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ABSTRACT

The research in the field of nanotechnology haswgroapidly over the past few years and has evetuved into
the new field of therapeutic medicine. Of all kirafsnanopatrticles, silver nanoparticles (AgNPs)me® have
attracted the most interests in terms of their ptiéd application. In recent years, metal nanopeles are explored
in order to find a new approach to kill resistardgtpogenic microorganisms. Silver nanoparticles (RgNare one
of the metal of choice for antibiotic resistancembes. Synthesis of AgNPs through biological vgagonsidered to
be a green approach in the field of nanotechnoltigyhe present study, an eco-friendly processHersynthesis of
nanomaterials using two fungal strains has beesmafited. Two species of Aspergillus viz., A. oclua@nd A.
sydowii were used for the biosynthesis of AgNPss&RgNPs were characterized by UV-Vis spectroseoylyX-
ray Diffraction (XRD). The nanoparticles exhibit@daximum absorbance peak at 430 and 422nm in UV-Vis
spectroscopy and the XRD analysis showed the diifra peak of the values at 32, 38, 44, 46, andrB#his study,
the biosynthesis of AQNPs was carried out usingftmgal species of Aspergillus isolated from colastand dune
of Puducherry coastal area. A comparative study wase among these two species in order to analyee t
nanoparticle characterization as well as the ardtii efficacy against bacterial pathogens. The rmarticle of
both species showed antimicrobial activity towaodstain gram positive and gram negative bacterial aiso
showed enhanced activity by combined with antibigancomycin.
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INTRODUCTION

Nanotechnology is a multidisciplinary branch, whigenerally involve in more biomedical applications.
Nanoparticles, particularly nanosilver are usedtlf@r topical ointments and creams for preventirmitifiection of
burns and open wounds and also used in medicate®e@nd implants prepared to prevent the infeclitiey are
used in the consumer products such as fabricdisgoequipments. Silver nanomaterials are usechéfood
industry for the food packing materials. Nanop#taan be used for the treatment of water to avoidamination
of the enviroment and can be used for water fitiratNanoparticles shows strong adsorption and geettical
conducting properties and hence can be used asrisios for detecting various enzyme levels andadesénside
the body. The synthesis of nanoparticles by biaaignethod is an environmental friendly technoldggcause the
productions of nanomaterials do not produce toxastes during their process of synthesis [1, 2]nc&ithe
pathogenic bacteria are showing resistance tovh#able drugs in the market, there is an immedieged to find
out new approach to prevent these dysfunctionsdweldping new compounds [3]. It is a fact thatesilions and
silver-based compounds are highly toxic to micramigms which include16 major species of bacteri&d]4Silver
nanoparticles are used in many fields. These aeed as catalysts, as optical sensors, in textileireeging, in
electronics, in optics, in medical field as a bdcidal and as a therapeutic agent, in coatingnedical devices; as
a bactericidal coating in water filters; as an mitrobial agent in different consumer products asebcement and
in many wound dressings and it has also the problemon toxicity [6]. The large-scale productionr@noparticles
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from fungi is an easy management [7]. Biologicaltme of synthesis of nanoparticles is advanced pigsical
and chemical method because it is simple, ecofiyerite from toxic chemicals and enviromentalefrily [8, 9].
Extracellular biosynthesis of silver nanopaticlesng fungi is very simple to handle, has high sefacea, good
polydispersity and have good bactericidal propagginst the pathogenic microorganisms.The focukisfpresent
study is on the biological synthesis of AgNPs bytraoellular method using two fungal straiAspergillus
ochraceusand A. sydowiiisolated from the sand dunes of Puducherry coastdds. The UV-Vis spectroscopic
analysis and X-ray diffraction analysis of both #pecies show absorbance peak that reveals thenpeesf silver
nanoparticle. In both species, the antimicrobiéitaty of nanoparticle alone and along with antilsi&ancomycin
were tested on few human bacterial pathogdPsgudomonas aeruginosa, Shigella dysenteriae, Klkdos
pneumoniae, Escherichia coli, Staphylococcus auagaiBacillus cereus.

MATERIALSAND METHODS

I solation of aspergilli

The fungal isolates were isolated and enumerateeh toastal sand dunes soil samples of Puducheast dry
serially dilution method. 1 ml of microbial suspemswas transferred to Sabouraud Dextrose agaratestplate,
which were incubated at 25%3 for 3-7 days in the BOD incubat@kspergillus ochraceuandAspergillus sydowii
were segregated and identified from the mixed celtof sand dune fungi by the expertise of the asttamd
available manuals [10, 11, 12], kept on pure calamd stored in a refrigerator at 4°C for furthedies.

Preparation of silver nanoparticles

The silver nanoparticles synthesis was carriedrobbth the isolated fungi. ochraceugndA. sydowii In this, the
fungi were grown in Potato dextrose broth (PDB)2&&3c and incubated at 25 under continuous mixing
condition by a rotary shaker at 140 rpm for 72 Boufter 72 hours of incubation, the both fungalrhasses were
filtered using Whatman filter paper No.1 and washsith distilled water to remove the media compogeifithe
fungal biomass from the broth was taken out andhe@sthrice in 100ml of deionized Milli-Q water ima
Erlenmeyer flask and incubated at@B a shaker at 140 rpm for 72 hours. The obtabiethass was again filtered
with Whatman filter paper No.1 and the cell fredrast of both species were used for the synthekisiler
nanoparticle. Then 1 mM aqueous AgNmlution was prepared, added to the cell freeaektand kept in a dark
condition for 48 hrs.

Characterization of AgNPs

The biosynthesized silver nanoparticles were charaed by observing the color change of the sotuiinto brown
after 24 hrs. These are confirmed by using thefalg techniques viz., UV- Visible spectrophotometad X-ray
Diffraction (XRD).

UV- Visible spectrophotometer

The silver nanoparticles synthesized from both dtrains were characterized by UV-Visible spectrdphwtric

analysis in the range of 300-600nm. The surfacenid@ resonance absorption peaks were observedceortied.
The synthesized nanoparticles were kept for fewth®to check their stability. The absorbance peasanalyzed
again by UV- Visible spectrophotometer analysis.

X-Ray diffraction (XRD)

XRD analysis of the samples was prepared by cegatfon of the silver nanoparticle solution at 10pm for 20
minutes. The supernatant was discarded and thanimgaellet was washed with Milli-Q water threeftar times
and then dried in Petri plates. The powder forrthefsample was subjected for XRD analysis.

Antibacterial assay

The antibacterial activity of the obtained silvesnoparticle of both the fungal strains was testgdirst the
pathogens by following disc diffusion method [13}].1A comparative analysis of the antibacterialiceffy of
synthesized silver nanopatrticles frofn ochraceusand A. sydowiiwere tested against the pathogenic bacteria,
Pseudomonas aeruginosa, Shigella dysenteriae, Kldbpneumoniae, Escherichia coli, Staphylococauseus
and Bacillus cereusThe AgNg and Ampicillin 10mcg were taken as control patalte the AgNPs to find a
comparative assessment of the antibiotic efficagr éhe pathogenic bacteria. After an overnighinctibation at
37°%, the zone of inhibition was measured in cultystedes.

RESULTSAND DISCUSSION

During the synthesis, the flask containing fungal free extract changed into pale yellow colotdaled by brown
color after 72 hours of reaction with AgNoould be observed as silver nanopatrticles in sk The formation of
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silver nanopatrticle in the reaction mixture wasadigindicated by the appearance of yellowish brawtour in the
solution (Fig 1).

Fig 1: Formation of brown colour in the vertue of synthesis of AgNPs from two aspergilli
A.ochraceus A. sydowii

Without AgNos With AgNos Without AgNos With AgNos

Silver nanoparticles synthesis from Aspergillus ochraceus and A. sydowii.

The reduction of silver ions present in the funddlrate of both species was observed by UV-Vis
Spectrophotometer. The absorbance peak of bothiespeere observed between 300-600nm.The analysis of
nanoparticles can be done by the techniques metiabove [14] UV-Vis spectra illustrated showed a strong
surface Plasmon resonance at 430nmMspergillus ochraceudn case ofA. sydowiithe strong surface Plasmon
resonance was observed at 422nm which indicategrétmence of silver nanoparticles in both the gsecihese
biologically silver nanoparticles of both speciesrg further characterized by X-ray diffraction (XRf2chnique
which determines the metallic nature of nanopasicX rays are generally electromagnetic radiatieitis photon
energy in the range of 100 eV — 100 KeV. These ljiginergetic X- rays penetrate deep into the maltennd
analyses the detailed information about the mdtdriaA.ochraceughe XRD analysis showed the diffraction peak
of the values at 32, 38, 44, 46, 64 and 76 respdygtiwhereas i\. sydowiithe peaks were observed at 32, 38, 44,
46,54,57,64 and 76 respectively (Fig 2).

Fig 2: XRD analysisof silver nanoparticles synthesized from A. ochraceus and A. sydowii
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A. ochraceus A. sydowii

In the present study, the synthesized nanopauicthe sand dune fundi. ochraceus and A. sydovisolated was
evaluated using the disc diffusion or Kirby-Baueethod [15] against the pathogens suchPasudomonas
aeruginosa, Shigella dysenteriae, Klebsiella pnenias Escherichia coli, Staphylococcus aureus, &adillus
cereus.The Zones of inhibition were measured after 24 hafuincubation at 3°C. The comparative stability of
discs containing Vancomycin was made. The inhipitfficacy of AQNPs along with antibiotic Vancomgcand
AgNPs alone and were recorded with the respecttieqgens. The synergistic activity of AQNPs waduatad by
using a narrow spectrum antibiotic Vancomycin (3gn€0 pl of biosynthesized AgNPs Afochraceusombined
with antibiotic Vancomycin (30mcg) showed good vtyi against the gram positive pathogéhsaureusand gram
negative pathogefr. aeruginosa, K. pneumonia@/hereas the AgNPs of A. sydowii combined with aiotilb
Vancomycin (30mcg) also showed good activity agdims gram positive pathogeBs aureus, B. cerews well as
all gram negative bacteritn A. ochraceushe maximum bacterial inhibition of >17mm was olbserin strains of
P. aeruginosa, S. aureus, K. pneumona® in A. sydowiithe maximum bacterial inhibition of >17mm was
observed in strains @&. aureuslt was found that the nanoparticle alone obtaimechfA.ochraceushowed a good
efficacy over the pathogens suchSsaureus, B. cerewghereas the nanoparticle alone frémsydowiishowed a
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good efficacy over the pathogéh pneumoniaeThe highest increase in fold area was observedrapicillin
againstS. aureug0.9%) was observed iA. ochraceusind A. sydowiialso showed the highest increase in fold area
againstS. dysenteria€7.02%),B. cereuq6.36%). (Tablel). From this it was noted thatsydowiispecies showed
more increase in fold area thArochraceuswhile combining with antibiotic Vancomycin. Thegsent comparative
study carried out on enhanced antimicrobial agtiat silver nanoparticles synthesized fréxrochraceusand A.
sydowiiin combination with antibiotics. It is found thaoth the species showed good activity agafisaureus
combined with antibiotics. The AgNPs alone frén ochraceushowed activity againd. cereus whereas the
AgNPs alone fronfA. sydowiishowed activity again#€. pneumoniaeBut the AgNPs of both the species combined
with antibiotic Vancomycin was found to be activgamstP. aeruginosa, S. aureuand S. dysenteriaeRecently
from last one decade, many studies were carriedoouhe biosynthesis of nanoparticles implemeniitifferent
fungal isolates from arious sources. Mukherjee &gl co-workers [16] utilizedVerticilum species for the
biosynthesis of gold nanoparticles. They have defined dimensions and good monodispersity. Ahetaal [17]
opined the extracellular synthesis of silver amidgranoparticles usingFusarium oxysporumrhe reduction
occured due to nitrate dependent reductase arttlesuinone process. Bhainshal [18] and Basavaraja et al [19]
reported the biosynthesis of silver nanoparticlgesusing fungi,Aspergillus fumigatusnd Fusarium semitectum
The synthesis of the silver nanoparticles was nfiata the fungusAlternaria alternataby Gajbhiye et al [20] and
they checked its anti-fungal activity against vasgathogenic fungi and found that silver nanoplegi enhanced
the antifungal activity of flucanozole [20]. Frommet yeast cells, the silver nanoparticles synthdsezeracellularly
were found in the range of 2-5 nm. Currently thetkesis of nanoparticles has shifted from baaterifungi for
developing natural nanofactories, since it hasatieantage for downstream processing and handfibipmass is
much simplier [21].

The exact mechanism for the antibacterial activify silver ions is not completely clear yet butvsil
nanoparticles(AgNPs) interact with the microorgargsresulting in the growth inhibition and inturause the cell
death depending upon the shape [22), size [21]cartration of AgNPs [23] and sensitivity of thecnabes
towards the silver [24] . Several studies repotteat positively charged Agbind with the negatively charged
bacterial cell membrane through elctrostatic irdgom [25] which accumulates; therefore disturbitige cell
membrane permeability resulting in cell death. Arataal [26] suggested that these silver nanopasichuse the
irregularly shaped pits to the cell membrane arahgk the membrane permeability which involves enrtlease of
lipopolysacrides and proteins [26]. Sondi and Saisldb suggested that similar mechanism occurs iR col
treated with AgNPs [27]. Lara and his coworkersorggd another mechanism that AgNPs inhibits thé well
synthesis, protein synthesis by binding with the 88osomal subunit and DNA synthesis by genegatiire free
radicals [28].

Tablel: Effect of AgNPsand Vancomycin against test pathogenswith their zone of inhibition (mm)

. A. ochraceus A. sydowii
S. No Pathoge_mc Vancomycin . . .

' Bacteria (30 mcg) Vancomycin + AgNPs| AgNPs Vancomycin (30 mgg) Vangoim+ AgNPs | AgNPs
1 P. aeruginosa 18 20 07 07 17 07

2 S. dysenteriae 15 17 07 06 17 08
3 K. pneumoniae 16 19 07 07 17 09

4 E. coli 15 17 07 08 17 08
5 S. aureus 12 19 08 11 18 07

6 B. cereu$ 15 17 10 07 17 07

CONCLUSION

In the field of nanotechnology, synthesis of matatlanoparticles is an important area of reseaiichumber of
methods are available for the synthesis of nanimpestlike physical, chemical and biological. Theygical and
chemical methods are meant for the synthesis afpeaticles, but are found not only very expensiuedso toxic
and it needs high pressure. The synthesis of naticipa by biological method done by us was found¢ very
simple method of the choice and it was ecofrienttige from chemicals and cheap to obtain. In tis¢ decade,
different organisms have been used for the syrghekinanoparticles like plants, bacteria, fungi atgae to
produce the nontoxic, cheap, low cost and envirdatlgnfriendly silver nanoparticles. In our studie isolated
fungusA. ochraceus and A. sydoviiom sand dunes of Puducherry coastal areas wem fas the extracellular
biosynthesis of silver nanoparticle. The reductdrsilver ions were observed by the color changéhefsolution
and measured by UV- spectrophotometer. The absoehaeak of UV- spectrophotometer were found betva&$nh
600nm. The antimicrobial efficacy of the nanopéetiwas tested against the pathogdPseudomonas aeruginosa,
Shigella dysenteriae, Klebsiella pneumoniae, Eschir coli, Staphylococcus aureand Bacillus cereuslt is
found from the present study that the silver nantigdas obtained fronA. ochraceusandA. sydowiishowed good
antibacterial activity alone and in combinationlwitancomycin against the pathogens. The antibattectivity of
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AgNPs fromA. sydowiicombined with Vancomycin was found to more ti#aochraceusThus the increase in fold
area was observed moreAn sydowiithan inA.ochraceusBoth the sand dune fungi. ochraceus and A. sydowii
acted as good antibacterial agent in the presady sthich may pave a way to develop a new drugiuré.
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