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ABSTRACT

Slver in its original form or in the form nanoparticles has been known from time immemorial in order to control
different types of diseases. During last few decades, bacteria have made themselves resistant to varied antibiotics
available in the market based on their genetic configurations. In our present study, simple and effective approach
was performed to synthesi ze potent silver nanoparticles (AgNPs) from hyphomycetes fungus, Alternaria using potato
dextrose broth with AgNos. The appearance of yellowish brown color in the conical flask suggested the formation of
AgNPs. The supernatant of the fungus culture changed the solution into yellowish brown color upon the completion
of 10 minute reaction. The characterization and silver nature of silver nanoparticles was confirmed by Uv-Vis
spectrophotometer, Field emission scanning electron microscopy (FESEM) and XRD analysis. Sze of the
nanoparticles measured between 50nm to 60nm by FESEM. AgNPs showed impressive antimicrobial activity
against the selected pathogens, but when the nanoparticles were tested against the test pathogens combined with
two drugs, penicillin and tetracycline, the efficacy of the drugs was multiplied, particularly in the case of
tetracycline in comparison to penicillin.
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INTRODUCTION

In general, nanoparticles are considered as thgafuental building blocks of nanotechnology [1, e latter is
also referred to the ability for designing, chaeaiegation, production and application of structyrdevices and
systems by controlling shape and size at the natenseale [3].They are considered as the startigtp for
preparing many nano structured materials. The sgighof nanomaterial is an important componenhefrapidly
growing research in nano-engineering [2]. A widega of nanomaterial can be prepared by number dfods. In
recent times, there is a demand of environmenfaéndly nanoparticles which never produce toxicstes in their
process of synthesis. In order to achieve thisamenclined to shift to benign synthesis processésch happen to
be mostly of biological nature [3]. The advantagéionanotechnology is the development of religiiecesses for
the synthesis of nanomaterial over a range of sidtts good monodispersity and chemical compositibiis well
versed that biological entities like microbes anthy cells are the best sources to perform a nurabpbs ranging
from generation of energy to extraction of targateaterials of high efficiency at the nano scale e utility of
such microorganisms like bacteria, fungi and yeasthe synthesis of nanoparticles is relativeleeent activity.
Synthesis of nanoparticles from these microbesbieas investigated due to their ability to reduceamiens [2].
Silver nanoparticles (AgNPs) have drawn speciangitbtn owing to its immense potential as antimi@bhgent in
the field of biomedical and other health care. Tasy purposeful option since they are nontoxihe®ohuman body
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at low concentrations and have broad spectrum astébal actions. Duran and his coworkers [5] ogitteat the
extracellular synthesis of silver nanoparticlesxfrBusarium had exceptional redox properties in the presence of
hydrogenase enzyme that act as an electron shottieduction of metal ions. Fungi have the efficao resist
environmental stresses and have the capabilityafigg in presence of high metal concentratione dhjectives

of the recent study is to biosynthesize silver mamticles by extracellular method from an airbohyphomycetes
fungus,Alternaria isolated from outdoors of vegetable market to iconthe formation of silver nanoparticles by
UV-Vis spectroscopy, followed by various microsaopharacterization like FESEM and XRD and to evats
efficacy as a bactericide in order to prevent ttewh of bacterial pathogens lik&aphylococcus aureus, Bacillus
cereus, Proteus vulgaris, E. coli andVibrio cholera on its own and combined with tetracycline.

EXPERIMENTAL SECTION

Isolation and culture of Alternaria

Different fungi were collected from outdoor enviment of vegetable market of Vaniyambadi by Burksrd’
volumetric sampler on agar plates. Appropriate pouure method was formulated to isolate and ifient
Alternaria from the mixed fungal culture on Sabouraud Dexragar plates [6,7]. The plates containigernaria
were then incubated at 25%3for 3-7 on pure culture and stored in refrigeraiio4°c for further studies.

Synthesis of silver nanoparticles

The silver nanoparticles were synthesized fromigbkated fungulternaria by simple biological method without
many chemicalsFungal biomass was cultured aerobically in Potaixtrdse broth (PDB) at 25%3 and incubated
at 25¢ under continuous mixing condition by a rotarykstraat 140rpm for 72 hours. After incubation, thenbass
was filtered using Whatman filter paper No.1 antepsively washed with distilled water to remove rakidual
media components. The fresh biomass from the lwaghed thrice in 100ml of deionized Milli-Q watd@he flask
was again incubated at 25n a shaker at 140 rpm for 72 hours. The biomassfiltered again with Whatman filter
paper No.1 and the cell free extract was usedhdsynthesis of silver nanoparticles. The wet besnaas exposed
in 100 ml of ImM aqueous AgNaolution .The whole mixture was kept in a darkditian for 48 hrs.

Characterization of silver nanoparticles

The reduction of silver ions to silver metal nanige was monitored visually by the color chandehe solution.
The synthesized silver nanoparticles were charaettrand measured by UV- spectrophotometer (T-88, P
Instruments Ltd. LutterworiUnited Kingdom) between 300-600nm.

FESEM analysis was used to determine the surfagphuology and particle size of the silver nanopéetic The
AgNPs samples were sonicated and later centrifageldb000 rpm for 20 minutes. Before the procesd-8EM
analysis, the samples were further sonicated tohgetiniformity and better observation. Later thpesnatant were
discarded and pellet was washed with the Milli-Qewdor three to four times. The sample was transteinto the
petriplate and dried for about two hours atcéfter that the sample was subjected to FESEMsisal

XRD analysis was used to determine the crystaflinitetallic nature and face centered cubic strectfrsilver
nanoparticles. For XRD analysis, the sample waparesl by centrifugation of the silver nanopartistdution at
15000 rpm for 20 minutes. The supernatant was diedaand the pellet was washed with Milli-Q wateree to
four times and then dried in petriplates. The pawfitem of the sample was subjected for XRD analyatis
International Research Centre, Sathyabama Uniyef3itennai, Tamilnadu, India.

Antibacterial study of AgNPs

The silver nanoparticles were checked for its autérial activity by disc diffusion method [8]. Thlatimicrobial
activity of the prepared silver nanoparticles frétternaria was tested against the pathogenic bacteria such as
Bacillus cereus, Saphylococcus aureus, Proteus vulgaris, Vibrio cholerae andEscherichia coli. The Penicillin (Pen-
10mcg) and Tetracycline (Tet-30mcg) were taken iseely as control parallel to the AgNPs to find the
comparative assessment of the antibiotic effica@r the pathogenic bacteria. The combined effefcigdlPs with
antibiotics were used to find out the combined @ffeyainst above bacterial pathogens. The zonehdfition was
measured after overnight incubation af87
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RESULTS AND DISCUSSION

One of the species élternaria used in this study, which was isolated from outdio of the vegetable market and
used for the biosynthesis of silver nanopartichgiNPs were synthesized by the reaction of Ag+ imos1 AgNp;
with the supernatant oflternaria under dark conditions. After incubation of 48 hmuappearance of yellowish
brown color in the conical flask indicated the fation of AgQNPs [3]. The supernatant of tAlernaria culture
changed the solution to a brownish color upon cetigsh of the 24 h reaction with Ag+ (Fig.1). Soteewt al [9],
during their study of biosynthesis of silver nantigtes from Penicillium citrinum, opined that thebiomass to
1mM aqueous AgNo3 solution led to a colour charggeilowish brown in the solution after 24 h of ctan,
indicating the formation of silver nanoparticlesesy with our present work.

(A) Treatment without silver nitrate (B) Treatment with silver nitrate

Fig 1: Way of silver nanoparticle synthesis of fronAlternaria

The AgNPs were characterized by Uv-vis spectroscapg has proved to be very useful for the analgsis
nanoparticles. During the Uv-Vis spectral analy@igy 2), a strong surface plasmon resonance werntermea at
approximately 410 nm confirmed the presence ofesilvanoparticles. The mechanism for the synthesghaer
nanoparticles has not made clear yet but it has lagibuted that the presence of NADH dependetrate
reductase present in the fungal extracts is rediplenfor the reduction reaction [1, 2]. When thlvesi ions come in
contact with the cell wall of the fungal biomad® nitrate reductase secreted by the fungus céluvsesduction of
silver ions into silver nanoparticles [3]. Duriniget study of Soheyla and his coworkers [9], the UW&/spectrum
exhibited an absorption band at around 400 - 42@&hinh was a typical plasmon band. Furthermore, tesgaled
that UV-vis spectrum showed that the reaction mmadaxhibited an absorption band around 265 nm wisch
attributed to aromatic amino acids of proteins [9].

o.815 T T

0.600

@ 0.400

0.200

-0.020 . .
260.00 400.00 600.00 800.00

Fig. 2: Uv—vis spectrum of silver nanopartiéles syihesized fromAlternaria
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In the present study, field emission scanning sdacmicroscopy (FESEM) was used to understand tinface
topology and the size of silver nanoparticles. Asial of AQNPs by FESEM showed spherical shapecersilv
nanoparticles which were well dispersed withindiemeter ranges from 50 nm to 60 nm (Fig 3).

EHT = 20.00 kV Signal A = InLens Date :13 Sep 2014 ZEISS
WD = 65 mm Mag = 200.81 K X Time :9:41:26

Fig. 3: FESEM analysis of silver nanoparticles syiitesized fromAlternaria

Further, these biologically synthesized silver rgarticles were characterized by X-ray diffractidRD) technique

to determine the metallic nature of nanoparticledse XRD pattern clearly showed that silver nanapias have
been formed resulting in the diffraction peaks &t 86, 54 and 57 respectively confirming the mitalature of
nanoparticles and the peaks were specific forithiersmanoparticles (Fig 4). Bhat et al [10]) irethstudy reported t
the synthesis of silver nanoparticles (AgNPs) tgtodg+ ion reduction employing extract of fungésremonium
diospyri. The nanoparticles obtained by them were chaiaetbrby UV-vis spectroscopy, energy-dispersive
spectroscopy (EDX), atomic force microscopy (AFK#Id emission scanning electron microscopy (FESEN)
transmission electron microscopy (TEM). UV-vis lesshowed the characteristic surface plasmon essmnpeak
at 425nm [10]. The study on EDX confirmed the pneseof elemental silver along with organic moietQ]f
Observation from FESEM, and TEM study it was obedrthat particles are irregular in shape and siee a
approximately 40nms in size [10]. The synthetic mdtemployed during their study was found thas i isimple,
cost effective and a green chemistry approach bke present study. The particles were appearedeto b
polydispersed in nature and were roughly sphericathape [11, 12]Bhainsa and D'Souza [3] investigated
extracellular biosynthesis of silver nanoparticlessng Aspergillus fumigatus. During the study, synthesis process
was also found quite fast and silver nanopartialese formed within minutes of silver ion comingdantact with
the cell filtrate [12,13,14]. UV-visible spectrunfithe agueous medium containing silver ion showgeak at 420
nm corresponding to the plasmon absorbance ofrsil@aoparticles [3]. Transmission electron micrgscOrEM)
micrograph showed formation of well-dispersed silmanoparticles in the range of 5 to 25 nm. X-r#ffrattion
(XRD)-spectrum of the silver nanoparticles exhithitetheta values corresponding to the silver nagstal [3].
Their process of reduction being extracellular gasl which may lead to the development of an e&syrbcess for
synthesis of silver nanopatrticles [1,2,3].
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Fig. 4: Analysis on XRD for silver nanoparticles sgthesized fromAlternaria

The antimicrobial efficacy of synthesized silvemoparticles was studied by disc diffusion methot g8ainst
different clinically isolated pathogens lik&acillus cereus, Saphylococcus aureus, Proteus vulgaris, Vibrio
cholerae and Escherichia coli. Biosynthesized silver nanoparticles showed gasttrécrobial activity against the
selected pathogens exceé&paphyl ococcus aureus andProteus vulgaris. The antibiotics, Penicillin and Tetracycline,
on their own showed impressive results over thé pashogens, but their combined formulations witgN®s
revealed remarkable results (Table \iYrio cholerae was found to be more susceptible followedEbyoli and
Bacillus cereusin the combined formulation of Tetracycline and ARg\(Fig 5).

Table 1: Antibacterial activity of AQNPs combined vith antibiotics against pathogenic bacteria

Effect of AgNPs and antibiotics with Zone of inhibn (mm)
Pathogenic bacteria AgNPs Penicillin Pen + | Tetracycline | Tet+
(Pen AgNPs (Tet) AgNps
Bacillus cereus 16 14 17 20 24
Saphylococcus aureus 13 15 15 16 22
Proteus vulgaris 12 10 18 17 21
Escherichia coli 18 16 19 19 25
Vibrio cholerae 20 19 22 21 27

AgNPs: Slver Nanoparticles, Pen: Penicillin G -10 units/ Disk; Tet: Tetracycline - 30meg/disk

Fig 5: Antibacterial susceptibility of AgNPs and abng with penicillin and tetracycline
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The present antibacterial study showed that thebawed formulation of Tetracycline and AgNRere significantly
effective compared to Penicillin and AgNPs comborat The studies confirmed that the biologicallynthesized
AgNPs fromAlternaria amplified the bactericidal property of commercaitibiotics when used in combination,
particularly with Tetracycline (Fig 5). Investigati is required further in order to study the cykatiy for
accessing its biocompatibility before administrgtas antimicrobial drug for human welfare.

CONCLUSION

During our present study, the extracellular biobgsts of silver nanoparticles was made from onethef
hyphomycetes fungug\lternaria. Synthesized silver nanoparticles showed bettémisrbbial activity against the
selected pathogens and its activity were furtheémaaned in combination with antibiotics, in parteulwith
Tetracycline. Therefore it may be inferred thatbliag formulation of drugs with silver nanopartleould be an
alternate approach in order to treat the drugtasigpathogenic bacteria and also to minimize tibmtic doses to
cure the most of the infectious diseases.
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