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ABSTRACT

Microbial silver nanoparticles have been known to have bactericidal effects
but the antimicrobial mechanism have not been clearly revealed. The use
of microorganisms in the synthesis of nanoparticles emerges as an eco-
friendly approach. The biological process with the ability to study the
shape of particles produced would therefore be a lime light of modern
nanotechnology. In the present study biosynthesis of silver nanoparticles
using edible mushroomsViz., Pleurotusfloridaand Pleurotusflabellatus,
partial characterization of silver nanoparticle and its antimicrobial study
have been reported. It was found that aqueous silver ions of 5mM
concentration were reduced to silver metal nanoparticles by nitrate
dependent reductase and a shuttle quinone extracellular process when
treated with fungal supernatant ofPleurotusflorida, in 72hrs and
Pleurotusflabellatusin 24hrs. Partial characterization of synthesized silver
nanoparticles, investigated by UV-VIS Spectroscopyshowed increased
productivity at 386nm with sharp and intense surface plasmon. It is found
that silver nanoparticles are bound to protein through carboxylate group
of aminoacidresidues. The synthesized silver nanoparticle showed high
bactericidal activity against Gram-positive (Staphylococcus aureus) and
Gram-negative (Pseudomonas aeruginosa) bacteria. The mechanism of the
Ag NPbactericidal activity isdiscussed in termsof Ag NPinteraction with
thecell membranesof bacteria. ~ © 2013 Trade ScienceInc. - INDIA
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INTRODUCTION

Nanotechnology isan emerging fieldintheareaof
interdisciplinary research, especidly in biotechnol ogy.
The synthesisof silver nanomaterid Snanoparticlesis
extensively studied by using chemical and physical
methods, but the devel opment of reliabletechnology to
produce nanoparticles is an important aspect of
nanotechnology. Biologica synthesisprocessprovides

a wide range of environmentally acceptable
methodol ogy, low cost production and minimumtime
required.

Among variousmeta nanoparticles,biologically
synthesi zed silver nanoparticleshas many gpplications
that includes catalysts in chemical reactions4,
biolabelling, antimicrobia agent, eectricd batteries®,
drug and gene delivery, DNA sequencing®, staining
pigments in glasses and ceramics and optical
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receptorg'**3, |t is known that, a large number
oforganisum, both unicdlular and multi cellular aredble
to produceinorganic nanoparticlesether intracelularly
areextracdlularly.

Theuseof fungi inthe synthesisof nanoparticlesis
relatively arecent additiontothelist of microorganisms.
Theuseof fungi ispotentidly exciting sincethey secrete
largeamount of enzymesand their biomassareeasy to
handle. Using thisunique propertiesof fungi, it may be
used to grow nanoparticles of silver as reported by
Mukherjee et al., 2001b; Sastryet al.,2003; Lloyd,
2003; Bhainsaet al.,2006 and Vigneshwaran et al.,
2006.

Mushroomsareknownto have anti-inflammatory,
cardiovascular, antitumor, antiviral, antibacterial,
hepatoprotectiveand hypotensveactivitiesinbiologica
systemd®2, Thisindicatesthat, mushroomscould be
valuable sources of antioxidant!® and
antitumorcompounds”*4. Studieson ediblemushrooms
haverevea ed valuableactivitiesrelated to biological
response modifications. Chemopreventive,
chemotherapeutic, immunomodul aory, hypoglycemic
and hypocholestemic effects/*®. Mushrooms
characteristically contain many different bioactive
compoundswith diversebiologicd activity, the content
and bioactivity of these compounds depend on how
themushroom isprepared and consumed®®.

Inthepresentinvestigation, biosynthes's, paritall of
characterization of silver nanoparticlesusing edible
mushroom viz., Pleurotusflorida, and Pleurotus-
flabellatus and their antimicrobial wasstudied.

MATERIALSAND METHODS

All thechemicasused wereof anaytica grade. The
mediacomponentslike glucose, malt extract powder,
malt agar, Mueller Hinton agar, silver nitrate were
obtained from Hi-Mediachemicas, Mumbai (India).

Sour ceof fungal myceliaand culturemaintenance

Thewhiterot fungal myceliaof Pleurotusspecies
viz Pflorida (Platel& 2); and Pflabellatus, (Plate 8& 9)
wereobtaned from Directorate of Mushroom Research,
Chambaghat, Solan, Himachal Pradesh. Themycelia
were maintained at 4°C on malt agar slants. Fungal
filtrate used for biosynthesi s, experimentsweregrown
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aerobically inliquid mediacontaining 5g/l malt extract
powder and 10g/l glucose. The funga strain was
inocul ated in the autoclaved mediaunder sterilized and
static conditionsand was allowed to grow for 120hrs
at 25°C (150rpm) with pH of 6.0 as reported by
Rashmisanhi et al, 2009.

ate 9

Biosynthesisof silver nanoparticle

Thecdl freefiltratewas obtained by filtration of the
Pleurotusviz P.florida and P.flabellatus, using
Whatmann. No.| filter paper. For thesynthesisof silver
nanoparticles20ml of thecdll freefiltratewasbroughtin
contact with different milimolar concentrationin 150 ml
Erlen Meyer flask and agitated at 25°Cindark conditions
under normd pH. Simultaneoudy control without silver
ionswas a so run aong with the experimental flasks
(Nithyaand Raghunathan, 2009)(Plate 3& 10).

- ¥
Characterization of silver nanoparticles

UV-VISstudies
Thereduction of silver ionswasmonitored by UV-
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VIS spectrum at 24hrs, 48hrsand 72hrstimeinterval
by drawing 1cm?® of the sample. The absorbance was
recorded at aresolution of 0.5nm at 350-800nm using
UV-VIS spectrophotometer (Elico, UV-VIS SL 191).

Bacterial susceptibility tonanosilver

Susceptibilityof thesynthes sed Slver nanoparticles
wasdoneby wdl diffuson method asreported by Nithya
and Raghunathan 2009, Nelson Duran et al., 2007 on
Mueller Hinton agar plates with Gram positive-
staphylococcus aureusand gram negative-
Pseudomonas aeroginosa organisms. The zone of
inhibition wascalculated for itsantimicrobid studies.

RESULTS

For mation of nanosilver

In Pleurotusfloridathe color change from pale
yellow to dark brown was observed at 5mM
concentration for 72hrs showing maximum intensity
when compared to control (Plate4&5).

Pleurotusflabe letusshowed themaximum intengty
of color changefromlight yellow to derk brown a 5miv
concentrationfor 24hrswhen comparedtocontrol (Plate
11 &12).

UV-VISspectral analysis

UV-visible spectra of different fungal supernatent
treated with 1-5 different mM concentration of silver
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nitrate solutions showed a characteristic surface
P asmon absorption band a 386 nm. Further incubetion,
lead to decrease or increase in intensity indicating
completeor maximum reduction of silverions.

Characteristic surface plasmon absorption band at
386 nmwas observed at5mM concentrationfor 72hrs
(Graph 2) with optical density of 2.188(Graph 1) for
Pleurotusflorida (TABLE 1) and at 5mM concentration
for 24hrs(Graph 5) with optica density of 1.603(Graph
4) for Pleurotusflabelletus (TABLE 3).
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Graph 1: Depictsrecord of silver nanoparticlessynthesised
by P. floridaat varioustimeinter valsagainst optical density
(Y- axis) and sampleconcentration (X- axis)
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Graph 2: Transver sesurface Plasmon absor bance band at
386nm of Pfloridawith absor banceat(Y-axis) and wavelength
(X-axis)

Bacterial susceptibility to synthesized nanosilver

The antibacteria activity of synthesised silver
nanoparticles of Pleurotusflorida and Pleurotus-
flabellatus on gram positive and gram negative
organismsarerecorded with clear zoneof inhibitionin
centimetre, withampicillinl0meg/discascontrol.

Pleurotusflorida showed inhibition zone (Plates
6& 7) of 0.25cmin Saphylococcus aureusat 0.4mg/
mland 0.45cmin Pseudomonasaer uginosa at 0.05mg/
mildongwith control 10meg/discwithinhibition diameter
of 0.35cmand 0.7cm. (Graph 3, TABLE 2).
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zone of inhibition (Jcm

Graph 3 : Antibacterial activity of synthesized silver
nanoparticlesby P. florida (mg/ml) representing zone of in-

hibition (cm) on S. aureus& P. aeroginosa
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Graph 4: Depictsrecord of Slver nanoparticlessynthesizedby
of Pflabelletusat varioustimeintervalsagainst optical den-

gty (Y- axis)and sample concentration (X- axis)

TABLE 1: O.D valuesof Pfloridain different mM concen-

tration at different timeintervals

M Staphylococcus
aureus

M Pseudomonas
aeruginosa

W24 hr
W48 hr
172 hr

mM Concentration 24hrs  48hrs  72hrs
1 0.103 1.275 1.303
2 0.233 1.525 1.677
3 0.318 1.695 1.869
4 0.258 1.546 1.945
5 0.347 1.670 2.188

In PleurotusflabelletusM aximum inhibition zone
(Plates 13& 14) was seen in Saphylococcus aureus at
aconcentration 0.5mg/ml aong with control 20mcg/
disc with inhibition diameter of 1.5cm and 1.2cm
whereas Pseudomonas aeruginosa recordedat a
concentration of 0.5mg/ml aongwith control 10mcg/
disc with inhibition diameter of 1.6cm and 0.05cm

(Graph 6, TABLE 4).

DISCUSSION

Accumulation of metalsby biologica speciesmay
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be metabolism-independent “adsorption” (biosorption)
at the cell surface or metabolism-dependent internal
“absorption” to organelles, cytoplasmic ligands and
cytoplasmic structures. Extracd lular production of Slver
nanoparticlesby thefiltered culture supernatantswith
agueoussilver nitrate solution, from 1-5mM for 24, 48
and 72hrsshowed that P.flabellatusshowed the
maximum synthesis of silver nanoparticles at 5mM
concentrationwithin 24hrswhen comparedto Pflorida
at 5mM for 72hrs.The appearance of brown colour
clearly indicatestheformation of silver nanoparticlesin

TABLE 2: Record of inhibition zone(cm) by synthesized sil-
ver nannopar ticlesof P. floridaat different concentration with
respect toS.aureusandP.aeruginosa

Concentr ation of Staphylococcus Pseudomonas

sample aureus aeruginosa
mg/mi Zone of inhibition (cm)
Control 0.35 0.7
0.05 0.05 0.45
0.1 0.1 0.35
0.2 0.15 0.3
0.3 0.2 0.2
0.4 0.25 0.15
05 0.21 0.1

Culture plate 6-7 showing the Antibacterial activity
ofsynthesized silver nanoparticlesby P. floridaagainst Sa-
phylococcusaureus (A) and Pseudomonasaeroginosa (B)
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Graph 5: Transver sesurface Plasmon absor bance band at

386nm of P.flabelletuswith absorbance (Y-axis) and
wavelength (X-axis)
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Aate 14

Culture plate 13-14 showing the Antibacterial activity
ofsynthesized silver nanoparticle byP. flabellatusagainst
Saphylococcus aureus (A) and Pseudomonas aeroginosa
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Graph 6: Antibacterial activity ofsynthesized slver particles
by P. flabellatus(mg/ml) r epresenting zoneof inhibition (cm)
onS. aureus& P. aeroginosa

the reaction mixture along with the control. The
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characteristicsbrown colour of colloidd silver solution
isduetotheexcitation of surface plasmon vibrationsin
the nanoparticle providing aconvenient spectroscopic
Sgnatureof their formation. Severa hydroquinoneswith
excellent redox propertieswere reported that could be
act aselectron shuttlein metal reductionsasreported
by Baker et al., 1998 ;Newman et al., 2000. Thus, it
was evident that el ectron shuttle or othersreducing
agents released by P.flabellatusand P.floridaare
capableof reducing silver ionsto silver nanoparticles.
Ontheother hands, thereduction of silver ionsdid not
occur intheabsenceof fungd cdlls Thisclearlyindicates
that thereducing agentsthat arereleased into thecultures
of P.flabellatusand P.floridaare involved in the
reduction process.

Sadowskiet al., 2008; Nikhil et al., 2009;
Maliszewskaet al., 2009 and Kannannatrajanet al .,
2010 reported that upon addition of silver ionsintothe
filtered cell freefiltratein the dark, sampleschangesits
color from almost colorlessto brown with intensity
increasing during the period of incubation. Kowshi ket
al., 2003 reported the conversion of 3mM silver nitrate
solution to nanosilver by Fusariumoxysporumin an
aqueous medium due to the change in color of the
reaction mixturefrom paleyellow to dark brown.

UV-VISspectrumisoneof theimportant and easy
techniqueto verify theformation of meta nanoparticles
provided surface plasmon resonanceexistsfor themetdl.
UV-visible spectra of fungal supernatant treated with
the silver nitrate solutions showed a maximum
characteristic surface plasmon absorption band at 386
nm forP.flabellatusat 24hrs when compared to
Pfloridaat 72hrs. Further incubation |ead to decrease
inintensity indicating completereduction of slverions.

Brauseet al., 2003;Vighneshwaanet al., 2007
Reported that silver nitrate solution whenincubated with
spent mushroom substrate synthesis of silver
nanoparticles purified sol ution yiel ded the maximum
absorbance at 436nm. The UV-VIS spectrum of the
solution of Coriolusversicol orshows the maximum
absorption band at 440nm(2®,

Accordingto Kowshiket al., 2003, the absorption
at 280nmindicated the presenceof tryptophan, tyrosne
or phenyla anineresiduesin the protein, indicating the
release of proteinsintofiltrate that suggestsapossible
mechanism for the reduction of metal ionspresentin
thesolution.
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Obsarvation of the strong but broad surface plasmon
peak hasbeenwell known inthe case of various metal
nanoparticlesover awide sizerange of 2-100 nm by
Kowshik et al, 2003. Shankar et al., 2003 suggested
that the shoulder at 370-390nm corresponded to the
Transverseplasmon vibrationin silver nanoparticles,
whereas the peak at 440nm due to excitation of
longitudind plasmonvibrations.

In the present study, the synthesized silver
nanoparticle solution of P.flabellatusat concentration
of (0.05mg/ml) exhibited excellent antibacterid activity
against the bacteria, Pseudomonas aeruginosa and
Saphylococcus aureusshowing clear zones of 0.15
and 0.35cm, when comapred toP.floridaat a
concentration of (0.05mg/ml), with 0.45cminhibition
zonefor Pseudomonas aeruginosaand (0.4mg/ml) with
0.25cm for Saphyl ococcus aureus.

Theextent of inhibition of bacterid growthreported
in this study was dependent on the concentration of
nanoparticles in medium. Interaction between
nanoparticles and the cell wall of bacteriawould be
facilitated by rel ative abundance of negative chargeson
the Gram negative bacteria.

Reportsontheinhibitory action of silverionson
microorganism’s shows that upon silver ion treatment
DNA losesitsreplication ability'® and expression of
ribosoma subunit proteinsaswell ascellular proteins
and enzymes essential to ATP production becomes
inactivated. Mritunjaisinghet al.,2008 reported that
antibacterial effect was size and dose dependent and
was more pronounced against Gram negative bacteria
than Gram positive bacteria.

CONCLUSION

Microbes have been reported to reduce meta ions
and gabilizenanoparticleswithawides zerange. Inthis
study, two fungus Pflorida, and Pflabellatuswasused
for thesynthesisof stablesilver nanoparticleswhichwas
quitefast, efficient, ecofriendly and formed within hours
when silver ionscamein contact with cell filtrate. The
UV-VIS Spectra showed characteristic surface
plasmonabsorption band at 386nm. These silver
nanoparticles showed excellent antibacterial activity
againsttwo representative pathogenic bacteria,
Staphylococcus aureus and Pseudomonas
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aeruginosa. Further development of eco-friendly
processfor the synthesisof metdlic nanoparticlesisan
important step in the field of application of
nanotechnology.
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