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Abstract
Silver nanoparticles were produced from cell free extract of Penicillium fellutanum with aqueous silver nitrate. The 

synthesized silver nanoparticles were produced in colloidal form outside the fungal cell in the external yeast malt extract 
(YM) media. Visual change in the color of the extract from deep yellow to grey indicates bioreduction of silver metal 
ions resulting in silver nanoaprticles synthesis. The reaction mixture was characterized by UV-visible spectrometry and 
absorption was measured from 350 nm to 450 nm and λ-max was found to be 430 nm. Antibacterial efficacy of AgNPs 
was investigated using disc diffusion method against the bacteria Staphylococcus aureus, Escherichia coli, Aeromonas 
hydrophila and Klebsiella pneumoniae and was found to be effective antibacterial agent. Thus Penicillium fellutanum 
could be used as a source of silver nanoparticles, an ecofriendly alternative process for the mycosynthesis of stable 
AgNPs with future applications in biomedical based on its antibacterial properties.
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Introduction
In recent years nanoparticles have been produced by industries 

for commercial application having many benefits. Biosynthesis of 
nanoparticles attracts many researchers and industries to explore 
microorganisms as the perfect biological system for the production of 
different nanoparticles. The metabolic activity of these microorganisms 
enables the extra cellular or intracellular synthesis of nanoparticles 
utilizing different mode of synthesis [1-4]. Microorganisms possess 
the capability to minimize the toxicity of the metal ions through bio- 
reduction or by the formation of insoluble complexes with metal ion in 
the form of colloidal particles. According to Vijayaraghavan and Nalini, 
in comparison, biologically synthesized nanoparticles have proved to 
be better than the chemically synthesized ones due to a better control 
over the crystal growth because of slower kinetics which reduces the 
overall investment involved in nanoparticle synthesis [5]. Not only 
reduction in the overall cost makes it less expensive process but also it 
is an environmental friendly method because it does not involve the use 
of toxic chemicals that are expensive and harmful for the environment 
as used in non-biological synthetic procedures for the synthesis of 
nanoparticles of poor morphology. Therefore nanoparticles of distinct 
morphology can be obtained through the optimization of culture 
conditions using biological organisms. In present work AgNPs were 
fabricated using Penicillium fellutanum extract incubated with silver 
nitrate solution and its antibacterial activity was tested against various 
pathogenic bacteria.

Materials and Methods
Fungal biomass production

Penicillium fellutanum was isolated from soil and cultured was 
grown in 1L yeast malt extract (YM) broth media which consists of 
glucose (10 g), malt extract (3 g), peptone (5 g) and yeast extract (3 
g) dissolved in 1000 ml of distilled water. The culture medium was
autoclaved for 15 min at 121°C at 15 psi (pound/square inches). The
media was inoculated with Penicillium fellutanum culture in sterile
air under Laminar flow cabinet by the help of sterilized wire loop.
Incubation of the cultured flasks on a rotatory shaker at 150 rpm for 72 
hours was done at room temperature.

Penicillium fellutanum live cell filtrate

Penicillium fellutanum mycelia were filtered using Whatman’s filter 
paper no.42 after 72 hours of incubation. The obtained live cell filtrate 
was further filtered through polyvinylidene fluoride (PVDF) membrane 
to obtain cell free fungal extract. The filtrate was then centrifuged at 
10000 rpm for 20 min. 

Biogenesis of silver nanoparticles 

10 ml cell free fungal extract was than incubated with 90 ml of 1 
mM AgNO3 in the dark to nullify any photochemical reaction at 25°C 
for 48 hrs. The change in color of the experimental flask containing 
fungal filtrate incubated with AgNO3 results in the formation of 
AgNPs. Control containing freshly prepared YM media with aqueous 
silver nitrate was run simultaneously with the experimental flasks. 
Experiment and control were performed in triplicates.

Confirmation of silver nanoparticles

 The reaction mixture was characterized by UV visible spectrometry 
(JENWAY 6305) and absorption was measured from 350 nm to 450 nm 
to determine λ max.

Antibacterial property

 Antibacterial efficacy of AgNPs was investigated against the 
bacteria Staphylococcus aureus, Escherichia coli, Aeromonas hydrophila 
and Klebsiella pneumoniae on YM agar plates (agar (20 g), glucose (10 
g), malt extract (3 g), peptone (5 g) and yeast extract (3 g)) dissolved 
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in 1000 ml of distilled water by disc diffusion method. The culture 
medium was autoclaved for 15 min at 121°C,  15 psi  (pound/square 
inches). Before pouring 0.5 ml antibiotic ampicillin was added to the 
medium to inhibit bacterial contamination and 1 ml of 10% sterilized 
tartaric acid solution to adjust pH of media (4.2-4.5). The surface of the 
agar was inoculated with the test pathogens. Then sterile discs of size 
one centimeter were prepared and placed on agar surface impregnated 
with 40 µL silver nanoparticle solution. Incubation was done at 37°C 
for 48 hrs. Calliper was used to measure the diameter of the inhibition 
zone. Silver nitrate solution impregnated discs were used as control.

Results and Discussion
Bioreduction of silver metal ions were observed by a gradual 

change in the color of the experimental flask from deep yellow to grey 
is due to the excitation of plasmon vibrations with AgNPs and the 
absorbance maximum absorbance was observed at 430 nm as shown 
by the UV-Visible spectra [6,7] (Figure 1). UVvisible spectra clearly 
indicates a single peak depicting synthesis of spherical shaped AgNPs 
with uniform distribution and no aggregation of the nanoparticles were 
observed [8-10].

The mechanistic aspect behind the invitro synthesis of AgNPs 
under standard lab conditions was not known until it was hypothesized 
later that reduction of silver metal ions was carried out by NADPH 
dependant enzyme nitrate reductase which forms its corresponding 
AgNPs. Antibacterial efficacy of AgNPs was tested against bacteria 
including Staphylococcus aureus, Escherichia coli, Aeromonas hydrophila 
and Klebsiella pneumoniae [11] and diameter of the inhibition zone was 
measured in centimeters (Table 1).

AgNPs synthesized from Penicillium fellutanum filtrate showed 

Wavelength (nm)

enhanced antibacterial effect against E. coli, Aeromonas hydrophila 
and Staphylococcus aureus as the measured diameter of the inhibition 
zone was found to be 1 cm, 0.9 cm and 0.9 cm respectively. However 
moderate antibacterial effect was seen against Klebsiella pneumoniae. 
The mechanism of inhibition is still unknown but the possible proposed 
assumption is the ionic binding of AgNPs to the surface of the bacterial 
cell or by means of AgNPs binding to the thiol group of the enzymes 
[12,13].

Conclusion
Biosynthetic approach for silver nanoparticle synthesis is a novel 

approach using fungi as the biological organism. For example Penicillium 
fellutanum could be used as a source of silver nanoparticles, an eco-
friendly alternative process for the mycosynthesis of stable AgNPs with 
enhanced antibacterial activity. However, studying the novel shape 
and size dependent physical and chemical properties of nanoparticles 
and their subsequent interaction could help in understanding its 
antibacterial mechanism and will lead to the development of a new 
range of antibacterial agents with widespread clinical applications.
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Figure 1: λ-max of Penicillium fellutanum reaction mixture (fungal filtrate with 
AgNO3).

S.no Test pathogens Zone of inhibition (cm) Silver 
nanoparticles (40 µL)

1 Aeromonas hydrophila 0.9
2 Escherichia coli 1.0
3 Klebsiella pneumoniae 0.6
4 Staphylococcus aureus 0.9

Table 1: Anti-bacterial efficacy of AgNPs.
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