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Abstract

Objectives To assess the extracellular synthesis of
silver nanoparticles using marine derived fungi
Aspergillus brunneoviolaceus with their antibacterial
and antioxidant activities.

Results The biosynthesis of silver nanoparticles was
estimated by the change in color from light yellow to
dark brown within 36 h as the reaction progressed.
UV-Visible spectroscopy exhibited its stability at
411 nm; ATR-FTIR spectroscopy depicted the func-
tional group responsible for its production; X-Ray
Diffraction denoted its crystalline FCC structure
resembling the peaks in XRD pattern, corresponding
to [111], [200], [220], [311] and [222] planes; TEM
imaging revealed its spherical morphology with the
particle size ranging from 0.72 to 15.21 nm and
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Tauc’s plot analysis that disclosed its band gap energy
as 2.44 eV that manifested the potential of AgNPs to
be semiconductors. The characterization data hence-
forth, confirmed the efficient production of silver
nanoparticles. The biosynthesized AgNPs expressed
strong antibacterial activity against two Gram-positive
and three Gram-negative bacteria. They also proved to
possess higher antioxidative potentials by showing
their potent radical scavenging activity against DPPH
(2, 2-diphenyl-1-picrylhydrazyl).

Conclusions The study unfolds the prospect for
further utilization of this mycogenically synthesized
AgNPs as antibacterial, antioxidative and anticancer
agents.
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Introduction

Synthesis of nanoparticles is often achieved by
physical, chemical, and biological methods. The
chemical method is most frequently used for the
synthesis of silver nanoparticles (AgNPs) employing
reagents that reduce silver ions and stabilize the
nanoparticles. These reagents are toxic and may
present risks to human health as well as the environ-
ment (Guilger-Casagrande and Lima 2019), which has
drawn increasingly higher attention towards the green
synthesis of AgNPs asanother alternative. Such meth-
ods enable the synthesis of nano-sized particles that
show better physicochemical characteristics, eco-
friendliness, cost-effectiveness and higher stability
than chemical methods (Iravani et al. 2014). Biolog-
ical methods involve the use of living organisms
including plants, bacteria and fungi, which can reduce
metal ions and facilitate the formation of nanoparticles
that possess the desired size and morphology (Duran
etal. 2011). Fungi are the most suitable microorganism
for the biogenic synthesis of AgNPs, because they
present a high tolerance to metal, easy to handle and
also secrete many extracellular proteins that contribute
in providing stability to the AgNPs (Netala et al.
2016). Marine procured fungi have been found to
produce important enzymes including NADPH depen-
dent and nitrate dependent reductases which are main
reducing agents for silver ions to form nanoparticles
(Manivasagan et al. 2016). Main advantages of the
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fungal system over bacterial cultures are that they
offer attractive biomass production and do not require
any robust process to extract the filtrate (Gade et al.
2008). In contrast to synthesis using plants, the fungal
mycelial mass is highly resistant to the pressure and
agitation process of the fermentor. So, the use of the
fungus instead of the plant is more suitable for large-
scale synthesis of AgNPs (Velusamy et al. 2016).

Silver is popular for its antimicrobial activity for
many centuries.Amidst various types of metal
nanoparticles, AgNPs have attained greater attention
because of its distinctive properties as well as their
broad-spectrum antimicrobial and antioxidative
potential (Loo et al. 2018). The potential applications
of AgNPs in various fields have been stated in several
studies. Moreover, usage of AgNPs in the control of
pathogenic microorganisms in different areas such as
healthcare and agriculture has been extensively
accepted and reported (Nayak et al. 2018). It has been
reported that many fungal species like Fusarium
oxysporum (Birla et al. 2013), Aspergillus niger
(Zomorodian et al. 2016), Cladosporium cladospori-
oides (Hulikere and Joshi 2019) and Trichoderma spp.
(Ramos et al. 2020) showed extracellular and
stable synthesis of AgNPs.

This study is aimed at using cell free filtrate (CFF)
of marine fungi Aspergillus brunneoviolaceusfor
synthesis of AgNPs. The synthesized nanoparticles
were characterized for morphological and structural
analysis by using Uv-Visible spectroscopy, TEM
imaging, FTIR and XRD. Antibacterial activity of
the synthesized AgNPs were tested against human
pathogenic bacterial strains along with AgNO3 and
standard ampicillin as a reference drug molecule. The
antioxidant activity of AgNPs was also performed by
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using the DPPH method furthermore, considering it as
a potent anticancer agent in the future.

Experimental
Biosynthesis of nanoparticles

Aspergillus brunneoviolaceus (GenBank accession
number: MT645337)was grown in potato dextrose
broth in shaking condition (120 rpm) for 96 h at 28 °C.
Biomass (6 g) was filtered through Whatman® filter
paper no. 42 followed by washing with sterilized
double-distilled water and resuspended in 100 mL of
sterilized double distilled water for 24 h at 60 °C.
Biomass was then again filtered through Whatman®
filter paper no. 42 and CFF was used for biosynthesis
of silver nanoparticles (AgNPs).

For the biosynthesis of silver nanoparticles
(AgNPs), 10 mL of CFF (pH-9.0) was reacted with
90 mL of 10 mM silver nitrate solution (AgNOs;,
M.W. 169.87, HiMedia) at 60 °C in the water bath.
The reaction was carried out in dark condition to avoid
any photochemical reaction.

Characterization of mycosynthesized silver
nanoparticles

The absorption spectra of synthesized AgNPs were
measured in the range of 300 nm to 700 nm by a UV-
Vis spectrophotometer. The shape and size of the
synthesized AgNPs were determined by transmission
electron microscopy (TEM). The surface chemistry of
the sample was studied using attenuated total reflec-
tion- Fourier transform Infrared Spectroscopy (ATR-
FTIR). XRD pattern of silver nanoparticles was
performed on an X-ray diffractometer. Spectrum was
recorded by CuKo radiation with a wavelength of
1.5406 nm in the 26 range from 0° to 90° and operated
at 30 kV and 100 mA. The optical property of the
silver nanoparticles was also performed by calculating
the optical band gap Eg by using Tauc’s plot.

Antibacterial activity of silver nanoparticles
(AgNPs)

Antibacterial activity of synthesized AgNPs was
carried out via a well diffusion method reported by
Hulikere and Joshi(2019) with some modifications.
All the test bacterial strains were grown in nutrient
broth at 37 °C overnight and adjusted to 0.5 as per
McFarland standards. Under sterile conditions, 100 pL.
of two Gram-positive (B. subtilis and S. aureus) and
three Gram-negative strains (P. aeruginosa, E. coli
and S. typhi)were spread on each nutrient agar plate. A
diameter well of 12 mm was punched on the agar plate
using a cork borer and the synthesized AgNPs and
AgNOjzwere inoculated in each well. Similarly, 100
pL of ampicillin (1 mg/mL) served as a positive
control. Plates were incubated at 37 °C for 24 h and
the antibacterial activity was evaluated by measuring
the diameter of the inhibition zone using zone scale
(HiMedia).

Antioxidant activity by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) method

Antioxidant capacity of synthesized AgNPs was
performed according to Keshari et al. (2020)with
slight modification. The radical scavenging activity of
AgNPs and vitamin C was determined using the
DPPH. Various concentrations (10, 20, 30, 40, 50, 75
and 100 pg/mL) of 1 mL AgNPs were mixed with
1 mL of 1 mM freshly prepared DPPH solution
followed by vortex. Then after, the solution was kept
for 30 min in dark at room temperature. The
absorbance was recorded at 517 nm. DPPH with all
reagents except sample was used as a control and
methanol was used as a blank. The free radical
scavenging activity was represented as the percentage
of inhibition which was calculated by using the
following formula,

% of scavenging = [(Pc — Ps)/Pc] x 100 (1)

where Pc is the absorbance of control and Ps is the
absorption of AgNPs/vitamin C.

Statistical analysis

Statistical analysis was carried out using IBM SPSS
Statistics 23. All the experimental values were
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expressed as a mean + SE. Significance level also
indicated after performing 1 way ANOVA analysis.

Result and discussion

Aspergillus brunneoviolaceus was isolated from water
collected from the sea coast of Diu, India
(20° 42/ 17.3” N 70° 54’ 55.8” E) subjected to the
biosynthesis of AgNPs (Fig. 1). The addition of the
10 mM of AgNO; to the CFF of Aspergillus brun-
neoviolaceus resulted in an immediate change in the
color of the solution from colorless to light yellow
after which the solution color changed to light brown
at 12 h and to a dark brown solution at 36 h as the
reaction progressed as shown in Fig. 2.

UV-visible spectroscopic analysis

The continuous formation of the AgNPs was moni-
tored using UV-Vis spectrophotometer. The synthe-
sized CFF reduced AgNPs that had shown a unique
absorption peak attributing to their surface plasmon
resonance (SPR). The intensity of the absorption peak
at411 nm was increased with incubation time till 48 h
and no additional change in the location of the
absorption peak was observed even after 72 h of
incubation (Table 1), which exhibited the consistent
particle shape of AgNPs(Wu et al. 2018). Further-
more, the synthesis of highly dense nanoparticles is
shown to be accountable for raising the intensity of
absorptionpeaks (Anandan et al. 2019).Results
obtained has been found consistent with the observa-
tions of many researchers reported globally (Li et al.

(b)

Fig. 1 Aspergillus brunneoviolaceus grown in Petri plate with
growth medium (a) along with its specific spore structure
(b) observed under microscope
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(b)

Fig. 2 Cell free filtrate (a) and synthesized silver nanoparticles
appear brown in color (b)

2009; Singh et al. 2017). Figure 3 shows no changein
SPR of synthesized AgNPs even after 6 months (stored
at room temperature).

Band gap energy by Tauc’s plot

Band gap energy of synthesized silver nanoparticles
was calculated from Tauc’s plot by extrapolating the
linear portion of the UV-Visible curve. Figure 4
show that the synthesized AgNPs have a value of
band gap energy 2.44 eV. These particles with the
large value of band gap energy can be further used in
advance optoelectronic devices, batteries and sensors
as a semi-conductive material. The value of band gap
is much similar to earlier reported literature and this
value could be due to quantum confinement effect
(Das et al. 2016).

Fourier-transform infrared spectroscopy (FTIR)
analysis

The FTIR spectrum of synthesized AgNPs is shown in
Fig. 5, which manifests absorption peaks located

between the region about 4000 cm ™' and 500 cm™ .

FTIR spectra showed absorption bands at 3290 cm ™",
2113 cm™', 2047 em™', 1635 cm ™", 1372 cm™' and
1212 cm™" indicating the presence of capping and
stabilizing biomolecules with the nanoparticles. Spec-
tra of ATR-FTIR was analyzed using software Spec-
traGryph (version 1.2) developed by Dr. Friedrich

Menges. The peaks and their corresponding functional
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Table 1 UV-visible s/n Time of incubation  Peak intensity (Abs.)  An.c (nm)  Color change

spectroscopy data
1 24 h 0.890 425 Light yellow to light brown
2 48 h 1.860 411 Light brown to dark brown
3 72 h 1.886 411 Dark brown
4 185 day 1.916 411 Dark brown
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Fig. 3 Absorbance maxima of silver nanoparticle synthesized
gradually during different timeintervals (24 h, 48 h, 72 h and 6
months). Absorbance maxima of silver nanoparticle arefound at
411 nm
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Fig. 4 Band gap energy graph (Tauc’s plot) of synthesized
silver nanoparticle from Aspergillus brunneoviolaceus

groups are shown in Table 2, which are in consent
with the observations reported by several researchers
globally.
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Fig.5 FTIR images of AgNPs synthesized from cell free filtrate
of Aspergillus brunneoviolaceus. Different peaks in graph
indicating presence of respective functional groups

The incorporation of silver salt to CFF solution at
optimum conditions results in immediate binding of
silver ions with the protein and other molecules
present in CFF solution with functional groups such as
—OH and C=C get captured leading towards confor-
mational changes in proteins which represent its
hydrophobic residues to aqueous phase resulting in
infiltration of reducing agents from CFF solution and
hence, provides capping to silver ions with the
formation of stable silver nanoparticles (Rheder
et al. 2018). Considering the CFF of marine fungi
Aspergillus brunneoviolaceus used in this study, it can
be suggested that alkyne, sulfur compounds, alcohol
and phenolic compounds, proteins and other water-
soluble biomolecules served as a reducing and stabi-
lizing agent (Gopinath et al. 2013).

X-ray diffraction analysis
The unique XRD patterns of the mycosynthesized

AgNPs is shown in Fig. 6. XRD pattern exhibited
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Table 2 Fourier-transform infrared spectroscopy (FTIR) interpretation

s/n Wave number (cm™ ') Stretching/bond Functional group Reference

1 3290 O-H stretching Alcohol/Phenol Thirunavoukkarsu et al. (2013)
2 2113 C=C stretching Alkyne Saravanan et al. (2018)

3 2047 C=S stretching Sulfur compound Kumar et al. (2014)

4 1635 C-C/C-N stretching Alkene or amines Koyyati et al. (2014)

5 1372 N=O stretching Nitro compound Jyoti et al. (2016)

6 1212 C-N stretching Aliphatic amines Kharat and Mendhulkar (2016)

diffraction peaks corresponding to [111], [200], [220],
[311] and [222] appearing at 20 representing the value
of 37.96°, 46.08°, 64.4°, 76.83° and 81.1° respec-
tively. These peaks represent crystallographic planes
of the face centered cubic (fcc) Ag in accordance with
COD ID no. 1100136. The mean particle size of
AgNPs was calculated using the Debye-Scherrer
formula given as D = 0.9M/f cos 0, where D is the
crystalline size (nm), A is the wavelength of X-ray
(0.1541 nm), B represent the angular line full width at
half maximum (FWHM) of the peak (in radians) and 6
is the Braggs angle (in radians) (Cullity and Stock
2013). The mean size of the Ag nanoparticles was
estimated 4.3 + 0.49 nm as in the range between 2.8
and 5.39 nm as represented in Table 3. The extensive
pattern of the XRD diffraction peaks are accredited to
the nanocrystalline nature of the mycosynthesized
NPs.

Silver nanoparticles ‘
3
X
&
‘2
g
2 [— cop p: 1100136 |
0
T T T T T T T T
0 20 40 60 80

20 (deg.)

Fig. 6 XRD pattern of AgNPs synthesized from cell free filtrate
of Aspergillus brunneoviolaceus
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Transmission electron microscopy (TEM) analysis

TEM observation proved the synthesis of nanocrys-
talline silver particles, as illustrated in Fig. 7. The
AgNPs had predominantly taken up a spherical
morphology, uniform size with average particle size
of 1.4 £ 0.8 nm. In exceptional cases, particles with
larger sizes were also observed in the sample, but their
numbers were quite less. TEM image of synthesized
AgNPs showed the existence of lattice fringes indi-
cating the crystalline nature of the AgNPs with the‘d’
spacing values interrelated to the XRD observations.
Moreover, the selected area electron diffraction
(SAED) pattern revealed the ring patterns accompa-
nied by the single spots in a ring (Fig. 7) which are in
accordance with the XRD patterns. The size distribu-
tion curve obtained from the TEM analysis is
presented in Fig. 8. The size of the particles ranges
between 0.72 and 15.21 nm. Larger size range of
AgNPs synthesized using different fungi as well as
plant extract was also reported till the date (Jemilugba
et al. 2019).

Antibacterial activity of AgNPs

The antibacterial potential of AgNPs was assessed by
measuring the inhibition zone diameter and the
observations are hown in Table 4. Maximum zone of
inhibition was observed for Gram-positive compared
to Gram-negative bacteria. This result evidently
recognized the possibility of using these AgNPs as
broad-spectrum antimicrobial agents. The present
study is in concurrence with the view of Ma et al.
(2016) that the probable antimicrobial potential of
AgNPs is because of their higher surface-to-volume
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Table 3 X-ray diffraction sim 20 ) FWHM  Crystallite size D(nm) D nm (average)  (hkl)
interpretation
1 3796 1898  2.99 2.80 430 £ 0.49 111
2 4608  23.04 16 539 200
3 64.4 322 27 3.47 220
4 76.83 3842 2 5.06 311
5 81.1 4055 22 475 222

<

ength: 6.16nm

SAED pattern

Length: 8.74nn

Length: 6.33nm

Length: 5.78nm

50 nm

Fig. 7 Synthesized silver nanoparticles under Transmission
electron microscope (TEM) andSelected area diffraction
(SAED) pattern of AgNPs. Scale bar is 50 nm

180

1 Silver nanoparticles
160 + 2

1 R™=0.9917
140 ~ 6=0.78 nm

] Size=1.40+0.8 nm
120 4 Polydispersity= ~57%
100 +

Frequency
£

6 8
Diameter (nm)

12 14 16

Fig. 8 The size distribution curve from the TEM analysis and
SAED pattern of synthesizedsilver nanoparticles

ratio and their crystalline structure (Kharat et al.
2016). The AgNPs are shown to disrupt the cell
membrane resulting in the release of reactive oxygen
species (ROS) which damage the DNA and protein
followed by the killing of the microorganism (Ismail

et al. 2018). Many preceding reports have shown the
toxicity of AgNPs against Gram-negative bacteria
than Gram-positive bacteria, as they possess less
amount of peptidoglycan layer through which AgNPs
get admitted inside them leading towards the destruc-
tion of their proteins and DNA ultimately, resulting in
microbial death. Conversely, due to the thicker
peptidoglycan layer in gram positive bacteria, a higher
concentration of AgNPs is required to act against it
(Saravanan et al. 2018) Hence, AgNPs are not much
useful against Gram-positive pathogens. In this study
interestingly, AgNPs derived from CFF of marine
fungi Aspergillus brunneoviolaceus were found to be
similarly effective against Gram-positive and Gram-
negative bacteria. This property of synthesized AgNPs
will aid in the expansion of a broad-spectrum antimi-
crobial activity.

Antioxidant capacity of CFF derived AgNPs

DPPH is a steady compound which can be reduced by
accepting the hydrogen or electrons and has been
widely applied to determine the antioxidant activity.
AgNPs showed effective antioxidant potential as their
radical scavenging ability was increasing with the
increment in their concentration. Figure 9 shows the
antioxidant activity of the AgNPs was about 63.97%
and vitamin C was about 28.13%. Results confirmed
that the AgNPs have more antioxidant activity than
vitamin C.

Antioxidant property of the silver nanoparticles is
due to the adsorption of fungal constituents from CFF
on the silver nanoparticle (Keshari et al. 2020). Marine
fungi are proficient producers of metal nanoparticles
that have a wide range of biological properties such as
antioxidant, antimicrobial and antimalarial. Recently,
marine endophytic fungi Cladosporium cladospori-
oides isolated from seaweed have been found to
synthesize AgNPs with high antioxidant activity

@ Springer
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Table 4 Antibacterial activity of AgNPs against Gram-positive and Gram-negative bacteria

s/ Organism AgNPs Zone of inhibition** Ampicillin Zone of AgNO; Zone of
n concentration (mm) Concentration inhibition* Concentration inhibition**
AgNPs (1 mg/mL) (mm) (10 mM) (mm)
Ampicillin AgNO;
B. subtilis 100 pL 20 £+ 0.30 100 pL 14 £ 0.32 100 pL 10 £ 0.33
S. aureus 100 pL 19 + 0.32 100 pL 13 £ 0.31 100 puL 10 £ 0.31
3 P 100 pL 19 + 0.31 100 pL 14 + 0.33 100 uL 9 £+ 0.29
aeruginosa
E. coli 100 pL 17 £ 0.29 100 pL 15 £0.30 100 pL 8 + 0.32
5  Salmonella 100 pL 17 £ 0.29 100 pL 15 £ 0.32 100 pL 8 +0.33
spp-

Average value with standard error (p < 0.05) of three set of experiments. Experiment performed in triplicate

*Indicate significant at p < 0.05
**Indicate highly significance at p < 0.05

100

1 I AgNPs
90 4 [ Ascorbic acid

80
70-.
60—-
50-.

40

% Scavenging Activity

304
20

10

0

Fig. 9 Antioxidant activity (%) of synthesized silver nanopar-
ticle in comparison with standard ascorbic acid. Bar represents
the mean value of 3 replicates; error bar represents thestandard
errors of means

(Hulikere and Joshi 2019). The result strongly sug-
gests the potent application of AgNPs as natural
antioxidants for health protection against many oxida-
tive stresses allied with degenerative diseases (Su-
laiman et al. 2015). In fact, this antioxidant evaluation
is necessary for synthesized AgNPs before its appli-
cation for experimental models and also for humans.

Conclusions

Nanoparticles synthesized using biological method is
an easy alternative over physical and chemical

@ Springer

methods. In this study, the prospective wide-ranging
antimicrobial and antioxidant silver nanoparticles
have been synthesized using the aqueous extract of
the marine fungus Aspergillus brunneoviolaceus. The
synthesized AgNPs were characterized by different
analytical methods including UV—-Vis, FTIR, TEM
and XRD analysis. This study shows that the biogenic
synthesis of AgNPs using fungi proposes several
advantages and these materials have promising poten-
tial for a range of applications in the areas of health
and agriculture. The synthesized nanoparticles possess
capping components secreted from the fungi, which
confer stability. Based on the fungi used, this capping
may also show biological activity, acting synergisti-
cally with the effect of the nanoparticles. Further
studies at the molecular level may help in exploiting
these nanoparticles in the development of broad-
spectrum antibiotic and anticancer agents.
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