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In the present study, an eco-friendly process for the synthesis of nanomaterials using a fungus,
Penicillium brevicompactum WA 2315 has been attempted. The fungus has been previously utilized for
compactin production. Supernatant of seed culture was used for the biosynthesis of silver nanoparticles.
The aqueous silver ions were reduced to silver metal nanoparticles when treated with the fungal
supernatant. After 72 h of treatment, silver nanoparticles obtained were in the range of 23-105 nm as
obtained from TEM. The nanoparticles were characterized by UV, FTIR, SEM, TEM and XRD. The use of
supernatant of the seed media of the said fungus opens up the exciting possibility of rational strategy of
biosynthesis of nanomaterials.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Nanotechnology deals with the synthesis and stabilization of
various nanoparticles. Currently, there is a constant need to develop
eco-friendly processes for the synthesis of nanoparticles. The focus
for this synthesis has shifted from physical and chemical processes
towards ‘green’ chemistry and bioprocesses [1]. Some examples of
nanoparticle formation by organisms are magnetotactic bacteria
synthesizing magnetite nanoparticles [2] and S-layer bacteria
producing gypsum and calcium carbonate layers [3]. Proteins and
other biomacromolecules control the nucleation and growth of
these inorganic structures [4,5]. Silver nanoparticles are an effective
antimicrobial agent against various pathogenic microorganisms,
and various chemical and biochemical methods are being explored
for its production [6]. Various microbes are known to reduce metal
ions to metals [7-9]. The resistance conferred by bacteria to silver is
determined by the ‘sil’ gene in plasmids [10]. The reduction of silver
ions by several Fusarium oxysporum strains has been attributed to a
nitrate-dependent reductase and a shuttle quinone extracellular
process [11]. Active metal transformation processes require viable
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microbes which enzymatically catalyze the alteration of the metal.
The microorganisms probably play a role in providing a multitude of
nucleation centers and establish conditions for obtaining highly
disperse nanoparticle systems. They slow down or entirely prevent
aggregation by immobilizing the particles, and providing a viscous
medium [12]. In the remediation of toxic metals, microorganisms
such as bacteria and fungi are employed. Such microorganisms have
recently been recognized as possible eco-friendly nanofactories [13].
Many investigators have reported biosynthesis of silver [14-19] and
gold [20] nanoparticles from microbial sources.

This study demonstrates the extracellular synthesis of stable
silver nanoparticles using the fungus, Penicillium brevicompactum
WA 2315. We have used this fungus previously to study
fermentative production of compactin in submerged and solid
state fermentation [21-23], and the supernatant of the seed media
obtained after separating the cells has been used for the synthesis
of silver nanoparticles.

The novelty of the work lies in the fact that we have used the
biomass for production of an industrially useful metabolite,
compactin. The same seed culture was utilized for nanoparticles
biosynthesis. This approach gave silver nanoparticles as a co-
product that is as useful as the metabolite for which the culture was
utilized. It is industrially attractive, feasible and commercially
possible. To the best of our knowledge, this microorganism
(P. brevicompactum WA 2315) has never been used for nanoparticles
biosynthesis.



940

N.S.

1.800

-0.150

Shaligram et al. / Process Biochemistry 44 (2009) 939-943

W L

nY

N S

=

250.00

500.00 750.00
nm.

Fig. 1. (1) A: Seed medium, B: seed medium + silver nitrate, C: aqueous extract of fungal biomass, and D: aqueous extract with silver nitrate (formation of nanoparticles, dark
brown colour) and (2) UV spectrum of reaction mixture of 1 mM silver nitrate and aqueous filtrate of P. brevicompactum WA 2315. The curves are recorded after a period of
24 h. Spectra recorded as a function of time for a 1 mM aqueous solution of silver nitrate that was reacted with culture supernatants of P. brevicompactum WA 2315. After the
incubation period, the culture was centrifuged at 6000 rpm and its supernatants used to reduce the silver nitrate solution.

2. Materials and methods
2.1. Preparation

The fungus culture, P. brevicompactum WA 2315, was obtained from the culture
collection of Technical University of Budapest, Hungary. All chemicals used were of
analytical grade. P. brevicompactum WA 2315 was grown in seed medium
containing (g/l1) glucose 20, glycerol 30, peptone 8, NaNOz 2, MgSO, 1 and
soyabean meal 20, the pH was adjusted to 6.5 & 0.2 with 2N H3PO,. The flasks were
incubated in the incubator shaker at 180 rpm at 25 °C. After 3 days of incubation, the
mycelium was separated by centrifugation (6000 rpm) and washed thrice with
deionized water. The washed mycelia were suspended in deionized water and kept on
rotary shaker for 96 h at 180 rpm. The aqueous extract obtained after separation of
mycelial suspension was challenged with 100 mL of 1 mM silver nitrate solution
(prepared in deionized water) and incubated in shaker at 180 rpm in dark conditions at
25 °C. Simultaneously, a positive control of incubating the fungal supernatant with
deionized water was maintained under same conditions.

2.2. Characterization of nanoparticles

The biosynthesis of silver nanoparticle by P. brevicompactum WA 2315 was
supervised visually. The absorption spectra of the reaction mixture of silver nitrate
and aqueous extract were analyzed by withdrawing 5 mL aliquots on UV visible
1650 PC Shimadzu double beam spectrophotometer (France), from 250 nm to
750 nm, at an interval of 24 h for 72 h. The reaction mixture containing silver
nanoparticles was freeze-dried and used for further characterization. A laboratory
scale vacuum freeze dryer (Ref-Vac Consultancy, India) was used for this study. It
consists of cylindrical stainless steel drying chamber, a condenser capable of
operating at —35 °C and a vacuum pump (Crompton Greaves, India). Sample was
frozen in an external deep freezer (Blue Star, India) at —23 °C for 6 h. Meanwhile,
freeze dryer was started and the temperature of the condenser was allowed to reach
at its minimum level of —35 °C. Thereafter, the frozen sample was placed in the
drying chamber and subsequently started the vacuum pump and the heater. The
temperature of the sample and pressure inside the chamber were set at 25 °C and
30 Pa, respectively. The scanning electron microscopy (SEM) analysis of freeze-
dried sample was performed by mounting nanoparticles on specimen stubs with
double-sided adhesive tape and coated with platinum in a sputter coater and
examined under JEOL 6386™ SEM (Japan) at 10kV. For transmission electron
microscopy (TEM), a drop of aqueous solution containing the silver nanomaterials
was placed on the carbon coated copper grids and dried under infrared lamp.
Micrographs were obtained using a Philips™ CM 200 operating at 200 kV (USA).

To determine Fourier transform infra-red (FTIR) pattern of the sample fungal
filtrate containing the silver nanoparticles was freeze-dried and the dried powder
was diluted with potassium bromide in the ratio of 1:100 and recorded the
spectrum in Perkin Elmer FTIR Spectrum BX (Wellesley, MA, USA).

The freeze-dried reaction mixture embedded with the silver nanoparticles was
used for X-ray diffraction (XRD) analysis. XRD patterns were recorded on X'Pert Pro,
PANalytical, USA operating at 40 kV and a current of 30 mA with Cu Ko radiation
(A =1.54 A). The diffracted intensities were recorded from 5° to 120° 260 angles.

3. Results and discussion

In this work, the fungus P. brevicompactum WA 2315 was used
for the synthesis of stable silver nanoparticles. To verify the
synthesis of silver nanoparticles, the flasks containing aqueous

filtrate (without silver nitrate solution) as positive control, and
pure silver nitrate solution (without the aqueous filtrate) as
negative control were monitored visually. The fungal aqueous
filtrate incubated with deionized water (positive control) and the
silver nitrate solution (negative control) was observed to retain its
original colour, and the silver nitrate treated supernatant turned
dark brown after 72 h due to the deposition of silver nanoparticles
(Fig. 1(1)). The colour observed was mainly due to the surface
plasmon resonance of deposited silver nanoparticles [24]. In case
of negative control, no change in colour was observed even after
72 h.

Fig. 1(2) shows the UV-visible spectra of fungal supernatant
treated with the silver nitrate solutions. A characteristic surface
plasmon absorption band at 420 nm was observed after 24 h and
the maximum intensity was attained after 72 h. After 72 h of
incubation, no further increase in intensity was recorded indicat-
ing complete reduction of silver ions. Apart from this, an
absorption peak was also observed in the UV region corresponding
to 280 nm. The peak at 280 nm could be attributed due to the
tryptophan and tyrosine residues present in the protein [25].

The scanning electron micrograph of the silver nanoparticles
synthesized after treatment of 1 mM silver nitrate solution with
aqueous filtrate for 72 h is shown in Fig. 2, which clearly shows the
surface deposited silver nanoparticles. Silver nanoparticles have
been characterized using SEM by various investigators [26,27].

Transmission electron microscopy provided further insight into
the morphology and size details of the silver nanoparticles. A
representative TEM image recorded from the silver nanoparticles
solution with the particle size distribution profile of 31 nano-
particles is shown in Fig. 3. The biosynthesized silver nanoparticles
were previously characterized using TEM by several investigators
[14,28]. The analysis of data obtained from transmission electron
micrograph showed the average size of nanoparticles to be
58.35 +17.88 nm.

Fig. 4 shows the FTIR spectrum of the freeze-dried powder of
silver nanoparticles formed after 72 h of incubation with the
fungus. The amide linkages between amino acid residues in
proteins give rise to the well-known signatures in the infrared
region of the electromagnetic spectrum. The bands seen at
3356cm~! and 2922 cm™! were assigned to the stretching
vibrations of primary and secondary amines, respectively; while
their corresponding bending vibrations were seen at 1622 cm™!
and 1527 cm!, respectively. The two bands observed at
1412 cm~! and 1029 cm™! can be assigned to the C-N stretching
vibrations of aromatic and aliphatic amines, respectively. The
overall observation confirms the presence of protein in the samples
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Fig. 2. Scanning electron micrograph of the freeze-dried silver nanoparticles
synthesized after 72 h incubation of aqueous filtrate of P. brevicompactum WA 2315
with 1 mM silver nitrate.

of silver nanoparticles. Earlier FTIR studies were carried out to
analyze presence of proteins in the biosynthesized nanoparticles
[14,28]. It is reported that proteins can bind to nanoparticles either
through free amine groups or cysteine residues in the proteins
[29,30], and thereby possibly stabilize the silver nanoparticles.

The probable mechanism for the nanoparticles biosynthesis
and role of proteins during the same has been reported by
Kalimuthu et al. [26] and Ahmad et al. [8]. These reports suggested
the probable role of NADH-dependent nitrate reductase in the
reduction of silver ion to metallic silver. The reduction may occur
by means of the electrons from NADH where the NADH-dependent
reductase can act as a carrier.

Balaji et al. [14] reported FTIR spectroscopic studies on silver
nanoparticles obtained from the fungus, Cladosporium clados-
porioides. Their study confirmed that the carbonyl groups from
the amino acid residues and peptides of proteins have strong
ability to bind silver. The proteins could possibly form a coat
covering the metal nanoparticles to prevent their agglomeration
and aid in its stabilization in the medium. Hence, the biological
molecules could possibly function in the formation and
stabilization of the silver nanoparticles in aqueous medium.
Gole et al. [29] reported that proteins can bind to silver
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PRPHDPPCP PP VOSH SRS
Particle size, nm

Fig. 3. Transmission electron micrograph (left picture) recorded from a region of a drop-coated film of silver nitrate solution treated with the culture supernatant of P.
brevicompactum WA 2315 for 72 h (scale bars correspond to 200 nm). The particle size distribution histogram obtained is shown on the right.
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Fig. 4. FTIR spectra of freeze-dried powder of silver nanoparticles formed after 72 h of incubation of the culture supernatant of P. brevicompactum WA 2315 treated with silver

nitrate (1 mM) solution.
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Fig. 5. XRD spectra of freeze-dried powder of silver nanoparticles formed after 72 h
of incubation of the culture supernatant of P. brevicompactum WA 2315 treated with
silver nitrate (1 mM) solution.

nanoparticles either through free amine groups in the proteins
and possibly play a role in stabilization of the silver nanopar-
ticles by surface-bound proteins.

X-ray diffraction pattern indicated the crystalline structure of
silver nanoparticles (Fig. 5). The presence of peaks at 26 values of
35.91°, 45.54°, 62.68° and 75.75° correspond to (11 1), (200),
(220) and (311) planes of silver, respectively. Thus the XRD
spectrum confirmed the presence of silver nanoparticles. The
values agree well with those reported for silver (face centric cubic)
by Joint Committee on Powder Diffraction Standards File No. 04-
0783. Silver nanoparticles have been characterized using XRD by
various investigators [14,28]. The size of silver nanoparticles can
also be determined by laser diffraction [31,32].

The extracellular synthesis of nanoparticles by the fungal
system is advantageous in homogenous catalysis and non-linear
optics. This is impossible when nanoparticles are bound to the
cell biomass. This process of production of nanoparticles is free
from any toxic chemicals or solvents. It is eco-friendly and also
lends itself readily for large scale production. Monodispersed
nanoparticles can be biosynthesized by varying reaction
parameters such as pH and temperature [33]. A combinatorial
synthesis approach by using a combination of fungal culture
supernatant and microwave irradiation in water can be used
as one of the approach for monodisperse nanoparticles
biosynthesis [34].

4. Conclusions

In the present study nanoparticles of 58.35 + 17.88 nm were
synthesized extracellularly by using P. brevicompactum WA 2315, as
confirmed by SEM and TEM. These nanoparticles showed character-
istic absorption peak at 420 nm in UV spectra. The possibility of
protein as a stabilizing material in silver nanoparticles is revealed by
FTIR analysis. The crystalline structure of silver nanoparticles was
confirmed by XRD.
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