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Abstract

Ciprofloxacin against Staphylococcus aureus.

The ability of prokaryotic microorganisms to reduce the inorganic metals has opened up an exciting ecofriendly
approach towards the development of green nanotechnology. Thus synthesis of metal nanoparticles through biological
approach is an important aspect of current nanotechnology. In this study, silver nanoparticles have been successfully
synthesized by Escherichia coli, in which exposure of supernatant to silver ions resulted in the extracellular reduction
of the metal ions and formation of silver nanoparticles. Antimicrobial activity of silver nanoparticles was evaluated
for their combined effects with antibiotics against microbes. The antibacterial activities increased in the presence of
biologically synthesized silver nanoparticles. The enhancing effect was observed for Bacitracin against Escherichia
coli and Salmonella paratyphi B., for Ampicillin against Corynebacterium diphtheriae, for Kanamycin against Klebsiella
pneumonia, for gentamycin against Pseudomonas aeruginosa and for Bacitracin, Gentamycin, Erythromycin,
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Introduction

Nanotechnology is an emerging field in the area of interdisciplinary
research, especially in biotechnology. The synthesis of silver
nanomaterials/nanoparticles is extensively studied by using chemical
and physical methods, but the development of reliable technology to
produce nanoparticles is an important aspect of nanotechnology [1].
Biological synthesis process provides a wide range of environmentally
acceptable methodology, low cost production and minimum time
required. At the same time the biologically synthesized silver
nanoparticles has many applications such as catalysts in chemical
reactions.

Nanotechnology literally means any technology on a nanoscale
that has applications in the real world. Nanotechnology encompasses
the production and application of physical, chemical, and biological
systems at scales ranging from individual atoms or molecules to
submicron dimensions, as well as the integration of the resulting
nanostructures into larger systems. Nanotechnology is likely to have
a profound impact on our economy and society in the early 21%
century, comparable to that of semiconductor technology, information
technology, or cellular and molecular biology [2]. Science and
technology research in nanotechnology promises breakthroughs in
areas such as materials and manufacturing, nanoelectronics, medicine
and healthcare, energy, biotechnology, information technology, and
national security. It is widely felt that nanotechnology will be the next
Industrial Revolution.

Several chemical methods have been developed for the synthesis
of silver nanoparticles including chemical reduction, aqueous
solution chemical reduction, nonaqueous chemical reduction, the
template method, electrochemical reduction, ultrasonic-assisted
reduction, photo-induced or photo-catalytic reduction, microwave
assisted synthesis, irradiation reduction, the microemulsion method,
biochemical method etc., but these chemical methods have been
reported along with various drawbacks, including the use of toxic
solvents, generation of hazardous by-products, and high energy
consumption, which pose potential risks to human health and to the
environment [3-5]. Currently, there is a growing need to develop an
environment friendly nanoparticle synthesis that does not use toxic
chemicals in the process of its synthesis. The microbial-mediated
biological synthesis of metallic nanoparticles has recently been

recognized as a promising source for mining nanomaterials [6]. The
microbial recovery of precious metals with the formation of their
nanoparticles is a green alternative to the conventional method.
Biosynthesis of silver nanoparticles using bacteria, fungi, and plants are
already well-documented. However, the exploration of actinomycetes
has recently gained interest for the efficient biological synthesis of
metallic nanoparticles. The bonding reaction between the antibiotic
and nanoparticles enhances the inhibition effect against the test
organisms. The antibiotic molecules contain many active groups such
as hydroxyl and amide groups, which react easily with nanosilver by
chelation, and helps in effective inhibition [7-12].

In the present investigation, we examined extracellular biosynthesis
of silver nanoparticles (AgNPs) from the bacterial strain Escherichia
coli. The antibacterial activity of synthesized silver nanoparticles
coated on the antibiotics was also studied to ensure the contribution
of biologically synthesized silver nanoparticles to Nanomedicine [13].

Materials and Methods

Synthesis of silver nanoparticles using Escherichia coli

Materials: 24 hours old Escherichia coli culture; Sterile Nutrient
broth; Distilled water; 1 mM Silver nitrate

Methods

Production of biomass: The bacterial strain Escherichia coli was
inoculated into sterile nutrient broth for production of biomass. The
culture flasks were incubated on an orbital shaker at 27°C and agitated
at 220 rpm. The biomass was harvested after 24 hours of growth and
centrifuged at 12000 rpm for 10 minutes. The supernatant material was
collected for the further reaction to synthesize nanoparticles.
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Synthesis of silver nanoparticles: The bacterial strain Escherichia
coli was cultured, to produce the biomass for biosynthesis in nutrient
broth. The collected 100 ml supernatant was added into the reaction
vessel containing 1 mM of silver nitrate, control was also run containing
only silver nitrate in water and blank was also run containing only biomass.
All the reactions were carried out in bright condition for 24 hours.

Antibacterial activity of silver nanoparticles coated on
antibiotics

Materials: Sterile Mueller Hinton agar; Silver nanoparticles
solution; Antibiotics discs (Bacitracin (10 U); Streptomycin (10 mcg);
Gentamycin (10 mcg); Kanamycin (30 mcg); Ampicillin (10 mcg);
Ciprofloxacin (10 mcg); Erythromycin (10 mcg)); Different Gram
negative and Gram positive bacterial cultures; Sterile petri plates;
Sterile swabs

Method

The sterile molten Mueller Hinton agar was poured in sterile
petriplates, allowed to solidify, then different cultures Escherichia
coli, Salmonella paratyphi B., Corynebacterium diphtheria, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus were
swabbed on different plates and allowed to absorb respectively. After 10
mins different antibiotic discs Bacitracin (10 U), Ampicillin (10 mcg),
Kanamycin (30 mcg), Gentamycin(10 mcg), Erythromycin (10 mcg),
Ciprofloxacin (10 mcg) were dipped in the silver nanoparticles solution
to get coated and placed on the plates which were incubated for 24
hours at 37°C . Zones of inhibition were observed after incubation.

Results and Discussion

Synthesis of silver nanoparticles using Escherichia coli

Silver nanoparticles were biologically synthesized by the culture
supernatant Escherichia coli. Color change from yellow to brown in
the silver nitrate containing flask indicated the formation of silver
nanoparticles, whereas no color change was observed in control and
blank flask (Figure 1).

Antibacterial activity of silver nanoparticles coated on
antibiotics

The biologically synthesized AgNPs inhibited different
microorganisms. The resulting zones of inhibition formed were
mainly due to the destabilization of the outer membrane, collapse of
the plasma membrane, and depletion of intracellular ATP by the silver
nanoparticles. Escherichia coli, Pseudomonas aeruginosa, Salmonella
sp, Staphylococcus aureus. The combination of antibiotics with AgNPs
against Gram-positive and Gram-negative bacteria offers a valuable
contribution to nanomedicine. The antibacterial activities of Bacitracin,
Streptomycin, Gentamycin, Kanamycin, Ampicillin increased in the
presence of AgNPs against the test strains. The measured zone of
inhibition is shown in Table 1 and Figures 1-7.

Conclusions

The present study concludes that Escherichia coli can be used
as source for synthesis of silver nanoparticles extracellulary. The
biosynthetic methods have been recognized as an alternative to chemical
and physical synthesis, as this biosynthetic method is economical, eco-
friendly, and cost-effective. The present work exhibited an efficient and
low-cost biological approach to synthesize the metal nanoparticles and
provided helpful insight into the development of new antimicrobial
agents with the synergistic enhancement of the antibacterial mechanism

Page 2 of 3
Name of organisms Antibiotics used Zone of inhibition
inmm
Control Test
Escherichia coli Bacitracin (10 U) 00 22
Salmonella paratyphiB Bacitracin (10 U) 00 18
Corynebacterium diphtheriae . Ampicillin (10 mcg) 00 14
Klebsiella pneumoniae Kanamycin (30 mcg) 19 30
Pseudomonas aeruginosa Gentamycin (10 mcg) 18 34
Staphylococcus aureus Bacitracin (10 U) 00 12
Gentamycin (10 mcg) 14 29
Erythromycin (10 mcg) 19 32
Ciprofloxacin (10 mcg) 21 30

Table 1: Antibacterial activity of silver nanoparticles coated on antibiotics.

Before incubation in bright conditions After incubation in bright conditions.

Figure 1: Color change from yellow to brown after incubation indicates presence

of silver nanoparticles.
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Figure 2: Antibacterial activity of biologically synthesized 1 mM silver
nanoparticles coated on antibiotic bacitracin (10 U) against Escherichia coli.
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Figure 3: Antibacterial activity of biologically synthesized 1 mM silver nanoparticles

coated on antibiotic bacitracin (10 U) against Salmonella paratyphi B.
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Figure 4: Antibacterial activity of biologically synthesized 1mM silver nanoparticles
_coated on antibiotic ampicillin (10 mcg) against Corynebacterium diphtheria.
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Figure 5: Antibacterial activity of biologically synthesized 1 mM silver nanoparticles
_coated on antibiotic kanamycin (30 mcg) against Klebsiella pneumonia.

Figure 6: Antibacterial activity of biologically synthesized 1 mM silver nanoparticles
coated on antibiotic gentamycin (10 mcg) against Pseudomonas aeruginosa.
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Figure 7: Antibacterial activity of biologically synthesized 1mM silver
nanoparticles coated on antibiotic bacitracin (10 U), Gentamycin (10 mcg),
Erythromycin (10 mcg), Ciprofloxacin (10 mcg) against Staphylococcus aureus.

against pathogenic microorganisms. This green chemistry approach
toward the synthesis of silver nanoparticles has many advantages such
as, ease with which the process can be scaled up, economic viability,
etc. Applications of such eco-friendly nanoparticles in bactericidal,
wound healing and other medical and electronic applications, makes
this method potentially exciting for the large-scale synthesis of other
inorganic materials. Toxicity studies of silver nanoparticles on human
pathogen opens a door for a new range of antibacterial agents.
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