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Abstract: In the field of nanotechnology, the use of various biological units instead of toxic, chemicals for the
reduction and stabilization of nanoparticles, has received extensive attention. Among the many possible bio
resources, biologically active products from fungi,represent excellent scaffolds for this purpose. Since fungi are
very effective secretors of extracellular enzymes and number of species grow fast and therefore culturing and
keeping them in the laboratory are very simple. They are able to produce metal nanoparticles and nanostructure
via reducing enzyme intracellularly or extracellularly. The focus of this review is the application of fungi in the
green synthesis of inorganic nanoparticles. Meanwhile the domain of biosynthesized nanoparticles is somewhat
novel; the innovative uses in nano medicine in different areas including the delivery of drug, cancer therapy,
antibacterial, biosensors, and MRl and medical imaging are reviewed. The proposed signaling pathways of
nanoparticles induced apoptosis in cancerous cells and anti-angiogenesis effects also are utilization of eukaryotes
like yeast and fungi in the biosynthesis of nanoparticles (NPs) and their uses.
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. Introduction

Silver has been recognized as a nontoxic, safe inorganic antibacterial agent used for centuries. Silver
nanoparticles are used vastly today in biomedical, health care, food agriculture, industrial, electronics and
environmental field. In medicine, the antimicrobial action of nanoparticles have the ability to destroy the wide
spectrum of pathogens and multidrug resistance bacteria. Silver nanoparticles have used as a novel antimicrobial
agent like antibacterial, antiviral, antifungal and anti-inflammatory agents. It acts as antimicrobial agent for
preventing biofilm attachment, penetration bacterial biofilm or delivering antimicrobial agents. Moreover, silver
nanoparticles can be synthesized by variety of different methods such as physical, chemical and biological. The
last one is most favorable method because it safety, less toxicity and ecofriendly to environment while the
chemical and physical methods are very costly, may contains a poisonous and dangerous materials (Chojniak et
al., 2017).

Antimicrobial materials used in the clinical setting today are beset by significant shortfalls, including weak
antimicrobial activities, risk of microbial resistance, difficulty in monitoring and extending the antimicrobial
functions, and difficulty in functioning in a dynamic environment. Thus, effective and long-term antibacterial
and biofilm-preventing materials constitute an immediate need in medicine and dentistry (Beyth et al., 2015).

1. Nano biotechnology

Nanotechnology is the science and technology of small things i.e.* Nano ’. This term originate from Greek
word meaning * dwarf ’. This term was firstly used by * Richard Feynman ’ in 1959. Therefore, nanotechnology
term was used from last 53 years. Nanotechnology is responsible for the production and study of metal
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nanoparticles. These structures present several applications that highlight antimicrobial activity, and this
property is an important tool in combating microorganisms resistant to conventional drugs (Shenashen et al.,
2014).

Nanobiotechnology can be efficiently used to treat various infectious diseases ( Radovic-Moreno et al
.,2012).

When in comparison with bacteria, fungi can produce larger amounts of nanoparticles because they can
secret larger amounts of proteins which directly translate to higher productivity of nanoparticles (Mohanpuria
et al., 2008). The mechanism of silver nanoparticle production by fungi is said to follow the following steps:
trapping of Ag*ions at the surface of the fungal cells and the subsequent reduction of the silver ions by the
enzymes present in the fungal system (Mukherjee et al., 2001).

Several microorganisms from bacteria to fungi have been reported to synthesize inorganic materials
either intra- or extracellular, and thus to be potentially utilized as eco-friendly Nano factories ( Mohanpuria et
al.,2008).

Nanotechnology is a broad field of science that represents the design, synthesis, characterization and
application of materials at nano scale level which can be used across various fields such as chemistry, biology,
physics, material science, medicine, etc. (Jassim et al., 2016) and nanoparticles (NPs) are viewed as
fundamental building blocks of nanotechnology (Vastrad and Goudar, 2016).

Nanotechnology is responsible for the production and study of metal nanoparticles. These structures
present several applications that highlight antimicrobial activity, and this property is an important tool in
combating microorganisms resistant to conventional drugs (Shenashen et al., 2014).

Nanoparticles (NPs) are particles in the size range of 1-100 nm and form building blocks of
nanotechnology (Alghuthaymi et al., 2015).

Biosynthesis (green synthesis) of Nano silver has received extensive attention due to the growing need
for environmentally friendly synthesis methods that use eco-friendly reducing and capping agents, such as
protein, peptides, carbohydrate, various species of bacteria, mold and yeast (Nam et al., 2008; Balaji et al., 2009
; Sintubin et al., 2012; nisha etal ., 2013).

Different synthetic NSP routes lead to variable sizes, shapes, morphology, and even stability. Generally,
these methods can be classified into three broad categories: physical, chemical, and biological (or green)
synthesis, the possible mechanism of biological synthesis includes enzymatic and non-enzymatic reduction (Anil
et al., 2007).

The nanoparticles synthesized by biological process have higher catalytic reactivity and greater specific
surface area (Seo et al., 2006). Green synthesis of nanoparticles is an easy, efficient and eco-friendly approach,
where most researchers are looking at the eco-friendly and green synthesis of nanoparticles paves the way for
the researchers around the world to explore the ability of various herbs in synthesizing nanoparticles.
Nanoparticles synthesized by chemical method are not eco-friendly (Savithramma et a/ ., 2011).

The biological synthesis of nanoparticles depends on three factors, including the solvent, the reducing
agent and the non-toxic material , the use of biological molecules for the synthesis of Ag-NPs is eco-friendly,
pollution-free and biological methods seem to provide controlled particle size and shape , which is an important
factor for various biomedical applications (Gurunathan et al., 2014 ).

The biological activity of Ag-NPs depends on factors including surface chemistry, size, size distribution,
shape, particle morphology, particle composition, coating/capping, agglomeration, and dissolution rate, particle
reactivity in solution, efficiency of ion release, and cell type, and the type of reducing agents used for the
synthesis of Ag-NPs are a crucial factor for the determination of cytotoxicity (Carlson et al., 2008).

Silver nanoparticles (Ag-NPs) effectively inhibit microorganisms without causing significant cytotoxicity
also; Ag-NPs are nontoxic in mice and guinea pigs when administered by oral, ocular, and dermal routes. These
conflicting results reveal the difficulty of pinpointing the overall toxicity of Ag-NPs to humans because the
tremendous variation in particle size, particle aggregation, and concentration or coating thickness (in implants)
of Ag-NPs has different profiles of silver release and bioactivity. In short, much longer and detailed studies have
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to be carried out to seriously consider Ag-NPs potential toxicity in humans (Sharma et al., 2009; Murphy et al.,
2015).

Fungi are regarded as the most important organisms that produce nanoparticles extracellular, because
of their secretory components, which are involved in the reduction and capping of nanoparticles (Gade et al.,
2008).

Silver nanoparticles (Ag-NPs) have been known to have inhibitory and bactericidal effects. Resistance to
antimicrobial agents by pathogenic bacteria has emerged in last years and is a major health problem (Nanda and
Saravanan, 2009).

The filamentous fungi possess some advantages over bacteria in nanoparticles synthesis, as most of the
fungi are easy to handle, required simple nutrient, possess high wall-binding capacity, as well as intracellular
metal uptake capabilities (Sanghi and Verma ,2009).

Silver nitrate is still a common antimicrobial used in the treatment of chronic wounds. Such a way they
prevent infection, heals the wounds and anti-inflammatory infection (Taylor et al., 2005).

The science of NPs synthesis by fungi is referred to as myco nanotechnology, which has a great demand
and considerable potential, partly due to the wide range and diversity of fungi ( Tyagi, 2016).

Nitrate reductase is an enzyme in the nitrogen cycle responsible for the conversion of nitrate to nitrite,
the reduction mediated by the presence of the enzyme in the organism has been found to be responsible for
the synthesis (Duran et al., 2005).

Silver nanoparticles are usually synthesized from bacteria and fungi. The latter posses more advantages
which include filamentous fungal tolerance towards metals, their high binding of capacity and intracellular
uptake of metals (Dias et al., 2002).

Among the different microbes used for the synthesis of NPs fungi are efficient candidates for fabrication
of metal NPs both intra-and extracellular (Gade et al., 2010). These organisms are characterized by their
fastidious growth, ease of handling and fabrication property (Saha et al., 2011).

Ag-NPs have been among the most commonly used nanomaterial's in our health care system for
hundreds of years. Ag-NPs have become of intense interest in biomedical applications figure (1), because of their
antibacterial, antifungal, antiviral, and anti-inflammatory activity (El-Badawy et al., 2010).
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Figure (1) Biomedical applications of Nano silver particles in human health care (Zhong et al., 2010).
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Synthesis of Ag-NPs produces toxic waste, such as ammonia (Panacek et al., 2009).
Biosynthesis of nanoparticles of different elements is reported from both pathogenic and nonpathogenic fungi
(Vigneshwaran et al., 2007).

1. Characterization of Nps

Cell-free filtrate of some fungal isolates exhibited a gradual change to brown color when each was
incubated with silver nitrate salt and maintained under dark conditions. The color of the culture filtrate with
silver nitrate salt changed to intense brown after 24 hr of incubation whereas the control (without silver nitrate
salt) did not exhibit any color change (Gitanjali and Ashok, 2015).

The color changes can be attributed to the surface plasmon resonance (SPR) phenomenon of deposited
Ag-NPs as in figure (2).

Eloctrorn Clowua

Ermctric Miaic

Figure (2) Surface plasmon resonance of silver nanoparticles with specific wavelength of incident light
(Mulvaney , 1996).

UV-Visible Spectrometry

The technique of spectrophotometry is generally used for the qualitative and quantitative estimation of
biomolecules such as proteins, sugar, carbohydrates, amino acids, nucleic acids and vitamins, etc. the UV—visible
spectroscopy has proven to be very useful for analyzing of different nanoparticles such as gold and silver
nanoparticles (Ramezani et al., 2008).

Remarks of strong broad surface plasmon peaks at visible regions (400— 600 nm) has been well documented for
various metal nanoparticles, with sizes ranging widely from 2-100 nm. UV—visible spectrophotometer includes
from two devices, namely a spectrometer for producing light with different wavelengths, and a photometer for
measuring the intensity of light. The tools are arranged so that liquid in a cuvette can be placed between the
spectrometer beam and the photometer. Further information is available about the mentioned spectroscopic
method and this technique has been well described by various authors (Hesse et al., 2008).

X-Ray Diffraction (XRD)

X-ray crystallography is a powerful technique used to study the three-dimensional structure of crystals including
macromolecules such as protein and nucleic acids. The technique is also known as the x-ray diffraction
technique. There are a number of methods for studying three dimensional structure, but x-ray crystallography
is the most effective of these techniques at present. Certainly the other techniques complement crystallography
and have a valued place in the set of tools that we use for studying the structure of molecules. A microscope
works in two stages. First, light strikes the object and is diffracted in various directions. The lens collects the
diffracted rays and reassembles them to form an image (Figure 3). With x-rays, we can detect diffraction from
molecules, but we have to use a computer to reassemble the image. It’s not that simple, but that’s the essence
of the method. (Sapsford et al., 2011).

X-ray diffraction is also defined as one of the primary analytical techniques used for phase identification and
crystalline structure determinations in solid-state materials. Non-amorphous materials are composed of
repeating regular planes of atoms that form a crystal lattice. In this method, a monochromatic X-ray directed
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onto a sample and the interaction between these planes of atoms and X-rays lead to diffracted rays being
emitted. Depending on the atomic composition of the crystalline lattice and their arrangement, various minerals
diffract X-ray beams differently. These diffracted X-rays are then collected and processed, and by comparison of
the sample diffraction pattern with standard reference patterns and measurements, the material identification
will be allowed (Kohler and Fritzsche , 2004).

Crystals Diffraction image Electron density Structure

Figure (3) Different steps in x-ray crystallography—crystal, x-ray diffraction pattern, and the final three-
dimensional structure of protein.

Scanning Electron Microscope (SEM)

Electron microscopy based technique determines the size, shape and surface morphology with direct
visualization of the nanoparticles, therefore scanning electron microscopy offer several advantages in
morphological and sizing analysis. However they provide limited information about the size distribution and true
population average. During the process of SEM characterization, solution of nanoparticles should be initially
converted into a dry powder. This dry powder is then further mounted on a sample holder followed by coating
with a conductive metal (e.g. Gold) using a sputter coater. Whole sample is then analyzed by scanning with a
focused fine beam of electrons. Secondary electrons emitted from the sample surface determine the surface
characteristics of the sample (Jores et al.,2004).

Electron beam can often damage the polymer of the nanoparticles which must be able to withstand vacuum
(Molpeceres et al., 2000).

Different kinds of detectors are used to collect signals, and using secondary and backscattered electrons the
image is formed. Secondary electrons have relatively low energy and are a surface-sensitive signal. This signal
causes high-resolution topographic information and SEM imaging. Backscattered electrons possess higher
energy than secondary electrons and come from deeper regions and therefore give good phase contrast
information. Because all points were mentioned, the SEM image could fprovide us two main types of data, one
is the topographic structure of the surface and the second one is the distinction of different phases in the sample
(Poole and Owens 2003).

Energy-dispersive X-ray spectroscopy (EDX)

It is an analytical technique used for elemental composition determination of a sample. The sample undergoes
an electron beam bombardment and the surface comprising atoms eject their outer-shell electrons. Then, after
the higher-state electrons filled the resulted vacancies, the energy difference between these two states of
electrons is emitted as an X-ray beam. The emitted X-rays were detected and analyzed for their energy. Since
the X ray energy is a distinctive characteristic of each element; it could be used to componential analysis of
samples (Kohler and Fritzsche 2004). The EDX spectrum recorded in the spot profile mode from one of the
densely populated silver nanoparticles region on the surface of the film. The Nano crystallites were analyzed
using Quanta 200 FEG (Devi et al., 2012)
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Fourier Transform Infra-Red (FTIR Spectroscopy)

Fourier Transform Infra-Red spectroscopy (FTIR) is able to provide accuracy, reproducibility, and also a favorable
signal-to-noise ratio. By using FTIR spectroscopy, it becomes possible to detect small absorbance changes on the
order of 10-3, which helps to perform difference spectroscopy, where one could distinguish the small absorption
bands of functionally active residues from the large background absorption of the entire protein (Gerwert ,1999;
Zscherp and Barth, 2001).

Infrared (IR) or Fourier transform infrared (FTIR) spectroscopy has a large application range, from the analysis of
small molecules or molecular complexes to the analysis of cells or tissues. The imaging of tissues is one of the
recent developments of infrared spectroscopy, taking advantage of infrared microscopy and of the use of
synchrotron IR radiation. It is used for the mapping of cellular components (carbohydrates, lipids, proteins) to
identify abnormal cells (Levin and Bhargava, 2005; Petibois and Deleris , 2006).

V. Application of nanoparticles in medicine

A list of some of the applications of nanomaterials to biology or medicine is given below:

o Fluorescent biological labels

o Drug and gene delivery

o Bio detection of pathogens

o Detection of proteins

o Probing of DNA structure

o Tissue engineering

. Tumour destruction via heating (hyperthermia)

o Separation and purification of biological molecules and cells

we briefly focus on the functions of Ag-NPs as antiviral, antimicrobial, antitumor, and anti inflammatory agents.
Where one use of silver ion or metallic silver as well as silver nanoparticles can be exploited in medicine for burn
treatment, dental materials, coating stainless steel materials, water treatment, sunscreen lotions, etc. (Duran et
al.,2007). Nanoparticles play an important role in medication, biomedical, biological and pharmaceutical field by
using as novel antimicrobial, drug delivery (Loureiro et al., 2016). Some of uses of nanoparticles in this field are
early diagnostic of diseases which also can be used as nutrient level determination in the body. In addition to
use as therapeutic agents duo to their antibacterial properties as dressing wound, covering catheter and
antimicrobial agents (AshaRani et al., 2008) and that most important aspect of nanoparticles application.
Examples of biological coatings may include antibodies, biopolymers like collagen, or monolayers of small
molecules that make the nanoparticles biocompatible (Priyadarshana et al ., 2015).

Nanoparticles as antimicrobial agents:

At present day, antibiotic resistant bacteria increase and become a serious problem to the health in the world,
among them are biofilm and multidrug-resistant bacteria. So it need to develop a novel effective antibacterial.
The evolution of nanoparticles create a new antibacterial options and a promising platform to control bacterial
diseases as alternative medicine. Nanoparticle is very suitable candidate to carry out antimicrobial operation, as
a result to its small size (Beyth et al., 2015).

Application of silver nanoparticles

Silver nanoparticles Ag-NPs are one of the most commonly used nanoparticles both in everyday life, and in
research laboratories. Ag-NPs are of interest because of the unique properties (e.g. size and shape depending
optical, electrical, and magnetic properties) which can be incorporated into antimicrobial applications, biosensor
materials, composite fibers, cosmetic products, and electronic components (Klaus- Joerger et al., 2001).

Silver nanoparticles have been shown to interact with bacterial membrane proteins, intracellular proteins,
phosphate residues in DNA, and to interfere with cell division, leading to bacterial cell death (Sondi and Salopek-
Sondi, 2004; Xu et al., 2004)
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Silver nanoparticles have been well known for its strong inhibitory and bactericidal effects and can effectively
use for the treatment of various infectious diseases (Afreen et al., 2011).

Silver nanoparticles (Ag-NPs) accumulation on the cell membrane creates gaps in the integrity of the bilayer
which predisposes it to a permeability increase and finally bacterial cell death (Rajeshkumar and Malarkodi,
2014).

The applications of these biosynthesized nanoparticles in a widespread spectrum of potential areas are
presented including cancer treatment, targeted drug delivery, gene therapy and DNA analysis, antibacterial
agents, biosensors, separation science, enhancing reaction rates, and magnetic resonance imaging (MRI)( Li et
al., 2011).

The Ag-NPs effects on antiviral, most publications have suggested that Ag-NPs could bind to outer proteins of
viral particles, resulting in inhibition of binding and the replication of viral particles in cultured cells. Although
the antiviral mechanism of Ag-NPs has not been fully known yet, Ag-NPs are still suggested as potential antiviral
agents in the future (Galdiero et al., 2011).

Silver nanoparticles (Ag-NPs) have several characteristics that make it currently among the most widely used
nanoparticle in science. One highly useful characteristic is its antimicrobial property (Morones et al., 2005).
Nanoparticles are now being increasingly utilized for medical applications and are of great interest as an
alternative approach to control infectious agents offering broad spectrum activities against bacteria, fungi and
viruses (Seil and Webster, 2012).

Recent studies have shown that metal based nanoparticles are one of the most promising therapeutic agents
owing to their unique physico chemical and biological properties (Franci et al., 2015).

Researchers in the field of health have obtained favorable results by applying these substances against infectious
agents. One of these nanoparticles is Ag-NPs. Due to their unique properties, Ag-NPs are considered an
appropriate candidate for preventing and controlling the pathogenic microorganisms (Yu et al., 2011).

Synthesis of nanoparticles

Various methods can be employed for the synthesis of NPs, but these methods are broadly divided into two
main classes i.e. (1) Bottom-up approach and (2) Top-down approach (Wang and Xia, 2004) as shown in figure 4
(Iravani, 2011). These approaches further divide into various subclasses based on the operation, reaction
condition and adopted protocols.

Nanoparticle (NPs)
Preparation Methods

Bottom-Up Top-Down
Syntheses Syntheses

. Spinning

. Template support
synthesis

. Plasma or Name . Mechanical milling
spraving synthesis . = -
RS Biological Synthesis via « Chemical etching
Bacteria, yeasts, fungi, - Sputtering
algae, plants ete. . Laser ablation

5. Electro-explosion

4. Laser pyrolysis
5. CVD
. Atomic or molecular
condensation

Figure 4. Typical synthetic methods for NPs for the (a) top-down and (b) bottom-up approaches

36 www.iarjournals.com


file:///F:/256/Paper-AJ/Published%20data/Published%20-%202024/7-3/777-rev/www.iarjournals.com
file:///C:/Users/HP/Downloads/MSc%20KKTM%20Ledang/www.iarjournals.com

American Journal of Sciences and Engineering Research www.iarjournals.com

° Top-down syntheses

In this method, destructive approach is employed. Starting from larger molecule, which decomposed into
smaller units and then these units are converted into suitable NPs. Examples of this method are grinding/milling,
CVD, physical vapor deposition (PVD) and other decomposition techniques (Iravani, 2011). This approach is used
to synthesized coconut shell (CS) NPs. The milling method was employed for this purpose and the raw CS
powders were finely milled for different interval of times, with the help of ceramic balls and a well-known
planetary mill. They showed the effect of milling time on the overall size of the NPs through different
characterization techniques. It was determined that with the time increases the NPs crystallite size decreases,
as calculated by Scherer equation. They also realized that with each hour increment the brownish color faded
away due to size decrease of the NPs. The SEM results were also in an agreement with the X-ray pattern, which
also indicated the particle size decreases with time (Bello et al., 2015).

One study revealed the spherical magnetite NPs synthesis from natural iron oxide (Fe203) ore by top-down
destructive approach with a particle size varies from ~20 to ~50 nm in the presence of organic oleic acid
(Priyadarshana et al., 2015). A simple top-down route was employed to synthesize colloidal carbon spherical
particles with control size. The synthesis technique was based on the continuous chemical adsorption of
polyoxometalates (POM) on the carbon interfacial surface. Adsorption made the carbon black aggregates into
relatively smaller spherical particles, with high dispersion capacity and narrow size distribution as shown in Fig.
5 (Garrigue et al., 2004). The powerful laser irradiations generate well-uniform NPs having good oxygen
vacancies (Zhou et al., 2016). The average size of the Co304 was determined to be in the range of 5.8 nm + 1.1
nm.

° Bottom-up syntheses

Figure 5. SEM images of (a) The untreated carbon black, (b) and (c) 10 min and 1 h ultra-sonication in POM

solution (Garrigue et al., 2004).

This approach is employed in reverse as NPs are formed from relatively simpler substances, therefore this
approach is also called building up approach. Examples of this case are sedimentation and reduction techniques.
Itincludes sol gel, green synthesis, spinning, and biochemical synthesis. (Iravani, 2011). synthesized TiO2 anatase
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NPs with graphene domains through this technique (Mogilevsky et al., 2014). They used alizarin and titanium
isopropoxide precursors to synthesize the photoactive composite for photocatalytic degradation of methylene
blue. Alizarin was selected as it offers strong binding capacity with TiO2 through their axial hydroxyl terminal
groups. The anatase form was confirmed by XRD pattern. The SEM images taken for different samples with
reaction scheme are provided in figure 6. SEM indicates that with temperature elevation, the size of NPs also
increases (Mogilevsky et al., 2014).

700°C

As Syntheﬁyged - 130°C

475°C
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Figure 6. Synthesis of TiO2 via bottom-up technique. SEM images showing the TiO2 NPs (Mogilevsky et al.,
2014).

Well-uniform spherical shaped Au nanospheres with monocrystalline have been synthesized via laser irradiation
top-down technique (Liu et al., 2015a, Liu et al., 2015b). Liu et al. selectively transform the octahedra
morphology to spherical shape by controlling the laser treatment time and other reaction parameters. Fig. 7
provides the SEM and TEM of the prepared Au nanospheres, which showed average diameter of 75 + 2.6 nm of
Au nanospheres (red column Fig. 7e) and 72 + 3.1 in edge length of Au octahedra per particle (blue column Fig.
7).
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Figure 7. SEM for Au nanospheres (a) top view, (b) tilted view, (c) TEM image of Au nanospheres (d) SAED
pattern (inset: TEM of single Au particle), € and (f) size distribution spectra of spherical and octahedral Au
NPs.

More recently, solvent-exchange method is used to achieve limit sized low density lipoprotein (LDL) NPs for
medical cancer drug delivery purpose by Needham et al. In this method nucleation is the bottom approach
followed by growth which is the up approach. The LDL NPs . were obtained without using phospholipid and
possessed high hydrophobicity, which is essential for drug delivery applications (Needham et al., 2016).

The mono dispersed spherical bismuth (Bi) NPs were synthesized by both top-down and bottom-up approaches
(Wang and Xia, 2004). These NPs have excellent colloidal properties. In the bottom-up approach bismuth acetate
was boiled within ethylene glycol, while in top-down approach the bismuth was converted into molten form and
then the molten drop was emulsified within the boiled diethylene glycol to produce the NPs. The size of the NPs
obtained by both methods was varied from 100 nm to 500 nm (Wang and Xia, 2004). The details of this study
are provided in figure 8. Green and biogenic bottom-up synthesis attracting many researchers due to the
feasibility and less toxic nature of processes. These processes are cost-effective and environmental friendly,
where synthesis of NPs is accomplished via biological systems such as using plant extracts. Bacteria, yeast, fungi,
Aloe vera, tamarind and even human cells are used for the synthesis of NPs. Au NPs have been synthesis from
the biomass of wheat and oat (Parveen et al., 2016) and using the microorganism and plant extracts as reducing
agent (Ahmed et al., 2016).
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Figure 8. (A) Bottom-up approach: A molecular precursor is disintegrated to simpler metal atoms that grow

into colloids. (B) Top-down approach: Large drops of a metal broken into smaller drops.
Biosynthesis of Nanoparticles by Fungi

Fungi have excellent potential for the production of many compounds that can be used in different applications.
Around 6,400 bioactive substances are known to be produced by microscopic filamentous fungi (ascomycetes
and imperfect fungi) and other fungal species (Bérdy, 2005).

These organisms are widely used as reducing and stabilizing agents, due to their heavy metal tolerance and
capacity to internalize and bioaccumulate metals. Furthermore, fungi can be easily cultivated on a large scale
(“nanofactories”) and can produce nanoparticles with controlled size and morphology (Khan et al., 2017).

Fungi have advantages over other microorganisms, in that they produce large quantities of proteins and
enzymes, some of which can be used for the fast and sustainable synthesis of nanoparticles (Alghuthaymi et
al., 2015).

The mechanism of biogenic synthesis of nanoparticles using fungi may be intracellular or extracellular. In the
case of intracellular synthesis, the metal precursor is added to the mycelial culture and is internalized in the
biomass. Consequently, extraction of the nanoparticles is required after the synthesis, employing chemical
treatment, centrifugation, and filtration to disrupt the biomass and release the nanoparticles (Rajput et
al., 2016; Molnar et al., 2018).

In extracellular synthesis, the metal precursor is added to the aqueous filtrate containing only the fungal
biomolecules, resulting in the formation of free nanoparticles in the dispersion. This last method is most widely
used, since no procedures are required to release the nanoparticles from the cells (Sabri et al., 2016; Costa Silva
etal., 2017). Nonetheless, the nanoparticle dispersion must be purified in order to eliminate fungal residues and
impurities, which can be achieved using methods such as simple filtration, membrane filtration, gel filtration,
dialysis, and ultracentrifugation (Qidwai et al., 2018; Yahyaei and Pourali, 2019).

Antibacterial activity of silver nanoparticles

Ag-NPs have a broad antibacterial effect on a range of Gram-negative and Gram-positive bacteria and antibiotic-
resistant bacteria strains (Kim et al ., 2007).

Antimicrobial efficacy of Ag-NPs depends on their size and concentration. Normally, a high concentration leads
to more effective antimicrobial activity, while particles of small sizes can kill bacteria at a lower concentration.
Apart from size and concentration, the shape also influences the antimicrobial efficiency of Ag-NPs.

The antimicrobial efficacy of silver nanoparticles (SNPs) has been demonstrated through several studies,
although only a few anticancer studies have been conducted in this regard, But the food and drug administration
(FDA) approved its usage in human body (Newmeyer et al., 2003; Sanpui et al., 2011).
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Silver nanoparticles (Ag-NPs) are could be used as potential antimicrobial, especially in emergent situations such
as treating burns and healing of wounds (Mazurak et al., 2007).

Ag-NPs seem to be alternative antibacterial agents to antibiotics and have the ability to overcome the bacterial
resistance against antibiotics. Therefore, it is necessary to develop Ag-NPs as antibacterial agents. Among the
several promising Nano materials, Ag-NPs seem to be potential antibacterial agents due to their large surface-
to-volume ratios and crystallographic surface structure (Zhang et al., 2016).

The antimicrobial action of Ag-NPs is linked with four well-defined mechanisms: (1) adhesion of Ag-NPs onto the
surface of cell wall and membrane, (2) Ag-NPs penetration inside the cell and damaging of intracellular
structures (mitochondria, vacuoles, ribosomes) and biomolecules (protein, lipids, and DNA) (3) Ag-NPs induced
cellular toxicity and oxidative stress cause by generation of reactive oxygen species (ROS) and free radicals, and
(4) Modulation of signal transduction pathways. Besides these four well-recognized mechanisms, Ag-NPs also
modulate the immune system of the human cells by orchestrating inflammatory response, which further aid in
inhibition of microorganisms as in figure 2-8. (Tian et al., 2007).
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