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ABSTRACT

In the present study, different parameters, affecting the growth of Thermomyces lanuginosus
BJMDU1 and extracellular synthesis of silver nanoparticles (AgNPs), were studied. Culture extract
of thermophilic mould Thermomyces lanuginosus BJMDU1 showed potential in green synthesis
of silver nanoparticles when the fungus was grown in a sucrose yeast extract medium (pH 8.0)
at 45°C. Mycosynthesis of AgNPs was enhanced in the presence of light using 2 mM AgNO3 and
200 pl of culture extract at 50°C. The reaction parameters significantly improved the synthesis
of AgNPs. Techniques like UV-Vis & FT-IR spectroscopy, X-ray diffraction, transmission electron
microscopy and dynamic light scattering were used to characterise AgNPs. Biogenic nanoparti-
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cles showed an absorption peak at 430 nm having 80 nm size. Biogenic AgNPs showed potent
antibacterial and antiplasmodial activity with no haemolysis up to 40 nug/ml. The p-nitrophenol
was catalytically reduced to p-aminophenol by AgNPs. Therefore, green mycosynthesised AgNPs
could be used in the therapeutics and remediation of environmental pollutants.

1. Introduction

Nanotechnology is an emerging field of modern
research involving the synthesis and applications of
particles ranging from 1-100 nm [1]. Its importance is
rapidly increasing in several sectors such as cosmetics,
health care, food and feed, chemical industries, biomed-
ical sciences, drug delivery, electronics, biolabeling, and
other applications [1, 2]. The biological synthesis of
metal nanoparticles is preferred globally to overcome
the limitations associated with chemical and physical
processes, which are costly, toxic, and hazardous to
human health [3]. The biological methods are clean,
green, eco-friendly, non-hazardous, and inexpensive,
attracting researchers for green nanobiotechnological
applications [1, 2].

Bacteria [3], fungi [4], and plants [5-8] are utilized for
the biological synthesis of silver nanoparticles (AgNPs).
Among all sources, filamentous moulds have been used
for the high synthesis of NPs, as they produce many
enzymes extracellularly including reductases [5, 9.
There are many reports on the synthesis of AgNPs using
mesophilic fungi like Penicillium spp [10], Phanerochaete
chrysosporium [11], Aspergillus oryzae MTCC 1846 [12],
A. fumigatus BTCB10 [13], Trichoderma harzianum [14]

and other related fungi [15]. However, the reports on
thermophilic fungi are very scanty compared to their
mesophilic counterparts [16-18]. Biosynthesis of AgNPs
mainly occurs through extracellular and intracellular
enzymes. In extracellular nanoparticle synthesis, the
metal solution is mixed with the aqueous filtrate of
the fungal culture, which reduces silver ions into NPs
[17]. In intracellular synthesis, the metal is added to
the culture medium that intercalates into the biomass,
and extraction of NPs is required after the synthesis
using physical and chemical methods [19]. Therefore,
the extracellular method is widely used due to the
lack of processes employed to release the nanopar-
ticles from the cells [17]. Thermophilic fungi secrete
large amounts of enzymes, which reduce a wide vari-
ety of metals into nanoparticles such as gold, silver,
iron oxide, and others [15, 16, 18]. The metabolites and
enzymes secreted by thermophilic moulds are highly
thermostable and can be used for catalysis at higher
temperatures as compared to other sources like plants
and mesophilic microorganisms [9]. Therefore, ther-
mophilic fungi are a promising source for the green
synthesis of AgNPs for various biotechnological appli-
cations. Few researchers have reported the synthesis of
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silver NPs by thermophilic moulds like Humicola sp. and
these biogenic AgNPs are highly stable and non-toxic
showing antimicrobial and anti-cancer activities [5, 15,
20]. Thermophilic fungi including Thermomyces lanugi-
nosus have also been studied for the synthesis of gold
[16] and iron nanoparticles [18]. But, this fungus has not
been used for extracellular synthesis of AgNPs. There-
fore, we have explored the potential of T. lanuginosus
BJMDUT in green synthesis of silver nanoparticles.

Biogenic AgNPs have been reported in the reduc-
tion of a nitro group into an amino group with a shift
of absorbance peak from 405 (p-nitrophenol) to 300 nm
(p-aminophenol) [18, 21]. The reduction of nitroaromat-
ics to amino aromatics has great potential because an
amino group of a compound has been used to syn-
thesize dyes, herbicides, pharmaceuticals, and other
compounds. Due to their resistant nature, these sub-
stances have been discharged into the environment,
where they are causing environmental pollution and
human health hazards [18, 22]. The research on the
anti-microbial activity of nanomaterials has increased
significantly due to their potential action against vari-
ous pathogens [22, 23]. Comparable to commercial sil-
ver nanoparticles, biogenic nanoparticles have shown
stronger antimicrobial and anti-cancerous effects [23,
24]. Biogenic AgNPs have shown promising results in
controlling the growth of pathogenic fungi and bacte-
ria. Several studies have shown that biogenic AgNPs are
highly efficient in showing inhibitory activities against
Plasmodium falciparum [25]. However, there is no
report showing mycosynthesized AgNPs using T. lanug-
inosus showing antiplasmodial and antimicrobial activ-
ity. Therefore, the present study reports the green syn-
thesis of AgNPs using culture extract of a thermophilic
mould T. lanuginosus BJMDU1 followed by their charac-
terization and applicability as an antimicrobial as well
as anti-malarial agent. These biogenic AgNPs have cat-
alytically reduced p-nitrophenol into p-aminophenol.
This is the first report showing the green synthe-
sis of silver nanoparticles exhibiting antimalarial activ-
ity synthesized from culture extract of T. lanuginosus
BJMDU1.

2. Materials and methods
2.1. Cultivation of microorganisms

Thermophilic  mould, Thermomyces lanuginosus
BJMDU1 was grown on YpSs agar slants at 45 'C
and preserved as described earlier [26]. Spores were
collected in normal saline with 0.1% Tween 80 after
growing the mould on YpSs agar at 45°C for 4 days.
The mould was grown in YpSs broth inoculating with
2.4 x 107 CFU/mL. Gram-positive [Micrococcus luteus]
and Gram-negative [Escherichia coli DH5a] bacterial cul-
tures were also revived forte-nightly in a nutrient agar
medium.

Table 1. Compositions of different media used for the cultiva-
tion of thermophilic mould.

Medium Component Composition (g/L)
Medium 1 Starch 15
Yeast extract 4.0
KaHPO4 1.0
MgS04.7H,0 0.5
Medium 2 Potato 200
Dextrose 20
Medium 3 Glucose 15
Ammonium sulphate 4.0
KaHPO4 1.0
MgSO4.7H20 0.5
Medium 4 Sucrose 15
Yeast extract 4.0
K2HPO4 1.0
MgSO4.7H20 0.5

2.2. Green mycosynthesis of silver nanoparticles

Initially, the mould was cultivated in YpSs broth (pH 5.5)
in shake flasks at 45 °C for 3 days. Whatman No.1 fil-
ter paper discs were used to filter fungal biomass and
culture extract was centrifuged at 10,000 rpm and 4 °C
for 10 min. Culture filtrate was used in green synthesis
of AgNPs by following the method described earlier by
Ahmed and his group [7]. The changed brown colour
of the sample was scanned (300-600 nm) using a UV-Vis
spectrophotometer (Shimadzu 1800, Japan).

2.3. Fungal growth and conditions for green
synthesis of silver nanopatrticles

The mould was cultured in different media (Table 1) to
select a suitable medium for the fungal growth and col-
lection of culture filtrate. The effect of sucrose medium
of different pH (5.0-8.0) was studied on the growth of
the thermophilic mould and the culture filtrate was
used in the synthesis of AgNPs.

The culture extract of thermophilic mould was taken
and different reaction conditions were also selected for
enhancement of the synthesis of AgNPs. The effects
of temperature (35-50 °C), light, reaction time (2-8 h),
different amounts of fungal culture extract (25-200 pl),
and varied levels of silver nitrate (0.3 mM-2 mM) were
also studied on the formation of AgNPs. Control exper-
iments containing only culture filtrate and AgQNO3 solu-
tion were also tested during each experiment.

2.4. Characteristics of silver nanoparticles

Characterization of biologically synthesized AgNPs was
carried out based on UV-Vis spectroscopy, FT-IR [Bruker,
Germany], X-ray diffraction, Transmission electron
microscopy, and dynamic light scattering (DLS) tech-
niques. The biologically synthesized AgNPs were scanned
in the wavelength range of 300-600 nm using a spec-
trophotometer (Shimadzu-UV 1800). Control samples



containing culture filtrate and solution of AgNO3; were
also tested.

In the further characterization process, AQNPs were
thoroughly washed with sterile distilled water and
scanned (375-4000cm™") in an FTIR spectrophotome-
ter [Bruker, Germany] to get structural information. The
size of mycosynthesized silver nanoparticles was anal-
ysed by dynamic light scattering (Spectro-scatter RiNA,
FmbH class 3B).

Mycosynthesized NPs for HR-TEM analysis were pre-
pared by drop casting of 10 «L AgNPs onto the grid [23].
Morphological properties of the AgNPs were obtained
by HR-TEM (JEOL Japan, JEM-2100 Plus).

2.5. Antimicrobial potential of silver
nanoparticles

Mycosynthesized AgNPs (10 mg/mL) were tested for
anti-bacterial activity against Gram-positive (Micrococ-
cus luteus) and Gram-negative (Escherichia coli DH5a)
bacteria. Anti-bacterial testing was studied by agar well
diffusion assay using the Kirby—Bauer test [25] by mea-
suring the zone of inhibition after 24 h.

2.6. Antimalarial and hemolytic activity of
mycosynthesized silver nanoparticles

Plasmodium falciparum [chloroquine sensitive 3D7
strain] was cultured and maintained as described earlier
by Trager and Jensen [27] and synchronized ring-stage
parasite was acquired by 5% sorbitol treatment [28].
Stock solutions of AgNPs and chloroquine (CQ) were
prepared in milli-Q water and further diluted with a cul-
ture medium. The anti-plasmodial activity was carried
out using the SYBR Green I-based fluorescence assay
of Bhatia et al. [29]. Sorbitol-synchronized ring-stage
parasites were cultured in the absence or presence of
AgNPs. CQ was used as a positive control. Fluorescence
was measured with excitation and emission wavelength
fixed at 485 and 530 nm, respectively in a multi-well
plate reader [Fluorescence Reader, PerkinElmer]. Fluo-
rescence counts after subtracting counts of control drug
CQ[0.1 M] were plotted to determine ICsgyaiyes-

Hemolytic activity of mycosynthesized AgNPs was
tested as described earlier by Ashokraja et al. [30].
Briefly, fresh RBCs were suspended in PBS (2% hema-
tocrit) and 100 ul aliquots were taken in wells in a
96-well plate with different concentrations of AgNPs
or AgNOs3 and incubated at 37°C for 4h. PBS alone
and 0.4% Triton X-100 in PBS [100% hemolysis] were
taken as controls. Hemoglobin release as an index of
hemolysis was monitored in supernatant by As1s. Per-
cent hemolysis is expressed as taking 100% hemolysis
by positive control i.e. Triton X-100 treated RBCs.
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2.7. Reduction potential of mycosynthesized
AgNPs

The reduction of p-nitrophenol was carried out by
mycosynthesized AgNPs. Reaction containing 150 uL of
p-nitrophenol (2 mM), 1 mL NaBH4 (30 mM), and 50 uL
AgNPs was carried out to monitor absorption peak at
301 and 405 nm using a spectrophotometer.

All experiments were performed in triplicate and
their average values along with standard errors are pre-
sented.

3. Results and discussion
3.1. Green mycosynthesis of silver nanoparticles

Synthesis of AQNPs has been carried out using different
physical and chemical methods, but biological synthe-
sis has been favoured due to their eco-friendly and eco-
nomical nature [5, 16, 31]. The mechanism of nanopar-
ticles synthesis has been studied in many mesophilic
fungal species [32]. The thermophilic mould T. lanugi-
nosus has earlier been studied for the production of gold
nanoparticles, hydrolytic enzymes, and biomolecules
useful in various biotechnological applications [16, 33,
34]. However, this fungus has not been studied in detail
for green synthesis of AgNPs. Therefore, this study
reports the potential of culture-extract of T. lanuginosus
BJMDU1 in synthesis of AgNPs. The culture filtrate of
the mould reduced silver nitrate into AgNPs as observed
by a change in colour of the reaction mixture. The cul-
ture filtrate reduces silver nitrate and the colour of the
solution turns dark brown (Figure 1(a)). Mycosynthe-
sis of AgNPs was later confirmed through the UV-Vis
spectrum (Figure 1(b)). However, there was no synthesis
observed with fungal biomass in this study. The culture
filtrate of mould contains many biomolecules including
polysaccharides, amino acids, enzymes/proteins, and
vitamins, which are useful in the conversion of Ag™ to
Ag® [33-35]. The colour change from light brown to
dark brown was the initial sign of the synthesis of sil-
ver nanoparticles (Figure 1(a)). In the UV-Vis spectrum,
a peak at 430 nm confirmed the synthesis of nanomate-
rials (Figure 1(b)). The SPR confirms the electron excita-
tion in the conductive band around the silver nanopar-
ticles [34, 36]. The absorption band of culture extract-
mediated AgNPs appeared at 430 nm within 30 min of
reaction as observed in earlier studies also [33, 36]. The
extracellular synthesis by filamentous fungi is highly
preferred due to their economical cultivation at a large
scale as well as lack of additional methods for release
of cytosolic nanoparticles. The mechanism for synthe-
sis of silver nanoparticles using fungi has not been fully
understood, but the enzymes and other metabolites
present in the culture extract of these fungi are involved
in the reduction of silver ions into AgNPs [12, 17, 371.
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Figure 1. Green synthesis of silver nanoparticles by thermophilic mould. (a) General steps of extracellular silver nanoparti-
cles (AgNPs) synthesis by Thermomyces lanuginosus. (b) UV-Vis spectrum of mycosynthesized AgNPs.

3.2. Medium composition affecting synthesis of
silver nanoparticles

Medium components are known to affect the fun-
gal growth and the synthesis of AgNPs, therefore, the
selection of a suitable medium is important for micro-
bial growth and metabolite production. In the cur-
rent study, medium 4 showed the higher synthesis of
AgNPs by fungal culture extract as compared to other
media (Figure 2(a)). This is due to the presence of nutri-
ents necessary for the growth and metabolism of ther-
mophilic mould, T. lanuginosus leading to the produc-
tion of enhanced levels of reducing agents involved in
the synthesis of AgNPs [33, 38, 39]. For negative con-
trol, growth medium with 1T mM silver nitrate did not
show formation of silver nanoparticles. Medium com-
ponents are important factors controlling the green
synthesis, shape, and size of the silver nanoparticles
[37, 40]. In the culture medium having both negatively
and positively charged ions in the medium interacted
with charged groups of the stabilizing agents, which
had a positive effect on the synthesis of silver NPs [40].
Furthermore, many of the studies suggested that cul-
ture media are known to impact the physicochemical
efficiency of AgNPs [40, 41]. Variations in media com-
ponents have significantly affected the properties and
formation of silver nanoparticles. Birla et al. [38] found

MGYP medium to synthesize AgNPs by Fusarium oxys-
porum. Saxena et al. [39] reported that potato dextrose
medium showed better results than other media. Bhat-
nagar et al. [42] reported higher AgNPs formation by
Talaromyces purpurogenus in the medium containing
sucrose, yeast extract, and peptone. This is due to secre-
tion of high amount of protein in the medium by the
mould [42].

Medium pH has a significant role in the growth and
production of fungal metabolites during submerged
cultivation. In this study, the fungus grown in a medium
of pH 8.0 supported high synthesis of AgNPs using cul-
ture extract (Figure 2(b)). Alkaline pH of the media has
resulted in the high synthesis of AgNPs using fungi
[43, 44]. It has been reported that alkaline conditions
increase competition between protons and metal ions
for establishing interaction with negatively charged
components for high rate of synthesis of AgNPs. How-
ever, if enzymes (like reductases) are involved in the
synthesis of AgNPs, the effect of pH varies from one fun-
gal culture to another [14, 41, 43]. Culture extracts of
Aspergillus terreus [45] and Penicillium sp. [10] resulted
in enhanced synthesis of AQNPs when the fungi were
cultivated in the medium of pH 8.0. Syed et al. [20] also
reported the enhanced synthesis of gadolinium oxide
NPs using culture extract of Humicola sp. grown in the
medium of pH 8.0.
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Figure 2. Optimization of silver NPs synthesis by using ‘one variable at a time’ approach: (a) UV-Vis spectra of SNPs synthesized by
growing fungus on different culture media like sucrose, YPSS, PDB, glucose and control of AgNOs, (b) Effect of medium pH on the
silver NPs synthesis by culture filtrate of T. lanuginosus. (c) Effect of reaction temperature on the synthesis of AgNPs. (d) Effect of light
and dark conditions on mycosynthesis of AgNPs. () Effect of different concentrations of AgQNO3 on AgNPs synthesis.

3.3. Reaction conditions affecting synthesis of
AgNPs

The temperature affects the rate of synthesis of AgQNPs
as well as their shape and stability. Reduction of
Ag + increased with an increase in incubation temper-
ature of the reaction mixture from 30 to 50°C (Figure
2(c)). High temperature increased the rate of reaction
catalyzed by the enzymes/metabolites present in the
culture extract of the fungi [12, 38, 46]. The effect of
temperature varies according to fungi used for the syn-
thesis of silver nanoparticles. Similarly, Syed et al. [20]
and Khan and Jameel [47] reported the maximum syn-
thesis of nanoparticles at 50°C using culture extract of
a thermophilic fungus, Humicola sp. In contrast, silver
NPs synthesis by mesophilic fungi i.e. Penicillium sp.,
Colletotrichum sp. and Trichoderma harzianum has been
reported in the range of 25-40°C, [10, 14, 48]. It is clear
from these findings that the effect of temperature varies
for biogenic synthesis of AgNPs using fungal extracts,
as thermophilic fungi showed maximum synthesis at
higher temperatures as compared to mesophilic fungi
[10, 20, 47, 48]. This is due to the fact that the enzymes
and metabolites produced by thermophilic moulds are
more thermostable than mesophiles [18, 20]. Some
shifting in peaks during optimization of parameters is
attributed to the capping of AgNPs by the metabolites
present in the fungal culture extract [47, 48].

The presence of light was a significant factor in the
synthesis of AgNPs by culture extract of T. lanuginosus
BJMDUT1 (Figure 2(d)). In the reaction process, no syn-
thesis of AgNPs was observed under dark conditions.
This is due to the presence of photons in the light, which

speed up the biological reduction of silver ions into
AgNPs using fungal metabolites present in the culture
filtrate [49]. Rahman et al. [49] have extensively stud-
ied the mechanism of light induced synthesis of AgNPs
using algal biopolymers and concluded that light plays
an important role in reduction of silver salt into AgNPs.
Similar observations have been reported using fungi
and bacteria for the synthesis of AgNPs in the pres-
ence of light [36, 44, 50]. In contrast, Khan and Jameel
[47] reported the synthesis of gadolinium oxide NPs
under dark conditions by Humicola sp. after a longer
incubation time.

The optimum concentration of silver nitrate is also a
critical factor for AgNPs synthesis [12, 13, 43]. Therefore,
an optimal concentration of silver nitrate is required
for targeted synthesis of AgNPs. In the present study,
silver NPs synthesis increases with an increase in sil-
ver nitrate concentration from 0.3 mM to 2 mM (Figure
2(e)). The concentrations of silver nitrate affect the crys-
tallinity, size, and electrical conductivity of AgNPs. Bio-
genic AgNPs synthesized using low concentrations of
silver nitrate exhibit more electrical conductivity than
higher levels. Higher concentrations of silver nitrate are
responsible for the synthesis of large-sized nanoparti-
cles with irregular morphology and high crystallinity.
Our results are in agreement with other studies on
green mycosynthesis of AQNPs [5, 13, 38, 43].In contrast,
Phanjom and Ahmed et al. [12] reported higher concen-
trations of silver nitrate (8-10 mM) for green synthesis of
AgNPs using A. oryzae.

The amount of culture filtrate affects the produc-
tion of silver nanoparticles significantly due to the
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presence of metabolites involved in the reduction of
silver ions into AgNPs. The present study indicated
that with an increase in the volume of culture filtrate,
silver NPs synthesis also increases (Figure 2(f)). This
is because of an increase in the amount of reducing
agents (enzymes/metabolites) present in the culture
extract, which are involved in the synthesis of AgNPs
[48]. Similarly, other studies have found an increase in
AgNPs synthesis with an increase in the volume of cul-
ture extract [13, 14, 45, 50].

3.4. Characterization of mycosynthesized silver
nanoparticles

In the UV-Vis spectrum, a band at 430 nm confirmed
the synthesis of AgNPs (Figure 1(b)). The SPR con-
firms the electron excitation in the conductive band
for silver nanoparticles [20, 23, 39]. The absorption
band of culture extract-mediated AgNPs appeared at
430 nm within 30 min of reaction as observed in ear-
lier studies also. Green synthesized silver nanoparticles
have been reported to display absorption bands in the
range of 400-450 nm [34, 36]. FTIR analysis of green
synthesized AgNPs and fungal culture extract is pre-
sented in Figure 3(a). FTIR analysis provides informa-
tion about the involvement of functional groups i.e.
carboxyl groups (-C = O), and amine groups (—NH) in
AgNPs formation at 3425 and 3281cm™'. In the FTIR
spectrum, bands at 3281, 2130, 1992, 1975, 1636, 607,
and 583 cm™~! confirmed the role of different amino
acids in the green synthesis of AgNPs (Figure 3(a)). The
bands at 2959, 2923, and 2851 cm™' recognized sym-
metric and asymmetric stretching of carbohydrates and
fatty acids, whereas peaks at 2360 and 2340 cm™! corre-
sponds to O = C = O stretching vibrations. The peaks
at 1653, 1540, and 1077cm™ are attributed to the
C =0, C=C<, and C-0 or C-0O-C stretching vibra-
tions, respectively [50, 51]. The peak for the binding
of the C-S-H groups was assigned at 668cm™~". The
banding pattern in fungal culture extract and AgNPs
are significantly different from each other. The above-
listed bands frequency confirmed the functional struc-
ture of proteins and amino acids as the capping agents
of the AgNPs. Thus, the reducing, stabilizing, and cap-
ping agents of the proteins help in the synthesis of
AgNPs [49, 52]. Similar findings have been observed for
the mycosynthesized AgNPs from different filamentous
fungi [35, 36, 511.

The X-ray diffraction method clearly describes the
crystalline nature of AgNPs. More than six bands were
observed with a main band at 131 representing sil-
ver NPs (Figure 3(b)). Similar and equivalent diffrac-
tion peaks of AgNPs have been reported in other stud-
ies on mycosynthesis of AgQNPs [53]. Further, the aver-
age mean size of silver nanoparticles was confirmed
through DLS as 80 nm (Figure 3(c)). Analysis using Trans-
mission electron microscopy revealed the size of AgQNPs

about 80 nm with spherical or oval shape (Figure 3(d)). It
has been reported that polymorphic nanomaterials syn-
thesized using biological processes are highly biocom-
patible in many applications with size ranging from 10
to 1000 nm [54]. These nanoparticles have major advan-
tages as drug delivery systems due to high biocompat-
ibility, bioavailability, improved efficacy and enhanced
solubility of therapeutics [54].

3.5. Anti-bacterial potential of AgNPs

Mycosynthesized AgNPs inhibited the growth of both
Gram-positive and Gram-negative bacterial cultures
(Figure 4). However, growth inhibition was observed
higher in Gram -ve bacteria (Escherichia coli DH5a)
than in Gram-positive bacteria (Micrococcus luteus). This
could be due to the differences in their cell wall com-
position [12, 51, 55, 56]. The cell walls of Gram-negative
bacteria have a loosely attached lipopolysaccharide
layer, whereas the cell wall of Gram-negative bacteria
possesses a thick layer of peptidoglycan through which
silver ions cannot penetrate easily. Thus, silver NPs are
more toxic to E. coli than Micrococcus luteus. Silver NPs
have a large surface area to interact with microbial cells
and cause cell rupture that disturbs cell functionality
[12]. Silver nanoparticles have the ability for deeper
penetration of microbial cell barriers and also damage
cytosolic enzymes, proteins, and nucleic acids [1]. These
effects are responsible for low cell division and high
cell death. Silver nanoparticles also interact with thiol
groups of proteins and enzymes and form complexes
with nucleotides. Mycosynthesized AgNPs have been
reported to inhibit the growth of Gram-positive and
negative bacteria including Pseudomonas aeruginosa, E.
coli, Staphylococcus aureus, and Bacillus cereus [39, 57,
58]. The silver nanoparticles synthesized by Aspergillus
clavatus inhibited the growth of bacteria (E. coli, Pseu-
domonas fluorescens) and yeast (Candida albicans) [53].

3.6. Anti-malarial potential of silver NPs

3.6.1. Anti-malarial activity of green nanopatrticles

The anti-plasmodial potential of green synthesized
AgNPs was determined based on the inhibition of
growth of P. falciparum in culture. Biogenic AgNPs
showed very good anti-plasmodial activity with an
ICso value of 300 ng/mL, which is further evident from
Giemsa stained micrographs (Figure 5(a)-(b)). AgNPs
at a concentration of 625 ng/mL inhibited the growth
of plasmodium at the ring stage whereas 312 ng/mL
allowed it to grow up to the trophozoite stage showing
growth inhibition of plasmodium in a dose-dependent
manner (Figure 5(a)). Whereas enriched fungal culture
[1: 25-time dilution] showed no activity. AgNOs was also
found to have anti-plasmodial activity (IC5o 600 ng/mL).
Further, fungal culture-induced nanoparticles were also
found equipotent to CQ resistant strain PFINDO with a
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Figure 3. Structural characterization of AgNPs. (a) FT-IR spectrum of (i) culture extract of T. lanuginosus and (ii) mycosynthesized
AgNPs. (b) X-ray diffraction pattern of mycosynthesized silver nanoparticles from culture filtrate of T. lanuginosus. (c) DLS data showing
size analysis of silver nanoparticles. (d) transmission electron microscopic image of AgNPs.

Figure 4. Antibacterial activity of biogenic silver nanoparticles against (a) E.coli and (b) Micrococcus luteus. Where i, ii, iii and iv
represents different concentrations i.e.25, 50, 100 and 200 u| of AgNPs, respectively added in the wells.

selectivity index of 0.9. Panneerselvam and Arumugam,
[59] synthesized silver nanoparticles using Andrographis
paniculata and reported an 83 & 0.5% reduction in para-
sitemia at 100 pg/mL. Jamil et al. [60] synthesized silver
nanoparticles using leaves of Catharanthus roseus and
showed good anti-plasmodial activity against P. falci-
parum. Mishra et al. [61] synthesized silver nanopar-
ticles using amylase, Ashoka, and neem extract and
reported that anti-plasmodial activities of nanoparti-
cles depend on the scaffold provided for nanotization.
Karthik et al. [62] reported that gold nanoparticles syn-
thesized using Streptomyces sp., delayed the rise in para-
sitemia of Plasmodium berghei in mice. Rajakumar et al.

[63] synthesized palladium nanoparticles using Eclipta
prostrata extract and reported the inhibition of Plas-
modium bergheim in Swiss albino mice.

3.6.2. Hemocompatibility properties of green
nanoparticles

With the intrinsic anti-plasmodial activity ionic silver
(AgNO3) was also reported to show hemolytic activity
[61]. To find the advantage of AgNPs over ionic sil-
ver i.e. hemocompatibility, we studied the hemolytic
behaviour of AgNPs. Fungal culture-induced silver
nanoparticles showed no sign of hemolysis up to 40
1g/mL as compared to ionic silver which showed high
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Figure 6. Use of green synthesized AgNPs in catalytic reduction
of p-nitro phenol to p-amino phenol.

hemolysis with hemolytic concentration in the range of
16-50 ug/mL (Figure 5(c)). This suggests that nanotiza-
tion on green scaffolds reduces the hemolytic property
of silver [23].

3.7. Catalytic activity of AgNPs

To assess the reduction activity of green AgNPs, p-
nitrophenol was treated with AgNPs and NaBHa. It was
observed that p-nitrophenol was successfully converted
into p-aminophenol (Figure 6). A continuous decrease
in absorbance at 430 nm and an increase in absorbance
at 301 nm was observed in the reaction mixture. This
showed the reduction in p-nitrophenol and its con-
version to p-aminophenol in the reaction mixture in a
time-dependent manner [18, 23]. Catalytic reduction of

p-nitrophenol has also been reported using biogenic
gold, platinum, and iron nanoparticles [18, 64]. This
property of mycosynthesized AgNPs could be helpful
in bioremediation of environmental pollutants released
from various industries.

4. Conclusion

A biological process for green mycosynthesis of AgNPs
has been developed first time using culture extract of a
thermophilic mould T. lanuginosus BJMDU1. Mycosyn-
thesized AgNPs showed anti-bacterial and anti-malarial
activity. Furthermore, mycosynthesized AgNPs showed
a catalytic reduction of p-nitrophenol to p-aminophenol.
Therefore, mycosynthesized AgNPs using T. lanuginosus
could be used as a therapeutic agent as well in the
mitigation of environmental pollution.
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