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Abstract In this study, biological synthesis of silver nanoparticles (AgNPs) from supernatant of
endophytic fungus Alternaria sp. isolated from the healthy leaves of Raphanus sativus is studied.
The synthesized AgNPs are characterized using UV-vis spectroscopy and Fourier transform-
infrared spectroscopy (FTIR). The structural analysis is done by powder X-ray diffraction
(XRD) method. The stability of AgNPs is studied by dynamic light scattering (DLS) method.
The size and shape of AgNPs are observed by transmission electron microscopy (TEM) and atomic
force microscopy (AFM) and found to be spherical with an average particles size of 4-30 nm. Fur-

ther, these AgNPs have been found to be highly toxic against human pathogenic bacteria, suggest-
ing the possibility of using AgNPs as efficient antibacterial agents.

© 2017 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org

licenses/by-nc-nd/4.0/).

1. Introduction

There is an increasing commercial demand for metal nanopar-
ticles due to their potential applicability in various areas such
as electronics, catalysis, energy, textile and medicine [31,41,17].
Among various metal nanoparticles, silver nanoparticles
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(AgNPs) in particular have been the focus of increasing inter-
est due to their peculiar properties which can be tailored for a
specific application by controlling the shape, size and morphol-
ogy of the nanoparticles [49,13,15,8,4,30]. The available phys-
ical and chemical methods for metal nanoparticle synthesis
resulted in low production rate, high expenditure and release
of toxic chemicals [28]. Moreover, the large-scale synthesis of
metal nanomaterials suffers from certain drawbacks such as
stability and polydispersity, especially if the reduction is car-
ried out in aqueous media. Thus, biological synthesis of
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AgNPs provides a promising alternative offering advantages
such as environment friendly, easily scaled up for large-scale
synthesis and there is no need to use high pressure, tempera-
ture and toxic chemicals [28]. Biological methods based on
microbes such as fungi, bacteria and viruses are able to absorb
and accumulate metals and can be used in the reduction and
control of nanostructural topography of metal ions and thus
used for the synthesis of nanoparticles [35]. Endophytic fungus
are more ideal for the synthesis of nanoparticles as the fungi
could form large biomass which can withstand agitation and
flow pressure and other conditions in bioreactors or other
chambers and be compared to bacteria and plant materials
[20]. These are fastidious to grow, secrete large amount of
enzymes and are easily handled in downstream processing
and thus easy for fabrication of AgNPs and can be directly
used in various applications. In pharmaceutical industry,
AgNPs are the most promising as they show good antibacterial
activity against an array of pathogens due to their large surface
area to volume ratio. One such size-dependent property has led
to the development of dressing materials incorporated with
nano-sized silver to enhance the wound healing property of
the dressing materials [50]. The biosynthesized AgNPs have
been applied widely to prevent biomedical devices associated
infections, food preservation, water purification, clothing, cos-
metics and other numerous pharmaceutical products
[14,23,47.6].

Endophytes are microorganisms that reside inside living
internal tissue of plants without inflicting any immediate, overt
negative effects to the host plants [44]. Endophytes have mutu-
alistic relationship to their host, often protecting plants against
pathogens and in some cases they can act as opportunistic
pathogens [43]. Drug resistance in human pathogens is a big
challenge in fields such as pharmaceutical and biomedicine.
One such prime focus of the pharmaceutical sector is to
develop potent antibacterial drugs to combat drug-resistant
pathogens which are growing at alarming pace with limited
choice of available antibiotics [38]. At present, various conven-
tional strategies using standard antibacterial agents have been
used for the treatment and prevention of pathogenic bacteria.
But, some of the bacterial strains have acquired resistance
against available antibiotic therapies and pose the greatest risk
of infection which necessitates the search for alternative drug
or natural antibacterial. Therefore, modification or develop-
ment in antimicrobial compounds to improve bactericidal
potential is a priority area of research in the modern era. Thus,
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Figure 1

endophyte studies have been important to discover substances
which will be utilized in a wide variety of disease causing
agents [44].

Endophytes may produce a plethora of substances having
use in modern medicine, agriculture, antimycotics, immuno-
suppressant and anticancer compounds [10]. To date, the
endophytes have been most extensively studied for their ability
to produce antibacterial, antioxidants, anticancer, antidiabetic,
antiviral and antisuppresive compounds and their use in the
biosynthesis of nanoparticles was also mentioned to some
extent [11,33,40,12,21]. Therefore, in the present study, endo-
phytic fungi Alternaria sp. was isolated from healthy leaves
of Raphanus sativus for biosynthesis of AgNPs. The synthe-
sized AgNPs were characterized using UV-vis (UV-vis) spec-
troscopy, Fourier transform-infrared (FTIR) spectroscopy,
X-ray diffraction (XRD), dynamic light scattering (DLS),
transmission electron microscopy (TEM) and atomic force
microscopy (AFM). The antibacterial efficacy of the synthe-
sized AgNPs was studied against human pathogenic Gram
positive (methicillin-resistant Bacillus subtilis, Staphylococcus
aureus) and Gram negative (Escherichia coli and Serratia mar-
cescens) bacteria.

2. Materials and methods

2.1. Isolation and identification of the endophytic fungus

Isolation of the endophytic fungus was carried out as described
by Hallmann et al. [18], with little modifications. Fresh leaves
of R. sativus (Radish) were collected from Sultanpur, Solan
district of Himachal Pradesh, India. The collected leaves were
thoroughly washed under running tap water for 5min to
remove dust and debris adhering to them. The leaf samples
were surface sterilized by immersing sequentially in 70% etha-
nol for 3 min, 0.5% sodium hypochloride for 1 min and again
70% ethanol for 30 s and finally rinsed three times in sterile
distilled water to remove sterilants and then allowed to dry
under sterile condition. Then, leaf samples were cut into small
pieces and inoculated on potato dextrose agar plates (PDA)
and incubated at 28 °C for 5 days. Then with a sterile scalpel,
the leaves of 0.5 cm size were carefully dissected and placed in
Petri plates containing PDA supplemented with streptomycin
sulfate (100 mg/1) to suppress the bacterial growth. The plates
were sealed using parafilm and incubated at 25 + 1 °C until

Microscopic view of endophytic fungus Alternaria sp.
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Figure 2

Optical spectra of AgNPs. Insert: (a) 1 mM AgNO;, (b) Endophytic fungal culture supernatant, (c) Endophytic fungus

Alternaria sp. and (d) Color change of AgNO; with the addition of Alternaria sp. fungal supernatant from white to dark brown.
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Figure 3  FTIR spectra of AgNPs.

endophytic fungi emerged. As and when the hyphal tips
emerged out from plant segments they were isolated, subcul-
tured and brought to pure culture by serial subculturing. Lac-
tophenol cotton blue staining method was used for staining the
fungal culture and visualized under microscope (Quasmo,
India) [39]. Identification of fungal endophytes was carried
out based on morphotaxonomic characteristics (i.e. the color,
shape and growth of cultured colonies), microscopic character-
istics (i.e. the structure of hyphae, conidia and conidiophores)
and using standard identification manuals [36]. Isolated endo-
phytic fungus (Fig. 1) is identified as Alternaria sp.

2.2. Fungal fermentation of Alternaria sp.

A loopful of fungus Alternaria sp. was inoculated in two
500 ml Erlenmeyer conical flasks containing 200 ml of fermen-
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Figure 4 XRD pattern of AgNPs.

tation medium (Potato dextrose broth), and then incubated at
28 °C on a rotary shaker for 72 h. The biomass was harvested
after 72 h of growth by filtration through muslin cloth fol-
lowed by extensive washing with distilled water to remove
any medium component. After that, the washed fungal bio-
mass was filtered and weighed. For hot percolation treatment,
10 g of the fungal biomass was boiled with 100 ml of double-
distilled water for 2 h and then kept undisturbed for 10 min.
The resultant mixture was then filtered out using Whatman fil-
ter paper no. 1 in conical flask. This filtrate solution (namely
biomass filtrate) was used for synthesis of AgNPs.

2.3. Biosynthesis of AgNPs

For AgNPs synthesis, 10 ml of mycelium free filtrate obtained
from hot percolation treatment was added to 90 ml of 1 mM
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aqueous silver nitrate (AgNOs;, Sigma-Aldrich) solution in
250 ml Erlenmeyer flask and incubated at 40 °C in a hot water
bath for 20 min [46]. The color change of AgNO; from color-
less to dark brown was observed by visual observation. The
obtained AgNPs were purified through repeated
centrifugation.

2.4. Characterization of AgNPs

Formation of AgNPs was primarily confirmed with UV-visible
spectroscopy (UV-1800 Shimadzu, Japan). The absorption
maximum of the sample was recorded at a resolution of
1 nm between wavelengths of 300-700 nm. The XRD patterns
of the dried AgNPs were analyzed by a Panalytical X-ray
(X’Pert® Powder, Netherland) diffractometer instrument oper-
ating at a voltage of 45 kV and a current of 40 mA with Cu Ka
radiation. The AgNPs samples were scanned in the 260 ranges

0-60 in the continuous scan mode and results were compared
with the standard powder diffraction card No. 04-0783 of
JCPDS (Joint Committee on Powder Diffraction Standards).
The crystallite size of the powders was determined from
X-ray line broadening using the Scherrer’s equation [42] as
follows:

K
" BcosO

where D is the average crystallite domain size perpendicular to
the reflecting planes, k is a shape factor, 4 is the X-ray wave-
length (1.5418 A), B is the full width at half maximum
(FWHM), and 0 is the diffraction angle. The probable
biomolecules involved in the synthesis and stabilization of
nanoparticles were recorded by FTIR spectrum using Perki-
nElmer spectrometer (Spectrum-One, U.S.A.). DLS measure-
ments for size distribution and zeta potential were carried
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(a)—(c) TEM micrographs, (d) SAED pattern and (e) EDX spectrum of AgNPs.
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out using Zetasizer Nano S90 (Malvern Instruments Ltd., U.
K.). Morphology, size, selected area electron diffraction
(SAED) pattern and elemental analysis were examined using
TecnaiG20, Super twin, double tilt, 200 kV TEM instrument
(FEI, Netherland) and AFM in non-contact mode. For
TEM analysis, samples in the form of thin films were prepared
by drop-coating the biosynthesized AgNPs solution on a car-
bon coated copper grid and drying at room temperature.
The interaction of the transmitted electrons resulted in an
image formation which is magnified and focused on an imag-
ing device [9]. To investigate the elemental composition of
the biosynthesized AgNPs, energy dispersive X-ray (EDX)
analysis was carried out using the same instrument. Samples
for AFM were prepared by spin-coating the AgNPs solution
into the glass slide. The slide was dried at room temperature
and subjected to AFM analysis (Nanoscope8, Bruker,
Germany).

2.5. Evaluation of antibacterial activity

The synthesized AgNPs were tested for their antibacterial
activity against human bacterial pathogens using the standard
disk diffusion method [5]. The Gram positive (methicillin-
resistant Bacillus subtilis, MTCC 441, Staphylococcus aureus,
MTCC 740) and Gram negative (Escherichia coli, MTCC
443 and Serratia marcescens, MTCC 97) bacterial pathogens
were obtained from Microbial Type Culture Collection
(MTCC), Indian Institute of Microbial Technology

(a and b) AFM images of AgNPs.

(IMTECH), Chandigarh. The Freshly cultured bacterial colo-
nies of tested bacteria were used and 100 pl of inoculum was
spread on Mueller-Hinton agar plates. A single colony of each
test strain was grown overnight in Mueller-Hinton liquid med-
ium on a rotary shaker at 37 °C. The inocula were prepared by
diluting the overnight cultures with 0.9% NaCl to a 0.5%
Mcfarland standard and applied to plates. After that, different
concentrations (5, 10, 15, 20 and 25 pg/ml) of AgNPs were
loaded on 6 mm size disks. Finally, inhibition zones were mea-
sured after 24 h incubation at 37 °C. The experiments were
performed in triplicate and Student’s 7-test was used to evalu-
ate statistically significant differences.

3. Results and discussion

3.1. Confirmation of AgNPs formations

UV-visible spectra were recorded to identify the AgNPs syn-
thesis. It was observed that upon addition of the supernatant
of Alternaria sp. into AgNOs3, change in color from colorless
to dark brown was observed within 20 min, indicating the syn-
thesis of AgNPs (Fig. 2). Nanostructured metallic particles
such as silver and gold have free electrons abundance, and they
move through conduction and valence band which is responsi-
ble for surface plasmon resonance absorption band [32]. The
characteristic surface plasmon resonance peak at about
426 nm is shown in Fig. 2, which may correspond to spherical
AgNPs [9.24].
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Figure 7 DLS measurements of biosynthesized AgNPs (a) Zeta
sizer, (b) Zeta potential.

3.2. Study of biomolecules capping of AgNPs

FTIR spectroscopic measurements were carried out to identify
the possible biomolecules responsible for capping and efficient
stabilization of AgNPs synthesized by Alternaria sp. extract.
The structure of chemical bonding formed on the synthesized
AgNPs was examined by FTIR, to elucidate the nature of
interaction between endophytic fungal extract and AgNPs.
The FTIR spectrum of AgNPs is shown in Fig. 3, which man-
ifests absorption peaks located at the region about 4000 cm ™!
and 500 cm ™.

FTIR spectrum shows absorption bands at 3145cm™!,
1597 cm™', 1402cm™', 1109 cm™" and 1213em™' 995cm ™!
and 911 em™! 699 cm ™! and 504 cm ™! indicating the presence
of capping agent with the nanoparticles (Fig. 3). The broad
and intense peak at 3145 cm ™! can be attributed to the stretch-
ing of —OH group due to inter and intra hydrogen bonding of
compounds indicating the presence of phenolic compounds [7].
The band around 1597 cm™" is associated with vibration of
—C—C and is assigned to primary and secondary amines
and amide I bonds of proteins [49,13]. The absorption band
at around 1402 cm™! can be attributed to methyls [2]. The
band around 1109 cm™' and 1213 cm™! can be attributed to
C—N stretching vibration of amines indicating the presence
of amino acid [49]. The band around 995 cm ™' and 911 cm™!
can be ascribed to C—H stretching vibration indicating the
presence of alkene groups [45]. The band at 699 cm™' and
504 cm ™! can be attributed to alkyl halides stretching [25].

3.3. Structural analysis

The crystalline nature of the AgNPs was clarified with XRD
analysis (Fig. 4). The peaks at 20 = 38.35, 44.35, 64.35 and
77.25 corresponding to (111), (200), (220) and (311) Bragg’s
reflection planes are observed. The XRD study indicates that
the synthesized particles are face centered cubic structure of
AgNPs [25]. The mean size of AgNPs was calculated using
the Debye-Scherrer’s equation [42] and found to be about
~25 nm.

3.4. Morphological study of AgNPs

TEM has provided insight into the morphology and the details
of size of the synthesized nanoparticles (Fig. 5a—c). The synthe-
sized AgNPs were almost spherical in shape with 10-30 nm
size range.

The bright rings in SAED pattern suggest that the particles
are crystalline in nature (Fig. 5d) [3]. The EDX profile (Fig. 5e)
shows strong silver peaks approximately at 3 keV, which is
typical for the absorption of AgNPs due to surface plasmon
resonance [15]. The peak at 8 keV corresponds to copper and
may be arisen due to the artifact of copper-grid on which the
sample was coated [19]. Further the size and morphology of
the AgNPs were determined from AFM (Fig. 6a and b). It
can be seen that the AgNPs were monodispersed with average
particle size of 4-28 nm which was in close agreement with
XRD and TEM results.

Table 1 Inhibition zone of AgNPs, fungal supernatant and AgNOs.
Pathogens Inhibition zone (mm)
AgNPs Fungal supernatant AgNO;
S pg/ml 10 pg/ml 15 pg/ml 20 pg/ml 25 pg/ml S pg/ml S pg/ml
Bacillus subtilis (MTCC 441) 9 + 0.03 11 £ 0.01 13 £ 0.02 14 + 0.04 23 + 0.02 = -
Staphylococcus aureus (MTCC 740) 6 £+ 0.03 9 £+ 0.01 10 = 0.02 11 £+ 0.03 12 + 0.01 = =
Escherichia coli (MTCC 443) 26 £ 0.02 28 +£0.04 30+ 003 31+001 34+003 - -
Serratia marcescens (MTCC 97) 24 £ 0.04 29 £+ 0.02 31 £+ 0.01 33 £0.02 36 £0.03 - =

Each value is the mean of three replicates with the standard deviation (& SD) and analyzed by Student’s 7-test. Difference with P < 0.05 was

considered statistically significant. — indicates no zone.
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Figure 8 Images of antibacterial activity of (1) 5 ug/ml AgNP,
(2) 10 pg/ml AgNP, (3) 15 pg/ml AgNP, (4) 20 ng/ml AgNP, (5)
25 pg/ml AgNP, (6) 5 pg/ml fungal supernatant and (7) 5 pg/ml
AgNO;.

3.5. Stability of AgNPs

The DLS measurement as shown in Fig. 7, presented the size
distribution (Fig. 7a) of the AgNPs with an average size of
~80 nm and stability (Fig. 7b) for the AgNPs at —16.8 mV
in zeta potential analysis. The size obtained by the DLS is dif-
ferent because it gives the average size of the particles. Also it
could be due to the non-homogeneous dispersion of the sam-
ples. The particle size obtained from XRD, TEM, AFM and
DLS is different, due to the variation in principles used for
measurement [48].

3.6. Antibacterial effect of AgNPs

The antibacterial activity (as shown in Table 1 and Fig. 8) of
the synthesized AgNPs against the tested human pathogens
was assessed on the basis of the zone of inhibition. From
Fig. 8 and Table 1, it has been observed that the biogenic
AgNPs exhibited relatively high antibacterial activity against
Gram-positive and Gram-negative bacteria as compared to
that of controls (Fungal supernatant and AgNO3). This rela-
tively high antibacterial activity can be attributed to the size
and the high surface area of the AgNPs which enabled them
to reach easily the nuclear content of bacteria [27]. For the
selected bacterial strains, no zone of inhibition was observed
for AgNO; solution as well as extract. This symbolizes that
the antibacterial potential of extract and AgNO; at their
selected concentrations did not show any zone of inhibition.
The irregular release of insufficient concentrations of silver
ions from AgNO3; may be the reason for its restricted efficacy
as antimicrobial agents, which can be enhanced using AgNPs
because their large surface area makes them highly reactive
[1,16]. Tt is suggested that AgNPs may attach to the surface
of the bacterial cell membrane and release silver ions which
may disrupt cell membrane permeability and bacterial DNA
replication [15]. In addition, nanoparticles possess extremely
large surface area that provides better contact and interaction

with bacterial cells [26,34]. Undoubtedly, the bactericidal
activity is due to the silver cations released from AgNPs per-
taining to changes in the membrane structure of bacteria,
which lead to the increased membrane permeability of the bac-
teria and finally cell death [29].

It is apparent also from the data that increasing the concen-
tration of the biogenic AgNPs led to a significant increase in
the antibacterial activity. Kharwar et al. [21] reported the
antibacterial properties of AgNPs produced by endophytic
fungi, Aspergillus clavatus which revealed the zone of inhibi-
tion of 10 mm in case of E. coli. Kim et al. [22] reported similar
effects on E. coli and S. aureus pathogenic strains. AgNPs syn-
thesized by A. flavus were also reported to possess good
antibacterial activity against E. coli by Ninganagouda et al.
[37]. In spite of the strong antibacterial activity of biogenic
AgNPs, further studies are required to investigate their bacte-
ricidal effects at a molecular level for potential widening of
their applications.

4. Conclusions

In this study, an inexpensive, rapid and a single step technique
for the synthesis of silver nanoparticles using endophytic fun-
gal supernatant of Alternaria sp. is developed. The results of
TEM and AFM have confirmed that the synthesized silver
nanoparticles are mostly spherical in shape with an average
size of 4-30 nm. The results of XRD, EDS and SAED con-
firmed the crystalline nature and elemental composition of
the synthesized silver nanoparticles. These silver nanoparticles
showed antibacterial activity against human pathogenic bacte-
ria. Therefore, fungus mediated nanoparticles could be used as
an excellent source against tested bacteria.
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