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ABSTRACT

Background: The use of the highly activities of microbial cells for the
synthesis of nanosized materias has recently emerged as a novel ap-
proach for the synthesis of metal nanoparticles.

Results: In this study, out of eleven fungal organisms were screened for
their ability to produce nanosilver nanoparticles, three species, namely,
Aspergillusflavus, Penicilliumcitrinumand Fusarium oxysporum, proved
to be nanosilver producers of different sizes and shapes. These
nanoparticles dislodged by ultrasonication showed an absorption peak at
425 nm in case of A. flavus as well as F. oxysporum while 450 nm for
P.citrinium in UV—visible spectrum corresponding to the plasmon reso-
nance of silver nanoparticles. Morphology and size details of the silver
nanoparticles were proved by TEM and Zetasizer techniques. TEM re-
sultsrevealed that The sizes of the silver nanoparticles were found to be
intherange of 7-38 nm and nano silver shape was different with different
fungal species. Zetasi zer data showed that the nano silver colloid of A.flavus
showed more homogeneity than that other two colloids of P. citrinumand
F.oxysporium respectively.

Conclusions: The use of fungus for silver nanoparticles synthesis offers
the benefits of eco-friendliness and amenability for large-scale produc-
tion. © 2013 Trade Sciencelnc. - INDIA

BACKGROUND

KEYWORDS

Nanosilver;
Fungi;
Biosynthesis;
Nanoparticles;
Zetasizer.

Oneof thefirst and most natural questions asked
when starting to deal with nanoparticlesis* “Why are
nanoparticlessointeresting? Why work with these ex-
tremely small structuresthat are challengingto handle
and synthesi ze especially when compared with their
macroscopic counterparts?”’ The answer lies in the
unique properties possessed by these nanoparticles.

Nanoparticles have been synthesized by various

physical and chemica processes; however, some
chemical methods cannot avoid the useof toxic chemi-
casinthesynthesisprocess4. Therefore, thereisan
urgent need to devel op agreen process of nanoparticle
synthesis, biologica methodsof nanoparticlesynthesis
using either microorganismsor plant extractshave of -
fered areliable, eco-friendly dternativeto chemicd and
physical methods. Some of these microorganismscan
be used to remediatetoxic metals. Metd ion reduction
is recognized as one of the heavy metal resistance
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mechanismsinmicroorganisms. Inthisbiologica pro-
cess, themicroorgani smsreduce metalsintheform of
insoluble particles, and proteins secreted by these mi-
croorganismsact as capping agentsto prevent agglom-
eration of theparticlesandto stabilizethemintheme-
dium. Thiscapacity to produce metdlic particlesintra-
or extracellularly through the reduction of metal ions
has been implemented in the production of
nanoparticlg®. It can be categorized into intracel lular
and extracelular synthes saccording to theplacewhere
nanoparticlesareformed.

Many organismsindudingunicdlular and multicel-
lular microorgani smshave been explored asapotentia
biofactory for synthesisof metallic nanoparticles (Cad-
miumsulfide, gold, silver) either intrace lularly or extra:
cdlularly*4, Recently many studies has been conducted
to explorethe synthesisof nanoparti clesusesof micro-
organismsasapotential, bio sources,; suchasAuand
Ag,1" useedible mushroom extract for biosynthesis of
Ag, Auand Ag-Au nanoparticles®® hasreported that
tropical marineyeast YarrowialipolyticaNCIM 3589
and immobilized fungus Coriolusversicolor when ex-
posed toAu and Cd ionsformed respectivemetallic
bionanoparticles.

Fungi arebecoming the primary organismused in
biologica production of nanoparticlesduetotheir tol-
eranceand metal bioaccumulation ability™. The pos-
ghility of large-scdeproduction of extracd lular enzymes,
economic viability and smplicity in handling biomass
aredigtinctiveadvantagesof using fungi innanoparticles
synthesis. However, genetic manipulation of eukaryotic
organismsasatechniquefor over-expressing specific
enzymesinvolved in nanopartclessynthesisismoredif-
ficult thanin prokaryotes™. Theextrace lular produc-
tion of metal nanoparticlesby severd strainsof thefun-
gus Fusarium oxyspor um has been described by!*2.
The presence of hydrogenase in the F. oxysporium
broth was demonstrated. Thisextracellular enzyme
shows excellent redox propertiesand it can act asan
electron shuttlein metal reduction. It was evident that
electron shuttles or other reducing agents (e.g.,
hydroquinones) rd eased by microorganismsarecgpable
of reducing ions to nanoparticles. Aspergillus
fumigatus and Phanerochaete chrysoporium pro-
duced stablesilver nanoparticleswhen chdlenged with
dlver nitratein aqueousmedium. Theextrace lular syn-
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thesis of stable silver nanoparticles using thefungus
Aspergillusflavus has d so been reported™. Recently!®
hasreported the synthesis of silver nanoparticlesusing
white rot fungus C.versicolar. Working towardsthe
goal to enlargethe scope of bio-organismsinthebio-
synthesisof nanomaterias, we explorethepotentid of
Penicilliumcitrinum, Fusarium oxosporum, Cepha-
losporium maydis, Sclerotium rolfsii, Fusarium
rosum, Fusarium monoloforum, Asperigillus niger,
Macrophmina sp., Acremonium strticum and
Asperigillusflavousfor extracelular biosynthesis of
slver nanoparticles.

RESULT

Thedetailed study on extracel lular biosynthesi s of
silver nanoparticlesby the eleven fungi eleven fungi
(Penicilliumsp., Fusarium oxospor um, Cephal ospo-
rium maydis Sclerotium rolfsii, Fusarium rosum,
Fusarium monoloforum, Asperigillus niger,
Macrophmina sp., Acremonium strticum and
Asperigillusflavous) were screened for synthesis of
slver nanoparticlesinfromAg*. Thefunga biomass of
each strain, after incubation for 72 h. with deionized
water, was separated by filtration and to the cell- free
filtratedlver nitratewasadded. Theformation of slver
nanoparticlesby thecell — free filtrate of the fungi stud-
ied wasinvestigated by visud observation of thechange
inthecolor of the solution. The appearance of apdeto
intense brown color in thereaction vessal sand the so-
|ution remained as hydrosol and no precipitation was
observed even after 72 h of incubation suggested the
formation of silver nanoparticles. Control (without sil-
ver ion) and negativefungal resultsshowed no change
incolor of thecdl filtrate when incubated in the same
environmental condition (datanot shown). Only three
of eleven tested fungi showed changesin color at the
end of incubation. Figure 1(3,5,6) showstwo conical
flaskswith the cell-freefiltrate of Asperigillusflavus,
Fusarium oxysporun and Penicillium citrinum in
agueous solution of 10° M AgNo, at the beginning of
thereaction (left flask) and after 72h of reaction (right
flask). Itisobserved that thebiomasshasapa eye low
color beforereaction with the silver ions (I eft flask),
which changesto abrownish color on completion of
thereaction (right flask).
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Figure 1 : Pictures of conical flask containing cell-free
extract in aqueous solution of 10°M of AgNO, for : 3, A.
flavus; 5, F. oxysporumand 6, P. citrinum at the beginning of
thereaction (left flask) and after 72 h of reaction (flask 2).

Thelight absorption pattern of thecell filtratewas
monitoredin therangeof 200-800 nm using a UV—vis-
ible spectrophotometer. Figure 2 showsthe UV—visible
gpectraof theslver nitrate solutionschalenged withthe
fungd filtrates. Whileno absorption band wasobserved
incontrol, acharacteristic surface Plasmon absorption
band at 425 nm was observed at 72 hfor Asperigillus.
flavus and Fusarium. oxysporium (Figure2 a, b &c).
Ontheother hand, the absorption band was observed a
450 nmin caseof Penicllium. citrinum.

A representative TEM micrograph of silver
nanoparticlesobtained after 72 h of incubationispre-
sented in Figure 3. Themicrograph showed nano-par-
tidleswith variableshape, most of them present in spheri-
cd innaturewith someothershaving occasondly trian-
gular shape. Thesizeof theparticleranged from 7t0 38
nm. Mg ority of thesilver nanoparticleswere scattered
with only afew of them showing aggregates of varying
Szesasobserved under TEM. Under obsarvation of such
images. Inthe (Figure 3a) of Asperigillusflavousit could
be observed that the nanopartecleswerewd | separated.
The most dominating morphol ogy shapewas spherica
andthesizeintherange 7nmto 37 nm. Theimageinthe
Figure 3b of Pencillium citrinum suggested that the
particesarepolydiperseand aremostly sphericd inshape.
Itsszeranged from 8 nmto 38 nm. Fusariumaoxysporum
showninFgure3cwereformedinseverd different Szes,
ranged from9nmto 27 nmmosily havetriangular shape.

Zetaaverage diameter was used for measurement
of average hydrodynamic diametersand particlesize
distribution (polydispersity indexes). Figure4(a, band
¢) show sizedigtributions of nanoparticlesinthree col-
loids. Whilemost of them werearound 10-100 nm, the
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slver nanoparticlesin colloida solution had adiameter
of approximately 50.75 nm, 32.07 nm and 37.84nm
which produced by Asperigillus flavous, Fusarium
oxysporumand Pencilliumcitrinum respectively.
Ontheother hand, polydispersity index (Pdi) (data
not shown) wererecorded as0.414, 0.7 and 0.528 for
Asperigillus flavous, Fusarium oxysporum and
Pencilliumcitrinumrespectively.

DISCUSSION

Today, nano metd particles, suchassilver andgold,
have drawn the attention of scientistsbecause of their
extend ve goplication to new technol ogiesin chemistry,
€l ectronics, medicine, and biotechnol ogy. Besidemany
physical and chemical methodswhich have been de-
veloped for preparing metal nanoparticles,
nanobiotechnol ogy aso serveasanimportant method
inthe devel opment of clean, nontoxic, and environmen-
tally friendly proceduresfor the synthesisand assembly
of metd nanoparticles. Itisknownthat thephysicd prop-
ertiesof biologicadly produced nanoparticlesmay vary
among different typesof organisms*4. Inthisstudy a
variety of funga specieswerescreenedfor their ability
to produce silver nanoparticles of uniform size and
shape. Out of Eleven funga speciesonly three species
identified as; Asperigillus flavous, Pencillium
citrinumand Fusariumoxysporum; were showed the
ability to produceexteracd lular silver nanoparticles. In
thiscontext several workg*>*® pointed out that, extra-
cdlular biosynthesisof slver nanoparticlesachieved by
different funga species. Inthisregard,™*! reported that,
Because of their tolerance and metal bioaccumulation
ability, fungi aretaking the center stage of studieson
biologica generation of metdlic nanoparticles.

Inour results, thecolor of themedium changed very
rapidly to brown upon addition of thesilverion (1 mM)
into theflask containing thecell filtrate of Asperigillus
flavous, Pencillium citrinum and Fusarium
oxysporum. The appearance of the brown color was
anindicationof formation of colloidd slver particlesin
themedium. Thebrown col or of themedium could be
duetotheexditation of surfaceplasmon vibrations, typi-
cd of thesilver nanoparticles®. Asshowninthisstudy,
thesilvernanoparticleswere synthesized inthe extra-
cdlular cdl filtrateof thefilamentousfungus. Thisoffers
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agreat advantageover anintracelular processof syn-  required additiona step of processing for release of the
thesisfrom the gpplication point of view3. Sincethe  nanoparticlesfrom thebiomassby ultrasound treatment
nanoparticlesformed insidethe biomasswould have  or by reaction with suitable detergents.
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Figure2: UV —Visspectrarecorded for a: A.flavor ; b : P.citrinum and c: F. oxysporum using cell-freeextract of after
72 h of incubation period.
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Figure3: TEM imageof silver nanoparticlessynthesized using cell-freeextract of a: A. flavus, b : P.citrinumandc: F
oxosporum.

In the present investigation, the absorption spec-
trum of themedium containing thesiIver ions showed
increased intensity at 425 nmin case of Asperigillus
flavous, and Fusarium oxysporum after 72 h of in-
cubation, while at 450 nm in case of Pencillium
citrinum. Theincreasein intensity could be dueto
increasing number of nanoparticlesformed asaresult
of reduction of silver ions present inthe aqueous solu-
tion1819, The peaksin case of Pencillium citrinum
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(450 nm) showed higher than that in case of
Asperigillus flavous, and Fusarium oxysporum
(425nm) clearly indicates increase in silver
nanoparticles sizel’*, The fact that silver
nanoparticles peak remained closeto 425 nm after
72 h of incubation indicates that the particleswere
wdll dispersed in the solution and there was not much
aggregation. Monodispersity isanimportant charac-
teristic of the nanoparticleg®122024,
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Figure4: Zetasizer aver agediameter a, for A.flavuswith pdi 0.414, b for P.citrinum with pdi 0.528 and c for F.oxysporum

with pdi 0.7.

Transmission e ectron microscopy provided further
ingght into themorphology and sizedetalsof thes Iver
nanoparticles. Thebiosynthes zed silver nanoparticles
were previously characterized using TEM by several
investigatorg?>2, Asshownin our results, mgjority of
the nanoparticleswere spherica in shape produced by
both Asperigillus flavus and Pencillium citrinum
while it was appeared triangular by Fusarium
oxysporum. Thesizesof thesilver particleswerefound
tobeintherangeof 7-38 nm. These results indicate on
thepotentidity of fungi to nanos Iver productivity were
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variable according to type species of thefungi. This
may be attributed to potentiality of the speciesto pro-
duce oxidoreductase enzymes as well as reducing
agents. Similar resultswere obtained from previous
work!12152425 gnd*Y, who pointed out that the mecha-
nism of formation of silver nanoparticlesfrom Tricho-
derma asperellum comprises two key steps :
bioreduction of AgNO3to produce silver nanoparticles
followed by stabilization and/or encapsul ation of the
same by asuitable capping agent.

Z average diameter was used as a second tech-
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nique in the present investigation to confirm the
nanoparticleszesand nanoparticdleszedistribution (pdi).
Theresults showed that thelowest particlesize of the
three fungi was observed for F. oxysporum
nanoparticlesandit wasin agreement with that obtained
from TEM results. On the other hand, thelarger nano
sizewasrecorded from A. flavus nanoparticles mea-
sured as 50.75 nmin case of zetasizer instead of 38.8
nm from P. citrinum nanoparticlesin case of TEM.
Thedifference between theresults of both techniques
may beattributed to the quantity of samplesand method
of preparation wereactually differs, however, thetwo
techniques confirmed the production of silver
nanoparticlesfromthethreetested fungi in the present
investigation. Thepolydispersity results suggested that
the nano silver colloid of A.flavus showed more ho-
mogeneity than that othor two colloids of P. citrinum
and F.oxysporiumrespectively. Zetasi zer wasprevi-
ously used for characterization on nanoparticles pro-
duced either by green biosynthesis or chemical and
physica synthesig%27,

According to theresults of thisresearch and previ-
ousresearch, wecan say that To be utilized nanometa
partidesindifferent scientificfieds, biologica synthesis
gl requirestheoptimization of reaction conditions, and
an understanding of the biochemical and molecular
mechanismsof thereaction for obtaining better chemi-
ca composition, shape, Sizeand monodispersity.

METHODS

Biological synthesisof silver nanoparticles

Elevenfilamentousfungi strainsisolated from envi-
ronment (Penicillium sp., Fusarium oxosporum,
Cephalosporium maydis Sclerotium rolfsii,
Fusarium rosum, Fusarium monoloforum,
Asperigillus niger, Macrophmina sp., Acremonium
strticumand Asperigillusflavas). Identified by Dis.
Dept., Plant Path. Res. Inst., Agric. Res. Center, Giza,
Egypt havebeen usedinthe study. Inocul ated fungi were
prepared in Petri dishesat room temperatureusing 2%
malt extract with 0.5% yeast extract or Czapek Dox
Agar (Difco). Fungd biomassused for biosynthetic ex-
periments was grown aerobically in liquid medium
containind (g/l): KH2PO4 7.0; K2HPO4 2.0; MgSO4-
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7H20 0.1, yeast extract 0.6 ; glucose 20.0). The Er-
lenmeyer flaskswereinocul ated with sporesand incu-
bated at 25°C with shaking (150 rpm) for 72h- 96h.
After theincubation, the biomasswasfiltered (Whaman
filter paper No.1) and then extensively washed with
didtilled water to remove any medium component. Fresh
and clean biomass (10g) wastaken into the Erlenm-
eyer flasks, containing 100 ml. of Milli-Q deionized
water. Theflaskswere agitated at the same conditions
asdescribed above, then thebiomasswasfiltered again
(Whatman filter paper No.1) and cell-freefiltratewas
used in next experiments. A carefully weighed quantity
of AgNO, was added to the conical flask toyield an
overal Agion concentration of 103 M inthe aqueous
solution. AgNO, (1mM of final concentration) was
mixed with cdll-freefiltratein an Erlenmeyer flask and
agitated at 25cin dark. The control (without thesilver
ions) wasa so run dong with the experimenta flasks.
To verify reduction of silver ions, the solution was
scanned in therange of 200-800 nminaUV- visible
spectrophotometer (Jasco V630 madein Europe). The
sSzeand morphology of the nanoparticleswereandysis
with thetransmisson € ectron microscope(TEM) (Jod
1230 operated at 100KV connected with CD camera,
Japan). Thesamplewas prepared by placing adrop of
slver nanoparticles on carbon-coated copper gridand
subsequently dryinginair beforetransferringit tothe
microscope'®l, ZetaSi zer was used for measurement
of average hydrodynamic diametersand polydispersity
indexes (Pdis) [(Nano ZS) Malvern, UK. Zeta poten-
tial rang (mV): (-200:200mV)]. Each samplewas ana-
lyzed in triplicate at 25%,. at a scattering angle of
173x%. Size distribution of the particles was estimated
using Laser particleanalyzer (LPA) imagesby mea-
surement of diameterg™.
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