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Abstract
Nanoparticles are the spearheads of the rapidly expanding field of nanotechnology. An array of
physical and chemical methods is used for the synthesis of nanoparticles. The development of
impeccable protocols for the synthesis of highly monodisperse nanoparticles of various sizes,
geometries and chemical composition is one of the most challenging obstacles in the field of
nanotechnology. Ultraviolet irradiation, aerosol technologies, lithography, laser ablation,
ultrasonic fields, and photochemical reduction techniques have been used successfully for
nanoparticle synthesis, but they continue to remain expensive and involve use of hazardous
chemicals. There is growing concern to develop eco-friendly and economically viable methods
for synthesis of nanoparticles. Biological systems, masters of ambient condition chemistry offer
an environment-friendly alternative way to produce nanoparticles than the currently used
protocols. Microbial synthesis of nanoparticles is a green chemistry approach that interconnects
the fields of nanotechnology and microbial biotechnology. Biological synthesis of gold, silver,
gold-silver alloy, platinum, palladium, selenium, tellurium, silica, titania, zirconia, magnetite and
uraninite particles by bacteria, actinomycetes, fungi and yeasts have been reported worldwide. In
spite of the stability of nanoparticles synthesized this way, the method faces several challenging
obstacles like low monodispersity and production rates and higher production costs. Detailed
study of cellular, biochemical and molecular mechanisms that govern the growth of the
nanoparticle in biological systems is required to overcome these obstacles. In this paper, we
describe the current status of nanoparticle production by microorganisms.

Introduction
Nanotechnology has attracted a great deal of attention over the recent years due to applications in
various fields such as energy, medicine, electronic and space industries. There are two strategies
for nanoparticle synthesis: top-down and bottom-up. In top-down approach, bulk material is
broken down into small pieces gradually and in bottom-up approach, atoms and molecules are
brought together to synthesize nano-sized particles. Bottom-up approach is generally used for
biological synthesis of nanoparticles.
Due to their small size and high surface area nanoparticle have characteristic physical, chemical,
mechanical, electronic, electrical, optical, magnetic, thermal, dielectric and biological properties
not possessed by their larger sized counterparts. Optoelectronic, physiochemical and all other
properties of nanoparticles are determined by the shape, size and monodispersity of the particle.
These characteristics depend upon the method of synthesis of nanoparticles. Physical and
Chemical methods used now for production of nanoparticles though lead to monodisperse
nanoparticles, but they are less stable and various toxic chemicals are used. The use of toxic
chemicals and non-polar solvents in synthesis leads to the inability to use nanoparticles in
clinical fields. Therefore, development of clean, non-toxic, biocompatible and eco-friendly
method for synthesis of nanoparticles deserves recognition. Even though biological synthesis of
nanoparticles is considered cost effective, safe, environment-friendly and sustainable, it has
various drawbacks. The culturing of microorganisms is time-consuming and it is difficult to have
fine control over shape, size and crystallinity. The particles are not monodisperse and the rate of
production is slow. These are the various problems which have vexed the biological synthesis of
nanoparticles. But optimization of factors involved like pH, temperature, metal ion

concentration, and the strain of the microbe used has given hope for large scale application of
biological synthesis. Moreover genetically engineered strains which express the reducing agent
maximally can be used in the future which will provide better control over the shape and size of
nanoparticles. Interaction between microbes and metals has been known for long and is used in
bioremediation, biomineralization, bioleaching and biocorrosion but it its use in the synthesis of
nanoparticles is a recent discovery and lot of study is required before it can be put to practical
use.

Nanoparticle synthesis by Bacteria
Microorganisms often produce inorganic materials of nano-size either extarcellularly or
intracellularly. Microbial systems are able to detoxify heavy metals by virtue of their ability to
reduce the metal ions or precipitate the soluble toxic ions into insoluble non-toxic metal
nanoparticles. A great deal of study has been carried out on synthesis of nanoparticles by
prokaryotic bacteria since they are the easiest organisms to handle and can be manipulated most
easily. Bacteria are able to form nanoparticles both intracellularly via bioaccumulation and
extarcellularly on the cell wall using its enzymes. Intracellular nanoparticles are of a fixed size
with less monodispersity than extracellular particles. Hence, extracellular production has more
commercial applications in various fields. Since monodispersity is the major factor in usefulness
of nanoparticles, biological processes must be designed in such a way to ensure maximum
monodispersity.
To obtain intracellular particles from bacteria requires further processing steps like ultrasound
treatment or reaction with suitable detergents. This property can be exploited for extraction of
precious metals from mine wastes and the metal nanoparticles can also be used as catalysts.
When cell wall reductive enzymes or secreted enzymes are involved in the reduction of metal
ions then it is logical to find the metal nanoparticles outside the cell. The extracellular
nanoparticles have wider applications in the field of optoelectronics, bioimaging and sensor
technology than intracellular particles.
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lead to the formation of nanoparticles. It can also be used for the production of gold-silver alloy.
Similarly, dried cell mass of Corynebactetium sp.SH09 was able to produce silver nanoparticles
with silver diamine complex at 60 degree centigrade after 72 hours. It is believed that organic
matrix of the cell provides peptides that contain amino acid moieties that serve as a nucleation
point for the start of nanoparticle formation. Silver precipitating peptides were found to have
capable of reducing aqueous silver face centered cubic structured silver crystals. The exact
mechanism of the formation is not yet known and further research needs to be carried out.
A prokaryotic bacterium Rhodopseudomonas capsulata, was found to deposit gold nanoparticles
of 10-20 nanometers at 7 pH and room temperature extarcellularly. As the pH of the solution was
changed various nanoparticles with different sizes and geometries (like triangular and spherical
at 4.0 pH) were formed. It was found experimentally that cell free extract of Rhodopseudomonas
Capsulata can also be used for production of gold nanoparticles. SDS-PAGE analysis of the
extract demonstrated the involvement of one or more proteins (14-98 kDa) in the reduction of
gold and capping of gold nanoparticles. Similarly, silver nanoparticles can be produced
extarcellularly using Enterobacter culture supernatant. These bacteria secrete enzymes in their
culture solutions which are able to reduce silver and assist in the formation silver nanoparticles.
UV-visible spectroscopy and Transmission Electron Microscopy of the solution estimates the
size of particles between 28-122 nanometers with the average size of 52.5 nanometers.
In addition to gold and silver much attention has been focused on synthesis protocols of
semiconductors (quantum dots) like cadmium sulfide, zinc sulfide and lead sulfide. These
luminescent quantum dots are emerging as a new set of materials with important applications in
cell imaging and biosensing, based on the conjugation between biorecognition molecules and
quantum dots. On conjugation these can be visualized easily because of their luminescence.
Clostridium thermoaceticum was found to deposit CdS nanoparticles on the cell surface as well
as in the solution in presence of cadmium chloride and cysteine hydrochloride. Possibly, cysteine
hydrochloride acts as the source of sulfur. When Klebsiella aerogenes is exposed cadmium ions
in the growth medium it forms cadmium sulfide nanoparticles of 20-200 nanometers deposited
on the cell surface. Escherichia coli when incubated with cadmium chloride and sodium sulfide
forms intracellular cadmium sulfide nanoparticles in wurtzite crystal phase. Experiments show
that the growth phase of the cells affect the formation rate of nanoparticles and is 20 times more I
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