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ABSTRACT
The development of a reliable process for the synthesis of silver nanoparticles is an important
aspect of nanotechnology today.  A narrow and controlled size preparation seems difficult as it
depends on the concentration of reacting chemicals and controlled reaction environment. Chemical
method for synthesis of silver nanoparticles uses toxic chemicals, which raises great concern for
environmental reasons. It is known that microorganisms such as bacteria, yeast and fungi play an
important role in the remediation of toxic metals through reduction of the metal ions. Only recently
this approach is considered interesting as nanofactories. In this study, the production of silver
nanoparticles by Escherichia coli and Bacillus subtilis was investigated, both intracellularly and
extracellularly which were characterized by Transmission Electron Microscopy (TEM), Scanning
Electron Microscopy (SEM) and UV-visible spectrophotometery.  The silver nanoparticles showed
potent activity against clinical isolates of Candida albicans, Tricophyton rubrum and Aspergillus
fumigatous.
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INTRODUCTION
Nanomaterials are at the leading edge of the
rapidly developing field of nanotechnology. The
nanoparticles have diverse applications.1  AgNPs
are currently being studied extensively because
of several properties that can be used in science
and technology.  AgNP preparation is also being
experimented upon and studied to find the most
cost-efficient and effective way to synthesize
them. Certain metals, including copper and silver,
have long been known to possess broad-spectrum
antimicrobial activities in ionic or macro metallic
forms.2-4 It has been known that in nature a
variety of nanomaterials are synthesized by
biological processes. Results have shown that
microorganisms could indeed be used for
intracellular synthesis of AgNP5,6.  The
bioreduction of Ag+ ions in the solution was
monitored in the aqueous component and the
spectrum of the solution measured through UV
spectrophotometer7, size of the AgNP was

detected using TEM.8  AgNP are known to have
inhibitory and antibacterial effects. In the recent
years,  resistance of fungal infections has emerged
as major health problem9.  Candida spp.
represents one of the most common pathogens
which are responsible for causing hospital
acquired sepsis with an associated  mortality rate
upto 40%.10,11 Currently, available effective
antifungals are based on polyenes, triazoles or
echinocandins. Their administration is
accompanied by various complications such as
toxicity and drug resistance12  and the yeasts resist
antifungal therapy13. Thus, there is a need for
alternative effective antifungal therapy to
overcome the adverse effects. Dermatophytosis,
is a superficial fungal infection caused by
dermatophyte. About 69.5% dermatophyte
infections are caused by Trichophyton rubrum,
not much study has been performed on these
fungi14. Aspergillus fumigatus is the most
prevalent airborne fungal pathogen in developed
countries and in immunocompromised patients
causes a usually fatal Invasive Aspergillosis (IA),
the incidence of IA has dramatically increased in
recent years.
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Although the use of arsenal agents with anti-
Aspergillus activity has expanded over the last
decade but the mortality due to IA remains
unacceptably high. Aspergillus fumigatus still
accounts for the majority of cases of IA.
Antifungal drug resistance of Aspergillus might
partially account for treatment failures.15,16

AIMS     AND    OBJECTIVES
Recent work is focused on the biosynthesis of
AgNP using cultures (intracellular) and culture
extracts (extracellular) of E. coli (NCIM-2931)
and Bacillus subtilis (NCIM-2063). The AgNP
thus synthesized were then characterized using
UV-vis spectrophotometer17 ,TEM and SEM. The
antifungal efficacy of this metal in nanoparticles
against different pathogenic organisms like
Candida albicans, Aspergillus fumigatus and
Trichophyton rubrum was analyzed.

MATERIAL     AND    METHODS
For synthesis of silver NP
E. coli (NCIM-2931) and Bacillus subtilis
(NCIM-2063) were obtained from NCL, Pune,
Maharashtra, India and grown over nutrient agar
media. For silver nanoparticle synthesis, silver
nitrate (AgNO3) obtained from Merck Ltd. was
added to nutrient agar as per the required
concentration.
UV-vis spectrophotometer
SHIMADZU (Pharmaspec-1700)
Transmission Electron Microscope (TEM)
Make - PHILIPS, Model - CM200, specification
-operating voltages between 20-200kv and
resolution of 2.4 Ao

Scanning Electron Microscope (SEM)
SEM measurement of the AgNPs was carried
out on scanning electron microscope (model SEM
JEOL, JED 6360), coupled with energy dispersive
spectrometer model, EDS, JEOL, JED-2300).
For antifungal activities
Pathogenic fungal cultures of Candida albicans,
Aspergillus fumigatus and Trichophyton
rubrum were used to check anti-fungal activity
of the AgNP.  Two flasks containing Sabraud’s
dextrose agar medium (150ml distilled water with
dextrose (3gm), peptone (0.75gm), agar (4.5gm)

and pH adjusted to 6.6 with 0.1N NaOH), was
prepared and sterilized. In one flask, supernatant
of AgNP broth was added and plates were
prepared. Another set of plates were prepared
from the second flask containing sterilized medium
only and used as a control. In both types of the
plates, fungal samples were spot inoculated and
incubated at 26oC for 72 hrs. The growth of
fungus on plates was compared.
Intracellular synthesis of AgNP
Cultures of B. subtilis and E. coli were grown
on nutrient agar plates containing different
concentrations such as 1.5, 3.5, 5.5, 7.5 and
9.5mM of AgNO3, and 3.5 mM concentration was
found to be optimum for synthesis.  In two
erlenmeyer flasks containing 100 ml of 3.5 mM
AgNO3 broth, the cultures of B. subtilis and
E. coli were inoculated and incubated for a period
of 7 days in dark at 26oC. Periodically aliquots of
the reaction medium were removed and the
absorption was measured at 470 nm using a U.V.-
vis spectrophotometer. The bacteria were then
harvested by centrifugation (6,000 rpm) for 15
min. at 26oC. The harvested cells were analyzed
by T.E.M and S.E.M. For comparison, flasks
containing only the broth culture without  AgNO3
solution and only AgNO3 (without culture) were
incubated under identical experimental conditions.
Extracellular synthesis of silver nanoparticles
Two erlenmeyer flasks containing 100 ml sterilized
nutrient broth were inoculated with fresh culture
of B. subtilis and E. coli. The culture flasks were
incubated at 26OC at 120rpm for 24 hrs. After
incubation the cultures were centrifuged at 12,000
rpm and their supernatants were used for further
experiments. These supernatants were kept
independently in flasks containing 10.3mM
AgNO3.  The reaction between different
supernatants and Ag+ ions was carried out in a
bright condition for 4 days. Periodically aliquots
of the reaction solution were removed and the
absorption was measured using UV-vis
spectrophotometer. Furthermore, the AgNP were
characterized by T.E.M for comparison as control
flasks containing only culture supernatants without
silver nitrate and only silver nitrate solution without
culture supernatant were incubated under identical
experimental conditions.
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Characterization of silver nanoparticles
UV-vis spectrophotometric studies
The bioreduction of Ag+ in aqueous solution was
monitored by periodic sampling of aliquots (0.2
ml) of the suspension and diluting the samples with
3 ml deionized water and subsequently measuring
absorbance at 470nm using UV-vis
spectrophotometer. UV–vis spectroscopy
analyses of nanoparticles produced was carried
out as a function of bioreduction time at room
temperature on SHIMADZU (Pharmaspec-1700)
UV-vis spectrophotometers.

TEM
Samples of the aqueous suspension of AgNPs
were prepared by placing a drop of the centrifuged
suspension on carbon-coated copper grids and
allowing water to evaporate. TEM observations
were performed on CM 200 electron microscope
(Philips) operating voltages between 20-200kv and
resolution of 2.4 Ao.

SEM
For SEM analysis of the colonies of B. subtilis
were grown on nutrient agar containing 3.5m M
AgNO3 for 72h. The bacterial cells are washed
thrice with distilled water for SEM investigation.

RESULTS   AND   DISCUSSION
Intracellular synthesis of AgNP
Upon visual observation, the culture incubated in
the presence of silver nitrate showed a color
change from yellow to brown whereas no color
change could be observed in controls viz, cultures
without silver nitrate and silver nitrate solution
without the culture. These control experiments
indicated that the Ag+ reduction is not just a thermal
process. The appearance of a brownish color in
solution containing the biomass was a clear
indication of the formation of AgNP in the reaction
mixture. Time-dependent increase in the intensity
of the plasmon resonance (470 nm) was observed
in the reaction vessels confirming the intracellular
synthesis of AgNPs.

Morphological characterization
The culture of B. subtilis synthesizing AgNP
intracellularly was inoculated on nutrient medium
containing AgNO3, showed the colonies after 4
days incubation which were yellow colored
Fig. 1(a), but later on they turned into brown after
7 days incubation as in Fig. 1(b), with a silver
shine at the surface, similar to that of colloidal
silver, this was because of the excitation of
surface plasmon vibration.

Fig. 1(a)  :  Initial yellow colonies after 4 days  incubation Fig. 1(b)  :  Brown colonies after 7 days

Extracellular synthesis of AgNPs
The flasks with the E coli and B subtilis
supernatants were pale yellow before the addition
of Ag+ (Fig. 2(a)) and changed to a brownish
color on completion of the reaction (Fig. 2(b)),

but no such color change was observed in culture
supernatants without silver nitrate and silver
nitrate solution without culture. The appearance
of a light brown color in solution suggested the
extracellular synthesis  of AgNP18.  Thus,
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Fig. 2 (a) : Flasks containing culture with AgNO3
(intracellular) and culture supernatants with AgNO3

(extraxcellular) at 0 hr

Fig. 2 (a) :  Flasks containing culture with AgNO3
(intracellular) and culture supernatants with AgNO3

(extracellular) after 7 days

suggested that the metabolites excreted by the
culture exposed to silver could reduce Ag+, clearly
indicating that the reduction of the ions occur
extracellularly through reducing agents released
into the solution by both the bacteria. These
reactions only occurred in the light and the
nanoparticles were not produced in darkness.
Several hydroquinone’s with excellent redox
property reported that could act as electron shuttle
in metal reduction, thus it was evident that electron
shuttle or other reducing agents released by B
subtilis and E coli, were capable of reducing silver
ions to AgNPs. Reduction of Ag+ did not occur in

absence of bacterial cells, this indicates that the
reducing agents that are released into the cultures
of B. subtilis and E. coli are exclusively involved
in the reduction process. The AgNPs produced
are stabilized in solution by capping agent that is
likely to be proteins secreted by biomass.
UV-vis Spectroscopy
The appearance of a brownish color in solution
was the indication of the AgNP in the reaction
mixture. Time dependent increase in the intensity
of the plasmon resonance (470 nm) was observed
in the reaction vessels (Fig. 3), confirming the
AgNP formation.
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          Fig. 3 :  Intensity absorbance of the plasmon resonance (470 nm) in function of time of reaction
(a) culture of B subtilis 3.5mM AgNO3 (b) culture of E coli 3.5mM AgNO3 (c) culture supernatant of

B subtilis 10.3mM AgNO3 (d) culture supernatant of E coli 10.3mM AgNO3
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(a) (b)

(c) (d)
Fig. 4 : (a, b, c) TEM images of B Subtilis reduced AgNPs  extracellularly at high resolution images

(d) diffraction pattern of AgNPs (d)

Transmission Electron Microscopy
Extracellular synthesis of AgNP

The morphology of the nanoparticles was highly
variable with spherical and occasionally triangular
as seen in the micrograph Fig. 4 and Fig.  5. The
nanoparticles were not in direct contact even
within the aggregates indicating stabilization of the
nanoparticles by the capping agents. This

corroborates with the previous observation by
Ahmad et al19 in their study on F. oxysporum. As
discussed earlier, the AgNP solution synthesized
by both the culture supernatants was
exceptionally stable and the stability was likely to
be due to capping with proteins secreted by the
bacteria. TEM analysis of each sample was done;
extracellularly synthesized AgNPs ranged from
16-20nm in size.

Fig.  5  : (a,b,c) TEM images of Escherichia coli reduced AgNPs  extracellularly at high resolution
images (d) diffraction pattern of AgNPs

(a) (b)

(c) (d)
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Fig. 6 :  SEM analysis of nano-Ag with magnification (a) 500, (b) 2,000, (c) 5,000, (d) 10,000

Fig.7 : (a) Candida albicans without AgNP (b) After treatment with AgNP

(c) (d)

(a) (b)

(a) (b)

Scanning Electron Microscopy
Intracellular synthesis of AgNPs by B. subtilis
The presence of uniformly distributed AgNPs bound
to the surface of the bacterial cells is observed,
indicating formation of the nanoparticles by the
reduction of Ag+ ions. SEM analysis of the sample
was recorded at various magnifications Fig. 6.

Antifungal activity
The results suggest nano-Ag may exert an
antifungal activity by disrupting the structure of
the cell membrane and inhibiting the normal
budding (Fig. 7) process due to the destruction
of the membrane integrity. Ag-NPs attach to cell

membrane and penetrate in the fungi, leading to
the cell death. AgNPs release silver ion in fungal
cell which increase antifungal function. Ag+ forms
silver hydrosols or salt, these salts get trapped on
the surface of fungal cell due to interaction
between positively charged silver ions and
negatively charged carboxylic groups on the
enzyme of cell wall of mycelia, affecting their
growth, Fig 8 and Fig. 9. Nano-Ag breaks down
the membrane permeability barrier of C albicans,
it is possible that nano-Ag perturbs the membrane
lipid bilayers, causing the leakage of ions and other
materials as well as forming pores and dissipating
the electrical potential of the membrane 17
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Fig. 8 :  (a)  Trichophyton rubrum without AgNP  (b) After treatment with AgNP

Fig. 9 :  (a) Aspergillus fumigatous without AgNP (b),  After treatment with AgNP

(a) (b)

(a) (b)

CONCLUSION
When we challenged the biomass of E. coli and
B subtilis with Ag+ ions, it was observed that silver
was reduced intracellulary to metallic silver. When
supernatant of E. coli and B. subtilis were treated
with Ag+ ions, silver was extracellularly reduced
to metallic silver.  After treating human fungal
pathogens with AgNPs, visual and microscopic
observations showed the growth inhibition and
greater mechanical damage to the conidial as well
as mycelial extensions of the fungal pathogens,
proving the antifungal activity of AgNP.
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