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The focus of the study has been made for synthesis, characterization and kinetic
parameters estimation of silver nanoparticles (AgNPs) from Enterobacter aerogenes. The
resulting nanoparticles were examined using UV-visible spectroscopy, Scanning Electron
Microscopy(SEM),Transmission Electron Microscopy(TEM), and Energy Dispersive Xray Spectroscopy(EDX).The absorption spectra showed a progressive surface plasmon
resonance (SPR) in the wavelength of 410-420nm corresponding to the silver SPR. The
size of the nanoparticles produced was approximately in the range of 25-35 nm. The
temperature and pH optimum of the reaction was found to be 80 °C and 7.0
respectively.The reaction parameters were grouped and analyzed to understand the
kinetics of the nanoparticle synthesis. The kinetic parameters such as Km and Vmax were
calculated and the reaction rate kinetics for the production of nanoparticles were found.
The value of Vmax was found to be 3.46 mmol/min and Km was 8.65 mmol.
(Received March 26, 2012 ; Accepted July 16, 2012)
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1. Introduction
Nanobiotechnology, a new field of research gives rise to the emerging future of science for
the past decade. It covers a large number of technological fields like biotechnology,
nanotechnology, chemical processing, physical methodology and system engineering [1].
Synthesis, processing and utilization of nanoparticles are the basic aspect of nanotechnology.
Recently nanoparticles have been the subject of focus for research due to their unique applications.
AgNPs synthesized by various routes find many application in the fields such as electronics which
includes nanoelectronics and optics, coatings for solar energy absorption and electronics
applications, intercalation material for electrical batteries, as optical receptors, and biological
application such as biosensors, biolabelling and new carriers for targeted drug delivery [2, 3, 4].
Therefore, producing nanoparticles in an economical way is essential for the progressive
advancement in nanotechnology. Although chemical and electrochemical methods are being
applied for the synthesis of nanoparticles, the cost involved in such method is prodigious. As a
result the prospect of producing metallic nanoparticles by a cheaper way and eco-friendly
technology has turned its importance to biological systems [5, 6]. A more feasible and better way
for nanoparticle synthesis is by biological process. At present biosynthesis of metallic
nanoparticles is gaining popularity among the research community [7, 8]. Among the different
types of nanomaterials such as copper, zinc, titanium, magnesium, gold and silver, AgNPs have
proved to be the more effective antimicrobial agent against bacteria, viruses and other eukaryotic
micro-organisms [9, 10].
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The antibacterial activity of AgNPs is being exploited and deeply searched for future use.
The determination of kinetic parameter is necessary in order to design and scale up for industrial
production. AgNPs can be produced by enzyme reduction of silver nitrate (AgNO3) [11]. The
molecular property of SPR exhibited by AgNPs can be tailored depending upon the shape and size
of the nanoparticles synthesized [12]. This study reports Enterobacter aerogenes as a model
organism to produce AgNPs and tries to estimate the kinetics of the production reaction using
simple analytical tools such as UV-visible spectrophotometer, SEM-EDX, TEM. With changes in
the kinetic parameters, the kinetics of the formation of the AgNPs was monitored.
2. Materials and methods
2.1 Materials
The culture Enterobacter aerogenes (MTCC 111) was obtained from Microbial Type
Culture Center (MTCC), Chandigarh, India. All chemicals used in the analysis are of analytical
grade and were procured from Sigma Aldrich & Hi Pure chemicals, India.
2.2 Culturing of Enterobacter aerogenes
The culture biomass used for biosynthetic experiments were grown aerobically in liquid
medium containing (g/l) beef extract, 1.0; yeast extract,2.0; peptone, 5.0; and NaCl, 5.0.
Erlenmeyer flasks were inoculated with the culture inoculum and incubated at 30 ºC with shaking
(150 rpm) for 48 h. After the incubation, the biomass was centrifuged using a refrigerated
centrifuge (Eltek RC4100D) at 10,000 rpm for 15 min at 4 °C. After centrifugation the tubes were
removed and the supernatant was collected in a plastic container and was stored at -20 °C to
preserve all the ingredients intact, until further use.
2.3 Preparation of AgNO3 solution
To 100 ml of de-ionized water, AgNO3 of weight equivalent was added to bring the
concentration to 1millimol. It was seen that the solution was a clear liquid and shows mild lustrous
appearance.
2.4 Preparation of Silver nanoparticles (AgNPs)
To 50ml of 1mM AgNO3 solution 10 % (v/v) of Enterobacter aerogenes culture
supernatant sample was added slowly and a colour change was noticed (colouress to yellowbrownish) which indicates the formation of AgNPs [2, 11]. The colour is due to the phenomenon
called SPR.
2.5 Monitoring the reaction
The reaction was constantly monitored by recording the SPR of AgNPs produced for
every 30 min and by performing a Nitrate reductase assay (NED assay) at regular time intervals to
ascertain the reaction [11].
2.6 Measuring the SPR
The SPR of AgNPs was measured using a UV-vis double beam spectrophotometer
(Systronics 2201), in the wavelength range of 300 – 600 nm. The SPR for AgNPs was observed at
a wavelength range of 400 -430 nm.
2.7 Characterization of AgNPs
The surface structure was visualized by SEM (Hitachi S-3400W) at an accelerating
voltage of 10kV and TEM (Philips TECNAI 10). Elemental analysis measurement was done using
EDX (Thermo EDX) at an accelerating voltage of 10kV.
2.8 Buffer System and their pH range
Buffer solutions of pH range from 3.0 to 11.0 were prepared accordingly [13]. The use of
HCl and NaOH was avoided since the AgNPs may react with HCl and NaOH instantaneously. The
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AgNO3 prepared in all these pH’s were taken in aliquots of 10 ml, to it 10% (v/v) of broth was
added to each aliquot. After incubating it for one hour at room temperature, the solutions were
analyzed for Nitrite.
2.9 Kinetic study
The kinetic parameters involved in the formation of AgNPs were monitored at regular
time intervals by estimating the amount of nitrite formed using NED assay. This assay is based on
the stoichiometry of the reaction that for every ion of Ag+ reduced there was formation of one
nitrite molecule. Therefore, the amount of nitrite formation from time to time was monitored for
more than 5 hours and the amount of nitrite produced was then estimated. [14]
2.10 Effect of initial Substrate concentration
For finding out the effect of initial concentration of the substrate, experiments were carried
out using different concentration of AgNO3 (10, 20, 30, 40 and 50mM). NED assay was performed
accordingly for all the collected samples.
3. Results and discussion
3.1 Extracellular production of silver nanoparticles
The AgNO3 solution was reduced to AgNPs due to the addition of the supernatant
containing extracellular material produced by Enterobacter aerogenes. The change of color from
colorless to yellow-brownish (Fig. 1) clearly indicates the formation of AgNPs in the reaction
mixture [15, 16]. The characteristics color of the colloidal silver solution is due to the excitation of
surface plasmon vibrations in the nanoparticle and provides a convenient spectroscopic signature
of their formation [17, 18, 19]. The principle behind this process is the activity of a most
abundantly found enzyme nitrate reductase which reduces nitrate to nitrite and there by reducing
Ag+ ions to AgNPs. Several hydroquinones with excellent redox properties were reported that
could act as electron shuttle in metal reductions. Thus, it was evident that electron shuttle or other
reducing agents released by Enterobacter aerogenes are capable of reducing silver ions to AgNPs
[2].

Fig. 1. Color change of silver nitrate 1mM solution from colorless to yellow-brownish as the reaction
proceeds on addition of the culture supernatant Enterobacter aerogenes.

3.2 SPR of Silver
The AgNPs were characterized using UV–visible spectroscopy (Fig. 2), which shows the
UV-vis double beam spectrometer results. A strong, broad peak located between 410 and 420 nm
was observed for the AgNPs prepared using the Enterobacter aerogenes. Observation of this peak
assigned to a surface plasmon is a strong evident for the formation of silver metal nanoparticles
[20, 21]. The strong resonance centered at about 420 nm is clearly observed and increases with

1010

increasse in time which
w
denottes the highh concentratiion of the AgNPs.
A
The sharper and
d more
symmeetrical peaks in Fig. 2 refflect the unifformity in paarticle size distribution.

Fig.2. UV–viisible spectra recorded from
m the aqueouss silver nitratee-culture supeernatant of thee
Enterrobacter aerog
genes reactionn medium as a function of time
t
of the reaaction.

3.3 Particlle Size
Fig. 3 annd Fig. 4 shows
s
the SEM and TEM
T
micro
ograph recorrded from AgNPs
nge of size 25-35nm w
were observeed. The
respecttively. In thhis micrograaph, AgNPss in the ran
morphhology of thhe nanopartiicles was foound to be spherical, monodisperssed and uniiformly
distribuuted [6]. Thee particles arre also not agggregated, which
w
might be
b an indicattion to the prresence
of a caaping agent[111]. As discu
ussed earlier,, the AgNPs solution syn
nthesized by the reaction of Ag+
ions w
with Enterobacter aerogeenes culture supernatantt is exception
nally stable and the stab
bility is
likely to be due too capping ag
gents secreteed by the baacteria. The separation bbetween the AgNPs
seen inn the SEM image coulld be due too capping by
y proteins and
a would eexplain the UV-vis
spectrooscopy meassurements, which
w
is charaacteristic of well
w disperseed AgNPs.

Fig.3. SE
EM micrograp
ph of the silveer nanoparticlles( scale barss correspond tto 50 µm).
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Fig.4.TEM micrograph of the silver nanoparticles (scale bars correspond to 400 nm).

3.4 Elemental analysis
In the analysis of the silver nanoparticles by energy dispersive spectroscopy (EDX), the
presence of elemental silver signal was confirmed (Fig. 5). The Ag nanocrystallites display an
optical absorption band peaking at ~3 keV, which is typical of the absorption of metallic Ag
nanocrystallites due to the SPR [16].The other peaks like Na and Si are quoted for the media
components in supernatant. The presence of peak for Al is due to the aluminium foil base on
which the particles are coated. The presence of carbon indicates the presence of stabilizers . [4]

Fig.5. EDX spectrum of silver nanoparticles.

3.5 Effect of temperature
The effect of temperature on the production of the AgNPs was studied by placing aliquots
of reaction mixture in different test tubes and placing them in various temperatures ranging from 0
°C to 110 ºC. After 15 min the amount of nitrite reduced was quantified using NED assay. Then
the nitrite reduced at a time duration of after one hour at the respective temperature were also
quantified, this is to find out the effect of denaturation of the protein at these temperatures and to
find the temperature of maximum activity (Fig. 6). The effect of temperature was measured and
the maximum activity found to be around 80 °C for 15 min, which coincides with the optima pH
of P. aerophilum nitrate reductase. [22]
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Fig.6. UV–viss spectra of AggNO3 recordeed at different temperaturess.

3.6 Effect of pH
The effect of pH was characterizedd by preparing AgNO3 in the respecctive buffer systems
s
T maximum
m activity was
w observed at around pH
H 7.0 (Fig. 7). The
each oof 1mM conccentration. The
reactioon takes placce actively arround the rannge of 5.0-9.0 and the acctivity is moore in basic pH
p than
in aciddic pH. [23,24]

Fig. 7. UV–vis
U
spectrra of AgNO3 rrecorded for various
v
pH at temperature oof 80 °C.

3.7 Rate of
o the reactio
on
The initiaal concentratiion of AgNO
O3 was plotted against th
he rate of thee reaction ob
bserved
me interval. It is very weell seen that the saturation is achievedd at around 10 mM
after 30 min of tim
A
his is attribuuted to the fo
ormation of [ES]
[
compleex or other wise
w the
concenntration of AgNO
3 and th
numbeer of active sites are com
mpletely bloocked by thee nitrate ion at this conccentration. Th
hus the
producct formationn rate depen
nds on the enzyme co
oncentration as well ass on the su
ubstrate
concenntration, which resembless a bimolecuular reaction.
The lineweeaver – Burk
k plot was uused to determ
mine the enzzyme kineticcs and it wass found
that thhe michelis-m
menton consttant (Km) vaalue to be 8.6
65 mmol and
d maximal vvelocity(Vmaxx) value
to be 3.46 mmol//min (Fig. 8).
8 Vmax reppresents the initial veloccity at saturrating levelss of all
substraates as deterrmined by extrapolation
e
n of the reciiprocal plots, while Km gives the su
ubstrate
bindinng capacity inn the reaction
n. A high Km value relatiive to the physiological cconcentration
n of the
substraate, is not noormally saturrated with suubstrate, and its activity will
w vary as tthe concentraation of
the subbstrate variees, so that th
he rate of foormation of product willl depend onn the availab
bility of
substraate.
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Fig. 88.Lineweaver-Burk plot of kinetic
k
data, sshowing the siignificance off the axis interrcepts and gra
adient.

4. Concllusions
The prospeect of produ
ucing silver nnanoparticless using Enterobacter aerrogenes was one of
the moost sought. The productio
on of AgNPs with the Enterobacter aerogenes waas found to be much
faster aand relaible.There was a progressivee SPR observ
ved in the UV
V-vis spectraa of AgNPs at 410420nm
m range, whicch correspon
nds to AgNP
Ps. The particcle size of th
he AgNPs w
was found to be 2535 nm of average size
s which was
w measuredd by SEM/TE
EM. The EDX
X data suggeests that the particle
p
is actuually silver and
a the preseence of somee C atoms su
uggests that some of the media comp
ponents
acts ass a capping agent
a
for stab
bilizing the nnanoparticles.
The optim
mum parametters such as pH and tem
mperature weere reported and the vallue was
found to be 7.0 andd 80 °C. Furtther more thee kinetic dataa clearly shows that the rreaction procceeds in
accorddance to Michelies Menteen model andd is a enzym
me mediated process. Thee Vmax and Km from
the kinnetic plot shoow that the saturation
s
cooncentration is as high ass 10mM, whiich suggest that
t the
proteinn may have multiple
m
activ
ve sites.
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