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ABSTRACT

The development of the ecofriendly procedures makes nanoparticles as
the rapidly growing field of nanotechnology. Amongst, the silver
nanoparticles have become prominent in the field of medicine dueto their
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peculiar antimicrobial properties. In the present study we suggest an
ecofriendly procedure of extracellular synthesis of silver nanoparticles
with an average size of 62-103nm using local fungal strain Aspergillus
nudulans The silver nanoparticleswere characterized with UV-Visible spec-

trophotometer, FTIR and AFM analysis.
© 2011 Trade ScienceInc. - INDIA

INTRODUCTION

Nanotechnology isthewiddy aspiring field of sci-
encewhichisproducing nove gpplicativemateridsand
technol ogieswhere conventiona methodsbecome ob-
sol et Nanoparticles of metal, semiconductor, ce-
ramicetc, arepreparing by variousphysica and chemica
procedures?4. Currently it is necessary to develop
clean, non-toxic and environmentd friendly procedures
of nanoparticlesynthesis. Theinspiration takenfromthe
nature hasfavored the use of microbesin thereduction
of toxic metal ionsinto stablemetals(5). Novel metal
nanoparticleslikesilver, gold etc were synthesi zed ex-
tensively by employing various strains of bacteriaand
fungi. Bacterialike Pseudomonas stutzeri® isolated
fromthesilver mineshad produced silver nanoparticles
when the bacterium got in contact with theAgNO, so-

lution. Silver nanoparticlesarebeing extensively syn-
thesized by variousfungi ether intracelularly or extra:
cellularly. Sastry et al.,/”! produced the silver
nanoparticleswithinthecell walsof \erticilliumspsof
fungi and dso by Vigneshwaran et al.,® from Aspergil-
lus flavus. Fusarium oxysporum,® Fusarium
semitectum,*¥ Aspergillusfumigatus™ are also used
to synthesize silver nanoparticlesextrace lularly. The
extracellular synthesisis more adaptablefor the syn-
thesisof awiderange of nanoparticle systems.

Silver nanoparticleshave severa important appli-
caionslikeintercalaion materialsfor eectrical batter-
ied? optical receptors™¥, Polarizingfilters, and cata
lystsin chemical reactions, biolabelling?, sensorg™®,
and bioactivematerid 99, Silver nanoparticlesarea so
being used as an enhanced substrate in Surface En-
hanced Raman Spectroscopy (SERS) for enzymeim-
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munoassay!*’. Theantimicrobia activity of silverion
Ag" hasbeen exploited for alongtimein thebiomedica
fieldi*®, Thesilver nanoparticles having the size 5nm
and below areinteracting with the gp 120 protein of
HIV-I virusinhibiting the propagation of thevirug®.
Theantifungd activity of thes|ver nanopartidesisscanty.
Therecent reports? showed that thewood staining
fungi are susceptible to silver nanoparticles. The
biosorption of heavy metal ionsby A.niger wasre-
ported earlier™ but theextraction and characterization
of thebiosorbed meta ionswerenot studied. Consid-
ering the potential applicationsand astonishing proper-
tiesof slver nanoparticles, inthis present work, thesil-
ver nanoparticleswere produced extracedl lularly by us-
ing the fungus Aspergillus nidulans he synthesized
nanoparticleswere characterized and werea so checked
for their antifungal and antibacterid activitiesSynthesis
of novel materidsisessentia for theflourishment of any
technol ogy. Nanotechnol ogy needs novel materiasof
interest with distinct physical, chemica and biological
properties.

Withthegpplicativeaspect of thesIver nanopartides
invariousfiedsof commercidization here, inthispaper
we suggest an ecofriendly processfor synthesisof sil-
ver nanoparticlesusing fungi Aspergillusnudulens. The
slver nanoparticlesweresynthesized extracdlulary and
characterized withUV-Vis, FTIR and AFM. To know
the possible reason for the formation of silver
nanoparticles, thefunga protein quantification and so
thenitratereductaseactivity wereperformedinthefungd
culture, A.nudulens.

MATERIALSAND METHODS

Samplecollection

Soil samplewere collected from different places
such asdecaying vegetablesand fruitsat agriculturefidds
inVdlorecity, Tamilnadu, India Soil samplesaretaken
from 3to 4cm depth with help of sterilespatula, in ster-
ile plastic bags. The sampleswere brought to |abora-
tory for further processing.

| solation and identification of fungi

Fungd colonieswereisolated by serid dilutiontech-
nique. Distinct fungal colonieswereidentified and fur-
ther purified by sub culturing number of times on

Czapek-dox agar platesand findly maintained onthe
samedants. Culture characteristicssuch ascolour, size
of fungal isolates and size, shape of conidiophores/
fruiting bodies and conidia were measured and re-
corded. Based on the macroscopi c and microscopic
characteristicsoneof thefunga culturewhich synthesis
thenanoparticlesextracel lularly wasidentified as As-
pergillus nidulans by matching the observed charac-
terizationswith thoselisted in the standard reference
book entitled “Compendium of Soil Fungi”. (Domsch,
1985)(20).

Biosynthesisof silver nanoparticles

To preparethebiomass of fungd culture, Aspergil-
luswasgrown aerobically inaliquid mediacontaining
(9/l) KH,PO,, 7.0: K. HPO,, 2.0, MgSO4 .7H,0, 0.1,
(NH,),SO,, 1.0; yeast extract, 0.6; and glucose, 10.0.
Theflaskswereinoculated and incubated on orbital
shaker at 25°C and agitated at 150 rpm. Thebiomass
washarvested after 72 h of growth by sevingthrougha
plastic Seve, followed by extensvewashingwith dis-
tilled water to remove any remainsof medium. Typi-
cally 20 g of biomass (fresh weight) was brought in
contact with 200 ml of Milli-Q deionized water for 72
h at 25°C in an Erlenmeyer flask and agitated in the
same condition asdescribed earlier. After theincuba-
tion, thecell filtrate was obtai ned by passing it through
Whatman filter paper No. 1. For synthesis of silver
nanoparticles, ImM AgNO, was mixed with 50 ml of
cdl filtrateina250 ml Erlenmeyer flask and agitated at
25°Cindark. Control (without thesilverions, only bio-
mass) wasa so run aong with the experimental flask.

Characterization of silver nanoparticles
UV-Visibleabsor ption spectral analysis

The absorption spectrum was obtained with the
JASCO V-530 (Japan) UV-VISIBLE spectrophotom-
eter. For thisanalysis 3ml of thefiltrate samplewas
withdrawn from theflask at regular timeintervals of

24hr and recorded withinthewave ength range of 200-
800nm.

FTIR analysis
Thefungd filtratecontaining S lver nanoparticleswas
analyzed with the Perkin Elmer Fourier Transform In-

frared Spectrometer. The spectrum was recorded in
AT modewithresolution 0.2 inthewave ength range of
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40-400nm.

Samplealiquotsof 1ml werewithdrawn at differ-
ent timeintervals 1% hr, 2 hr, 3% hr, 4" hr, 5" hr, 6™
hr, 12 hr, 24" hr and 48" hr, the absorbance was
measured by using UV—visible spectrophotometer
(JASCO V-530 -Jgpan) by Wave ength Scanning from
200-800nm. On completion of thereaction of thesil-
ver ionswiththefungal biomassafter 72 h of incuba-
tion, cell filtrates contai ning nanoparticleswere sub-
jected to Fourier transform infrared spectroscopy
(FTIR) studies, which werecarried out in aShimadzu
FTIR-8201 PC instrument in the diffuse reflectance
mode at aresolution of 4 cm_1. In order to obtain
good signal / noiseratio, 512 scans were recorded.
The AFM studies also carried out to study the size
and shape parameters of the synthesized silver
nanoparticleswith both fungal strains. AFM Images
weretakeninwith silicon cantileverswith force con-
stant 0.02—-0.77 N/m, tip height 10—15 nm, in con-
tact mode.

Nitrate reductase assay

TheNitratereductase assay was performed asdone
by (Harley 1993)(21). The reagentsused were: assay
medium: 30 mM KNGO, and 5% propanol in 0.1 M
phosphatebuffer, pH 7.5; nitritesolution: 25uM NaNO,
(Nitrite) solution; nitrite assay reagents: sulfanilamide
solution: 1% (w/v) in 25% (v/v) HCl and N-(1-napthy)
ethelenediamine dihydrochloride solution (NEED):
0.02% (w/v) indistilled water.

RESULTSAND DISCUSSION

M acroscopic M or phology of Aspergillusnidulans

Fungal colonieson potato dextrose agar at 25°C
aredark greenwith orangeto Yellow in aress. Reverse
ispurplishto olive. Exudates are usually present and
may bebrownto purplish Figure 1.

Micr oscopic M or phology

Hyphaeareseptate and hyaine. Conidiad headsare
columnar. Conidiophoresare brown, short and smooth-
walled, Ascosporesare reddish brown.

Biosynthesisof Silver nanoparticlesby using As-
pergillus nidulans

The A.nidulanscell fitratewhich containing silver
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Figurel(a) : Aspergillusnidulansmacr oscopic view

ionwasincubated in Shaker at 200 rpmin dark condi-
tionat 25 °C for 72 hours with Milli-Q water in Orbital
Shaker. Thefungal incubated with deionized water (pos-
tivecontrol) retaineditsorigina colour, thesver nitrate
treated fungusturned dark brown after 72 h duetothe
deposition of silver nanoparticlesand seenin Figure 2
ab.

Thecolor change of thefungd filtratefrom color-
less (in negative control) to the dark brown color on
addition of AQNO, wasgivestheideaof theformation

Figure2(a): beforeaddingAgNO, Figure2(b).72hrincubation

of thesilver nanoparticles. The occurrenceof color is
mainly dueto the surface Plasmon resonance of the
formed silver nanoparticles.
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Theabsorption spectrum obtained showed astrong
surface plasmon resonance band maximum at 420-
440nm (Figure 3), a characteristic peak of silver
nanoparticles®. At the beginning of reactiontheinten-
sty washigh at 270 nm,therangewasincreasing upto
6™ hour from 306 to 390nm, from 12" hour onwards
theintensity wasat 453nm and 536nm.,in 24 th hour
theintensity was 791nm,showed . Thisindicatesthe
formation of silver nanoparticlesinthefunga filtrate.
Duetoexcitation of plasmaresonanceor interband tran-
gtion, some metallic nanoparticlesdigpersion exhibits
uniqueband/peaks?. Sincethevaryingintensity of the
plasmon resonance depends on the cluster size?, the
number of particles cannot berelated linearly to the
absorbanceintensities. The broadness of the peak in-
dicatesthecluster size or thesize of the nanoparticles.
Thenarrowing of the peak with decreased bandwidth
and increased band intensity showstheincreaseinthe
size of the nanoparticles synthesized?*. The peak at
220nmisthecharacteristic absorbance of AGNO,. The
other peak at 280nm may be attributed to tryptophan
and tyrosineresidues present in the protein that might
have stabilized the nanoparticles*¥. The stability of the
dlver nanoparticleswas studied by measuringitsinten-
sity at 420nm over aperiod of 2 monthsinroom tem-
perature.

UV-S pectrophotometer
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Figure3: UV spectrophotometry of silver nanoparticles
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Theparticlesizeof the sillver nanoparticlesranges
insizefrom 73.74-108.9nm.

The FT-IR spectroscopi ¢ study has confirmed that
the carbonyl group from amino acid residuesand pep-
tidesof proteinshasthe stronger ability to bindto metd
(Figure 4). So that the proteins could most possibly

formacoat covering the metal nanoparticles(Capping
of slver nanoparticles) to prevent agglomeration of the
particlesand stabilizing theminthemedium. Thisevi-
dence suggeststhat the biol ogical moleculescould pos-
sibly perform thefunction for theformation and stabili-
zation of the s lver nanoparticlesin agueous medium.
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Figure4: FTIR analysisof Silver nanoparticlesbiosynthess
by A. nidulans

The silver nanoparticles were characterized by
Atomic Force Microscopy for itsdetail size, morphol-
ogy and agglomeration of silver. AFM Imageswere
takenwith silicon cantileverswith force constant 0.02
—0.77 N/m, tip height 10—15 nm, contact mode. It
was noticed that the silver nanoparticles, agglomerated
and formed digtinct nanostructures (nanoparticles). The
topographical imageof irregular slver Nanoparticlesis
showninFigure5. Inthefigureit can beclearly seen
that apart from Nano particlesformationthereisaso
anagglomeration of slver nanoparticles.
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Figure5: Atomicforcemicroscopy image showsfor mation of
Nano particlesof A.

Nitrate reductase assay

TheNitrate reductase assay quantifiesthe amount
of enzyme (Nitrate reductase) present in termsof the
nitrite generated in the assay. In thisstudy theamount
of nitrate reductase present in the fungal filtrates of
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A.nidulansis 150nmol/hr/ml. Previous studies#+16.19
haveindicated that NADH- and NA DH-dependent en-
zymesareimportant factorsinthebiosynthesi sof meta
nanoparticles. Thereduction seemsto beinitiated by
electron transfer from the NADH by NADH-depen-
dent reductase as el ectron carrier. Many fungi that ex-
hibit these characteristic properties, ingenerd, areca
pable of reducing Au(lll) or Ag(1)!*. Besides these
extracdlular enzymes, several naphthoquinoness!and
anthraguinones23 with excel lent redox properties, were
reported in F.oxysporumthat could be act aselectron
shuttlein metal reductions?!. It appearsthat the reduc-
tase together with el ectron shuttling compounds and
other peptides/proteinsmay beresponsiblefor there-
duction of Ag* ionsand the subsequent formation of
slver nanoparticles.

CONCLUSION

Silver nanoparticlesof Sze3-30nm were synthesized
by Aspergillusnidulans. Thesilver nanoparticleswere
characterized
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