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Abstract

The development of eco-friendly technologies in material synthesis is of considerable importance to expand their biological
applications. Nowadays, a variety of inorganic nanoparticles with well-defined chemical composition, size, and morphology
have been synthesized by using different microorganisms. This paper highlights the recent developments of the biosynthesis
of inorganic nanoparticles and provides an insight about microbial biosynthesis of nanomaterial by bacteria, yeast and moulds

for the manufacturing of sensoristic devices, therapeutic/diagnostic, and industrial applications.
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Abbreviations: SEM, TEM: Scanning and Transmission
Electron Microscopy; FTIR: Fourier Transform Infrared
Spectroscopy: XPS: X-Ray Photoelectron Spectroscopy; AFM:
Atomic Force Microscopy; DLS: Dynamic Light Scattering;
XRD: Powder X-Ray Diffractometry; SEM: Scanning Electron
Microscope; TEM: Transmission Electron Microscope; SMPS:
Scanning Mobility Particle Size; NMR: Nuclear Magnetic
Resonance; DMA: Differential Mobility Analyser; CPC:
Condensation Particle Counter; CNT: Carbon Nano Tubes

Introduction

Nanotechnology facilitates the development of
technology that deals with manometer-sized objects
[1]. Nanoparticles are the most important aspect of
nanotechnology. Nanoparticles are made up of carbon,
metal, metal oxides, or organic matter and range in size
from 1 to 100 nanometres [2]. The use of nanomaterial in
biotechnology brings biology and material science together.

Nanoparticles: Characterization, Biological Synthesis and Applications

Nanoparticles provide a fundamentally useful forum,
demonstrating specific properties with a broad range of
possible applications [3]. Due to the numerous advantages
of biological systems over non-biological systems, some
research groups have discouraged the use of biological
systems for nanoparticle synthesis.

As compared to their counterparts at larger scales,
nanoparticles have distinct physical, chemical, and
biological properties. This is due to a greater surface area to
volume ratio, increased reactivity or stability in a chemical
phase, increased mechanical power, and other factors [4].
Nanoparticles’ properties have contributed to their use in a
variety of applications. Nanoparticles have unique properties
and applications due to a number of factors, including their
close size to biomolecules like proteins and polynucleic
acids [5]. Apart from their material, nanoparticles come in a
variety of dimensions, shapes, and sizes [6]. A nanoparticle
can be zero dimensional, with the length, breadth, and height
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all set at a single point, such as nano dots, one dimensional,
with just one parameter, such as grapheme, two dimensional,
with length and breadth, such as carbon nanotubes, or three
dimensional, with all three parameters, such as length,
breadth, and height, such as gold nanoparticles, or three
dimensional, with all three parameters.

Nanoparticles may also be circular, cylindrical, tubular,
conical, hollow centre, spiral, smooth, or irregular in shape,
with sizes ranging from 1 nm to 100 nm. The soil, on the other
hand, may be uniform or irregular, with surface variations.
Some nanoparticles are crystalline or amorphous, with
single or multi crystal solids that can be loose or clumped
together [7].

Furthermore, a variety of synthesis methods are being
produced or improved in order to improve properties and
lower production costs. Some methods have been tweaked
to improve the optical, mechanical, physical, and chemical
properties of particular nanoparticles [5]. Physical, chemical,
and biological methods are used to create nanoparticles [8].
Physical and chemical approaches are both prohibitively
expensive [9]. The biological methods of nanoparticle
synthesiswould help to eliminate harsh processing conditions
by allowing synthesis at physiological pH, temperature, and
pressure at a low cost. It also has strong polydispersity,
proportions, and stability at the moment. A large number
of microorganisms have been discovered to be capable
of synthesising inorganic nanoparticle composites, both
intracellular and extracellular. Nanoparticles have gained
prominence in recent years in a variety of fields, including oil,
health care, the climate, agriculture, and others, due to their
improbable properties. In addition, nanoparticles are now
used in a wide range of materials, including cooking vessels,
electronics, renewable energy, and the aerospace industry.
Nanotechnology holds the key to a future that is both safe
and sustainable. In this review, we have discussed general
approaches to the biological synthesis of nanoparticles, its
characterization and applications.

Characterization

Nanoparticlecharacterizationiscriticalforunderstanding
and controlling nanoparticle synthesis and applications.
Scanning and transmission electron microscopy (SEM,
TEM), Fourier transform infrared spectroscopy (FTIR), X-ray
photoelectron spectroscopy (XPS), atomic force microscopy
(AFM), dynamic light scattering (DLS), powder X-ray
diffractometry (XRD), and UV-Vis spectroscopy are some of
the techniques used to characterise nanoparticles. Different
parameters such as particle size, shape, crystallinity, fractal
dimensions, pore size, and surface area can be resolved using
these techniques. These techniques could also determine the
orientation, intercalation, and dispersion of nanoparticles
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and nanotubes in nan composite materials. TEM, SEM, and
AFM can be used to assess particle morphology and scale. The
advantage of AFM over traditional microscopes like SEM and
TEM is that it tests 3D images, allowing particle height and
volume to be calculated. The size distribution of particles is
also determined using dynamic light scattering. In addition,
X-ray diffraction is used to determine crystallinity, and UV-
Vis spectroscopy is used to validate sample formation by
displaying the Plasmon resonance [10-18].

Size

One of the most basic and important measurements for
nanoparticle characterisation is the particle size. It defines
the particle’s size and distribution, as well as whether it
is on the nano or micro scale. Electron microscopy is the
most common method for determining particle size and
distribution. Particles and clusters are measured using
Scanning Electron Microscope (SEM) and Transmission
Electron Microscope (TEM) images, while bulk samples in
solid phase are measured using laser diffraction methods
[19]. Photon correlation spectroscopy and centrifugation
are used to quantify the particles in the liquid phase. Since
imaging techniques for particles in the gaseous phase are
complicated and irreversible, a Scanning Mobility Particle
Size (SMPS) is used, which offers faster and more precise
measurements than other approaches.

Surface Area

In the identification of nanoparticles, the surface area
is also essential. A nanoparticle’s surface area to volume
ratio has a major impact on its efficiency and properties.
BET analysis is the most common method for determining
the surface area. For the surface area analysis of particles
in liquid phase, a simple titration is necessary, but it is a
labour-intensive method. As a result, nuclear magnetic
resonance (NMR) spectroscopy is used. The surface area
of nanoparticles in the gaseous phase is measured using a
modified SMPS and a differential mobility analyser (DMA).

Composition

The purity and efficiency of a nanoparticle are
determined by its chemical or elemental composition. Higher
levels of secondary or undesirable elements in a nanoparticle
may reduce its efficiency and cause secondary reactions
and contamination in the process. X-ray photoelectron
spectroscopy (XPS) is commonly used to determine
composition [20]. Some methods, such as mass spectrometry,
atomic emission spectroscopy, and ion chromatography,
include chemical digestion of the particles accompanied by
wet chemical analysis. The particles in the gaseous phase
are collected either by filtration or electrostatically, and
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the analysis is done using spectrometric or wet chemical
techniques [21].

Surface Morphology

The shapes and surface structures of nanoparticles play
an important role in exploiting their properties. Spherical,
flat, cylindrical, tubular, conical, and irregular forms
with crystalline or amorphous surfaces with uniform or
irregularities on the surface are some of the shapes. Electron
microscopy imaging techniques such as SEM and TEM are
commonly used to assess the surface [22]. Particles in the
liquid phase are deposited on a surface and analysed, while
particles in the gaseous phase are captured electrostatically
or by filtration for electron microscopy imaging.

Surface Charge

A nanoparticle’s interactions with the target are
determined by its surface charge, or charge. A zeta
potentiometer is used to calculate surface charges and their
dispersion stability in a solution in general [19]. The charge
of nanoparticles in gaseous phase is determined using a
Differential Mobility Analyser (DMA).

Crystallography

The study of the arrangement of atoms and molecules in
crystal solids is known as crystallography. A powder X-ray,
electron, or neutron diffraction method is used to determine
the structural arrangement of nanoparticles [23].

Concentration

The amount of air or gas needed for the process is
determined by measuring the concentration of nanoparticles
in the gaseous phase. The performance or efficiency of
a system is determined by the concentration, scale, and
distribution of nanoparticles in a unit volume of air or gas. A
Condensation Particle Counter is commonly used to calculate
concentrations (CPC).

Biological Synthesis of Nanoparticle

Our key purpose s to highlight on the biological synthesis
of nanoparticles, because of its easiness of rapid synthesis,
controlled toxicity, controlling on size characteristics,
reasonable, and eco-friendly approach. A sum of natural
sources is there for nanoparticle synthesis, together with
plants, fungi, yeast, bacteria, etc. Additionally, the unicellular
and multicultural organisms are able to synthesise
intracellular and extracellular inorganic nanoparticles. The
various sources of nanoparticles synthesis are enlisted in
Table 1.
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Nanoparticle Synthesis by Plant Extracts

Make use of plants in the synthesis of nanoparticles has
drawn more interest of workers because it provides single
step biosynthesis process. Plants tender a superior option
for synthesis of nanoparticle, as the protocols involving plant
sources are free from toxicants; furthermore, natural capping
agents are readily supplied by the plants. For example, the
production of gold and silver nanoparticles using Geranium
extract [24], Aloe vera plant extracts [25], sun dried
Cinnamomum camphora and Azadiracta indica leaf extract
has been explained [26]. Also, inexpensive reduction of
silver and gold ions present concurrently in solution, during
exposure to plant leaf extract, generates bimetallic silver and
gold shell nanoparticles. The information is also available
for the synthesis of silver nanoparticles, using Plumeria
rubra plant latex [27]. Nanoparticle synthesis furthermore
carried out using Szyygium aromaticum bud extract, Murraya
koenigii leaf extract. This synthesis is owing to the natural
reducing agent eugenol and could be carbazoles present in
the extracts correspondingly [28,29]. On the other hand,
biosynthesis of gold nanoparticles utilizing the leaf extract of
Mirabilis jalapa was explicated [30].

Nanoparticle Synthesis by Bacteria

In previous years, synthesis of nanoparticles using
bacteria has enlarged comprehensively due to its immense
application. Bacillus species has depicted to synthesise
metal nanoparticles, researchers showed the ability of
bacteria to decrease silver and fabrication of extracellular,
consistently circulated nanoparticles, ranging from 10-20
nm size [31]. The Silver producing bacteria isolated from the
silver mines exhibit the silver nanoparticles accumulated in
the periplasmic space of Pseudomonas stutzeri AG259 [32].
Bacteria are also used to synthesize gold nanoparticles.
Sharma, et al. [33] reported that whole cells of a novel
strain of Marinobacter Pelagius are applicable for stable,
monodisperse gold nanoparticle formation. Prasad, etal. [34]
has been reported use of Lactobacillus strains to synthesise
the titanium nanoparticles. The understanding of natural
processes will apparently help in the discovery of entirely
new and unexplored methodology of metal nanoparticle
synthesis.

Nanoparticle Synthesis by Fungi

Biological production of nanoparticles by fungi is
determined nowadays because of their reception towards
toxicity, higher bioaccumulation, comparatively economic,
effortless synthesis method and simple downstream
processing and biomass handling. Extracellular biosynthesis
of silver nanoparticles by Aspergillus Niger [35], Fusarium
solani [36] and Aspergillus oryzae are reported to produce
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silver nano crystals [37]. The Pleurotus sajor caju was also
used for synthesis of nanoparticles extracellular [38]. The
spherical nanoparticle can be synthesized by Trichoderma
viride [39]. Prologue of silver ions to Fusarium oxysporum
leads to synthesis of stable Ag hydrosols [40]. Phoma
glomerata has been traced to produce silver nanoparticles,
and its efficiency against E. coli, S. aureus and P. aeruginosa
has been assessed [41]. The genus Penicillium seems to have
a superior contender for the silver nanoparticle synthesis,
where production proceeds via extracellular mechanism
[42].

Nanoparticle Synthesis by Yeast

quantities, with straightforward downstream processing, has
been reported by Kowshik, et al. [43]. This group has been
involved in isolation of silver tolerant yeast strain MKY3, by
inoculating with aqueous silver nitrate. The formation of 2-5
nm silver nanoparticles takes place in the forced ecological
conditions. The synthesis of cadmium nanoparticles by
using Candida glabrata and Schizosaccharomyce pombe has
been reported by Dameron, et al. [44]. The silver and gold
nanoparticlesbiosynthesis werealsoinvestigated by Mourato,
et al. [45], using an extremophilic yeast strain isolated from
acid mine drainage. The marine yeast Rhodosporidium
diobovatum has been explored for intracellular synthesis of
stable lead sulphide nanoparticles [46].

The extracellular synthesis of nanoparticles in huge

Source | Types and size of NPs (nm) References
Plant
Azadirachta indica Ag, Au50/100 Shankar, et al. [24]
Aloe vera Au 50/350 Chandran, et al. [25]
Cinnamomum camphora Ag50 Huang, et al. [26]
Szygium aromaticum Ag, Au Kalpana devi, et al. [47]
Murraya koenigii Ag Christensen, et al. [29]
Plumeria rubra Ag Patil, et al. [27]
Citrus aurantium Ag Pala, et al. [48]
Geranium leaf plant extract Ag16/40 Shankar, et al. [24]
Bacteria
Bacillus cereus Ag5 Ganesh Babu and Gunasekaran [49]
Bacillus thuringiensis Ag10/20 Jain, et al. [50]
Escherichia coli Ag 30/50 Gurunathan, et al. [51]
Escherichia coli Cds Sweeney, et al. [52]
Lactobacillus strains Ag, Au 15/40 Sintubin, et al. [53]
Pseudomonas stutzeri Ag>200 Klaus, et al. [54]
Corynebacterium Ag5/15 Zhang, et al. [55]
Staphylococcus aureus Ag150/180 Nanda and Saravanan [56]
Fungi
Aspergillus niger Ag 20 Gade, et al. [35]
Aspergillus oryzae Ag 5-50 Binupriya, et al. [36]
Fusarium oxysporum Ag1/5 Duran, et al. [57]
Fusarium solani Ag5/35 Ingle, et al. [37]
Pleurotus sajor-caju Ag5/50 Nithya and Ragunathan [58]
Trichoderma viride Ag10/40 Thakkar, et al. [39]
Klebsiella pneumoniae Se 100/400 Fesharaki, et al. [59]
Yeast
Silver-tolerant strain MKY3 Ag2/20 Kowshik, et al. [60]
Candida glabrata CdS 50/150 Dameron, et al. [44]
Schizosaccharomyce pombe CdS 50/150 Dameron, et al. [44]
Extremophillic yeast Ag Mourato, et al. [61]
Rhodospiridium dibovatum PbS Seshadri, et al. [62]

Table 1: Some sources of nanoparticles synthesis.
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Classification of Nanoparticles

The nanoparticles are generally classified into the
organic, inorganic and carbon based.

Organic Nanoparticles

Dendrimers, micelles, liposomes and ferritin, etc. are
commonly knows the organic nanoparticles or polymers.
These nanoparticles are biodegradable, non-toxic, and some
particles such as micelles and liposomes have a hollow core,
also known as nano capsules and are sensitive to thermal
and electromagnetic radiation such as heat and light [63].
These unique characteristics make them an ideal choice
for drug delivery. The drug carrying capacity, its stability
and delivery systems, either entrapped drug or adsorbed
drug system determines their field of applications and their
efficiency apart from their normal characteristics such as
the size, composition, surface morphology, etc. The organic
nanoparticles are most widely used in the biomedical field
for example drug delivery system as they are efficient and
also can be injected on specific parts of the body that is also
known as targeted drug delivery.

Inorganic Nanoparticles

Inorganic nanoparticles are particles that are not made
up of carbon. Metal and metal oxide-based nanoparticles are
generally categorised as inorganic nanoparticles.

Metal

Nanoparticles that are synthesised from metals to
nonmetric sizes either by destructive or constructive
methods are metal based nanoparticles. Almost all the
metals can be synthesised into their nanoparticles [64].
The commonly used metals for nanoparticle synthesis are
aluminium (Al), cadmium (Cd), cobalt (Co), copper (Cu),
gold (Au), iron (Fe), lead (Pb), silver (Ag) and zinc (Zn). The
nanoparticles have distinctive properties such sizes as low
as 10 to 100nm, surface characteristics like high surface area
to volume ratio, pore size, surface charge and surface charge
density, crystalline and amorphous structures, shapes like
spherical and cylindrical and colour, reactivity and sensitivity
to environmental factors such as air, moisture, heat and
sunlight etc.

Metal Oxides

The metal oxide-based nanoparticles are synthesised
to modify the properties of their respective metal-based
nanoparticles, for example nanoparticles of iron (Fe)
instantly oxidises to iron oxide (Fe,0,) in the presence of
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oxygen at room temperature that increases its reactivity
compared to iron nanoparticles. Metal oxide nanoparticles
are synthesised mainly due to their increased reactivity and
efficiency [65]. The commonly synthesised are Aluminium
oxide (AlL0,), Cerium oxide (CeO,), Iron oxide (Fe,0,),
Magnetite (Fe,0,), Silicon dioxide (SiO,), Titanium oxide
(Ti0,), Zinc oxide (Zn0). These nanoparticles have possessed
an exceptional property when compared to their metal
counterparts.

Carbon Based

The nanoparticles made completely of carbon are knows
as carbon based [66]. They can be classified into fullerenes,
graphene, carbon nano tubes (CNT), carbon nanofibers and
carbon black and sometimes activated carbon in nano size.

Fullerenes: Fullerenes (C ) is a carbon molecule that is
spherical in shape and made up of carbon atoms held together
by sp? hybridization. About 28 to 1500 carbon atoms form
the spherical structure with diameters up to 8.2 nm for a
single layer and 4 to 36 nm for multi-layered fullerenes.

Graphene: Graphene is an allotrope of carbon. Graphene is a
hexagonal network of honeycomb lattice made up of carbon
atoms in a two-dimensional planar surface. Generally, the
thickness of the graphene sheet is around 1 nm.

Carbon Nano Tubes (CNT): Carbon Nano Tubes (CNT),
a graphene nano foil with a honeycomb lattice of carbon
atoms is wound into hollow cylinders to form nanotubes
of diameters as low as 0.7 nm for a single layered and 100
nm for multi-layered CNT and length varying from a few
micrometres to several millimetres. The ends can either be
hollow or closed by a half fullerene molecule.

Carbon Nanofiber: The same graphene nano foils are used
to produce carbon nanofiber as CNT but wound into a cone
or cup shape instead of a regular cylindrical tube.

Carbon Black: An amorphous material made up of carbon,
generally spherical in shape with diameters from 20 to 70
nm. The interaction between the particles is so high that they
bound in aggregates and around 500 nm agglomerates are
formed.

Application

NPs are involved in various applications from different
fields such as imaging, catalysis, energy based research,
medical applications, and environmental applications.
Thanks to the unique characteristics of NPs, and their role
in increasing the drugs rat ability and convenient controlled
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drug release properties. Some of the important applications
of NPs include:

Pharmaceutical and Medicinal Applications

Simple and complex nano-sized inorganic particles
represent an important material in the field of novel nano
devices development which can be applied in several
biological, physical, pharmaceutical, and biomedical
applications. Thanks to their unique chemical and physical
properties, optical properties (in case of photo thermal
therapeutic applications and biological and cell imaging
applications), and their ability to deliver drugs in specific
dosage which increase drug therapeutic efficiency, minimize
side effects, and improve patient compliance [67-71]. The
controlled release of drugs to the exact action site at the
therapeutically optimum degree and dose regimen has been
a major goal in designing such devices. However, improving
hydrophilic NPs as drug carrier was representing a challenge,
which was achieved through different approaches such as
using polylactic acid and polyethylene oxide as promising
for the drug intravenous administration system [70]. In the
field of biomedical applications, iron oxide particles such as
magnetite (Fe,0,) or its oxidized form maghemite (Fe,0,)
represent the most commonly employed NP [72,73]. On
the other hand, super paramagnetic iron oxide NPs with
appropriate surface chemistry is involved in numerous in vivo
applications such as tissue repair, MRI contrast enhancement,
immunoassay, cell separation, biological fluids hyperthermia
detoxification, and drugs delivery [70]. Importantly, NPs
used in these biomedical applications must have a size
smaller than 100 nm, high magnetization value, and a
narrow particle size distribution [74,75]. Biodegradable NPs
are being developed as potent drug delivery devices [76,77].

Concerning cancer and cancer diagnosis, majority of the
metallic and semiconductor NPs have potential promising
contributions in the field of cancer therapy and diagnosis on
account of their surface plasmon resonance improved light
scattering and absorption [78,79]. Gold NPs, for example,
are capable of converting the strong absorbed light into
localized heat which can be exploited for the selective
laser photo thermal therapy of cancer [80,81]. Moreover,
the antineoplastic action of NPs is employed to inhibit the
growth of tumour [82,83]. Silver NPs are another example of
NPs used intensively used for their antimicrobial activities in
wound healing dressings, catheters and various households’
products [84-86]. Potency of NPs as antimicrobial agents
can be considered superior to the relatively toxic organic
compounds to the biological systems [87]. NPs have various
functioning groups which made them capable of killing
microbes selectively. TiO2, ZnO, BiVO4, Cu- and Ni-based
NPs have been employed for their promising antibacterial
activities [88-90].
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NPs Applications in Electronics and Printed
Electronics

The significant properties of NPs are reversible assembly,
and facile manipulation which facilitate incorporating NPs in
electric, electronic or optical devices [91]. Printed electronics
development has been attracting increasing attention as they
are relatively cheaper and more attractive in comparison
with traditional silicon techniques. Contributions of metallic
NPS, and ceramics NPs in functional inks used in printed
electronics have been expected to flow rapidly as a mass
production process for new types of electronic equipment
[70]. Exceptional optical, structural, and electrical
characteristics of one dimensional semiconductor and metals
make them the key structural block for a new generation of
electronic, sensors and photonic materials [92].

NPs Applications
Materials

in Manufacturing and

Nanotechnology has been known as the next
developmental revolution in various industries including
food processing and packing, and NPs are already involved
in commercially available products. In the field of material
science, nano-crystalline materials have promising
applications due to their characteristics that deviate from
respective bulk material in a size dependent manner. The
applications of nanotechnology have been involved in
various marketable products such as health fitness products,
electronic, and computer related parts, etc. Moreover, many
other products are already being mass-produced in the
fields of aerospace, microelectronics, and pharmaceutical
industries [70]. Those NPs have physicochemical properties
that induce unique mechanical, electrical, imaging and
optical characteristics that are extremely wanted in some
medical, commercial, and ecological applications [93-95].
NPs concentrate on the characterization, designing and
engineering of biological and non-biological structures show
unique and novel functional properties and having sizes less
than 100 nm. On the other hand, some noble metals NPs have
promising applications in fields of biosensors and chemical
sensors due to their unique Plasmon absorbance features
[96].

NPs Applications in Energy and Energy Storage

Nowadays, scientists are currently shifting their
research strategies to generate renewable energies from
easily available resources at cheap cost to replace the non-
renewable fossil fuels. NPs are nominated as one of the
best candidates for this purpose, thanks to their optical
behaviour, large surface area, and catalytic nature. Therefore,
NPs are widely used especially in photo catalytic applications
in order to generate energy from electrochemical and photo
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electrochemical water splitting [97,98]. NPs are also used in
energy storage applications for energy storage into various
forms at nano-scale level, and in nano-generators to convert
the mechanical energy into electricity using piezoelectric
[99,100].

NPs Applications in the Environment

Majority of the NPs contributions in industry and
household applications leads eventually to the release
of them into the environment. Evaluating the risk of
accumulation of these materials in the environment needs
deep understanding of their impacts on environment
through knowing their reactivity, mobility, Eco toxicity and
persistency [100,101]. The increased NPs concentrations
can be observed in groundwater and soil which presents
the most significant exposure avenues for assessing
environmental risks [102]. On the other hand, how to employ
NPs to deal with contaminants depends on NPs properties
such as size, morphology, porosity, composition, aggregation
and aggregate structure. Due to high surface to mass ratio,
natural NPs play key role in the solid/water partitioning
of contaminants can be absorbed to the surface of NPs, co-
precipitated during the formation of natural NPs or trapped
by aggregation of NPs which had contaminants adsorbed
to their surface. Environmental NPs applications includes
environmentally benign sustainable products (e.g. green
chemistry or pollution prevention), remediation of materials
contaminated with hazardous substances and sensors for
environmental stages [70]. Super paramagnetic iron oxide
NPs are potent sorbents capable of removing heavy metals
such as mercury, thallium, lead, arsenic, and cadmium from
natural water [97]. Additionally, photo degradation by NPs
and other nano-materials is commonly employed for this
purpose [103,107].

Conclusion

Nano-materials are increasingly being used in new
products and devices with a great impact on different fields
especially in biomedicine. Biosynthesis of nano-materials
by microorganisms is recently attracting interest as a new,
exciting approach towards the development of ‘greener’
nano-manufacturing compared to traditional chemical
and physical approaches. The last ten-year literature was
selected, focusing on scientific works where aspects like
biosynthesis features, characterization, and applications have
been described. Some bacteria and fungi have showed the
ability to synthetize unique nanostructures: bacterial nano-
cellulose, exopolysaccharides, bacterial nanowires, and bio
mineralized nano-scale materials (magnetosomes, frustules,
and coccoliths). Yeasts and moulds are characterized by
extracellular synthesis, beneficial for possible recycle of cell
cultures and reduced purification processes of nanomaterial.
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Properties of nano-materials vary greatly from macro
and micro size materials which play effective role in human
health and medicine. Nano medicine aimed to integrate
modern nanotechnology with classical molecular tools and
biotechnology to develop innovative therapeutics for disease
cure and tissue repair, novel drug delivery systems, rapid
and ultrasensitive diagnostics tools like biosensors, bio
pharmaceutics, surgical aids, implantable biomaterials, etc.
Various physical and chemical methods are broadly used for
the synthesis of NP. Though these approaches offer higher
production rate and better size control over the synthesized
NP, they are considered unfavourable due to high capital
cost, energy requirements, anaerobic conditions, use of toxic
reagents and the generation of hazardous wastes.

Synthesis of NP by biological means offers cheap,
nontoxic and eco-friendly alternative to their counter
physical and chemical methods. Microbes are found to be tiny
nano-factories, and microbial synthesis of NP has merged
biotechnology, microbiology and nanotechnology in to a new
field of nano-biotechnology. Microbes like bacteria, fungi
and yeasts are mostly preferred for NP synthesis, because
of their fast growth rate, easy cultivation and their ability to
grow at ambient conditions of temperature, pH and pressure.
Microbes offer safe, eco-friendly and economically viable
approach of NP synthesis as compared to their chemical
alternates, lack of monodispersity, uncontrolled size, and
time consuming production process has limited their use on
commercial scale.
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