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ABSTRACT
Silver nanoparticles is gaining momentum because of its unique physiochemical properties. Therefore biological
methods have been employed for its synthesis. Among such methods mycofabrication is becoming popular which
make use of eukaryotic fungi to produce nanoparticles of different morphology either extracellularly or intracellular
with the help of an enzyme nitrate reductase
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I. INTRODUCTION

Cell wall of the eukaryotic multicellular fungi is composed of complex sugar molecules such as carbohydrates i.e.
polysaccharides and glycoproteins that contributes in metal ion reduction to form nanoparticles of silver. During
initial phase of bioreduction, silver metal ions get localized on fungal cell surface because of electrostatic force of
attraction exhibited by positively charged substitute groups in proteins that resides within the fungal cell wall.
Second phase of bioreduction involves the formation of silver metal ion aggregates with the help of reduction-
specific enzymes resulting in the fabrication of silver nanoparticles [1].Transmission electron microscopy of the
fungus confirms amalgamation of silver nanoparticles within the cytoplasm and as well on the plasma membrane.
This shows the possibility that silver metal ions are capable of diffusing through the cell wall of the fungal cell
followed by enzymatic reduction .Smaller nanoparticles get trapped within the cytoplasm by diffusing through the
fungal cell wall [2].

II. MECHANISTIC ASPECT OF BIOGENIC SILVER NANOPARTICLES SYNTHESIS

The mechanistic aspect behind the assembly of silver nanoparticles was not clear before [3]but later it was stated
that enzyme nitrate reductase , an NADH-dependent protein involved in the reduction of silver ions .As confirmed in
Fusarium speciesthat through the action of enzyme reductase and electron shuttle quinones silver nanoparticles were
produced [4,5].Depending on the location where silver nano crystals are formed either outside or inside the fungal
cell, silver nanoparticle synthesis can be divided into two types:

1. Extracellular mycosynthesis
2. Intracellular mycosynthesis

Extracellular mycosynthesis of Silver nanoparticles

Mechanistic aspect of extracellular mycosynthesis
Interaction between silver metal ions and released proteins mainly reductase results in the succeeding accumulation
of extracellular silver nanoparticles in the external environment [6].As nitrate reductase assay results revealed that
enzyme reductase or electron shuttle quinones or both contributes in the extracellular amalgamation of silver
nanoparticles[5] .For example fungus F. semitectum was reported to be the extracellular producer of stable silver
nanoparticle when 1mM of silver substrate was exposed to the fungal filtrate [7]. Another example of extracellular
silver nanoparticle have been reported in Aspergillus sp[8].
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Intracellular mycosynthesis of Silver Nanoparticles

Mechanistic aspect of intracellular mycosynthesis
Electrostatic binding of heavy metals to the fungal cell wall with the help of proteins or enzymes secreted by the
fungus on its surface is responsible for the intracellular mycosynthesis of silver nanoparticle. Furthermore, reduction
of metal ions were carried by these enzymes or proteins molecules localized in fungal outermost wall. This results in
aggregation of the metal ions forming a complex which then in return produces the nanoparticles. For
exampleenzyme involved in intracellular mycosynthesis of silver nanoparticle is NADPH dependent known as
nitrate reductase i.e. having capability to reduce metal ions [9]. Bioreduction of silver ions by this particular
enzymes lead to the production of silver nanoparticles. Production of silver nano crystals requires hydroxyquinoline
which acts as an electron shuttle for silver ions reduction and also the reduction of a-NADPH to a-NADP+. Another
study reported fabrication of capped Silver nanoparticles using fungus proteins of Coriolus versicolor [10].

III. NITRATE REDUCTASE

There are numerous evidences to depict the importance of nitrate reductase in the assembly of silver nanoparticle.
The role of intracellularnitrate reductase for the synthesis of Silver nanoparticlesof size 50 nm from Halococcus
salifodianehave been well documented [11].Another evidence was Trichoderma virens mediated silver nanoparticles
amalgamation which involves nitrate reductase mediatedsilver ion reduction[12].Similarily,nitrate reductase
mediated silver ion reduction in the culture supernatant of Nocardiopsis sp was also reported[13].Presence of nitrate
reductase was depicted in the cell free extract of Neuraspora intermedia during sliver nanocrystals formationand
showed significant antibacterial activity [14].In recent times, enzyme nitrate reductase was isolated from the fungus
Fusarium oxysporum on specific medium by ion exchange chromatography and ultrafiltration technique for the
production of silver nanoparticle. In addition using gelatin as a capping agent nitrate reductase mediated fabrication
of silver nanoparticle was dependent on NADPH [15].In the light of the above mentioned examples, nitrate
reductase assay was developed .When the discs were exposed to fungal filtrate, color change from white to reddish
suggesting the presence of nitrate reductase [16]. So, it can be concluded thatnitrate reductase is NADH dependent
enzyme crucial for silver ion reduction in case of fungi.

IV. APPLICATIONS OF BIOGENIC SILVER NANOPARTICLES

Silver nanoparticles is the most popular metallic nanoparticle[17,18,19,20] because of their unique electromagnetic,
optical, catalytic, anti-proliferative and antimicrobial effectscompared with other metal nanoparticles[21,22,23,24].
Some of the well-known applications of mycofabricated silver nanoparticle s are given below:

1. Anti-bacterial effects
Silver in small concentrations is tolerable by human cells but such concentration is deadly for pathogens.Thus
exploiting this property silver nanoparticles can be employed as antimicrobial agents [25].For example pathogenic
Gram positive bacteria, Staphylococcus aureus has been used to synthesize Silver nanoparticles that showed anti-
bacterial activity against methicillin-resistant Staphylococcus epidermidis ,methicillin-resistant S. aureus, and
Streptococcus pyogenes where as a narrow spectrum of resistance was seen gainst Klebsiella pneumoniae and
Salmonella.[26] Another example demonstrating antibacterial activity againstPseudomonas aeruginosa isolated
from burnt patients [27]. Besides, several studies including antibacterial effect of mycosynthesized Silver
nanoparticles against pathogenic bacteria likeE. coli, Agrobacterium tumifaciens, Magnaporthe oryzae
[28],Psuedomonas fluorescens[29],S. aureus, S. typhi [16],P. aeruginosa, S. aureus [29] has been documented.
Antimicrobialspectrum of silver nanoparticles is greatly influenced by its pattern of distribution, their size range and
morphology [30].Therefore the interactions of silver nanoparticles with microbes rely on their definite shape and
size [31]. Silver ions are extremely reactive and is easily ionized when exposed to moist environment .Therefore
silver ions strongly binds to bacterial proteins and DNA causing disruption of its nuclear membrane , cell wall[32,33]
and inhibition of bacterial replication leading to cell death [34,35].
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Generally speaking there are three mode of antimicrobial mechanism of silver nanoparticles [36] which are as
follows:

1. Direct or indirect interactions of nanoparticles with the bacterial cell resulting in disruption of plasma
membrane, DNA replication, and inhibition of respiratory protein causing lipid peroxidation etc

2. Penetration of the nanoparticles across the microbial membrane thus inhibiting oxidation [37].
3. Binding of silver nanoparticles to functional groups in microbes exhibiting oligodynamics resulting in the

precipitation and inactivation of bacterial cell [38].

Therefore enhanced antimicrobial spectrum of silver nanoparticle is dependent on two features its large surface area
and small size. Large surface area provides desirable contact with the bacterial cell and increase specificity while the
smaller size enables easy penetration into bacteria through the cell wall [39, 40]. For example silver nanoparticles
produced from endophytic fungi Pestalotia sp have shown broad antibacterial spectrum against S. aureus and S.
typhi [41].

2. Anti-viral effects
Antiviral properties of silver nano crystals have been demonstrated by the binding of Silver nanoparticles with the
glycoprotein present in the viral envelope thus inhibiting the infectivity of HIV-1 virus [42] .These nanoparticles
having size range between 1-10 nm.

3. Anti-fungal effects
Silver nanoparticles from A. alternata possess antifungal activity against P. glomerata, Trichoderma sp and C.
albicans.When used in combination with fluconazole showed increased activity against Candida albicans followed
by Trichoderma sp and Phoma glomerata[21].In another study role of Silver nanoparticles in growth inhibition of M.
oryzae[28] and C. albicans [29] have also been well documented.

4. Vector control
Silver nanoparticles from entomopathogenic fungus Beauveria bassiana were effective against dengue vector Aedes
aegypti[43]. Similarly the effect of Silver nanoparticleswas evaluated against filiariasis vector Culex
quinquefasciatus which was produced from Chrysosporium keratinophilium, Verticillium lecanii and F.
oxysporum[44].

5. Wound healing
Silver nanocrystalsproduced from Aspergillus nigerhavewound healing property [45] explained with the help of two
proposed models i.e. Excision woundmodel and thermal wound model. It suggested Silver nanoparticles as better
wound healing property as demonstrated by measuring degree of wound contraction and period of epithelialization
in time and dose dependent manner.While Phytophthora infestans synthesized Silver nanoparticles was found to
have 0.125% (w/w) Silver nanoparticles ointments having better wound healing property in contrast to standard
silver sulphadiazine ointment [46].

6. Food industry
Incorporation of T. viride synthesized silver nanoparticle into sodium alginate thin film showed antibacterial potency
and increases the shelf life of pear and carrot[47]

7. Chemical industry
Silver nanoparticles have diverse applications in dentistry, textiles, catalysis, optics, photography, and electronics
which has tremendously increased its market value [24]. Silver nanoparticles have been used in the manufacture of
electrical batteries, staining pigments and polarizing filters etc [48]
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8. Textile industry
Amalgamation of F. oxysporum fabricated Silver nanoparticles into cotton fabrics inhibits S. aureus[49].On the
other hand Lecanicillium lecanii mediated silver nanoparticles when incorporated within cotton fabrics has shown to
inhibit the growth of S. aureus and E. coli[50] thus making it suitable antibacterial agents.

9. Molecular Detection
Conjugation of silver nanoparticles with master mix and DNA sample of Candida sphave been used for rapid
detection of pathogenic fungi .This silver bioconjugate nano PCR assay have shown high specificity and sensitivity
as compared to conventional method [51].

V. CONCLUSION
In the light of above mentioned examples, we therefore concluded that nitrate reductase mediated silver nanoparticle
synthesis is reported in a number fungal species producing nanoparticles that possess unique properties. Hence their
uniqueness is the main reason that these nanoparticles are employed in several applications
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