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ABSTRACT

Use of microorganisms for the synthesis of nandge#g is in the limelight of modern nanotechnolobging
Pseudomonas aeruginosa, biosynthesis of silver peatioles was investigated. Apart from standardizthe best
parameter for the synthesis of silver nanoparticleforts were directed towards assessing the reduagent
involved in reduction of silver ion to silver naraopicles. The involvement of nitrate reductaseseicing agent
was confirmed by biochemical assay. The nitrateuctabe activity got reduced from 0.98Zéole/min/ml to
0.3233umole/min/ml after bio fabrication of silver nanopiates. The most influential parameters for thetkgais
of silver nanoparticles were found to be 100°C gold 10 that can very effectively biosynthesize silve
nanoparticles from a 100 ppm aqueous solution di@g The silver nanoparticles exhibited maximum abande
at 450 nm in UV-Vis spectrum. The XRD spectrunivarsnanoparticles exhibitedé2values corresponding to the
silver nanocrystals. TEM micrographs revealed themiation of well-dispersed silver nanoparticles2@50 nm.
The silver nanoparticles showed maximum antimiaohbctivity against Pseudomonas aeruginosa, folkbvogy
Staphylococcus aureus and minimum anti-microbigivig was noted against Escherichia coli. It waseresting
to note that Pseudomonas aeruginosa that biosyizémtghe silver nano particle was most affectedtdyanti-
bacterial activity.

Keywords: Pseudomonas aerugingsBiosynthesis, Silver nanoparticles, Surface PtasrResonance, Nitrate
reductase, antimicrobial activity.

INTRODUCTION

Outbreak of the infectious diseases is caused figreint pathogenic bacteria and the developmerdntibiotic
resistance the pharmaceutical companies and tlearders are searching for new antibacterial agémtthe
present scenario, nanoscale materials have emepgasl novel antimicrobial agents owing to theithsgrface area
to volume ratio and the unique chemical and physicaperties Nanotechnology refers broadly to &lfef applied
science and technology whose unifying theme isctrgrol of matter on the atomic and molecular scile metal
microbe interactions have an important role in salvdiotechnological applications including theldie of
bioremediation, biomineralization, bioleaching, anitrobial corrosion.[1,2] Recently a few microongams have
been explored as potential biofactories for syrisheé metallic nanoparticles such as cadmium selfigold, and
silver[3-7]. Biosynthesis of nanoparticles has reee considerable attention due to the growing nieedevelop
environmentally benign technologies in materialtkgsis. For instance, a great deal of effort hanlpait into the
biosynthesis of inorganic materials, especially ahetanoparticles using microorganisms. Both livel atead
microorganisms are gaining importance by virtu¢hedr facile assembly of nanoparticles. Moreovke, problems
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concerning the synthesis of nanoparticles and tttaibilization can be solved in tandem and milddébons.

Research in nanotechnology provides reliable, geodly processes for the synthesis of nanoscalteriats.

Inspiration from nature comes through magnetotabticteria synthesizing magnetite nanoparticlestodia
synthesizing siliceous materials and S-layer bacmoducing gypsum and calcium carbonate layem.chtol [8]

showed that silver nanoparticles (SNPs), like theilk counterpart, are an effective antimicrobigkmt against
various pathogenic microorganisms. Although variobemical and biochemical methods are being exgléve

production of SNPs, microbes are exceedingly effedn this process. New enzymatic approaches usaugeria
and fungi in the synthesis of nanoparticles bothainand extracellularly have been expected to lzakey role in
many conventional and emerging technologies. Sgighef nanoparticles was found to be intracellitamany
cases but makes the job of downstream processifigutti Microorganisms, such as bacteria and fumgiw play
an important role in the remediation of toxic metddrough the reduction of the metal ions Our grbap explored
extracellular synthesis of gold nanoparticles usiagterial exudates, algal and plant extracts 18]9,

The present work has focused on the developmeanaéxtracellular biosynthesis of SNPs usikPgpudomonas
aeruginosa and it optimization and brief input arspible mechanism involved in bio-reduction ofesiions.

MATERIALS AND METHODS

Culturing the microbe Pseudomonas aeruginosallture was procured from National Collection ofilistrial
Microorganism (NCIM), Pune. A loopful d?seudomonas aeruginosalture was inoculated in 250ml conical flask
containing 100ml sterile Nutrient Broth. The incateld medium was incubated af@7n a rotary shaker at 120 rpm
for 24 hours. After 24 hours, the culture was darged to separate bacterial cells. Centrifugati@s done at 5000
rpm for 10 minutes. Supernatant and pellet werarseed. The supernatant obtained after centrifogatias used
for nanoparticles synthesis.

Chemicals and GlasswareChemicals used for the synthesis of Silver nartape@s were Silver nitrate (AgN{)
(Sigma-Aldrich). 100mL of 1mM aqueous AgN®olution was taken in 500mL of Erlenmeyer flaskSgnthesis of
Silver nanoparticles.

Fabrication of Silver nanoparticle -The supernatant obtained from the above procedasadded to AgNOto
make its concentration to 100 ppm. The desired pkthe reaction medium was adjusted by adding 1 NONa
solution or 1 M HCI solution. In order to optimiiee nanoparticle formation, the impact of differésnperatures
RT (30°C) and boiling temperature (@) was assessed. These temperatures were usedddying the effect of
pH (2, 6, 8, 9, 10 & inherent pH) on synthesis NPS. The best temperature and pH was kept cortstatidy the
most effective concentration of AgNG@hat can be reduced under selected conditiong8vier :iano particles. The
parameters obtained from the above two experimesre vikept constant to comprehend the optical as asll
morphological features of SNPs.

Nitrate Reductase Assayfor extractionof Nitrate Reductase frolRPseudomonas aerugingsthe supernatant
obtained from the above procedure was homogenizdTwis-HCI buffer (pH 8.0) and then centrifuged(8C at
2000 rpm for 15 min. The supernatant was used agnem source. Nitrate Reductase activity was medshye
Vega and Cardenas method [11].The standard graphcatibrated using 50 UM working standard of Sodium
nitrite. To 0.1 ml supernatant known amount of BLIKNOz; was added and incubated for 24 hours. Then 1ml of
diazo coupling reagent (1% Sulphanilamide in 3 1@l ldnd 0.02% N-(1-naphthyl) ethylenediamine hydiogte)
was added to 3 ml reaction mixture and diluteddl@d to detect the remaining NCOAfter 30 min of incubation in
dark at 36C for development of color; O.D. was recorded @ Béh. The result was calculated against the standar
graph of nitrite.

Determination of antimicrobial activity by well-difision method: The SNPs synthesized frolseudomonas
aeruginosawere tested for antimicrobial activity by well-fli§ion method against pathogenic organisms such as
Escherichiacoli, Staphylococcus aureus and Pseudomonas aevs@imhe pure cultures of organisms were
subcultured on Miiller-Hinton broth at 35°C on aargtshaker at 200 rpm. Wells of 6-mm diameter waagele on
Miiller-Hinton agar plates using gel puncture. Eathin was swabbed uniformly onto the individuatps using
sterile cotton swabs. Using a micropipette,;20(0.002 mg) of the sample of nanoparticles solutieas poured
onto each of three wells on all plates. After inatitin at 35°C for 18 hours, the different levelszohe of inhibition
were measured.
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Characterization of Nanoparticles was done by following methods:

UV-Vis Measurements was carried out on a dual beam spectroscope Lar@bdRerkin Elmer, USA using
deionized water as the reference. The colloidaltsmi was then added into a quartz cuvette celbfedd by
immediate spectral measurements. The SPR peaksagsgesed for size and distribution of Silver nantiges.

Transmission Electron Microscopic Examination af tilanoparticle- was done to know the morphology of SNP,
using high-resolution analytical transmission el@ttmicroscope (HRTEM) Carl Zeiss Micro imaging, Bih
Germany with an electron kinetic energy of 200 kdr sample preparation, 2-3 drops of the collogidt solution
were dispensed onto a carbon-coated 200-mesh cgpgeand dried under ambient condition before exation.

XRD Measurementsvas done to know the crystallographic informatidrSNP. X-ray diffraction (XRD) patterns
were recorded by a (PANalytical, Philips PW 1838gTNetherlands) operating at 40 kV and a currerBOomA
with Cu Ka radiation § = 1.5404 A) and the®@2scanning range was of 30-80° at 2° thifthe colloidal suspension
containing metal nanopatrticles was dried on a sgiafis slab.

RESULTS AND DISCUSSION

Impact of different pH on formation of Silver narparticles at 30 & 100°C fabricated usifgeudomonas
aeruginosaexudatesre presented in Table-1, which shows that pH 0yfeded the best results at 100°C.

Table 1: Impact of pH and Temperature on the Biosythesis of silver nano particles using 100 ppm silve
nitrate and Pseudomonas aeruginossxudates

Observations Made at
pH 3C°C 10¢°C
Time Ta[(en for UV-Vis Spectra XRD data Time Tal_<en for UV-Vis Spectra XRD data
Change in color Change in color
Broad peak af Crystalline Broad peak af Crystalline
2 24h 480 nm structure < 25sec 533 nm structure
Crystalline Sharp peak at Crystalline
6 24h No peak structure <25 sec 520 nm structure
Broad hump at| Crystalline Broad hump at| Crystalline
8 24h 492 nm structure < 25 sec 495 nm structure
Broad hump at| Crystalline Sharp peak ai Crystalline
9 24h 487 nm structure <25 sec 487 nm structure
Crystalline Sharp peak at Crystalline
10 24h No peak structur: <25 sec 450 nn structur:
pH of Broad hump at| Crystalline Sharp peak at Crystalline
exudate 24h 477 nm structure < 25 sec 479 nm structure

Pseudomonas aeruginosxudate was used for fabrication of Silver Nantglas(SNPs).Silver nitrate was added
to the exudate at 30 and 100°C as seen in Taflakle 1 gives a brief overview on the Impact of gHfabrication
of SNPs at both lower and higher temperture.Figusdows the UV-Visible spectra of the SNPs syn#teebiising
Pseudomonas aeruginosudate at different temperatures. The bactexatlate which was pale yellowish in
colour, became pale grey; when Silver nitrate widtted. Further change in color was observed iom fipale grey
to light brown and then brown after24 of storage at 30°C and25 sec at 100°C, indicating the formation of
SNPs(Table 1).This color arises due to the sunfd@emon vibrations in the metal nanoparticles [13] [14].UV-
Vis spectra of SNPs when synthesized at 30°C shdwead hump at all the pH.(Fig 1a)The area undehtmp
might have large sized polydispersed SNPs whichbmaconfirmed with TEM .The reason behind formatain
large sized anoparticles may be lack of sufficiactivation energy to the reducing agents or imerdmalance
between the dielectric constant which may leadgglaneration of the SNPs and thereby giving brddenps.On
the contrary ,when SNPs were synthesized at 108f@nrkable sharp peaks were witnessed at alkaling, p&Hand
inherent pH with Surface Plasmon resonance bamisresl at 487 ,450 & 479 nm respectively.broad faumere
seen in rest of the pH. High ionic strength couplgth high temperature (100° C) might be instruraérim
enhancing the synthesis of nanopatrticles. This alsy be due to the activation of enzymes presetitarbacterial
exudates which are responsible for reducing angdingmf the nanoparticles.A remarakable propertiofogically
synthesized metal nanoparticles at 100°C (i.e. iogppf SNP) to prevent agglomeration of the pagschnd
stabilizing in the medium. This evidence suggéds#s the biological molecules could possibly perfdaha function
for the formation and stabilization of the SNP gueaous medium. It is well known that proteins cardkio SNP
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either through free amine groups in the proteirs] [And therefore, stabilization of the SNP by stefaound

proteins is a possibility.
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Figure 1 : UV-vis spectra showing Impact of pH andr'emperature on biosynthesis of Silver nanoparticlgs)At
30°C (b) At 100 °C using 100 ppm Silver nitrate aghpseudomonas aeruginosxudates
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Figure 2 : UV-Vis spectra showing Impact of Concemttion on biosynthesis of Silver nanopatrticles usig
pseudomonas aeruginosaxudates at 100 °C and pH 10.

Table 2: Impact of Concentration on the Biosynthesi of silver nano particles usingpseudomonas aeruginosa
exudates at 100°C with pH 10

e
b

Observations
Conc. of AGNO; Time taken for change in colgr UV-Vis Spetra XRD
50 ppm 24 hr to light brown Broad hump at 490 nm yst@lline structure
100 ppn 24 hr to brow Sharp peak at 455 r crystalline structul
150 ppm 24 hr to brown Sharp peak at 464 nm dhysgastructure
200 ppm 24 hr to dark brown Medium intensity peb#&2 nm | crystalline structur
250 ppm 24 hr to dark brown Medium intensity pea#G2 nm | crystalline structur

Inorder to study the impact of silver concentrattonSNP fabrication.silver concentration (silverate) was varied
keeping the temperature and pH constant which risnserized in Table 2.The biosynthesized SNP haerdifit
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crystallite shapes which are dependent on the otrat®n of the A ion in solution, the enzymes released by
Pseudomonas aeruginos#ains, and pH of the solution. However, it mustpointed out that the crystallite shape
is not the only important factor influencing theoperties of nanometal, but the particle size is alsrucial factor
for optoelectronics and other applications of theaematerials. Hence, Silver ion concentration warged inorder

to get desired sized SNPs. As observed in Fig B, @fim Silver nitrate was found to be the most itfiiial
concentration which gave a sharp SPR band at 455Xtiher concentrations viz:50 ppm,150 ppm,200 ppras&
ppm gave SPR bands at around 460 nm and abovaiimgjdormation of larger sized SNPs.

Transmission Electron Microscopy (TEM): A typical TEM image is presented in Fig 3; shovgglamerated
Silver nano particles at 30°C as seen in fig 3araondodispersed spherical shaped SNPS of a maxinfil2@ om
sizes were formed at 100°C as observed in Fig $jgloneration of SNPs may be due destabilizatioelettric
double layer of silver ions .The microscopic obséipn is in agreement with the UV-Vis spectroscogtiedies.
Silver Nanoparticles synthesied were highly unifannsize ranging 20-50nm .

Figure 3: TEM image of Silver nanopatrticles syntheigzed usingPseudomonas aeruginoshowing the impact of pH and
temperature (a)at 30°C with pH 8 and 100 ppm silvenitrate (b) at 100°C with pH 10 and 100 ppm silvenitrate.

X -Ray Diffraction: A comparison of the XRD data with the standardnfa@iommittee in powder diffraction
standards file n0:04-0783)confirmed that the plsidormed in our experiments were silver nanoatgsivhich can
be depicted by the peaks 4t Zalues of 38.45 ,44.48,64,69 and 77.62 correspgni 111 , 200 , 220 and 311
planes for silver respectively.This XRD pattern faons the crystallinity of SNPs. The mean partidiameters of
SNP were calculated from the XRD data which caddé/ed from by Debye Scherrer equation.

B K\
B co9

This equation exploits the reference peak widthngled, wherel is the x-ray wavelength (1.5418),, is the width
of the XRD peak at half height and K is the shagmdr. The calculated average particle size of 8B 20-50 nm
which can also be confirmed by TEM results.
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Figure 4: XRD pattern of gold nano particles synthsized using bacterial exudates d?’seudomonas
aeruginosa showing typical Bragg reflections for Silver nanpatrticles
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Figure 5: Nitrate reductase activity ofPseudomonas aeruginosxudates, Boiled bacterial exudates and gold
nanoparticles respectively in pmoles/min/ml

Nitrate Reductase AssayStudies have indicated that NADH and NADH-dependginate reductase enzyme are
important factors in the biosynthesis of metal rparticles. Pseudomonas aeruginoss known to secrete the
cofactor NADH and NADH-dependent enzymes, espaciatrate reductase, which may be acting as a clcatfr
nucleating agent and might be responsible for theetuction of Ad to Ag” and the subsequent formation of Silver
nanoparticles. The same enzyme later then acts aapping agent, thus ensuring complete formation of
thermodynamically stable nanostructures [17]. Thaecular activity of nitrate reductase in the bdeteexudates

of P.aeruginosawas found to be 0.987@mole/min/ml; which got reduced to 0.654é1ole/min/ml when it was
subjected to 10T (Fig 5). After the formation of gold nanopartilthe nitrate reductase activity was again assayed
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in the reactant mixture which showed a substadgglease with 0.3233pumole/min/ml in the solutiobac{erial
exudates) having Silver nanoparticles as comparetttate reductase activity in bacterial exudatébout silver
nanoparticles. This result confirms the involvemehhitrate reductase in the reduction of silvar to silver nano
particles.The fact that which capping proteins are involvedstabilizing the particle is yet to be explored.

Anti-microbial assay: The antibiotic activity of SNPs was investigatediagt various pathogenic organisms such
asEscherichia coli, Staphylococcus aureus and Pseodas aeruginosasing well-diffusion method (Fig 6). The
mean of four replicates of the diameter of inh@itzones (in millimeters) around each well with SN#Blution is
represented in Table 3. The highest antimicrohitividly was observed againBlseudomonas aeruginosallowed

by Staphylococcus aureuand Escherichia coli The Minimum inhibition concentration (MIC) of Agh
nanoparticles was 50 ppm.

= B

Exudate

Figure 6: Antimicrobial activity of silver nanopart icles against various pathogenic bacterial strains.
(a)Pseudomonas aeruginogd) Escherichia coli& (c) Staphylococcus aureushown by well-diffusion method

Table 3: Zone of inhibition of SNPs against variougpathogenic bacteria

Pathogenic bacteria Diameter of Zone of inhibitionmean of 4 replicates)
Escherichia coli 15 mm
Staphylococcus aureus 17 mm
Pseudomonas aeruginosa 23 mm

The antimicrobial property of silver is relatedtt®® amount of silver and the rate of silver reldasgilver in its
metallic state is inert but it reacts with the nwis in the skin and the fluid of the wound andsgenized. The
mechanism for the antimicrobial action of silvensds not properly understood however, the effésileer ions on
bacteria can be observed by the structural and motwgical changes. It is suggested that when DNAemdes are
in relaxed state the replication of DNA can be @ffely conducted. But when he DNA is in condenaun it
loses its replication ability hence, when the silians penetrate inside the bacterial cell the Didélecule turns
into condensed form and loses its replication gbleading to cell death. Also, it has been regbtiteat heavy
metals react with proteins by getting attached Withthiol group and the proteins get inactivat8d[2]. However,
the silver nanoparticles show efficient antimicadlpproperty compared to other salts due to theireexely large
surface area, which provides better contact witltroairganisms. The nanoparticles get attached tocdie
membrane and also penetrate inside the bacter@batterial membrane contains sulfur-containinggims and the
silver nanoparticles interact with these protemthie cell as well as with the phosphorus contgicimmpounds like
DNA. When silver nanoparticles enter the bacter@l it forms a low molecular weight region in tbenter of the
bacteria to which the bacteria conglomerates tpbustecting the DNA from the silver ions. The nantickes
preferably attack the respiratory chain, cell dossfinally leading to cell death. The nanopartickelease silver
ions in the bacterial cells, which enhance theatércidal activity [19,20,21,22]

CONCLUSION

Pseudomonas aeruginossudates can extracellularly biosynthesize thegmanhically stable desired size and
shape of silver nanoparticle by optimizing pH aathperature. The reducing agent involved in redaotibsilver
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ion to silver nanoparticle was found to be nitra¢eluctase.TEM micrographs revealed that alkaline vpa$
optimum for fabrication of spherical SNPs. The SNRgs synthesized possessed highest antimicrobialits
againstPseudomonas aeruginasa
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