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Abstract: This work was initiated to investigate the myco-fabrication of gold nanoparticles (AuNPs) using a fungal
strain, Aspergillus tamarii 5152 (A. tamarii MTCC 5152). The biosynthesized gold nanoparticles were characterized
by visual observation, and using UV-Vis and Fourier transform infrared spectroscopy (FTIR) spectroscopy, Differential
scanning calorimetry (DSC), Thermogravimetric analysis (TGA), Zeta-potential, Dynamic light scattering (DLS) and
Scanning Electron Microscopy (SEM) analyses. NADH-dependent cofactor analysis and photocatalysis assays were
carried out for Nicotinamide adenine dinucleotide (NADH)-dependent AuNPs biosynthesis and dye degradation ability.
A maximum surface plasmon resonance peak for the AuNPs was recorded at 535 nm, followed by the identification
of protein capping effect of the extract by FTIR spectroscopy. The average size (Z) of the nanoparticles observed
was 39.15 nm, while SEM images showed crystallized rod-shaped structures ranging from 55-91 nm. A negative zeta
potential of 10.5 mV showed repulsion between the nanoparticles, which indicates the stabilizing power of the fungal
extract. Further, it was observed that NADH acts as a cofactor for the nanoparticle biosynthesis. The AuNPs were
found to degrade crystal violet dye by 63%. From this study, it can be understood that the process of fungal mediated
biosynthesis of AuNPs by 4. tamarii MTCC 5152 is simple, less expensive, and could be utilized for bioremediation of
toxic dye accumulation.
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1. Introduction

Gold nanoparticles (AuNPs) have significant roles in biological applications [1-5]. Due to the stability under
atmospheric conditions and the resistance to oxidation and biocompatibility [6-7], gold nanoparticles are suitable
candidates in almost all fields of medical sciences, including diagnostics, therapy, preventive medicine and hygiene. The
existing physical and chemical methods of nanoparticle synthesis [8-11] have many disadvantages due to the release of
hazardous by-products [12]. Hence, the development of an environment-friendly, biological non-toxic method utilizing
plants and microbes are gaining attention in the present day research setting [13]. Among the microbes, only very few
fungal species have been reported with respect to the synthesis of AuNPs. The nanoparticle synthesis by filamentous
fungi have numerous advantages with trouble-free processing and feasible scale-up process. These myco-fabricated
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AuNPs are cost-efficient, easy to synthesize and relatively less hazardous. Fusarium sp. [14], Yeast Yarrowia lipolytica
[15], Candida albicans [16], Fusarium oxysporum and Penicillium sp. [17], Neurospora crassa [18], Candida utilis,
Verticillium luteoalbum, Phanerochaete chrysosporium and Phomaexigua NCIM 1237 [19] and Trichoderma reesei
NCIM 1186 [20] are some notable fungi that are accounted for the synthesis of AuNPs.

The genus Aspergillus is considered to be one among the most important filamentous fungi. Their prevalence in the
natural environment and ease of cultivation have been extensively studied. There are also existing reports with reference
to gold nanoparticle synthesis namely 4. clavatus [21], A. flavus NCIM 650, A. niger NCIM 616, A. niger NCIM 1025
[20]. 4. tamarii MTCC 5152, a potential fungus, has a demonstrated role in the biosynthesis of silver nanoparticles [22].
However, there are no reports traced on their use in biosynthesis of AuNPs. Therefore, the present study has been taken
up to explore the efficacy of 4. tamarii MTCC 5152 for the synthesis of AuNPs.

2. Experimental section
2.1 Biosynthesis of AuNPs using A. tamarii MTCC 5152

All chemicals used throughout the experiments were of analytical grade. Gold chloride (HAuCl,) was purchased
from Sisco Research Laboratories Pvt. Ltd., India. The fungus, 4. tamarii MTCC 5152 was isolated from tannery
effluent and was deposited at the Microbial Type Culture Collection and Gene bank, CSIR-Indian Institute of Microbial
Technology, Chandigarh, India. A. tamarii MTCC 5152 was grown under aerobic conditions in 250 mL Erlenmeyer
flasks containing 100 mL of growth medium comprising Yeast extract (0.6 g), Potassium dihydrogen phosphate (0.7 g),
dipotassium hydrogen phosphate (0.2 g), MgS0O,.7H,0O (0.01 g), (NH,),SO, (0.1 g) and glucose (1 g). The culture was
incubated in an orbital shaker at 150 rpm in the temperature range of 30 °C. After six days, the biomass was separated
from the culture medium, using a suction pump and a Whatman paper, applying the principle of filtration. The biomass
was then repeatedly rinsed using distilled water to remove any medium components and residues, if present. About 10 g
of biomass was weighed and suspended in 100 mL of Milli Q water in 250 mL Erlenmeyer flask and maintained under
agitated condition at 250 rpm for 72 h at 30 °C. The entire process was carried out in a dark environment. The fungal
extract was suspended in 90 mLof 20 mM potassium phosphate buffer (pH 7.0) and 10 mL of | mM HAuCl,, taken in a
ratio of 9:1 (v/v) was incubated at 30 °C for 24 h. The optimized conditions for the biosynthesis of AuNPs are given in
the Supplementary data.

2.2 Characterization of AuNPs

With the appearance of visible color change, the preliminary confirmation of fungus-mediated AuNPs was carried
out by using UV-visible double beam spectrophotometer (Shimadzu UV-2450). The AuNPs extracted from A. tamarii
MTCC 5152 were centrifuged and frozen dried. The dried sample grounded with Potassium Bromide (KBr) was
subjected to FTIR analysis (JASCO FTIR-4700, Japan) for identification of the product where infrared rays analyze
the functional groups at characteristic wavelengths. The spectrum was recorded in the range of 4000-400 cm’, at a
resolution of 4 cm™. The thermal characteristics of the synthesized gold nanoparticles were analysed by using TGA (SDT
Q600, TA Instruments, New Castle, USA) and DSC (DSC Q200, V24.10 Build 122). The particle size distribution of
nanoparticles was observed by using Dynamic Light Scattering (Malvern Instruments Ltd, Malvern, UK), followed by
SEM analysis (TESCAN MAGNA, Czech Republic) and finally Zeta potential (Malvern Instruments Ltd., Malvern, UK)
was determined.

The increasing industrialization have caused an alarming rate of increasing environmental concerns such as
the heavy damage to the ecosystem by adding up herbicide by-products such as 4-nitrophenol and polluting dyes
inclusive of anionic and cationic dyes, from the textile firms. Considering the fact that metal nanoparticles possess
high surface area to volume ratio and high surface absorption ability, they can be used as a useful catalytic agent and in
the environmental remediation [23]. The role of NADH-dependent reductase in the reduction of Au” into AuNPs and
photocatalytic activity of the nanoparticles, in terms of degradation of a toxic dye [24], were also studied. In this study,
crystal violet was used as the model dye, taken at a concentration of 10 mg/L" [25]. Two study systems were taken; a
control system with only crystal violet solution (10 mL) and another containing 10 mL of crystal violet solution with 10
mg of the myco-synthesized gold nanoparticles; and were kept under direct sun light. At regular intervals, aliquots were
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taken and absorbance was measured. The following equation was applied to determine the percentage of dye degraded:

(Initial Optical Density — Final Optical Density)
Initial Optical Density

% Dye degradation = x100

3. Results and discusion

The appropriate conditions for AuNP synthesis were determined in different concentrations of fungal biomass
extracts with different concentration of AuNPs solutions under varying pH conditions. A visible color change of auric
chloride from golden to deep red color (Figure 1) at 1 mM concentration (pH 5.5) was observed. A similar study on the
different process parameters, including concentration of the extract, mixing ratio and interaction time, for synthesizing
AuNPs was reported by Anjana (2015), which was similar to our observation [26].

(a) (b) (©)

Figure 1. Images on (a) Fungal cell-free filtrate (b) 1 mM HAuCl, solution (c¢) formation of gold nanoparticles

AuNPs possess a unique electronic property termed the localized surface plasmon resonance, which can be used
for the characterization of the synthesized AuNPs, since this property is absent when gold is present as a whole [27].
The synthesized AuNPs were characterized by using UV-visible spectroscopy, wherein the absorption spectra of AuNPs
formed in the reaction medium showed surface plasmon resonance at 535 nm (Figure 2). The absorption peak at 535 nm
was noticed at a time period of 24 h and reached the maximum intensity after 72 h. The similar type of result was also
observed by Priyadarshini et al. [28] and Namita Soni et al. [29] in Aspergillus spp.

Micro size of AuNPs is highly unstable in nature. Hence, the fungal proteins (organic in nature) are known
to stabilize the nanoparticles by acting as a capping agent. This stabilization can be determined by FTIR, based on
the interactions involved between the various chemical groups present [28]. FTIR spectra of AuNPs synthesized by
A. tamarii MTCC 5152 showed peaks at 3385, 2922, 1639 and 1038 cm™. A very strong peak at 3385 cm™' can be
associated with O-H stretching vibration. The absorption peak at 1639 cm™ corresponds to amide I arising due to the
carbonyl stretch vibration in the amide linkage of protein, indicating that the synthesized AuNPs are possibly bound to
proteins (Figure 3). The different vibrational stretches of the FTIR measurement were confirmed based on the previous
reports [29-30], where bands at 3385.76 cm™ correspond to primary amines and 1639.79 cm™ correspond to carbonyl

group [31].
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Figure 2. UV-Visible spectra of the myco-fabricated gold nanoparticles
60
59
58
57
56
55 AR
=
2 54
53 |
52 .
3385.76 cm’ ]
31 103838 cm’!
50
49 / 2922.30 cm” 1639.79 cm’
o
48 - - - - - T —
4000 3500 3000 2500 2000 1500 1000 500 400
o1
cm

Figure 3. FTIR spectra of the myco-fabricated gold nanoparticles

The glass transition temperature of nanoparticles was observed at 226.76 °C, as per the DSC analysis (Figure
4(a)), which was much higher compared to the phyto-synthesized gold nanoparticles observed by us [32]. This result
suggests a possible angle where myco-synthesized gold nanopartilces are more stable compared to phytosynthesized
nanoparticles.

A linear loss of the nanoparticles between the temperature range of 250 to 550 °C, with the initial weight loss by
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TGA study at 139.33 °C (Figure 4(b)) is attributed to the loss of inherent water content. Finally a, residue of around
65.67% remained, which can be attributed to the left over gold nanoparticles after removal of the multiple layers of
capping done by the extract [33].
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Figure 4. (a) DSC (b) TGA of gold nanoparticles

The hydrodynamic analysis of the particle size distribution of AuNPs varied from 80 to 137 nm and the average
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size (Z-average) was found to be 39.15 nm, as shown in Figure 5, and zeta potential of 10.5 mV, as shown in Figure
6. Zetapotential value provides critical knowledge with respect to the stability of the nanopartilces. Here, the negative
value of the zeta potential depicts the repulsion of the particles, illustrating the stability, whereby the agglomeration of
the particles is avoided [34]. The SEM analysis illustrates the presence of crystallized rod-shaped structures (29) with an
average size range of 55 to 91 nm (Figure 7).
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Figure 6. Zeta potential of the gold nanoparticles
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Figure 7. SEM image showing the presence of rod-shaped gold nanoparticles
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Figure 8. Enzymatic Au®* reduction by Aspergillus tamarii (OD 540 nm)

Several mechanisms are described with respect to the green synthesis of gold nanoparticles. The common
mechanism is that the metal ions are captured and reduced inside the microbial cell with the help of enzymes. The key
role is played by the nitrate reductase enzymes, including NADH and NADPH-dependent enzymes, which brings about
the bio-reduction process [14, 23, 35-36]. In the present study, the extract of A. famarii MTCC 5152 was able to reduce
HAuCl,, which was observed visually by their subsequent change in color, on increasing the concentration of NADH
from 0 to 15 mM (Figure 8). Similarly, the involvement of NADH-dependent reductases in the microbial synthesis of
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silver nanoparticles by F. oxysporum and P. fellutanum are also reported [31]. These observations might turn out to be of
great contribution in the development of an uninterrupted biological production of nanoparticles on a large scale, with
the addition of NADH or coupled with the regenerating system of co-enzymes.

The photocatalytic activity of gold nanoparticles was assessed by using the degradation of crystal violet, taken
as the model dye. It is observed that the gold nanoparticles show strong absorption bands in visible region due to the
phenomenon of surface plasmon resonance [37]. The crystal violet solution shows characteristic absorbance at 580 nm.
The visible change in solution color intensity from a deep violet color to a pale color indicated the dye degradation,
which was analyzed by using UV-Visible spectrum, while the control remained unchanged. The doping concentration,
the morphology of the catalyst, crystallinity and particle size are responsible for photocatalysis [38]. The photocatalytic
degradation of dye is based on the differences in the conduction band of electrons. On irradiation through UV/Vis rays,
the valence band electrons are up-regulated to the conduction band, leaving behind holes. Interaction of these electrons
and holes with the nanoparticles triggers the catalytic action of NPs, thus enabling them to degrade the dye molecules
[39]. This higher activity is hypothesized to be due to the functional groups such as hydroxyl groups on the surface of
the NPs, which act as strong oxidants and promote interaction between electrons and holes.
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Figure 9. UV-Visible spectra showing decrease in absorbance of dye with time

From the absorbance values, the amount of dye degraded by the synthesized AuNPs was calculated to be 63%
(Figure 9). Our previous study suggests that the catalytic degradation activity of the nanoparticles solely depends on the
characteristics such as size, shape and structure of the metal nanoparticles [40].

4. Conclusion

In this work, we have presented the fungal-mediated synthesis of gold nanoparticles, wherein the fungal extract of
A. tamarii MTCC 5152 has demonstrated its potential to reduce auric chloride. The study describes a more convenient
and a relatively friendly way in order to synthesize gold nanoparticles. The mycogenic gold nanoparticles on subjecting
to basic characterization studies including UV-Visible spectroscopy, FTIR analysis affirmed the presence of gold
nanoparticles. The synthesized gold nanoparticles are found to be thermally stable and SEM imaging illustrated
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crystalline rod-shaped appearance of the gold nanoparticles. The myco-fabricated gold nanoparticles also depend on
NADH as a co-factor for biological transformation and photocatalysis. The study concludes that A. tamarii MTCC 5152
could potentially be applied for the synthesis of gold nanoparticles in a cost effective and ecofriendly approach with dye
biodegradation application.
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