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INTRODUCTION

Synthesis of nanoparticles as an emerging highlight of

the intersection of nanotechnology and biotechnology has

received increasing attention due to a growing need to develop

environmentally-benign technologies in material synthesis.

The metallic nanoparticles are the most promising as they

show good antibacterial properties due to their large surface

area to volume ratio, which is coming up as the current interest

in research due to the growing microbial resistance against

metal ions, antibiotics and the development of resistant strains

(Fayaz et al., 2010).

Silver has long been known to exhibit a strong toxicity

to a wide range of 116 micro-organisms (Liau et al., 1997) for

these reasons silver-based compounds have been used

extensively in many bactericidal applications (Gupta et al.,

1998 and Nomiya et al., 2004). Several salts of silver and

their derivatives are commercially employed as antimicrobial

agents. The bactericidal effect of silver ions on microrganisms

is very well known; however, the bactericidal mechanism is

only partially understood. It has been proposed that ionic silver

strongly interacts with thiol groups of vital enzymes and
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inactivates them (Gupta et al., 1998).  Experimental evidence

suggests that DNA loses its replication ability once the

bacteria have been treated with silver ions. Other studies have

shown evidence of structural changes in the cell membrane as

well as the formation of small electron-dense granules formed

by silver and sulfur (Singh et al., 2008).

Metal particles in the nanometer size range exhibit

physical properties that are different from both the ion and the

bulk material. This makes them exhibit remarkable properties

such as increased catalytic activity due to morphologies with

highly active facets (Singh et al., 2008). Microorganisms, such

as bacteria and fungi, now play an important role in the

remediation of toxic metals through the reduction of the metal

ions (Kalishwaralal et al., 2008).

Response surface methodology (RSM) is a collection of

statistical and mathematical techniques useful for developing,

improving and optimizing processes (Boyaci, 2005 and

Myers and Montgomery, 2007). RSM is a well-known

method applied in the optimization of medium constituents

and other critical variables responsible for the production of

biomolecules (Xiong et al., 2004 and Shin et al., 2004).
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In addition to analyzing the effects of the independent

variables, this experimental methodology generates a

mathematical model that accurately describes the overall

process. It has been successfully applied to optimize the

conditions in food, chemical and biological processes

(Senanayake and Shahidi, 2002 and Boyaci, 2005).

The conventional practice of single factor optimization

by maintaining other factors at an unspecified constant level

does not depict the combined effect of all the factors involved.

The one factor at a time method requires a large number of

experiments to determine optimum levels, which is tedious and

time consuming. Optimizing all the effecting parameters can

eliminate these limitations of a single factor optimization

process collectively by statistical experimental design using

RSM (Dey et al., 2001and Xiong et al., 2004).

Gamma-irradiation synthesis of metallic nanoparticles

(El-Batal et al., 2013) has been also employed as one of the

most promising methods to produce AgNPs due to some

important advantages. As compared to conventional

chemical/photochemical techniques, the radiochemical process

can be performed to reduce Ag+ ions at the ambient

temperature without using excessive reducing agents or
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producing unwanted by-products of the reductant. Moreover,

reducing agent can be uniformly distributed in the solution and

AgNPs are produced in highly pure and stable form (Krkljesˇs

et al., 2007).

The development of new resistant strains of bacteria to

current antibiotics    has become a serious problem in public

health; therefore, there is a strong incentive to develop new

bactericides. (Guzman et al., 2012 and  Sadeghi et al .,2012 )
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Aim of The Work

The aim of this study was to use the culture cell free

supernatant of the non-pathogenic bacterial isolates for the

synthesis of AgNPs from the standpoint of ease of mass

production and safety in handling the organism. The current

work involving the optimization of medium components for

nitrate reductase production by the selected bacterial isolates

to evaluate the antimicrobial activity of the AgNPs synthesized

against selected strains of pathogenic multidrug-resistant

bacteria and yeast causing life - threatening infections.

The antimicrobial activity was assessed by measuring

the diameter of inhibition zones by determining the minimum

inhibitory concentration (MIC) and by determining the

minimum lethal concentration (MLC).

To achieve this aim the following plan of work was

undertaken.

1. Screening of the most potent local microbial isolates

(bacteria) for microbiological synthesis of silver

nanoparticles.
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2. Optimization of different growth parameters for the

most potent isolated microbe for using in silver

nanoparticles synthesis.

3. Characterization of the synthesized silver

nanoparticles by using different spectrospectral analysis.

4. Evaluation of the antimicrobial efficiency of the

synthesized silver nanoparticles against various

pathogenic microorganisms.
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LITERATURE REVIEW

1.Nanotechnology

Nanotechnology can be defined as the science and

engineering involved in the design, synthesis, characterization

and application of materials and devices whose smallest

functional organization in at least one dimension is on the

nanometer scale (one-billionth of a meter). In the past few

years nanotechnology has grown by leaps and bounds, and this

multidisciplinary scientific field is undergoing explosive

development. It can prove to be a boon for human health care,

because nanoscience and nanotechnologies have a huge

potential to bring benefits in areas as diverse as drug

development, water decontamination, information and

communication technologies, and the production of stronger,

lighter materials. Human health-care nanotechnology research

can definitely result in immense health benefits. The genesis of

nanotechnology can be traced to the promise of revolutionary

advances across medicine, communications, genomics, and

robotics. A complete list of the potential applications of

nanotechnology is too vast and diverse to discuss in detail, but

without doubt, one of the greatest values of nanotechnology
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will be in the development of new and effective medical

treatments.

The term "nanotechnology" was first defined by Tokyo

Science University, Norio Taniguchi in a 1974."'Nano-

technology' mainly consists of the processing of, separation,

consolidation, and deformation of materials by one atom or

one molecule. Nanotechnology and nanoscience got a boost in

the early 1980s with two major developments: the birth of

cluster science and the invention of the scanning tunneling

microscope (STM). This development led to the discovery of

fullerenes in 1985.

2.Nanoparticles

The prefix nano derives from the Greek word for dwarf.

One nanometer (nm) is equal to one-billionth of a meter, or

about the width of 6 carbon atoms or 10 water molecules. A

human hair is approximately 80,000 nm wide, and a red blood

cell is approximately 7000 nm wide. Atoms are smaller than 1

nm, whereas many molecules including some proteins range

between 1 nm and larger (Sahoo et al., 2007).

Metal particles in the nanometer size range exhibit

physical properties that are different from both the ion and the
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bulk material. This makes them exhibit remarkable properties

such as increased catalytic activity due to morphologies with

highly active facets (Singh et al., 2008). Microorganisms, such

as bacteria and fungi, now play an important role in the

remediation of toxic metals through the reduction of the metal

ions (Kalimuthu et al., 2008).

2.1.Production approaches of nanoparticles

Nanotechnology involves the precise manipulation and

control of atoms and molecules, the building blocks of all

matter, to create novel materials with properties controlled at

the nanoscale, billionths of a meter. Broadly, two production

approaches exist; the bottom-up and the top down (Horton

and Khan, 2006).

The bottom-up approach involves physically manipulating

small numbers of the basic building blocks, either individual

atoms or more complex molecules, into structures typically

using minute probes. For example, it is possible to push atoms

into a desired location using atomically fine force microscope

tips, intricately carve material using beams of electrons or

heavy metal ions, or write molecules directly onto surfaces

using tools, both from the physics laboratory or at the home



10

office, with inksmade of various materials. At present this

technology is limited to low-volume, high-value applications

such as high-performance chip manufacture, but the range of

bottom-up techniques and the areas of application are growing

rapidly (Horton and Khan, 2006).

The top-down approach involves controlling

physical processes, for example, the conditions under which

materials are grown, to coerce atoms and molecules to move

themselves as a unit to a desired location or structure. This

approach is already used to create nanoparticles for various

industrial applications, some of which are becoming feasible

for high volumes and at lower cost. However, the technique is

generally limited to producing simpler structures than the

bottom-up approach. Here too, new processes are regularly

being discovered or existing processes modified. More

importantly, both approaches can work within both biological

and nonbiological systems, bridging important divides

between the biological and nonbiological worlds (Horton and

Khan, 2006).
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2.2.Applications of nanoparticles

Most of the natural processes also take place in the

nanometer scale regime. Therefore, a confluence of

nanotechnology and biology can address several biomedical

problems, and can revolutionize the field of health and

medicine (Singh et al., 2008).

Nanotechnology is currently employed as a tool to

explore the darkest avenues of medical sciences in several

ways like imaging , sensing ,targeted drug delivery and gene

delivery systems and artificial implants. The new age drugs are

nanoparticles of polymers, metals or ceramics, which can

combat conditions like cancer and fight human pathogens like

bacteria (Singh et al., 2008).

3.Silver nanoparticles

Silver has long been known to exhibit a strong toxicity

to a wide range of 116 micro-organisms (Liau et al., 1997)

for these reasons silver-based compounds have been used

extensively in many bactericidal applications (Gupta et al.,

1998 and Nomiya et al., 2004).

Several salts of silver and their derivatives are

commercially employed as antimicrobial agents. The
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bactericidal effect of silver ions on microrganisms is very well

known; however, the bactericidal mechanism is only partially

understood. It has been proposed that ionic silver strongly

interacts with thiol groups of vital enzymes and inactivates

them (Gupta et al., 1998).

Experimental evidence suggests that DNA loses its

replication ability once the bacteria have been treated with

silver ions. Other studies have shown evidence of structural

changes in the cell membrane as well as the formation of small

electron-dense granules formed by silver and sulfur (Feng et

al ., 2000).

Silver ions have been demonstrated to be useful and

effective in bactericidal applications, but due to the unique

properties of nanoparticles nanotechnology presents a

reasonable alternative for development of new bactericides.

Metal particles in the nanometer size range exhibit physical

properties that are different from both the ion and the bulk

material. This makes them exhibit remarkable properties such

as increased catalytic activity due to morphologies with highly

active facets (Yacaman et al., 2001, Somorjai, 2004, Haruta,

1997 and Doraiswamy and Marks, 1996). We can apply

several electron microscopy techniques to study the
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mechanism by which silver nanoparticles interact with these

bacteria. We can use high angle annular dark field (HAADF)

scanning transmission electron microscopy (STEM), and

developed a novel sample preparation that avoids the use of

heavy metal based compounds such as OsO4. High resolutions

and more accurate X-ray microanalysis were obtained (Singh

et al., 2008).

The development of new resistant strains of bacteria to

current antibiotics (Kyriacou et al., 2004) has become a

serious problem in public health; therefore, there is a strong

incentive to develop new bactericides (Panacek et al., 2006).

Bacteria have different membrane structures which allow a

general classification of them as Gram-negative or Gram

positive. The structural differences lie in the organization of a

key component of the membrane, peptidoglycan. Gram

negative bacteria exhibit only a thin peptidoglycan layer (~2–3

nm) between the cytoplasmic membrane and the outer

membrane; in contrast, Gram-positive bacteria lack the outer

membrane but have a peptidoglycan layer of about 30 nm

thick (Singh et al., 2008 ).

Silver compounds have also been used in the medical

field to treat burns and a variety of infections (Feng et al .,
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2000). Several salts of silver and their derivatives are

commercially employed as antimicrobial agents (Holladay et

al., 2006). Commendable efforts have been made to explore

this property using electron microscopy, which has revealed

size dependent interaction of silver nanoparticles with bacteria

(Morones et al., 2005). Nanoparticles of silver have thus been

studied as a medium for antibiotic delivery (Li et al., 2005) ,

and to synthesize composites for use as disinfecting filters

(Jain et al., 2005)and coating materials (Li et al., 2006).

However, the bactericidal property of these nanoparticles

depends on their stability in the growth medium, since this

imparts greater retention time for bacterium– nanoparticle

interaction. There lies a strong challenge in preparing

nanoparticles of silver stable enough to significantly restrict

bacterial growth (Singh et al., 2008).

For centuries, People have used silver for its

antibacterial qualities. Nanoparticles usually have better or

different qualities than the bulk material of the same element.

In the case of silver nanoparticles the antibacterial effect is

greatly enhanced and because of their tiny size. Nanoparticles

have immense surface area relative to volume. Therefore

minuscule amounts of Silver Nanoparticles can lend
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antimicrobial effects to hundreds of square meters of its host

material (Theivasanthi and Alagar, 2011).

Ag-nanoparticles have already been tested in various

field of biological science, drug delivery, water treatment and

an antibacterial compound against both Gram (+) and Gram (-)

bacteria by various researchers. Most of the bacteria have yet

developed resistance to antibiotics and in this view in future it

is needed to develop a substitute for antibiotics. Ag-

nanoparticles are attractive as these are non-toxic to human

body at low concentration and having broad-spectrum

antibacterial nature. Ag nanoparticles inhibit the bacterial

growth at very low concentration than antibiotics and as of

now no side effects are reported (Theivasanthi and Alagar,

2011).

The acting mechanism of silver has been known in some

extent. Ag+ inhibits phosphate uptake and exchange in

Escherichia coli and causes efflux of accumulated phosphate

as well as of mannitol, succinate, glutamine, and proline.

Moreover, Dibrov et al. demonstrated that Ag+ carried the

ability to collapse the proton motive force of Vibrio cholera.

Considering the well-documented crucial importance of the

transmembrane proton gradient in overall microbial
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metabolism, it seems inevitable that the elimination of proton

motive force should result in cell death. Ag+ also forms

complexes with bases contained in DNA and is a potent

inhibitor of fungal DNAases .Moreover, Ag+ can lead to

enzyme inactivation via formatting silver complexes with

electron donors containing sulfur, oxygen, or nitrogen (thiols,

carboxylates, phosphates, hydroxyl, amines, imidazoles,

indoles; Ahearn et al. 1995). Ag+ may displace native metal

cations from their usual binding sites in enzymes (Li et

al.,2010) .

Furthermore, silver ions inhibit oxidation of glucose,

glycerol, fumarate, and succinate in E. coli. The SNPs show

efficient antimicrobial property compared with other salts due

to their extremely large surface area, which provides better

contact with microorganisms. For E. coli cells, a short time of

exposure to antibacterial concentrations of SNPs resulted in an

accumulation of envelope protein precursors. This indicates

that SNPs may target at the bacterial membrane, leading to a

dissipation of the proton motive force. When silver

nanoparticles enter the bacterial cell, they form a low

molecular weight region inside the bacteria. Thus, the bacteria



17

conglomerate to protect the DNA from the

SNPs.Consequently, the nanoparticles preferably attack the

respiratory chain, cell division finally leading to cell death (

Li et al.,2010 ).

3.1.Synthesis of silver nanoparticles

Conventional synthesis of silver nanoparticles involves

a number of chemical and physical methods. However, all

these methods are energy and capital intensive, employ toxic

chemicals, and often yield particles in non-polar organic

solutions, thus precluding their biomedical applications. (Jain

et al., 2010)

3.1.1. Chemical and physical synthesis of silver

nanoparticles

The production of nanoparticles majorly involves

physical and chemical processes. Silver nanomaterials can be

obtained by both the so-called ‘top-down’ and ‘bottom-

up’methods. The top-down method involves the mechanical

grinding of bulk metals and subsequent stabilization of the

resulting nanosized metal particles by the addition of

scolloidal protecting agents. The bottom-up methods, on the

other hand, include reduction of metals, electrochemical
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methods, and sonodecomposition (Gaffet et al., 1996 and

Amulyavichus et al ., 1998).

There are various physical and chemical methods, of

which the simplest method involves the chemical method of

reduction of the metal salt AgBF4 by NaBH4 in water. The

obtained nanoparticles with the size range of 3 to 40 nm are

characterized by transmission electron microscopy (TEM) and

UV-visible (UV–vis) absorption spectroscopy to evaluate their

quality (Arasu et al., 2010). There is the electrochemical

method which involves the electroreduction of AgNO3 in

aqueous solution in the presence of polyethylene glycol. The

nanoparticles thus produced are characterized by TEM, X-ray

diffraction, and UV–vis absorption spectroscopy and are 10

nm in diameter (Zhu et al., 2001).

Sonodecomposition, to yield silver nanoparticles,

involves the usage of ultrasonic waves to induce cavitation, a

phenomenon whereby the passage of ultrasonic waves through

an aqueous solution yields microscopic bubbles that expand

and ultimately burst. The synthesis of silver nanoparticles

involves sonochemical reduction of an aqueous silver nitrate

solution in an atmosphere of argon-hydrogen. The silver

nanoparticles are then characterized by TEM, X-ray
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diffraction, absorption spectroscopy, differential scanning

calorimetry, and EPR spectroscopy and are found to be 20 nm

in diameter. The mechanism of the sonochemical reduction

occurs due to the generation of hydrogen radicals during the

sonication process(Salkar et al., 1999).

Nanoparticles are also synthesized within aqueous

foams as a template. The method involves electrostatically

complexing silver ions with an anionic surfactant aerosol in

highly stable liquid foam. The foam is subsequently drained

off and reduced by introducing sodium borohydride. These

silver nanoparticles are extremely stable in solution,

suggesting that the aerosol stabilizes them. This method gave

nanoparticles of 5 to 40 nm in diameter (Mandal et al ., 2001).

A microwave synthesis of silver nanoparticles involves

the reduction of silver nanoparticles using variable frequency

microwave radiation as against the conventional heating

method. The method yields a faster reaction and gives a higher

concentration of silver nanoparticles with the same

temperature and exposure. It was also found that the higher the

concentration of silver nitrate used, the longer the reaction

time was and the higher the temperature, the bigger the particle

size was, while the higher the poly(N-vinylpyrrolidone)
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concentration, the smaller the silver particle size was (between

15 and 25 nm) (Jiang et al., 2006).

The radiation-induced synthesis is one of the most

promising strategies (Mostafavi et al. 1993). The process is

simple, clean and has harmless feature (Li et al. 2007).

The formation of AuNPs can be attributed to the

radiolytic reduction which generally involves radiolysis of

aqueous solutions that provides an efficient method to reduce

metal ions. In the radiolytic method, when aqueous solutions

are exposed to gamma rays, they create solvated electrons,

which reduce the metal ions and the metal atoms eventually

coalesce to form aggregates (Marignier et al. 1985).

There are also many more techniques of synthesizing

silver nanoparticles, such as thermal decomposition in organic

solvents, chemical and photoreduction in reverse micelles,

spark discharge, and cryochemical synthesis which yielded

nanoparticles between the ranges of 5 to 80 nm in diameter. (

Prabhu S. and Poulose E. K. , 2012 ).

3.1.2.Biological synthesis of silver nanoparticles

The problem with most of the chemical and physical

methods of nanosilver production is that they are extremely
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expensive and also involve the use of toxic, hazardous

chemicals, which may pose potential environmental and

biological risks. It is an unavoidable fact that the silver

nanoparticles synthesized have to be handled by humans and

must be available at cheaper rates for their effective utilization;

thus, there is a need for an environmentally and economically

feasible way to synthesize these nanoparticles. The quest for

such a method has led to the need for biomimetic production

of silver nanoparticles whereby biological methods are used to

synthesize the silver nanoparticles (Prabhu and Poulose,

2012).

The growing need to develop environmentally friendly and

economically feasible technologies for material synthesis led

to the search for biomimetic methods of synthesis

(Kalishwaralal et al., 2008). In most cases, the chemical

synthesis methods lead to some chemically toxic substances

being absorbed on the surface and can hinder their usage in

medical applications (Parashar et al ., 2009).

There are three major sources of synthesizing silver

nanoparticles: bacteria, fungi, and plant extracts. Biosynthesis

of silver nanoparticles is a bottom-up approach that mostly

involves reduction/oxidation reactions. It is majorly the
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microbial enzymes or the plant phytochemicals with

antioxidant or reducing properties that act on the respective

compounds and give the desired nanoparticles. The three

major components involved in the preparation of nanoparticles

using biological methods are the solvent medium for synthesis,

the environmentally friendly reducing agent, and a nontoxic

stabilizing agent ( Prabhu and Poulose. , 2012 ).

Thus the need for the development of clean, reliable,

biocompatible and benign processes to synthesize

nanoparticles leads to turning of more and more researchers to

exploit biological systems as possible eco-friendly ‘‘nano-

factories’’(Jain et al .,2010).

It is well known that the biological systems can provide

a number of metal or metal containing particles in the

nanometer range. Thus, they can be seen as a nanophase

system in their own right and as the starting point for

producing other novel nanophase systems. Biological methods

for nanoparticle synthesis would help circumvent many of the

detrimental features by enabling synthesis at mild pH, pressure

and temperature and at a substantially lower cost. A number of

micro-organisms have been found to be capable of

synthesizing inorganic nanocomposites either intra- or
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extracellularly. These include magnetotactic bacteria,silica

deposits by diatoms, and gypsum and calcium layers by

S-layer bacteria. The secrets gleaned from nature combined

with academic and scientific curiosity have led to the

development of biomimetic approaches for the synthesis of

nanoparticles. Whilst various studies have been commenced

on identification of microorganisms as possible nanofactories,

very little work has been conducted on the actual mechanisms

of nanoparticle formation in microorganisms (Jain et al

.,2010).

The defensive mechanism of cells for silver

detoxification has been suggested as a biological pathway for

the synthesis of silver nanoparticles. Ahmad et al., 2003, had

shown that NADH-dependent enzymes are responsible for the

biosynthesis of nanoparticles. The reduction mechanism seems

to be initiated by electron transfer from the NADH by NADH-

dependent reductase as electron carrier. Recent studies

demonstrated that the nitrate reductase enzyme system can be

responsible for the bioreduction which leads to formation of

silver nanoparticles (Jain et al., 2010).

Biological synthesis process provides a wide range of

environmentally acceptable methodology, low cost production
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and minimum time required. At the same time the biologically

synthesized silver nanoparticles has many applications

includes catalysts in chemical reactions, biolabelling,

antimicrobial agent, electrical batteries and optical receptors.

Microbial source to produce the silver nanoparticles shows the

great interest towards the precipitation of nanoparticles due to

its metabolic activity. Of course the precipitation of

nanoparticles in external environment of a cell, it shows the

extracellular activity of organism. Extracellular synthesis of

nanoparticles using cell filtrate could be beneficial over

intracellular synthesis, the fungi being extremely good

candidates for extracellular process and also environmental

friendly. There are few reports published in literature on the

biosynthesis of silver nanoparticles using fungal as source. The

use of bacterial strain in the bio-manufacturing process has the

advantage that ease of handling than the fungal sources

(Natarajan et al., 2010).

Pseudomanas stutzeri is interestingly resistant to silver

and this property is attributed to the accumulation of silver

crystals of dimension 200 nm and of a well-defined

composition and shape, inside the cell (Kalishwaralal e t al.,

2008).
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There are several reports in the literature on the cell-

associated biosynthesis of silver nanoparticles using several

microorganisms,particularly Fusarium oxysporum. The cell

mass of F. oxysporum, and the leached components from the

fungal cells have been reported for the reduction of silver ions

to silver nanoparticles (Kalishwaralal et al., 2008).

3.1.2.1. Silver-synthesizing bacteria

The first evidence of bacteria synthesizing silver

nanoparticles was established using the Pseudomonas stutzeri

AG259 strain that was isolated from silver mine.There are

some microorganisms that can survive metal ion

concentrations and can also grow under those conditions, and

this phenomenon is due to their resistance to that metal. The

mechanisms involved in the resistance are efflux systems,

alteration of solubility and toxicity via reduction or oxidation,

biosorption, bioaccumulation, extracellular complex formation

or precipitation of metals, and lack of specific metal transport

systems (Husseiny et al ., 2006).

There is also another aspect that though these organisms

can grow at lower concentrations, their exposure to higher

concentrations of metal ions can induce toxicity. The most
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widely accepted mechanism of silver biosynthesis is the

presence of the nitrate reductase enzyme. The enzyme converts

nitrate into nitrite. In in vitro synthesis of silver using bacteria,

the presence of alpha-nicotinamide adenine dinucleotide

phosphate reduced form (NADPH)- dependent nitrate

reductase would remove the downstream processing step that

is required in other cases. During the reduction, nitrate is

converted into nitrite and the electron is transferred to the

silver ion; hence, the silver ion is reduced to silver (Ag+ to

Ag0). This has been said to be observed in Bacillus

licheniformis which is known to secrete NADPH and

NADPH-dependent enzymes like nitrate reductase that

effectively converts Ag+ to Ag0 (Vaidyanathan et al., 2010).

The mechanism was further confirmed by using purified

nitrate reductase from Fusarium oxysporum and silver nitrate

along with NADPH in a test tube, and the change in the color

of the reaction mixture to brown and further analysis

confirmed that silver nanoparticles were obtained (Kumar et

al ., 2007) . There are also cases which indicate that there are

other ways to biosynthesize silver nanoparticles without the

presence of enzymes. It was found that dried cells of

Lactobacillus sp. A09 can reduce silver ions by the interaction
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of the silver ions with the groups on the microbial cell wall

(Fu et al ., 2000).

3.1.2.2. Silver-synthesizing fungi

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).

The extracellular enzymes like naphthoquinones and

anthraquinones are said to facilitate the reduction.Considering

the example of F. oxysporum, it is believed that the NADPH-

dependent nitrate reductase and a shuttle quinine extracellular

process are responsible for nanoparticle formation (Ahmad et

al ., 2003). Though the exact mechanism involved in silver

nanoparticle production by fungi is not fully deciphered, it is

believed that the abovementioned phenomenon is responsible

for the process. A major drawback of using microbes to
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synthesize silver nanoparticles is that it is a very slow process

when in comparison with plant extracts. Hence, the use of

plant extracts to synthesize silver nanoparticles becomes an

option that is feasible (Prabhu and Poulose, 2012 ).

3.1.2.3.Silver-synthesizing plants

The major advantage of using plant extracts for silver

nanoparticle synthesis is that they are easily available, safe,

and nontoxic in most cases, have a broad variety of

metabolites that can aid in the reduction of silver ions, and are

quicker than microbes in the synthesis. The main mechanism

considered for the process is plant-assisted reduction due to

phytochemicals. The main phytochemicals involved are

terpenoids, flavones, ketones, aldehydes, amides, and

carboxylic acids. Flavones, organic acids, and quinones which

are water-soluble phytochemicals that is responsible for the

immediate reduction of the ions. Studies have revealed that

xerophytes contain emodin, an anthraquinone that undergoes

tautomerization, leading to the formation of the silver

nanoparticles. In the case of mesophytes, it was found that

they contain three types of benzoquinones: cyperoquinone,

dietchequinone, and remirin. It was suggested that the

phytochemicals are involved directly in the reduction of the
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ions and formation of silver nanoparticles (Jha et al., 2009).

Though the exact mechanism involved in each plant varies as

the phytochemical involved varies, the major mechanism

involved is the reduction of the ions (Prabhu and Poulose,

2012).

Production of silver nanoparticles by Bacillus

species

The formation of extracellular and intracellular silver

nanoparticles by bacteria (Pseudomonas stulzeri, Escherichia

coli, Vibrio cholerae, Pseudomonas aeruginosa, Salmonella

typhus, and Staphylococcus currens) has been investigated.

There is a need to develop an ecofriendly approach for

nanomaterial synthesis that should not use toxic chemicals in

the synthesis protocol and use of microbes which are

Generally Regarded As Safe (GRAS) ( Ranganath et al

.,2012).

Among the microorganisms, prokaryotic bacteria have

received the most attention in the area of bio-synthesis of

nanoparticles. Microbial resistance against heavy metal ions

such as Fe, Co, Ni, Cu, Zn, As, Cd, Hg, Pb or U has been

explored for bioleaching processes of ores and for biological
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metal recovery systems. Early studies reveal that Bacillus

subtilis 168 is able to reduce Au3+ ions to produce octahedral

gold particles of nanoscale dimensions (5–25 nm) within the

bacterial cells by incubation of the cells with gold chloride

solution under ambient conditions. Silver is highly toxic to

most microbial cells and can be used as biocide or

antimicrobial agent. Nevertheless, it has been reported that

several bacterial strains are silver resistant and may even

accumulate silver at the cell wall to as much as 25% of the dry

weight biomass, thus indicating their use for industrial

recovery of silver from ore materials. The silver resistant

bacterial strain Pseudomonas stutzeri AG259 accumulates

silver nanoparticles in the size range, 35–46 nm, along with

some silver sulphide, in the cell.

The exact reaction mechanisms leading to the formation of

silver nanoparticles by the silver resistant bacteria is yet to be

elucidated( Pugazhenthiran et al., 2009).
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Optimization of Silver Nanoparticles

Production

RSM is a collection of statistical and mathematical

techniques useful for developing, improving and optimizing

processes (Boyaci, 2005 and Myers and Montgomery,

2007). RSM is a well-known method applied in the

optimization of medium constituents and other critical

variables responsible for the production of biomolecules

(Xiong et al., 2004 and Shin et al., 2004). In addition to

analyzing the effects of the independent variables, this

experimental methodology generates a mathematical model

that accurately describes the overall process. It has been

successfully applied to optimize the conditions in food,

chemical and biological processes (Senanayake and Shahidi,

2002 and Boyaci, 2005).

The conventional practice of single factor optimization

by maintaining other factors at an unspecified constant level

does not depict the combined effect of all the factors involved.

The one factor at a time method requires a large number of

experiments to determine optimum levels, which is tedious and

time consuming (Dey et al., 2001and Xiong et al., 2004).
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Optimizing all the effecting parameters can eliminate these

limitations of a single factor optimization process collectively

by statistical experimental design using RSM.

RSM consists of a group of mathematical and statistical

techniques used in the development of an adequate functional

relationship between a response of interest, y, and a number of

associated control (or input) variables denoted by x1, x2, . . . ,

xk.

The purpose of considering a model such as (1) is threefold:

1. To establish a relationship, albeit approximate,between y

and x1, x2, . . . , xk that can be used to predict response

values for given settings of the control variables.

2. To determine, through hypothesis testing, significance

of the factors whose levels are represented by x1, x2, .

.xk.

3. To determine the optimum settings of x1, x2, . . . , xk

that result in the maximum (or minimum) response over

a certain region of interest.

In order to achieve the above three objectives, a series

of n experiments should first be carried out, in each of which

the response y is measured (or observed) for specified settings
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of the control variables. The totality of these settings

constitutes the so-called response surface design (Khuri and

Mukhopadhyay, 2010).
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1.Materials

1.1. Microorganisms and culture maintenance

Culture of ten strains of bacillus which are Bacillus

stearothermophilus, B. laterosporus, B. licheniformis,

B.subtilis,   B. cereus,   B. pantothenutics, B. megaterium,

B.coagulans, B. circulans,  B. pumilus

were obtained from the Drug Radiation Research Department

at National Center for Radiation Research and Technology

(NCRRT), Cairo, Egypt. The antimicrobial activity of silver

nanoparticles were tested against five strains of Gram negative

and four strains of Gram positive pathogenic multidrug

resistant bacteria and four strains of yeast isolated from

clinical samples at the National Cancer Institute, Cairo, Egypt

including : Methicillin Resistant Staphylococcus aureus

(MRSA), Staphylococcus epidermidis, Staphylococcus

warneri & Staphylococcus saprophyticus as Gram + ve

bacteria, Acinetobacter baumannii / haemolyticus,

Pseudomonas aeruginosa, Klebsiella pneumonia &

Escherichia coli as Gram - ve bacteria while, Candida

albicans, Candida parapsilosis, Candida tropicals & Candida

glabrata were tested as yeast .
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The cultures were maintained at 4 ˚C in nutrient agar

slants. For long term storage microorganisms were preserved

in glycerol at -70˚C.

1.2.Chemicals

All chemicals used in this study are listed in table 1.

Table 1: list of chemicals

Chemical Source
Silver Nitrate (AgNO3) Sigma Aldrich-USA
β-nicotinamide adenine dinucleotide
(β-NADH)

Sigma Aldrich-USA

Sulphanilamide Sigma Aldrich-USA
N-(1-naphthyl) ethylenediamine
dihydrochloride Sigma Aldrich-USA

Potassium Nitrate (KNO3) Adwic-EGYPT
Yeast extract Sigma Aldrich-USA
Peptone Goumhoria-EGYPT
Glucose Adwic-EGYPT
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1.3.Media

1.3.1. Ready Made Media

Ready Made Media were prepared according to the

manufacturer’s instruction and included.

1.3.1.1.Nutrient agar (yeast extract 4 gm/l, tryptone 5 gm/l,

glucose 50 gm/l, potassium dihydrogen phosphate 0.55 gm/l,

potassium chloride 0.425 gm/l, calcium chloride 0.125 gm/l,

magnesium sulphate 0.125 gm/l, ferric chloride 0.0025 gm/l,

manganese sulphate 0.0025 gm/l,  bromocresol green 0.022

gm/l and agar 15 gm/l  (oxoid)).

1.3.1.2.Muller–Hinton Agar (beef 300 gm/l, casein

hydrolysate 17.5 gm/l, starch 1.5 gm/l and agar 17 gm/l

(oxoid)).

1.3.1.3. Luria bertani broth (tryptone 10 gm/l, yeast extract 5

gm/land sodium chloride 5 gm/l (oxoid)).
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1.3.2. Prepared Media.

1.3.2.1 Nitrate media (glucose 1.5 gm/l, peptone 15 gm/l,

yeast 3.5 gm/l and KNO3 3.5 gm/l ) after mixing of the

ingredients we make autoclaving at 121°c for 15 min then

cooling and inoculation of the micro-organism.

1.3.2.2.Optimized media for production of AgNPs from

Bacillus stearothermophilus (glucose 1 gm/l, peptone 10 gm/l,

yeast 4 gm/l and KNO3 4 gm/l ) after mixing of the ingredients

we make autoclaving at 121°c for 15 min then cooling and

inoculation of the micro-organism.

1.4.Irradiation source

The process of irradiation was carried out at NCRRT.

Irradiations were performed within a gamma-irradiation

system using Co-60 source (Gamma cell 4000-A-India), at a

dose rate of 3.31 kGy/hr at the time of the experiments.
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1.5.Instruments

a. Incubator shaker: LAB-Line® Orbit Environ shaker,

U.S.A.

b. Spectrophotometer: JASCO V-560 UV–visible

spectrophotometer, Japan.

c. Centrifuge: Hettich Universal 16R cooling centrifuge,

Germany.

d. Fourier Transform Infra-Red Spectroscopy (FT-IR):

JASCO FT/IR-3600 infra- red spectrometer, Japan.

e. Transmission electron microscope: JEOL electron

microscope JEM-100 CX,Japan.

f. Zeta potential-particle sizer : PSS-NICOMP 380-ZLS

particle sizing system St.barbara,California,USA.
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2.Methods

2.1.Production of cell supernatant from

different Bacillus species

To prepare the cell supernatent for synthesis of silver

nanoparicles from different Bacillus species, different isolates

were grown aerobically in nitrate medium. The culture flasks

were incubated on a shaker and agitated at 120 rpm. The cell

supernatants were collected after 24 hours by centrifugation at

6,000 rpm for 10 minutes at 6˚C.

2.2.Synthesis of silver nanoparticles

Synthesis of silver nanoparticles was carried out

according to method described by (Kalishwaralal et al., 2008

and Vaidyanathan et al., 2010) with slight modification. The

cell supernatant prepared as mentioned before was used for the

synthesis of silver nanoparticles.

Erlenmeyer flasks containing 100 ml cell supernatant of

optimum medium containing AgNO3 at a concentration of 1

mM were incubated for 5 min. The absorption spectrum of the
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sample was recorded on UV–visible spectrophotometer

operating at a resolution of 1 nm.

In typical experiment cell supernatant irradiated once

before and another after mixing with 1 Mm silver nitrate

exposed to doses from 0.25 to 3kGy Gamma-rays at room

temperature . In case of filtrate irradiated after mixing with

silver nitrate we used different concentrations of silver nitrate.

2.3.Screening of the most potent local Bacillus

isolates for microbiological synthesis of silver

nanoparticles.
Cell supernatant of different Bacillus species grown in

nitrate medium was used for synthesis of silver nanoparticles.

The optical density of AgNPs synthesized by different cell

supernatants was measured.

2.4.Estimation of nitrate reductase activity

Nitrate reductase activity was estimated by modified

procedure based on the method of (Vaidyanathan et al,

2010).The cell free supernatant obtained was used as the crude

enzyme. Enzyme substrate solution was prepared by mixing 25

mM potassium phosphate buffer with 30 mM potassium nitrate

and 0.05 mM ethylenediaminetetracetic acid at pH 7.3.An
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aliquot of 100 µl of enzyme was allowed to react with 1.8 ml

of substrate solution and the reaction was supported by 100 µl

of 2.5 mM β-nicotinamide adenine dinucleotide reduced form

solution (β-NADH). The reaction mixture was incubated at 30

◦C for 5min. Then the reaction was terminated immediately by

adding and swirling 1ml of 58 mM sulphanilamide solution in

3M HCl. Then 1ml of 0.77mM N-(1-naphthyl)

ethylenediamine dihydrochloride solution (NED) was added

and mixed by swirling. The color formation was noticed after

5 min incubation of the mixture. The absorbance was recorded

at 540 nm. Units are defined as micromoles of nitrite produced

per min.

2.5.Characterization of silver nanoparticles
Cell supernatant was exposed to gamma irradiation

before and after mixing with AgNO3 solution at doses 0.25,

0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00 and 3.00 kGy at room

temperature. After irradiation the produced AgNPs were

characterized by the UV–vis spectroscopy, DLS, TEM and the

FT-IR spectroscopy.
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2.5.1. UV/vis Spectral Analysis

UV/vis spectra of AgNPs were recorded as a function of

wavelength using. UV/vis spectrophotometer from 200-900

nm operated at a resolution of 1 nm.

2.5.2. Dynamic Light Scattering (DLS)

Average particle size and size distribution were

determined by particle sizing system.

2.5.3. Fourier Transform Infra-Red Spectroscopy
(FT-IR)

The measurements were carried out using infra-red

spectrometer by employing KBr pellet technique.

2.5.4. Transmission Electron Microscopy (TEM)

The size and morphology of the synthesized

nanoparticles were recorded by using TEM. TEM studies were

prepared by drop coating silver nanoparticles onto carbon-

coated TEM grids. The film on the TEM grids were allowed to

dry, the extra solution was removed using a blotting paper.

2.5.5. Atomic Absorbtion Spectrophotometry
Silver nanoparticles concentration was assessed using

Atomic Absorbtion Spectrophotometry, equipped with

denterium background correction.
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All solutions were prepared with ultra pure water with

aspesific resistance 18 Ώcm-1.

2.6.Optimization of medium components for

nitrate reductase production

The influence of different factors on reductase activity

was evaluated using RSM with a total of 97 runs. The

independent variables included glucose, peptone, yeast extract,

KNO3, pH, temp and incubation period at three levels against

the dependent variable nitrate reductase activity.
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Table 2: The different variables and their levels used for

optimization of nitrate reductase productivity.

levels Glucose
g/l

Peptone
g/l

Yeast
exract

g/l

Potassium
nitrate

g/l
PH Temp

˚C

Incubation
period

Day

1 2 20 4 4 7.5 35 3
0 1.5 15 3.5 3.5 7 30 2
-1 1 10 3 3 6.5 25 1
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2.7.Antimicrobial study of the synthesized

silver nanoparticles
2.7.1.Determination of zone of inhibition.

The AgNPs synthesized were tested for their

antimicrobial activity by the agar well diffusion method

(Bauer et al., 1966) against different kinds of pathogenic

multidrug resistant bacteria and yeast isolated from clinical

samples at the National Cancer Institute, Cairo, Egypt. The

tested strains included; Staphylococcus aureus (MRSA),

Staphylococcus epidermidis, Staphylococcus warneri &

Staphylococcus saprophyticus as Gram + ve bacteria,

Acinetobacter baumannii / haemolyticus, Pseudomonas

aeruginosa, Klebsiella pneumonia & Escherichia coli as Gram

- ve bacteria while, Candida albicans, Candida parapsilosis,

Candida tropicals & Candida glabrata were tested as yeast.

Identification was carried out according to standard methods

(Barrow and Feltham, 1993 and Fisher and Cook, 1998),

and then confirmed by using MicroScan WalkAway-96 SI

System (Dade Behring, Germany) at the National Cancer

Institute. Standardized suspension of each tested strain (108

cfu/ml and 106 cfu/ml for bacteria and yeast, respectively) was
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swabbed uniformly onto sterile Muller-Hinton Agar (MHA)

(Oxoid) plates using sterile cotton swabs. Wells of 10 mm

diameter were bored into the agar medium using gel puncture.

Using a micropipette, 100 ul silver nanoparticles solution

(200ppm) was added into each well. After incubation at 37˚C

for 24hr, zone of inhibition were measured. Tetracycline

(antibacterial agent) and Amphotericin B (antifungal agent)

were used as positive controls for antimicrobial activity. The

determinations were done in triplicate and the mean values ±

SD were recorded.

2.7.2.Determination of minimum inhibitory

concentration (MIC) and minimum lethal

concentration (MLC).

Five different strains; Staphylococcus aureus (MRSA)

[coagulase positive staphylococci] & Staphylococcus warneri

[coagulase negative staphylococci] as Gram +ve bacteria,

Acinetobacter baumannii / haemolyticus & Pseudomonas

aeruginosa as Gram - ve bacteria and Candida parapsilosis as

a yeast were selected in this study.  The MICs determinations

were performed in Luria Bertani (LB) broth in duplicate using

serial two-fold dilutions of AgNPs in concentrations ranging
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from 1600-0.049 ppm, along with positive control tube (the

microorganism in LB broh) and negative control one (LB

broth) (CLSI, 2009). The MIC was determined after 24 h of

incubation at 37˚C with initial inoculums of 0.1 OD at 600 nm.

The MIC is the lowest concentration of AgNPs that completely

visually inhibits 99% growth of the tested microorganisms.

The concentrations of AgNPs able to inhibit the visible growth

of 50% and 90% of a population of microorganisms (MIC50

and MIC90 ,respectively) were also determined. After MICs

determinations, aliquots of 50 ul from all tubes in which no

visible growth was observed were seeded in MHA plates not

supplemented with AgNPs and were incubated for 24 h at

37˚C. The MLC was defined as the lowest concentration of

AgNPs with no growth on the MHA medium (i.e. kills 100%

of the initial microbial population) (Ansari et al., 2011). The

bacteristatic and fungistatic effects of the AgNPs against the

tested bacterial and yeast strains were represented by the MIC

while, the bactericidal and fungicidal activities were

represented by the MLC (MBC & MFC for bacteria and yeast

strains, respectively).

The antimicrobial study of the AgNPs synthesized including

zone of inhibition, MIC, MIC50, MIC90 and MLC
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determinations was carried out for all the tested strains before

and after their in vitro exposure to a dose level of 24.41 Gy

gamma radiation. This was done to study the antimicrobial

activity of the AgNPs against microorganisms causing

infections in radiotherapy treated cancer patients. 24.41Gy is a

single dose biologically equivalent to the fractionated multiple

therapeutic dose of 70 Gy/35 fractions given to cancer patients

and was calculated by using the linear quadratic (LQ) formula

(Barton, 1995). The irradiation source used was 137Cs Gamma

cell 40, Atomic Energy of Canada Limited, Commercial

Products located at the National Centre for Radiation Research

and Technology, Atomic Energy Authority, Cairo, Egypt. The

dose rate at the time of experiments was 0.774 rad /sec.

2.8.Statistical Analysis

The results of optimization of medium components for

nitrate reductase production were analyzed by  standard

analysis of variance (ANOVA) statistical version 6.0 Statsoft

inc.USA. Regression analysis of the RSM design was done.

Regression coefficients for nitrate reductase activity under

different physical conditions were determined. Testing the

significance of antimicrobial activity of AgNps before and
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after irradiation was carried out by standard analysis of

variance (ANOVA) Version 9 by SAS Institute Inc. Cary, NC,

USA. The determinations were done in triplicate and the mean

values ± SD were presented.
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RESULTS

1.Screening of the most potent local Bacillus

strains for microbiological synthesis of silver

nanoparticles
Ten strains of Bacillus species were tested for synthesis

of silver nanoparticles. B.sterothermophilus strain showed the

best results with the highest optical density so we used it for

the rest of the study (table 3).
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Table 3:Screening of different Bacillus strains.

Bacillus species Absorbance
B.sterothermophilus 2.7

B.laterosporus 2.5

B.licheniformis 2.4

B.subtilis 2.2

B.cereus 2

B.pantothenutics 2

B.megaterium 1.8

B.coagulans 1.7

B.circulans 1.5

B.pumilus 1.4

B.cereus 2

B.pantothenutics 2
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2.Synthesis of silver nanoparticles

Aqueous Ag+ ions were reduced to AgNPs when added

to the cell free supernatant of B. stearothermophilus within 10

hr after incubation before optimization of media. During

incubation, a colour change was observed from whitish yellow

to brown and the control showed no colour change. A

characteristic SPR band for Ag NPs is obtained at ƛ 431 nm

was done by spectrophotometric analysis indicating the

presence of spherical or roughly spherical Ag nanoparticles

figure1.

The UV-Vis spectra absorbance as a function of time, at

a concentration of 1 mM silver nitrate and 5 ml of cell free

supernatant, indicates that the reaction was completed during

the first 12 hours and further increase in time does not

influence the formation of AgNPs. As described in figure 2.
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54

3.Characterization of silver nanoparticles

The dispersions of silver nanoparticles display intense

colors due to the Plasmon resonance absorption. Therefore,

metallic nanoparticles have characteristic optical absorption

spectrum in the UV–visible region. As shown in figure 1, UV–

visible spectrum of AgNPs was strong, broad peak and located

between 420 and 440 nm.

Treatment of bacterial cell free supernatant with

different doses of gamma radiation before and after mixing

with silver nitrate solution showed  that the cell free

supernatant  irradiated after mixing with AgNO3 solution was

more effective than that of the cell supernatant irradiated

before mixing with AgNO3 solution in the formation of silver

nanoparticles Figure 3,5,6 . The increase in the synthesis of

silver nanoparticles measured by formation of silver

nanoparticles with a peak appears at 430 nm Figure 4. The

peak shown in the figures(5) and (6) corresponding to

irradiation dose of 0.75 kGy  showed the maximum

absorbance, after which the decrease in the Surface Plasmon

Resonance band intensity by increasing the irradiation dose

more than 0.75 kGy was observed .
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The concentration of silver nitrate added strongly affects

the reaction. As shown in Figure (7), the absorbance intensity

increases with increase in concentration (200, 300, 400 ,800

and 1600 ppm ) in 5 ml of cell free supernatant.

TEM measurements were used to determine the

morphology and shape of nanoparticles. Low magnification

TEM micrographs Figure (8) revealed that the particles are

spherical in shape and uniformly distributed (mono dispersed)

without significant agglomeration. The particle size ranges

from 9.96 to 22.7 nm and possess an average size of 17 ± 5.9

nm, although very tiny particles have also been observed that

may be due to vigorous shaking. These results were in

agreement with the values obtained by DLS measurements as

shown in Figure (9). Which show mean diameter 18.7 nm .

It was observed from the FT-IR spectrum of AgNPs that

the bands at 1635.34 cm–1 (correspond to a primary amine NH

band), 1388.5 cm-1 and 1118.51cm-1 (correspond to a

secondary amine NH band and primary amine CN stretch

vibrations of the proteins, respectively)  as shown in Figure

(10). The positions of these bands were close to that reported

for native proteins. The FT-IR results indicate that the

secondary structures of proteins were not affected as a
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consequence of reaction with Ag+ ions or binding with

AgNPs. The band at 1388.5 cm–1 is assigned to methylene

scissoring vibration from the protein in the solution. This

evidence suggests that the release of extracellular protein

molecules from bacteria Figure (10).
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Figure 3: Effect of different doses of gamma radiation on nitrate

reductase enzyme activity.
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Fig 4:  Effect of different doses of gamma radiation on formation of
silver nanoparticles .
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Figure 5 : UV-VIS Spectrum of cell free supernatant irradiated after mixing with
AgNO3 solution

Figure 6 : UV VIS-Spectrum of cell free supernatant irradiated

before mixing with silver nitrate solution
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Figure 8: TEM image for silver nanoparticles
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Figure9: Particle Size Distribution by DLS
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Figure 10: FT-IR spectrum of fermented extract with silver

nanoparticles
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4.Optimization of medium components for

nitrate reductase production

In the present study, the highest value of nitrate

reductase activity obtained was 731.24 U/ml which was

observed in the 60th run with the following conditions; (%)

glucose: 0.1%, peptone: 1%, yeast extract: 0.4%, KNO3: 0.4%,

pH: 7.5, temp: 25 ˚C and incubation period 3 days. The

experimental conditions and the results of nitrate reductase

activity are shown in Table 4.



63

Table4: Combination of variables and Response in RSM design

No. of
run

Glucose
g/l

Peptone
g/l

Yeast
extract

g/l
Pot.nitrate

g/l pH Temp ˚C
Incubation
period day

Enzyme
activity

U/ml

OD at ƛ 430
nm of silver
nanoparicles

1.
1.5 15 3.5 3.5 7 30 2 295.6 1.5

2.
2 20 3 3 6.5 25 1 566.21 2

3.
2 10 3 4 7.5 35 1 176.6 1.9

4.
1.5 15 3.5 3.5 7 30 2 295.6 1.5

5.
1 10 4 4 6.5 25 1 126.35 1.9

6.
1 20 3 4 7.5 35 1 172.3 1.4

7.
2 20 4 3 7.5 25 1 493.42 1.9

8.
1.5 15 3.5 3.5 7 30 2 295.6 1.8

9.
1.5 15 3.5 3.5 8.41 30 2 601.6 1.4

10.
1 10 4 3 7.5 25 1 435.77 1.9

11.
2 10 4 4 6.5 35 1 316.77 1.3

12.
1.5 15 3.5 3.5 7 30 2 295.6 1.8

13.
2 10 3 3 7.5 35 3 102.16 1.8

14.
2 10 3 3 7.5 25 1 52.67 1.4

15.
2 10 4 3 7.5 35 1 399.5 2

16.
2.91 15 3.5 3.5 7 30 2 533.3 1.9

17.
1 20 4 4 6.5 35 1 523.73 1.2

18.
1.5 15 3.5 3.5 7 30 2 295.6 1.6

19.
1.5 15 3.5 3.5 7 30 4.83 281.1 1.4

20.
1.5 15 3.5 3.5 7 30 2 295.6 1.9

21.
1.5 15 3.5 3.5 7 30 2 295.6 1.7

22.
2 20 3 3 6.5 35 3 227.7 2

23.
1.5 15 3.5 4.91 7 30 2 435.8 1.1

24.
1 10 4 3 6.5 25 3 571.6771.4

25.
2 10 3 4 6.5 35 3 259.2 2



64

No. of
run

Glucose
g/l

Peptone
g/l

Yeast
extract

g/l
Pot.nitrate

g/l pH Temp ˚C
Incubation
period day

Enzyme
activity

U/ml

OD at ƛ 430
nm of silver
nanoparicles

26.
1.5 15 3.5 3.5 7 30 2 295.6 1.8

27.
1 20 4 3 6.5 35 3 360.6 1.6

28.
2 10 3 3 6.5 35 1 420.33 1.7

29.
1 20 4 3 6.5 25 1 273.3 1

30.
1 20 3 4 6.5 25 1 142.06 1.1

31.
1.5 15 3.5 3.5 7 30 2 295.6 1.2

32.
2 20 4 4 7.5 35 1 244.7 1.3

33.
1 20 4 4 7.5 35 3 370.012 1.9

34.
2 20 3 4 7.5 35 3 271.66 1.7

35.
2 20 4 4 6.5 35 3 167.98 1.5

36.
2 10 4 3 7.5 25 3 542.86 2

37.
1 10 4 3 6.5 35 1 215.8 1.5

38.
1.5 15 3.5 3.5 7 30 2 295.6 1.9

39.
2 20 4 3 6.5 35 1 186.5 1.7

40.
1 10 3 4 7.5 25 1 169.63 1.5

41.
2 20 4 4 7.5 25 3 525.22 1.4

42.
2 20 3 3 7.5 25 3 555.28 1.2

43.
1 20 3 3 6.5 25 3 427.33 1.6

44.
1.5 15 3.5 3.5 7 30 2 295.6 1.3

45.
2 20 4 4 6.5 25 1 524.22 1.7

46.
1.5 15 3.5 3.5 7 30 2 295.6 1.5

47.
1 10 4 4 6.5 35 3 325.79 2

48.
1 10 3 4 6.5 25 3 529.69 1.1

49.
1 20 3 4 6.5 35 3 165.4 1.6

50.
1 10 4 3 7.5 35 3 219.8 1.9

51.
2 20 3 4 6.5 35 1 263.5 1.3
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No. of
run

Glucose
g/l

Peptone
g/l

Yeast
extract

g/l
Pot.nitrate

g/l pH Temp ˚C
Incubation
period day

Enzyme
activity

U/ml

OD at ƛ 430
nm of silver
nanoparicles

52.
1 20 3 3 6.5 35 1 426.9 1.8

53.
2 10 3 3 6.5 25 3 441.5 1.4

54.
1.5 15 3.5 3.5 7 30 2 295.6 1.7

55.
1 10 3 3 7.5 35 1 340.8 1.4

56.
2 20 3 4 7.5 25 1 102.36 1.2

57.
1 10 3 3 7.5 25 3 307.16 2

58.
2 10 3 4 6.5 25 1 56.65 1.1

59.
1 20 4 4 7.5 25 1 231.76 1.9

60.
1 10 4 4 7.5 25 3 731.24 2.2

61.
2 10 4 4 7.5 35 3 120.46 1.8

62.
1.5 15 3.5 3.5 7 30 2 295.6 1.3

63.
2 10 4 4 7.5 25 1 718.67 1.7

64.
1.5 15 3.5 3.5 7 30 2 295.6 1.4

65.
1 20 3 4 7.5 25 3 212.22 1.6

66.
1 20 3 3 7.5 25 1 290.4 1.5

67.
1 10 3 3 6.5 35 3 205.6 1.5

68.
2 20 4 3 6.5 25 3 700.87 2

69.
1.5 15 3.5 3.5 7 30 2 295.6 1

70.
2 20 3 3 7.5 35 1 219.6 1.1

71.
2 20 3 4 6.5 25 3 368.24 1.3

72.
1 20 4 3 7.5 25 3 695.287 1.2

73.
2 10 4 4 6.5 25 3 693.54 1.4

74.
1.5 15 3.5 3.5 7 30 2 295.6 1.6

75.
1.5 15 3.5 3.5 7 30 2 295.6 1.5

76.
1 10 3 3 6.5 25 1 64.35 1.7

77.
1 10 4 4 7.5 35 1 326.3 1.9
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No. of
run

Glucose
g/l

Peptone
g/l

Yeast
extract

g/l
Pot.nitrate

g/l pH Temp ˚C
Incubation
period day

Enzyme
activity

U/ml

OD at ƛ 430
nm of silver
nanoparicles

78.
1.5 15 3.5 3.5 7 30 2 295.6 1.8

79.
1.5 15 4.91 3.5 7 30 2 370.4 2

80.
0.086 15 3.5 3.5 7 30 2 391.19 1.8

81.
1.5 0.858 3.5 3.5 7 30 2 346.86 1.9

82.
1.5 15 3.5 3.5 5.58 30 2 380.8 1.7

83.
2 10 4 3 6.5 25 1 488.3 1.5

84.
1 20 3 3 7.5 35 3 180.18 1.6

85.
1.5 15 3.5 3.5 7 30 2 295.6 1.4

86.
1 20 4 4 6.5 25 3 644.33 1.2

87.
1.5 15 2.08 3.5 7 30 2 491.5 1.2

88.
1.5 29.14 3.5 3.5 7 30 2 530.5 1.1

89.
1 10 3 4 6.5 35 1 506.48 1

90.
1.5 15 3.5 3.5 7 30 2 295.6 1.2

91.
1.5 15 3.5 3.5 7 30 2 295.6 1.6

92.
2 10 3 4 7.5 25 3 215 1.4

93.
1 20 4 3 7.5 35 1 235.3 1.8

94.
1 10 3 4 7.5 35 3 473.7 2

95.
2 20 4 3 7.5 35 3 185.26 1.9

96.
2 10 4 3 6.5 35 3 119.69 1.7

97.
1.5 15 3.5 2.08 7 30 2 172.01 1.5
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To construct a first order model that can predict the

nitrate reductase activity (dependent variable) as a function of

physical parameters (independent variables), ANOVA consists

of classifying and cross classifying statistical results and

testing whether the means of a specified classification differ

significantly. This was carried by Fisher’s statistical test for

the analysis of variance.  The Fischer's F-test showed a value

of 3.6707 which is much greater than that of the F tabulated

0.0001 and that demonstrates that the model terms are

significant. The model equation fitted by regression analysis is

given by:

Actual=295.6 + 2.84 Glucose + 9.99 Peptone + 43.25

Yeast extract + 5.87 Potassium nitrate - 4.61 pH - 65.11 Temp

+ 34.46 incubation period + 10.59 Glucose*Peptone +7.13

Glucose*Yeast extract - 4.06 Peptone*Yeast extract - 16.84

Glucose*Potassium nitrate - 29.88 Peptone*Potassium nitrate

+ 18.92 Yeast extract*Potassium nitrate - 11.85Glucose*pH -

15.23 Peptone*pH + 22.90 Yeast extract*pH -1.73 Potassium

nitrate*pH - 39.99 Glucose*Temp - 14.61 Peptone*Temp -

62.34 Yeast extract*Temp + 24.28 Potassium nitrate*Temp

4.91 pH*Temp - 26.13 Glucose*incubation period + 1.83

Peptone*incubation period + 4.11 Yeast extract*incubation
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period + 11.53 Potassium nitrate*incubation period - 0.16

pH*incubation period - 72.58 Temp*incubation period +

20.83Glucose*Glucose + 17.89 Peptone*Peptone +

16.92Yeast extract*Yeast extract + 1.04Potassium

nitrate*Potassium nitrate + 24.45 pH*pH - 24.79 Temp*Temp

- 14.00 incubation period*incubation period.
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Table5: Regression analysis of the RSM design
Source DF Sum of Squares Mean Square F Ratio
Model 35 1632348.1 46638.5 3.6707
Error 61 775040.2 12705.6 Prob > F
C. Total 96 2407388.3 <0.0001* (significant)

DF: degree of freedom, *: Significant , F: Fisher F- Test

Table 6: Regression coefficients for nitrate reductase activity under
different physical conditions

Source coefficients SE coefficients t-value p-value
Intercept 295.6 24.03177 12.3 <.0001*

Glucose(1,2) 2.8415222 12.60237 0.23 0.8224

Peptone(10,20) 9.9900545 12.60237 0.79 0.431

Yeast extract(3,4) 43.245293 12.60237 3.43 0.0011*

Potassium nitrate(3,4) 5.8721099 12.60237 0.47 0.6429

pH(6.5,7.5) -4.609891 12.60237 -0.37 0.7158

Temp(25,35) -65.11347 14.08988 -4.62 <.0001*

incubation period(1,3) 34.459469 14.08988 2.45 0.0174*

Glucose*Peptone 10.591375 14.08988 0.75 0.4551

Glucose*Yeast extract 7.1320937 14.08988 0.51 0.6146

Peptone*Yeast extract -4.060125 14.08988 -0.29 0.7742

Glucose*Potassium nitrate -16.84091 14.08988 -1.2 0.2366

Peptone*Potassium nitrate -29.88356 14.08988 -2.12 0.0380*

Yeast extract*Potassium nitrate 18.915906 14.08988 1.34 0.1844

Glucose*pH -11.84769 14.08988 -0.84 0.4037

Peptone*pH -15.22678 14.08988 -1.08 0.2841

Yeast extract*pH 22.898938 14.08988 1.63 0.1093

Potassium nitrate*pH -1.732625 14.08988 -0.12 0.9025

Glucose*Temp -39.99278 14.08988 -2.84 0.0061*

Peptone*Temp -14.61106 14.08988 -1.04 0.3038

Yeast extract*Temp -62.34347 14.08988 -4.42 <.0001*

Potassium nitrate*Temp 24.282281 14.08988 1.72 0.0899

pH*Temp -4.90575 14.08988 -0.35 0.7289

Glucose*incubation period -26.12759 14.08988 -1.85 0.0685

Peptone*incubation period 1.8314375 14.08988 0.13 0.897

Yeast extract*incubation period 4.1100937 14.08988 0.29 0.7715

Potassium nitrate*incubation period 11.528094 14.08988 0.82 0.4164

pH*incubation period -0.15575 14.08988 -0.01 0.9912

Temp*incubation period -72.58191 14.08988 -5.15 <.0001*

Glucose*Glucose 20.830625 10.40606 2 0.0498*
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Peptone*Peptone 17.885 10.40606 1.72 0.0907

Yeast extract*Yeast extract 16.91875 10.40606 1.63 0.1091

Potassium nitrate*Potassium nitrate 1.038125 10.40606 0.1 0.9209

pH*pH 24.45 10.40606 2.35 0.0220*

Temp*Temp -24.79133 30.89129 -0.8 0.4254

incubation period*incubation period -13.99576 15.24349 -0.92 0.3622
*: Significant
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The model determination coefficient R2 (0.678058)

suggested that the fitted model could explain 67.8% of the

total variation. This implies a satisfactory representation of the

process by the model Figure 11.

Both the t-value and p-value statistical parameters were

used to confirm the significance of factors studied. The t-value

that measured how large the coefficient is in relationship to its

standard error was obtained by dividing each coefficient by its

standard error. The p-value is the chance of getting a larger t-

value (in absolute value) by chance alone. The larger the

magnitude of the t-value and smaller the p-value, more

significant is the corresponding coefficient The results in

Table 6 demonstrated that the nitrate reductase activity was

significantly affected by yeast extract, temp and incubation

period . Yeast extract at high level 0.4 showed higher nitrate

reductase activity. Temperature at low level 25°C showed

higher nitrate reductase activity Nitrate reductase activity was

higher at the high level of incubation period (3 days).

Also, significant interaction of incubation period and

temperature, Peptone and Potassium nitrate, Glucose and

Temp, Yeast extract and Temp was noted (Figure 12, 13, 14

and 15).
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Figure 11: Response enzyme concentration actual by predicted plot

Figure 12: Response surface graph illustrating the interaction
between Yeast extract and temperature relative to nitrate reductase
activity by keeping the other components at their constant level.
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Figure 13: Response surface graph illustrating the interaction
between peptone and potassium nitrate relative to nitrate reductase
activity by keeping the other components at their constant level.

Figure 14: Response surface graph illustrating the interaction
between incubation period and temperature relative to nitrate
reductase activity by keeping the other components at their constant
level.
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Figure 15: Response surface graph illustrating the interaction
between glucose and temperature relative to nitrate reductase
activity by keeping the other components at their constant level.
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5.Antimicrobial activity

In this study, the antimicrobial activity of the

synthesized AgNPs against thirteen species of highly

pathogenic multidrug resistant bacteria and yeast was

investigated, and antimicrobial activity of AgNPs have been

compared to antimicrobial agent by antibacterial and

antifungal drugs as Tetracycline and Amphotericin B,

respectively. The average of particle size used in this study

was 14 ± 4 nm.  The synthesized AgNPs were proved to have

antimicrobial activity against all the tested microorganisms

(Table 7 and Figure 16).  The diameters of bacterial inhibition

zones (mm) measured for MRSA, Pseudomonas aeruginosa

and E. coli were 27.67 ± 0.577, 18.67±2.082 and 21.67± 0.577

respectively. Using the standard broth macro dilution method,

the MIC, MIC50, MIC90 and MLC values of the AgNPs for the

selected strains were calculated and summarized in (Table 8).

The values of MIC  of the  AgNPs synthesized against the

tested clinical isolates showed a considerable antimicrobial

activity; (200 ppm) for MRSA  & Staphylococcus warneri and

(100 ppm) for Candida parapsilosis. The lowest antimicrobial

effect (400 ppm) was observed for Acinetobacter baumannii /

haemolyticus & Pseudomonas aeruginosa.
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The inhibitory impact of the AgNPs on each

microorganism is specific and differs from one to another

before and after in vitro gamma irradiation. Also, the

synthesized AgNPs exhibited a highly pronounced antifungal

activity against yeast tested (Table 7).

Table (7) clearly indicates that, the difference in the

inhibitory action of AgNPs on MRSA, Staphylococcus

epidermidis, Staphylococcus saprophyticus, Klebsiella

pneumonia, Candida parapsilosis, Candida tropicalis and

Candida glabrata before and after in vitro gamma irradiation

was statistically significant  (P- value  < 0.05). AgNPs

inhibitory impact showed an increase after irradiation

compared to before in case of Staphylococcus warneri,

Pseudomonas aeruginosa and Candida parapsilosis.
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Table 7: The antimicrobial activity (inhibition zone in mm) of the

AgNPs synthesized against different strains before and after in –vitro

gamma irradiation

Tested strains Tetracycline

(Standard
antibacterial
agent)

Amphotericin
B (Standard
antifungal
agent)

*Diameter of inhibition zone.
(mm) produced by AgNPs

P-valueB
Mean ± SD

A
Mean ± SD

Staphylococcus
aureus (MRSA)

26 ------- 27.67± 0.577 22.67±1.155 0.0131●

Staphylococcus
epidermidis

29 ------- 37.00± 2.646 31.33±1.155 0.0422●

Staphylococcus
warneri

30 ------- 28.67± 1.155 34.33±
3.055

0.0848

Staphylococcus
saprophyticus

28 ------- 26.00± 1.000 21.67±
1.155

0.0390●

Acinetobacter
baumannii /
haemolyticus

27 ------- 17.33± 3.055 13.33±0.577 0.1472

Pseudomonas
aeruginosa

28 ------- 18.67± 2.082 20.33±
0.577

0.3377

Klebsiella
pneumonia

30 ------- 19.67± 0.577 13.00±1.000 0.0171●

Escherichia coli 32 ------- 21.67± 0.577 21.00±
1.000

0.1835

Candida
albicans

------- 19 31.33± 1.155 31.67±0.577 0.4226

Candida
parapsilosis

------- 18 31.33± 1.155 37.33±0.577 0.0267●

Candida
tropicalis

------- 20 34.00± 1.732 24.33±
0.577

0.0082●

Candida
glabrata

------- 16 35.33± 1.155 21.33±1.155 0.0067●

* Three repeats were performed for each tested strain
B: Before in-vitro gamma-irradiation.  A : After in-vitro gamma-irradiation
●P- value significant  < 0.05
P- value non-significant > 0.05

AgNPs (200ppm), concentration of antibiotics:20 (μg/ ml)
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Table 8: Minimum inhibitory and minimum lethal concentration

values of the AgNPs synthesized for the selected strains

Tested strains MIC
(μg/ml)

MIC50 (μg/
ml)

MIC90 (μg/ ml) MLC(μg/ml)

B A B A B A B A
Staphylococcus aureus
(MRSA)

200 200 50 50 100 100 400 400

Staphylococcus warneri 200 100 50 50 100 100 200 200
Acinetobacter
baumannii /
haemolyticus

400 400 100 200 200 400 800 800

Pseudomonas
aeruginosa

400 400 100 100 200 200 800 800

Candida parapsilosis 100 50 50 25 100 50 200 100
B: Before in-vitro gamma-irradiation                      A: After in-vitro gamma irradiation
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Figure 16: Representative photographs showing antimicrobial
activity of the synthesized silver nanoparticles against (1) Candida
albicans , (2) Staphylococcus epidermidis and (3) Staphylococcus
warneri before (B) and after (A) 24.41 Gy in vitro gamma irradiation
respectively ,  according to the agar well diffusion method.
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DISCUSSION

Silver has long been known to exhibit a strong toxicity

to a wide range of 116 micro-organisms (Liau et al., 1997) for

these reasons silver-based compounds have been used

extensively in many bactericidal applications (Gupta et al.,

1998 and Nomiya et al., 2004). The aim of this study was the

synthesis of AgNPs, using local bacterial isolate, the

optimization of medium components for nitrate reductase

production by the selected bacterial isolate and the evaluation

of the antimicrobial activity of the synthesized AgNPs.

In the present study, among ten isolates of Bacillus spp,

one isolate designated as B.sterothermophilus was primarily

confirmed as positive by change of the reaction mixture from

pale yellow to brown color indicating the production of silver

nanoparticles (Ag+ to Ag0) ( Ranganath et al , 2012 ). The

appearance of brown colour in AgNO3 treated flask is

attributed to the surface Plasmon resonance (SPR) suggested

the formation of AgNPs. ( Kalishwaralal et al., 2008 ).

It is reported that reduction of Ag+ to Ag0 occurs

through  reductase enzymes including nitrate reductase and
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other proteins . These enzymes released in the solution can

reduce the silver nitrate to silver nanoparticles through capping

agents such as proteins. Brown colored precipitate was further

employed for characterization of silver nanoparticles

(Vaidyanathan et al ., 2010) .

In this study, the enzyme involved in the synthesis of

nanoparticles might be the nitrate reductase present in the

culture filtrate of B.sterothermophilus. This enzyme is

induced by nitrate ions and reduces silver ions to metallic

silver. Biological synthesis of AgNPs’ could be an attractive

and ecologically friendly alternative method for the

preparation of large quantities. Moreover, bacteria are easy to

handle and can be manipulated genetically without much

difficulty. Considering these advantages, a bacterial system

could prove to be an excellent alternative for the synthesis of

AgNPs’. The rate of particle formation and therefore the size

of the nanoparticles could be manipulated by controlling

parameters such as pH, temperature, substrate concentration

and exposure time to substrate. Thus, optimizing the enzyme

production was essential. The biggest advantage of this

protocol based on enzyme is the development of a new
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approach for the synthesis of nanomaterials over a range of

chemical compositions, shapes as well as their separation.

The absorbance spectroscopy is a fast way to obtain

data of silver nanoparticle solution. However, these data alone

does not tell much about the silver nanoparticles. A correlation

with an optical model must be made (Pedersen, 2005).

The absorption spectrum of the silver nanoparticles,

shown, indicated the production of the nanoparticles where the

presence of a plasmon absorption band at ~ 430 nm is

characteristic of silver nanoparticles. The surface of a metal is

like plasma, having free electrons in the conduction band and

positively charged nuclei. Surface Plasmon resonance is a

collective excitation of the electrons in the conduction band;

near the surface of the nanoparticles. Electrons are limited to

specific vibrations modes by the particle’s size and shape. The

broad peak at 431 nm is due to surface plasmons, which arise

from the collective oscillations of valence electrons in the

electromagnetic field of incident radiation and is the

characteristic of Ag nanoparticles ( Majeed et al.,2011).

In case of a metal nanoparticle, the surface plasmon

mode is 'restricted' due to the small dimensions to which the

electrons are confined, i.e. the surface plasmon mode must
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conform to the boundaries of the dimensions of the

nanoparticle. Therefore the resonance frequency of the surface

plasmon oscillation of the metal nanoparticle is different from

the plasma frequency of the bulk metal. Surface interactions

can alter the optical properties and influence the spectral

profile of the light scattered by the SPR of the metal

nanoparticles. This feature can be employed as an indicator in

sensing interactions. Among the metal nanoparticles known to

exhibit SPR, silver nanoparticles have an especially strong

SPR. Particle size may be determined using Mie theory which

solves Maxwell’s equations  which in turn describe the

extinction spectra (extinction = scattering + absorption) of

spherical particles of arbitrary size. ( Power et al , 2010 )

The effect of gamma radiation on synthesis of silver

nanoparticles showed that it was more effective when applying

to culture supernatant after mixing with silver nitrate solution

than if applied to culture supernatant before mixing with silver

nitrate solution which can be attributed to that in case of

samples irradiated before mixing there might be only one

mechanism which is possibly the effect of  reductase enzyme,

while in case of samples irradiated after mixing , synthesis

might be due to two mechanisms which are reductase enzyme
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as it is nearly not affected with radiation at different doses , in

addition to radiolytic mechanism. The formation of AgNPs in

case of radiation can be attributed to the radiolytic reduction

which generally involves radiolysis of aqueous solutions that

provides an efficient method to reduce metal ions. In the

radiolytic method, when aqueous solutions are exposed to

gamma rays, they create solvated electrons, which reduce the

metal ions and the metal atoms eventually coalesce to form

aggregates . The effect of radiolytic reduction resulted in

formation of AgNPs by radiolytic reactions and stabilization

by prevention of aggregates formation by "capping". The

decrease in the SPR band intensity by increasing the

irradiation dose more than 0.75 kGy might be attributed to the

destructive effect of free radicals produced by gamma

irradiation on the bioactive compounds present in the extract

(Marignier et al., 1985).

FTIR measurements of the freeze-dried samples were

carried out to identify the possible interactions between silver

and bioactive molecules, which may be responsible for

synthesis and stabilization (capping material) of silver

nanoparticles. The amide linkages between amino acid
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residues in proteins give rise to well known signatures in the

infrared region of the electromagnetic spectrum. FTIR

spectrum reveals two bands at 1647 and 1543 cm_1 that

corresponds to the bending vibrations of the amide I and amide

II bands of the proteins respectively; while their corresponding

stretching vibrations were seen at 3302 and 2926 cm_1

respectively. The presence of the signature peaks of amino

acids supports the presence of proteins in cell-free filtrate as

observed in UV-Vis. spectra. It is well known that protein–

nanoparticle interactions can occur either through free amine

groups or cysteine residues in proteins and via the electrostatic

attraction of negatively charged carboxylate groups in

enzymes. The two bands observed at 1381 and 1032 cm_1 can

be assigned to the C–N stretching vibrations of the aromatic

and aliphatic amines, respectively. These observations indicate

the presence and binding of proteins with silver nanoparticles

which can lead to their possible stabilization. FTIR results

revealed that secondary structure of proteins have not been

affected as a consequence of reaction with silver ions or

binding with silver nanoparticles. It is important to understand

though, that it is not just the size and shape of proteins, but the

conformation of protein molecules that plays an important role



86

(Jain et al., 2010) The band at 1388.5 cm–1 is assigned to

methylene scissoring vibration from the protein in the solution

(Sheikh et al., 2009). This evidence suggests that the release

of extracellular protein molecules from bacteria could possibly

perform the function of the formation and stabilization of

AgNPs in aqueous medium.

The synthesis of silver nanoparticles might be attributed

to the nitrate reductase enzyme. The nitrate reductase enzyme

is produced aerobi-cally and induced by nitrate in the medium.

Nitrate is essential for enzyme formation and the addition of

peptone to the medium increased enzyme production with an

increase in growth. Thus, the components chosen for

optimization studies included peptone, yeast extract and

KNO3. Glucose has been known to be an indirect inducer of

nitrate reductase activity by playing a role in increasing the

biomass production, rather than the enzyme itself. As a result,

the proper supply of these compounds increased total enzyme

activity. The medium components chosen resulted in higher

activity of nitrate reductase compared to those obtained in the

previous reports. The synthesis was also rapid taking place in

30 min after incubation of cell supernatant with 1mM AgNO3.
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The main objective of response surface methodology is

to optimize the nitrate reductase to bring about enhanced

production of silver nanoparticles. ( Vaidyanathan et al ,2010) .

The seven significant factors (glucose, peptone, yeast

extract, KNO3, pH, Temperature and incubation period ) were

optimized using RSM . The highest value of  nitrate reductase

activity obtained was 731.24 U/ml with the following

conditions  glucose: 0.1%, peptone: 1%, yeast extract: 0.4 %,

KNO3: 0.4% , pH : 7.5 , temp : 25 ˚C and incubation period  3

days . The optical density of synthesized silver nanoparticles

showed that it could not be correlated   to the activity of nitrate

reductase enzyme which might suggest the presence of other

reductases which may affect the synthesis.  The results

obtained were analyzed by standard analysis of variance

(ANOVA) (Vaidyanathan et al., 2010) . ANOVA for nitrate

reductase production indicated that the “F-value” of the model

was 3.6707, and the value of “Prob was higher han F-value”

(higher than 0.0001), suggesting that the model was

significant. The coefficient of determination (R2) was

calculated as 0.678058 for nitrate reductase production,

indicating an agreement between experimental and predicted

values and can explain up to 67.8% variability of the response.
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Both t-value and p-value statistical parameters were used to

confirm the significance of factors studied. The t-value that

measured how large the coefficient is in relationship to its

standard error was obtained by dividing each coefficient by its

standard error. The p-value is the chance of getting a larger t-

value by chance. The larger the magnitude of the t-value and

smaller the p-value, the more significant is the corresponding

coefficients (Myers and Montgomery, 2007).

The results of response surface mehodology demonstrated that

the nitrate reductase activity was significantly affected by

yeast extract and incubation period, this can be attributed to

increase enzymatic activity at high level of yeast extract (0.4)

and incubation period (3 days).The effect of interaction of

various physiochemical parameters on the nitrate reductase

production was studied by plotting three dimensional response

surface curves against any two independent variables while

keeping the other independent variable at their central levels

(Silveira et al., 2008).

Synthesis of nanosized particles with antibacterial

properties, which are called "nanoantibiotics", is of great

interest in the development of new pharmaceutical products

(Huh and Kwon, 2011). The use of AgNPs as an antibacterial
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agent is relatively new, and has attracted significant attention

in recent years (Morones et al., 2005, Rai et al., 2009, Haung

et al., 2011 and Guzman et al, 2012).

The diameters of bacterial inhibition zones (mm)

measured for  AgNPs against MRSA, Pseudomonas

aeruginosa and E. coli were showed better antibacterial

activity as compared to those reported by (Guzman et al. ,

2012) .

The results of antibacterial activity against MRSA

before and after in vitro gamma irradiation were better as

compared to  other studies (Ayala-Nunez et al. ,2009)  who

reported MIC and MBC values of AgNPs around 1800 ppm

and 2700 ppm, respectively.

The inhibitory impact of the AgNPs on each

microorganism is specific and differs from one to another

before and after in vitro gamma irradiation. The mechanism of

inhibitory action of AgNPs on microorganisms suggests that

upon treatment, DNA loses its replication ability and

expression of ribosomal subunit protein, as well as other

cellular proteins and enzymes essential to ATP production

hence microorganisms become inactivated (Yamanaka et  al.,

2005). Other studies proposed that, AgNPs may attach to the
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surface of cell membrane disturbing permeability and

respiration functions of the cell or by interfering with

components of the microbial electron transport system

(Percival et al., 2005 and Sharma et al., 2009). It is possible

that, AgNPs act similarly to the antimicrobial agents used for

the treatment of bacterial infections, which show four different

mechanisms of action including; interference with cell wall

synthesis, inhibition of protein synthesis, interference with

nucleic acid synthesis and inhibition of metabolic pathway

(Guzman et al, 2012).

Some studies have reported that, the positive charge on

the Ag+ ion is crucial for its antimicrobial activity through the

electrostatic attractions between the negatively charged cell

membrane of microorganisms and the positively charged

nanoparticles (Sondi and Salopek- Sondi, 2004, Tiwari et al.,

2008 and Vijayakumar et al., 2013). In addition, Ag NPs not

only interact with the surface of membrane, but can also

penetrate inside the bacteria (Sharma et al., 2009). AgNPs

have also intensive tendency to react with sulfur and

phosphorus groups, thus the cell membrane proteins

containing sulfur and compounds containing phosphorus such

as DNA are likely to be the preferential sites for AgNPs
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(Dehkordi et al., 2011). AgNPs have not been shown to cause

bacterial resistance currently complicating antibiotic therapy

of bacterial infections. This is presumably due to the fact that,

unlike antibiotics, AgNPs do not exert their antibacterial

effects in a single specific site but at several levels such as

bacterial wall, protein synthesis and DNA (i.e. attack a broad

range of targets in the organisms), which means that,

microorganisms would have to develop a number of mutations

simultaneously to protect themselves (Morones et al., 2005

and Parameswari et al., 2010). Also, from the reported

results the synthesized AgNPs exhibited a highly pronounced

antifungal activity against yeast tested which might be

probably through destruction of yeasts potential and membrane

integrity resulting in the formation of pores and cell death.

Several other studies suggest that, inhibition of bud growth

correlates with membrane damage and suggest that AgNPs

inhibit the normal budding process through the destruction of

membrane integrity (Nasrollahi et al., 2011). AgNPs

inhibitory effect on Staphylococcus warneri, Pseudomonas

aeruginosa and Candida parapsilosis showed an increase after

irradiation compared to before probably due to the additional
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stress to the cells as a result of their exposure to low doses of

ionizing radiation which tends to disturb their organization.
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CONCLUSION

Silver nanoparticles in the range of 14±4 nm are

synthesized by the supernatant of B. sterothermophilus when

silver nitrate is added to it.

Using Response surface methodology allowed a greater

precision in estimating the overall main factor effects and

allowed  exploration of interaction between different factors

.Additional factors can help to extend validity of conclusions

derived

The AgNPs synthesized exhibited remarkable

antimicrobial activity against both Gram-positive and Gram-

negative bacterial strains regardless of their drug-resistant

mechanisms, and also could be considered as a potential

antifungal agent.

The bactericidal and fungicidal activity have proved that

AgNPs kill microorganisms at such low concentrations (units

of ppm), which do not reveal acute toxic effects on human

cells, in addition to overcoming resistance, and  lowering cost

when compared to conventional antibiotics.
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SUMMARY

Cell supernatant of different Bacillus species were used

for synthesis of silver nanoparticles. The optical density of

AgNPs synthesized by different cell supernatant was

measured. Bacillus stearohermophilus was chosen as it

showed the highest AgNP synthesis.

Aqueous Ag+ ions were reduced to AgNPs when added

to the cell free supernatant of B. stearothermophilus within 10

hours after incubation before optimization of media. The

formation of silver nanoparticles might be due to nitrate

reductase enzyme and other reductases.

In the present study using response surface

methodology , the highest value of nitrate reductase activity

obtained was 731.24 U/ml which was observed in the 60th run

with the following conditions; (%) glucose: 0.1%, peptone:

1%, yeast extract: 0.4%, KNO3: 0.4%, pH: 7.5, temp: 25 ˚C

and incubation period 3 days.
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During incubation, a colour change was observed from

whitish yellow to brown and the control showed no colour

change. A characteristic Surface Plasmon Resonance band for

Ag NPs is obtained at ƛ 431 nm by spectrophotometric

analysis indicating the presence of spherical or roughly

spherical Ag nanoparticles.

TEM examination of the solution containing AgNPs

demonstrated spherical particles within nano range from 14±4

nm . The average particle size was determined by DLS method

and was found to be 17.8 nm.

It was observed from the FT-IR spectrum of AgNPs that

the bands at 1635.34 cm–1 correspond to a primary amine NH

band, 1388.5 cm-1 and 1118.51cm-1 correspond to a secondary

amine NH band and primary amine CN stretch vibrations of

the proteins, respectively. The positions of these bands were

close to that reported for native proteins. The FT-IR results

indicated that the secondary structures of proteins were not

affected as a consequence of reaction with Ag+ ions or binding

with AgNPs. The band at 1388.5 cm–1 is assigned to methylene

scissoring vibration from the protein in the solution. This
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evidence suggests that the release of extracellular protein

molecules from bacteria.

Treatment of bacterial cell free supernatant with

different doses of gamma radiation before and after mixing

with silver nitrate solution showed that the cell free

supernatant irradiated after mixing with AgNO3 solution was

more effective than that of the cell supernatant irradiated

before mixing with AgNO3 solution in the formation of silver

nanoparticles.

In this study, the antimicrobial activity of the

synthesized AgNPs against different species of highly

pathogenic multidrug resistant bacteria and yeast was

investigated, and AgNPs was compared to antibacterial and

antifungal drugs as Tetracycline and Amphotericin B,

respectively.

The synthesized AgNPs were proved to have

antimicrobial activity against all the tested microorganisms.

The diameters of bacterial inhibition zones (mm) measured for

MRSA, Pseudomonas aeruginosa and E. coli were 27.67 ±

0.577, 18.67±2.082 and 21.67± 0.577.  Using the standard

broth macrodilution method, the MIC, MIC50, MIC90 and MLC

were determined.  The MIC  of the  AgNPs against the tested
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clinical isolates showed a considerable antimicrobial activity;

(200ppm) for MRSA  & Staphylococcus warneri and (100

ppm) for Candida parapsilosis. The lowest antimicrobial

effect (400 ppm) was observed against Acinetobacter

baumannii / haemolyticus & Pseudomonas aeruginosa.

The difference in the inhibitory action of AgNPs on

MRSA, Staphylococcus epidermidis, Staphylococcus

saprophyticus, Klebsiella pneumonia, Candida parapsilosis,

Candida tropicalis and Candida glabrata before and after in

vitro gamma irradiation was statistically significant (P- value <

0.05). AgNPs inhibitory effect showed an increase after

irradiation compared to before irradiation in case of

Staphylococcus warneri, Pseudomonas aeruginosa and

Candida parapsilosis.
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الملخص العربي

جسیمات لتخلیقالباسیالسسالالت مختلفة من لمحلول سائلتم استخدام 

لجسیمات الفضھ النانو  المصنعھ الكثافة البصریة تم قیاس . الفضھ النانو

جسیمات الفضھ لابالسالالت المختلھ من البكتریا وتم اختیار الساللھ االكثر تصنیع

.النانو

ى جسیمات الفضھ النانو عند اضافھ رشح اختزال ایونات الفضھ التم

ساعات  قبل 10بعد مده حضانھ حوالى خالیا الباسیالس ستیروسیرمویالس 

.االمثل للتخلیق اختیار الوسط 

و قد یرجع تكوین جسیمات الفضة النانو الى انزیم النیتریت ریداكتیز و 

.انزیمات الریداكتیز االخرى 

البیئھ األمثل كانت  :ة الدراسة و باستخدام منھجیة سطح التجاوب  ذفى ھ

بوتاسیم ,0,4:، خالصة الخمیرة1: ، البیبتون0,1: جلوكوز) ٪(تحتوي على 

3فترة حضانة  , C ˚25:، درجة الحرارة7,5: ، درجة الحموضة0,4,:نایتریت

.مل من بیئھ التخمر/ وحده 731.24أیام نتج عنھ نشاط انزیم النیترات ریداكتاز 

األبیض او أثناء الحضانة، لوحظ وجود تغیر فى  لون الوسط  من األصفر اللون 

تم ظھور ى بدون فضھ إلى اللون البني و لم یظھر أي تغیرفى لون الوسط الذ
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SPR bandمما یؤكد كثافة الضوئیةممیزه لجسیمات الفضھ النانو عن طریق ال

.  وجود  جسیمات الفضھ النانو الكرویھ 

ان أثبتت جسیمات الضة النانومن محلول یحتوي علىTEMفحص

حجم تم تحدید متوسط .نانومتر4± 14الجسیمات كرویة ضمن نطاق نانو من 

.نانومتر17.8ووجد أن DLSیمات عن طریق وسیلةالجس

1-سم1635،34أن العصابات في FT-IRلجسیمات الفضة الفنانومن ولوحظ

تتوافق مع 1118.51cm-1و1سم، 1388.5، الفرقةNHأوليتتوافق مع أمین

تمتد االھتزازات من البروتینات، على .أمین أوليCNالفرقة وNHثانویةأمین

.كانت مواقف ھذه العصابات قریبة لتلك التي ذكرت لبروتینات األصلي.التوالي

أن الھیاكل الثانویة للبروتینات لم تتأثر نتیجة للتفاعل مع FT-IRوتشیر النتائج

اھتزاز المیثیلین من إلى1388،5CM-1یتم تعیین الفرقة في الفضة + أیونات 

ن اإلفراج عن جزیئات البروتین خارج وتشیر ھذه األدلة أ.البروتین في الحل

.الخلیة من البكتیریا

اما لجرعات مختلفة من اإلشعاع جالمحلول السائل للخالیاوأظھرتعرض 

الممزوجللخالیا المحلول السائلوبعد مزجھا مع محلول نترات الفضة ان قبل

مزوج بنترات الفضھ قبل التشعیع افضل فى تخلیق جسیمات الفضھ النانو من الم

.بعد التشعیع 

أنواع ضدجسیمات الفضة النانوھذه الدراسة، تم التحقیق في نشاط الفي

تم مقارنةوالخمیرة، ومختلفة من البكتیریا المسببة لألمراض عالیة المقاومة

للبكتیریا ومضاد للفطریات مثل باألدویة المضادةجسیمات الفضة النانو
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جسیمات الفضة النانووقد أثبت ان .على التوالي، بالتتراسیكلین واالمفوتریسین

لكل من )  ملم(منطقة التثبیط.المخلقھ لدیھا نشاط مضاد لكل المیكروبات المختبره 

و  سودومونس اریجینوزا )MRSA(المقاومھ لمضاد المیثیسیلن ھبیةذالعنقودیة ال

0.577± 21.67و 18.67± 2.082، 0.577± 27.67وایشیریشیا كوالى 

والMIC90ال، MIC50التم قیاس قیم طریقة التخفیف القیاسیة باستخدام

MLC AgNPsوأظھرت الMICللAgNPs المخلقھ ضد الساللت المختبره

العنقودیة لل) جزء في الملیون200(؛ ان لھل نشاط مضاد للبكتریا  ملحوظ

100(ورنارىللستافیلوكوكس و)MRSA(المقاومھ لمضاد المیثیسیلن ھبیةذال

ولوحظ أدنى تأثیر مضادات للكاندیدا بارابیزیلوسیس) جزء في الملیون

سینیتو باكتر بومنى و ھیمولیتكس والزائفة لال)جزء في الملیون400(المیكروبات 

.الزنجاریة

العنقودیة ھى على جسیمات الفضة النانوكان الفارق في النشاط المثبط لل

و ستافیلوكوكس ابیدرمیدز و )MRSA(المقاومھ لمضاد المیثیسیلن ھبیةذال

ستافیلوكوكس سابروفیتكس و كلبسیال نیمونیا و وكاندیدا البیكانز وكاندیدا 

قبل وبعد  التشعیع الجامى بارابیزیلوسیس وكاندیدا تروبیكالیز وكاندیدا جالبراتا ز

جسیمات الفضة رت وأظھ). 0.05<قیمة - P(في المختبر ذات داللة إحصائیة 

زیادة فى التأثیر بعد التشعیع مقابل من قبل في حالة  كل من الالنانو

.والكاندیدا بارابیزیلوسیسستافیلوكوكس ورنارى وال سودومونس اریجینوزا
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