye. Similar behaviour
was observed for Rh B with increasing concentrations of Au
NPs in the three other solvents of different viscosities
(Fig. 6b, ¢ and d). Now, the Rh B fluorescence quenching
mechanism was analyzed following the standard Stern-
Volmer equation: [5§]

Fo/F =1+ Ky[Q] (1)

Ky oc1/n (2)

where F, and F are the fluorescence intensities in the absence
and presence of quencher, respectively. Ky, and [Q] are the
Stern—Volmer quenching constant and quencher i.e., Au NPs
concentration here, respectively. Fluorescence quenching
occurs via two types of mechanisms, dynamic and static. For

dynamic quenching mechanism, the quenching rate constant
increases with increasing temperature [59] and the Stern-
Volmer constant (K,) decreases with increasing viscosity (1)
(Eq. (2)). Stern-Volmer plots of Rh B-Au NPs system in four
different solvents of different viscosities were shown in
Fig. 6a, b, ¢ and d. Within experimental limits, all the plots
obtained were linear and showed a correlation coefficient of
above 0.98. From the slopes of the linear plots, the Stern-
Volmer quenching constants (Ks,) were calculated and listed
in Table 1. Table 1 clearly indicates that the probable quench-
ing process of Rh B interacting with Au NPs were dynamic
rather than static in nature, because all the Stern-Volmer plots

Table 1 Change in Stern-Volmer constant with change in
solvent viscosity.

Solvent Viscosity (cP) at 25 °C Ky Intercept
Water 0.890 2269 1.00
Ethanol 1.095 1169 1.02
Isopropanol 1.960 1146 1.00
Ethylene glycol 16.10 1080 0.989
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Fig.7 Toxicity study using optical method. (a) Comparison of O.D. at 600 nm between E. coli strain and the supernatant of Au NPs sol
after centrifugation (b) Comparison of O.D. at 600 nm between E. coli strain and the Au NPs sol (¢) MTT assay of 1929 cell with glucan

capped Au NPs.

were linear and the observed Ky, decreased with increasing vis-
cosity, which is expected for dynamic quenching.

3.5. Analysis of antimicrobial and antitoxicity properties of Au
NPs

B-p-glucan stabilized Au NPs and its supernatant did not show
any antimicrobial activity when studied with Gram positive
bacteria Staphylococcus aureus and Gram negative bacteria
Klebsiella aerogenes and Escherichia coli using the standard
cup plate method. The Au NP did not exhibit any zone of inhi-
bition which may be probably due to no reasonable interaction
of the B-p-glucan stabilized Au NP with the bacterial cell wall
and hence these Au NPs did not have any antimicrobial
activity.

Nanoparticles targeted for clinical purposes must be reason-
ably non toxic and hence toxicity of different nanomaterials has
been a subject of great interest. Earlier reports have shown that
gold, known to be safe and chemically inert in the nano-scale
can be used in photothermal therapy and as imaging agents in
living system [8]. Since, the B-p-glucan stabilized Au NPs exhi-
bits absence of antimicrobial activity, the toxicity studies were
carried out on the growth of Gram negative Escherichia coli
(E. coli) bacteria cells. Fig. 7 depicts the growth curve of
E. coli cells and E. coli with Au NPs supernatant from the data
of absorbance against time. The supernatant had no effect on
the growth of E. coli cells as evident from Fig. 7a. Cells grown
in presence of B-p-glucan stabilized Au NPs also exhibited sim-
ilar results which indicate that the B-p-glucan stabilized Au NPs
had no effect on the growth of the bacterial cells.
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The non toxic nature of the glucan stabilized nanoparticles
is also confirmed when the gold nanoparticles did not exhibit
any cytotoxicity on Mouse fibroblast 1.929 (as shown in the
Fig. 7c) as the nanoparticles had no effect on normal cell
growth and viability as evident from proliferative assay of nor-
mal cell line (1.929) in the concentration range (100—1000 ng/
mL). Thus we can say that the B-p-glucan stabilized Au NPs
did not affect normal cell growth and can have possible medic-
inal applications, similar to our other systems and observa-
tions of earlier researchers [60,47].

4. Conclusions

B-p-Glucan, a natural carbohydrate polymer capped gold
nanoparticles (Au NPs) were synthesized in a green way and
characterized using different tools. The Au NPs exhibited mul-
tipod like structure and were crystalline in nature. p-p-Glucans
extracted from naturally occurring edible mushrooms have
application in different medicinal areas and keeping this idea
in mind we tried to study the effect of B-p-Glucan stabilized
Au NPs on the environment. The Au NPs were able to sense
and degrade harmful pesticide like methyl parathion, a com-
mon pesticide extensively used in India. These Au NPs can also
be used to sense the presence of a common fluorescent dye like
Rhodamine B, which exhibit carcinogenic property. The Au-
NPs quench the fluorescence of Rhodamine B, thus minimiz-
ing its negative effect. The above quenching was dynamic in
nature obeying Stern Volmer plot. The Au NPs are also safe
as evident from the preliminary studies having potential medic-
inal application.
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