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Abstract: Problem statement: Biosynthesis of nanopatrticles using fungal cella i®ovel approach to
develop biotechnological possess such as biolegchiml bioremediation. In the present study, an
effort was made to investigate the effect of pmdiemical parameters on the silver nanoparticle
formation with the fungusChrysosporium tropicum Carmichaeland Fusarium oxysporum Schitdl.
Approach: The possibilities to manipulating the geometrysibfer nanopatrticles by altering the key
growth parameters such as pH, temperature, comtiomts and time have been explored. The effect of
AgNO; with the cell free extract of fungi and time, teengture, pH with the formation of silver has
also been investigated. The presence of nanosib&been carried out with the Micro-scan reader and
has been confirmed by X-Rays Diffractometer (XRDhe micrographs of the silver nanoparticles
have been evaluated through the Transmission Blecklicroscope (TEM) and confirmed by
Scanning Electron Microscope (SEM). The effect@iaentrations with response to time, temperature
and pH has studied with the help of Micro-scan eeahd their microstructure analyzed by TEM and
SEM. Results. It was observed that fungus. tropicum and F. oxysporum Schitdl significantly
activate the extra-cellular production of silvenoparticles. The different sized and spherical sdap
nanoparticles have been formed in different straivish the increase in concentration, the absorbanc
increased with response to time (24-120h) and teape. Significantly, the pH was found decreasing
with the increase of absorban€nnclusion: We presume that these changes initiate new gepmoetr
nanosilver in the cell free solutions. These déférshaped, sized and geometry of nanoparticles can
be used in the field of medicine for drug formatand diseases diagnosis.

Key words: Chrysosporium tropicum, Fusarium oxysporum Schlitdl, silver nanoparticles, physio-
chemical parameters

INTRODUCTION gold, lead and zinc refining. Nano-silver is pure- d
ionized water with silver (Ag) in suspension.
Recently, nano science has taken up the cause offgpproximately 80% of the silver is in the form of
new dimension. Nanotechnology is involving the metallic silver nano-particles. The remaining siligin
production, manipulation and use of materialsionic form. Though similar to colloidal silver,
managing in size less than a micron to an indiMiduagenerally, a colloid is a suspension of particlefram
atom. Although nano materials can also be synthdsiz 10 nm to 1 micron in diameter and the silver p&atién
using chemical approaches. The biological methodNano-Silver are less than 2 nm in diameter and
preferred for various reasons. It is now possilde ttherefore too small to be considered in "colloidal"
include the use of fungi, bacteria and other bimlalg suspension. At this size they are still metalliut b
materials. Silver is a soft, white, lustrous trédosi  smaller ones turn into insulators. Their equililbmiu
metal, it has the highest electrical conductivifyaoy  structure changes to icosahedral symmetry, or éney
element and the highest thermal conductivity of anyeven hollow or planner, depending on size. Thegmes
metal. The metal occurs naturally in its pure, fil@en  paper intends to explain the origin of this special
(native silver), as an alloy with gold and othertat® behavior of nanomaterials. Unicellular and muligelr
and in minerals such as argentite and chlorargyriteorganisms are known to produce inorganic materials
Most silver are produced as a by-product of coppergither intra- or extra-cellular (Kumat al., 2003; Peto
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et al., 2002; Sastngt al., 2004). There is an enormous
interest in the synthesis of nanomaterials duehéir t
unusual optical (Krolikowskaet al., 2003), chemical
(Kumar et al., 2003), electronic (Petet al., 2002),
biological (Glotzer and Anderson, 2010, Jomesl.,
2010; Sako, 2006) properties.

To our surprise, the roles of fungi which have so

far been used ar€olletotrichum sp. (Shankaket al.,
2003), Trichothecium sp. (Ahmed et al., 2005).

Nanoparticles with well defined dimensions can be

obtained by fungi. Metal nanoparticles exhibit weq
electronic, magnetic, catalytic and optical proigsrt
that are different from those of bulk metals (Klaus
Joergeret al., 2001; Mandaét al., 2005). These unique
properties have the potential for use in diverseeaof
industrial applications. Their optical and electoon
properties can be used in optics, electronics, cabdi
diagnostics and treatments, sensors and coatirysi (C
and Holliday, 2004; Daniel and Astruc, 2004). Nuoos

chemical methods, aimed at controlling the physical

properties of the particles, have been reportedh&
literature (Daniel and Astruc, 2004; Buretal., 2005).

(b)

Fig.1: Culture ofC. tropicum (a) and F.oxysporum (b)
on PDA and SDA medium respectively

The use of fungal cells for the synthesis of metal

nanoparticles, nanosized materials has recentlygede

Fungal culture: These fungi were grown in different

as a novel approach. Although the biosynthesis o€ulture medium.F.oxysporum was grown in Potato

nanomaterials is recent, the interactions betweienom

Dextrose Broth (PDB) medium, containing potatoes

organisms and metals have been well documentei@fusion 200g, dextrose 20g and deionized water

(Slawsonret al., 1990; Beveridget al., 1997; Savvaidis
et al., 1998; Malik, 2004). Ability of micro-organisms
to extract and/or accumulate metals is being enguloy
in commercial biotechnological processes such

known to produce inorganic nanostructures and tietal
nanoparticles with properties similar to chemically
synthesized materials, while exercising better rabnt
over size, shape and composition of the particlés
objective of this study is to highlight the proggesade
at Dayalbagh on the biosynthesis of silver nanagast
with new species of fungi. Manipulation of the saed
shape of silver nanoparticles, by altering key drow
parameters, have also been demonstrated.

MATERIALSAND METHODS

Fungal strains: Fungal strain€. tropicum Carmichael

(2828) andF. oxysporum Schitdl (2480) were obtained
from Microbial Type Culture Collection and Gene
Bank (MTCC), Institute of Microbial Technology

a
bioleaching and bioremediation. Many microbes ar

1000mL™*.  Whereas, C. tropicum was grown in
Sauboraud’'s Dextrose Broth (SDB), containing
dextrose 40g, peptone 10g and deionized water

jOOOmL‘l. The fungi were grown in 250ml conical

ask, each containing 100mL of PDB and SDB
medium. The media were autoclaved at 20 psi for 20
min. The fungus colonies grown on PDA plates were
transferred to broth using inoculation needle. biath,
inoculated withF. oxysporum and C. tropicum was
incubated at 27+2°C for 7 days.

Bioreduction of AgNOs3: After incubation, the biomass
was separated from the medium by filtration through
whatman-1 filter paper and washed thrice in sterile
distilled water to remove any nutrient media thaghh
interact with the silver ions. Approximately 10g Bf
Oxysporum andC. tropicum biomass was transferred to

a 250 ml conical flask containing 100 ml of digtll
water and incubated for 72h at 27+2°C and then the
aqueous solution components were separated by
filtration. To these solutions (liquid fungal), AgN
(10°M) was added and kept for 72h at 27+2°C.
Periodically, aliquots of the reaction solutions reve

Chandigarh, India. These strains were routinelyremoyed and their absorption was measured in aolicr

maintained in our laboratory on Sauboraud’s Dexros Scan reader model no. MICROSCAN MS5608A. Then

Agar and Potato Dextrose Agar (PDA) medium atthe solution was converted in powder for X-Rays

27+2°C (Fig. 1a and b). Diffractometer (XRD) measurements. The micrographs
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of silver nanoparticles were obtained by Philips -C¥
Transmission electron microscope and conformed by
Scanning electron microscope.

RESULTS

Micro-scan reader analysis. Fig. 2a shows a test tube
containingC. tropicum suspension in deionized water
before addition of AgN®@ solution. The pale yellow
color of the fungal suspension can clearly be se¢he
figure. A picture of the test tube containing thmdal
suspension after exposure to 1M aqueous solution
of AgNQ; for 72h is shown (Fig. 2b). The dark brown
colour clearly seen in the fungal suspension is ve 8.
indication of the synthesis of Ag nanopatrticlegy.FAc | 4
shows the Micro-Scan Reader spectra recorded form ‘
fungal suspension of. tropicum (curve 1) and after

addition of 10° M aqueous solution of AgNCfor 72h

(curve 4). Fig. 3a shows a conical flask with the

oxysporum biomass which is a pale yellow in color

before the addition of AgNgsolution. This changed to

brownish color on completion of the reaction witly*A

ions for 72h (Fig. 3b). The appearance of a brolwnis

color in solution containing the biomass was a rclea (b)

indication of the formation of silver nanoparticiashe

reaction mixture. Fig. 3c shows the Micro-Scan Read 25 - Curvel Curve4
spectra recorded form fungal suspension [Bf

oxysporum (curve 1) and after addition of fOM 2 1

aqueous solution of AgNQOfor 72h (curve 4). The
fungal biomass exposed to Adgpns shows a distinct
and fairly broad absorption band centered at 450Tria

presence of the broad resonance indicates andgaggde
structure of the silver particles in the biomass. 05 1

Absorbance

XRD analysis of Ag nanoparticles: The synthesized
material after the reduction of AgNO was
characterized by X-ray diffractometer for the stuwal Wavelength (nm)

analysis (Figure 4)Figure 4-a depicts the XRD pattern ©

of C. tropicum powered silver nanoparticles in thé 2 ) )
range 15-60248°. It exhibits a broad pealdgt. The Fig. 2: Test tubes showing the fungal suspensiap. (

400 500 600 700 800 900

broadening of the peaks clearly indicates that the Control (without AGNO3). (b)C. tropicum after
particles are in the nanoregime. Apart from thesany immersion in 10-3 M aqueous AgNO3 solution
unidentified peaks at 22, 26, 30, 32, 34, 36 and 44 on completion of the 72h reaction timé)
arises, possibly due to other chemical reactions or C.tropicum Micro-Scan spectra recorded from
organic impurities presents in the sample. Figute 4 fungal suspension before (curve 1) and after
depicts the XRD pattern oF. oxysporum powered immersion in 10-4 M aqueous AgNO3 solution
silver nanoparticles in thedZange 20-60°. It exhibits a for 72h (curve 4).

broad peak aB8.4°. The broadening of the peaks . ]
clearly indicates that the particles are in theTEM and SEM analysis of Ag nanoparticles: After
nanoregime. Apart from these, many unidentifieckpea reduction, silver nanoparticles were precipitatedha
at 16, 18, 21, 26, 30, 32, 35, 43, 45 and 52° srise bottom of conical flask. This precipitate was wakhe
possibly due to other chemical reactions or organi®ut twice with double distilled water and then amel
impurities presents in the sample. by employing TEM.
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Fig. 3: Conical flasks showing the oxysporum biomass. (al) control (without AQNO3 before fittom). (a2) test
tube showing fungal suspension after filtratioril)(after immersion in M aqueous AgNO3 solution on
completion of the 72 h reaction time (b2) test tshewing brownish color with Ag+ ion after filtrati. (c)
Micro-Scan spectra recorded from fungal suspeniséare (curve 1) and after immersion ind1 aqueous
AgNO3 solution for 72 h (curve 4).

The samples of silver nanoparticles synthesizedgusi fungal species further confirmed the development of

C. tropicum andF. oxysporum liquids were prepared by silver nanostructures.

placing a drop of reaction mixture over copper gu

allowing water to evaporate. Figure 5-a shows Bfpic Effect of Physico-chemical parameters. We could

TEM micrographs ofC. tropicum silver nanoparticles. observe here only the effect of various physio-abam

The 20-50 nm sized silver nanoparticles were olegkrv parameters on the synthesis of silver nanopartetes

The SEM images are showing distinctly the highto determine their geometry i€. tropicum and F.

density silver nanoparticles synthesizedyropicum  oxysporum, which is significant.

(Fig. 6-a). Figure 5-b shows typical TEM micrograph

of F. oxysporum silver nanoparticles. The 20-50 nm Effect of Time: The fungal suspension 6f tropicum and

sized silver nanoparticles were observed. The SEMF. oxysporum were incubated with AgNgXor 24, 48, 72,

images are showing distinctly the high densityesilv 96 and 120h respectively. After incubation the cfief

nanoparticles synthesized Iy oxysporum (Fig. 6-b)  time could be analyzed through the Micro-scan neade
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Fig. 4: XRD pattern in 2 theta scale with countsiépict
system biology ofChrysosporium tropicum (a)
Fusarium oxysporum (b) silver nanoparticle
sample with concentrations profile of higher and
lower metal ions concentration.

The effect of time against the absorbance can b, se
which increases with the time. The synthesis ofesil
nanoparticles by the fungus has thus been enhanced. = 7m

The Micro-Scan spectrum of tt& tropicum (Fig. 7-a (b)

and7-a) andF. oxysporum (Fig. 8-a and 8-a) reaction ) ) . .
vessels at different times. The equation showirg thFig. 6: SEM image of C .tropicum (a) and Fusarium

relationship between the time and absorption at oxysporum (b) synthesized silver nanoparticles
different wavelengths. with bright area at X650 magnification and at

X9000 magnification respectively.

AaT Table 1:Preparation of different concentration solutionhwiteir pH
] for different fungus species
Here: A = Absorbance, T = time Fungal
AgNO; suspension Concentration
. mL m H
Effect of concentration: We could observe the effect © (mb) (ppm) P
of different concentrations of solutions in prodant C. tropicum _F. oxysporum
of silver nanoparticles (Table 1). After the inctiba 325 199 2 82 &l
the absorption spectra were recorded with the Micro1.06 100 106 5.7 5.0
scan reader. 2.12 100 212 55 3.7
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Fig. 7: Micro-Scan reader spectrum recorded asietifon of different parameters of reaction in anemys solution

of 10-3 M AgNO3 with the liquid fungaChrysosporium tropicum. (al) spectrum as a function of time of
reaction. (a2) Wavelength. (b) Concentrations.de). (d) Temperature.

Fig. 7b and Fig. 8b shows the Micro-scan spectra ofiifferent pH(Table 1). Particle formed at different pH
increased concentrations df. tropicum and F.  were predominantly spherical in shape, with the
oxysporum. This indicates the increase in absorptionmajority of the particles having 20-50nm in dianete
with increase in the concentrations. The productio The effect of pH ofC. tropicum and F. oxysporum

of silver nanoparticles also increased with INCEBAS i ,iq on the absorption is recorded through Micro-
in concentrations. The equation showed a

relationship between absorbance and concentrationc 2! reagier (Fig. .7C’ Fi_g. 8¢c). This showed the
according to Beer’s law. increase in absorption while a decrease in pH. The

result indicated the production of bigger partiokdth
decrease in pH. The equation expresses a relatpnsh
between absorbance and pH.

AaC

C = Concentration

Effect of pH: At same concentrations used fax
tropicum and F. oxysporum the solution has exhibited
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Fig. 8: Micro-Scan reader spectrum recorded asiretion of different parameters of reaction in ajueous
solution of 10-4 M AgNO3 with the liquid fungal Farsum oxysporum(al) spectrum as a function of time
of reaction. (a2) Wavelength. (b) ConcentrationypH. (d) Temperature.

Effect of temperatures The behavior of silver increased (Fig. 7d, Fig. 8d). At a lower tempemtur
nanoparticles over a range of temperature wa$25°C) the majority of silver nanoparticles were
determined by exposin@. tropicum andF. oxysporum  smaller. Further incubation at higher concentration
liquids to AgNG at temperatures of 25C-30°C. The (30°C) the smaller particles decreased and formatifo
rate of formation of silver nanoparticle was retate  larger particles. It exhibited well defined shapafs
the incubation temperature and a increase irsilver nanoparticles. Thus there is a distinctedir
temperature allowed particle growth at a fastex.rihe relationship between absorbance and temperatutes of
effect of temperature was then recorded through theolution. The equation reveled the relationshipveen
Micro-scan reader. As we increase the temperaturabsorbance and temperature.
(25C-30°C) the production and absorption Gf
tropicum andF. oxysporum silver nanopatrticles is also A ot
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t = Temperature

A comparison on the effects 6f tropicum andF.

oxysporum in synthesis of silver nanoparticles is

presented (Fig. 9) which shows that t@e tropicum
produce more nanoparticles than theoxysporum. A
high absorbance was observeddntropicum and very
low in F. oxysporum. The bioreduction of aqueous Ag
ions by the fungiC. tropicum and F. oxysporum has
been demonstrated.

that exposure of whole cells to the silver solution
during nanoparticles formation is not necessary.
Identification of the active reducing proteins or
enzymes involved in the process could potentidlyna

for a process in a cell-free environment, wheresilze
and shape of the particles can be precisely cdadtol

DISCUSSION

The extracellular synthesis of silver nanoparticle
of various morphologies and sizes in the fungal
cultures, C. tropicum and F. oxysporum has been
recorded in our study. The rate of particle foromati
and therefore the size of the nanoparticles caol@n
extent, be manipulated by controlling parametehsu
as the pH and temperature. In biological systems,
cellular networks, which can often be thought of as
assemblies of logic gates, underlie computation. To
perform logic operations in such systems, reseasche
can engineer synthetic circuits in which biological
substrates such as new fungal species are used as
inputs, outputs and the information (nanosilver)-
processing geometrical shapes of nanosilver (Baghon
and Lingchong 2011). The intracellular synthedis o
gold nanopatrticles of various morphologies andssine
two fungal cultures, V. luteoalbum and Isolate Gi8s
been investigated (Gericke and Pinches 2006). atee r
of particle formation and therefore the size of the
nanoparticles could, to an extent, be manipulatgd b
controlling parameters such as the pH and temperatu
The potential of nanocrystalline palladium particle
production using Cinnamom zeylanicugark Extract
(CBE) as the biomaterial have been studied
(Sathishkumaet al., 2009). They studied the effects of
biomaterialdosage, pHand temperature on nanopatrticle
formation. These factors have a major effect onsthe
and shape of the nanoparticles. Transmission Blectr
Microscopy (TEM) observations confirmedthe
synthesis of nano-sized palladium particles. These
results which were performed on the bark extract,
whereas in our study we have selected the fungal
species. The role of reaction temperature in the
formation and growth of silver nanoparticles thrbuy
synergetic reduction approach using two or three
reducing agents have been studied (Jigtra., 2010).

By this approach, the shape-/size-controlled silver
nanoparticles (plates and spheres) can be generated
under mild conditions.

The extracellular formation of silver nanopartgle
on exposure of cell-free extract to silver ionshwitne

The schematic presentation of silver nanoparticleiew and other known fungi has been demonstrated for
formation has been shown (Fig.10). The results ympl the first time. This may have the potential of naieer
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