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ABSTRACT

Use of microbes is very promising approach for dhethesis of technology based, ecofriendly, césttdfe and
biocompatible nanoparticles possessing unique physand chemical properties is one of the developmeén
nanobiotechnology. Bacterial flora obtained frone ttannery effluent was identified as PseudomonéidaBiosynthesis
of silver nanoparticles (AgNPs) by using cultur@eunatant of P. putida was investigated and thengttion of silver
nanoparticles was confirmed by the change in colafuthe culture filtrate from yellow to brown. Fharmore, the silver
nanoparticles were characterized by means of U\bléispectroscopy and it showed absorption peakratind 440 nm
which corresponds to the Plasmon resonance ofrsitemoparticles. The XRD pattern showed the presesfcsharp
reflections at (111), (200), (220), (311) whichigate the presence of biologically synthesis afesihanoparticles. The
Scanning electron micrograph showed the spheriatines of particles have size ranged from 20-100anoh possess an
average size of 60 nm. A highly significant antiotiéal activity against pathogenic bacteria by thie fabricated Ag NPs
was also revealed by the highest zone of inhibitibB0 mm dia. Therefore, this novel bacterial streould be used for
biofabrication of AQNPs and ultimately in the npadicle based drug formulation for the treatmerft lacterial

diseases.
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INTRODUCTION

One of the most important criteria of nanotechnplag that of the development of clean, nontoxicd an
environmentally acceptable “green chemistry” praged, involving organisms ranging from prokaryotesukaryotes.
The biosynthetic method employing bacteria, fungi @lant parts is proving as a simple and cosffecttfe method for

the synthesis of nanoparticles.

Microorganisms are recently found as possible eiemdly nanofactories, even though they have many
biotechnological applications such as remediatidn taxic metals [1]. Formation of silver nanocrystak in
microorganisms including bacteria, yeasts and fumgs been reported [2,3]. Some of the most commasigd
microorganisms for developing microbes based siharoparticles (AgNPs) includescherichia coli[4], Staphylococcus
aureus [5], Bacillus megaterium[6], Bacillus cereus[7], Salmonella typhimuriun{8], Serratianemato diphila[9],
Pseudomonas fluorescefi®], Fusariumspp. [11] andAspergillusspp.[12]. The ability of bacterial strain to redudtrate

has been exploited in the reduction of silver ti@AgNO3) in to elemental nanomaterial [13].
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Due to certain difficulties associated with physieemical methods adapted for detoxification/remtgatiaof Cr
contaminated sites, biological treatments in redimes have received greater attention being amauo@al and
environment friendly as compared to conventionaht®logies. The bioremediation strategy involves ¢bnversion of
Cr(VI) into less toxic and less mobile Cr(lll), vefi consequently is immobilized in the soil matrb4]. In this context,

many microbes have been reported to reduce Cr{wuaerobic and anaerobic conditions [15].

Considering the significance of bio-based fabridat@anomaterials, the present study was carriedtadind
bacterial strain isolated from the heavy metal aonibated sites and to characterize the strain gfircaiochemical
approaches. The bacterial strain was further tdsteiis chromium reducing ability. The bacterifdagn was also used to
synthesize AgNPs at room temperature in the absehemy reducing agent. The resulting AgNPs weigssquently
characterized using some of the standard analytieahniques like, UV-visible, SEM and XRD spectaysgc
Antibacterial activity on both Gram-positive anda@r-negative bacteria of biofabricated AgNPs wasuared.

MATERIAL AND METHODS

Isolation and Bacterial Characterization

The effluent samples were collected in sterile amrs (2 litres capacity) from the raw dischargénp of

tannery industry located at the outskirts of Vanipadi, Tamilnadu, India.

In order to isolate the bacterial strain, a satikltion assay was carried out in normal salineisoh and 10 mL
of diluted suspension was spread plated on nutaigat (NA) medium. Plates were incubated at 30+th*@e dark for 48
hrs. Subsequently, eight isolates were selectedrdiog to their morphological shapes and charazgdri Biochemical
activities were tested through Mae Conkey agar tb8ViC test whereas, physiological activities weested by Starch
hydrolysis, Urea hydrolysis, Nitrate reduction, Hygen sulfide production, Cytochrome oxidase an@@se tests for the

identification of bacteria [16].
Optimization of Growth and Hexavalent Chromium Reduwction Conditions

The effect of viable bacterial populations and pidtbe reduction of Cr(VI) was assessed using mitteoth
(NB) containing 100 pg/ml of Cr6+. The sterilizegdium was adjusted to pH 2 to 12 with 1 M HCL oINaOH. A
100 ml of exponentially grown culture &seudomonas putidaas inoculated into NB medium containing 100 podl
Cr(VI) and incubated at 35+2°C in an orbital shakincubator at 120 rpm upto 48 h. For Cr6+ reduntib ml culture
from each flask was centrifuged (6000 rpm) for 1id &t 20°C, and Cr6+ in the supernatant was detexthby Atomic
Absorption Spectroscopy [17].

Medium and Growth Conditions for Supernatant Preparation

The bacterial isolatPseudomonas putidaas inoculated in sterile NB medium (pH 7.2). Baiet were allowed
to grow at 35+2°C for 24 h in a 500 ml Erlenmeylask with working volume of 300 ml with agitation 820 rpm on

orbital shaking incubator. Culture medium was thentrifuged at 5000 rpm to obtain cell-free suptmia[18].
Preparation and Characterization of AQNPs

To obtain AgNPs, 2 ml supernatant extracted froppeentially grown bacterial culture was added tar9&f 1

MMAgNO3 solution [19]. The reaction mixture wasubated in dark at room temperature.
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Purification of AQNPs

Bacterial supernatant was used for the synthesi®\gifiPs. Bioreduction of silver was monitored in the
wavelength ranging from 200-1100nm. UV-Vis speatopy measurements of silver nanoparticles wererdecbon
Shimadzu dual beam spectrophotometer (model UV-E850operated at a resolution of 1nm. Since AgNEsaluble in

water, the change in colour was observed. A yeBbvidarown colour formation was noticed during thetkgsis phase.

The synthesized particles were washed four timesdnyrifugation and redispersed in double distileater to

remove the remaining unconverted silver ions.
XRD (X-Ray Diffraction) Analysis

X-ray diffraction pattern was measured in the sagapymode on an X’ PERT-PRO analytical instrumergraped
at 40KV and a current of 30 mA with cuaKadiation in BHAT Biotech Pvt Ltd, Bangalore. TH#fraction intensities
were recorded in@range from 100 to 790°. The diffraction intensitigere compared with the standard JCPDS files. The
software gave the information about the crystalcitire of the particles. The average size of thiéghka can be estimated

using the Debye Scherrer equation.

The size of the silver nanoparticles was made fitweriine broadening of the (111) reflection usihg following

Debye-Scherrer’s formula.
D = KMBCod9
Where D = thickness of the nanocrystals,
K = Constant,
A = Wave length of x-rays
B = Width of half maxima of reflection at Bragg'sgie 2,
0 =Bragg’s angle.
Scanning Electron Microscopy Analysis

Morphology of the Ag NPs was examined using scameiectron microscopy (JEOL - 6390 SEM). The sample
was prepared on a carbon coated grid by droppirgmall amount of the sample and then allowed to higr

measurements. The synthesized silver nanopartiales®e calculated by using the scale providedeanritrograph.

Antibacterial Activity of Silver Nanoparticle Again st Urinary Tract Infection (UTI) Pathogens

Antibacterial Assay

The biofabricated AgNPs were tested for bacterlcaftivity by agar disc-diffusion method againstaGr
positive Staphylococcus aurewnd Gram negativilebsiella pneumonigE.coli andProteus vulgarisThe pure culture of
each bacterium was sub-cultured in in nutrienttbfot 12h at 37C. Each bacterial strain was spread uniformly dheo

individual plates by using sterile glass rod spegad

Whatman No. 1 filter paper disc of 6mm diameteremaerepared and sterilized. Sterilized discs weedkeao with

different concentrations such as 25 mg/ml, 50mgind 100 mg/ml of silver nanoparticles. The bacigaicactivity was
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determined by a clear inhibition zone around thepa loaded wells after incubation of plates ovginhiat 37C.

“Filter paper discs with impregnated solution ofithysized silver nanoparticles and control disdghfwt silver
nanoparticles) were carefully dispensed at unifatistance over the agar surface and were pressurectadfirect
implantation. Incubation period of 48-72 hours 5@ was maintained for observation of antibactexdivity of the silver
nanoparticles. The antibacterial activity was eatdd by measuring zones of inhibition of bactegiawth surrounding
the silver nanoparticles. The complete antibadteralysis was carried out under strict aseptiod@@ms. The zones of

inhibition were measured with antibiotic zone sdalenm dia and the experiment was carried outiplitates.

RESULTS

Characterization of Bacterial Strain

In the present study, Cr(VI) resistant bacteriuns vgalated from tannery effluent water. Out of ¢ight bacterial
isolates, SO3 strain was selected especially dits ability to tolerate high level of most toxierfn of chromium and was

characterized morphologically and biochemicallyl{[Ed).

Strain SO03 grew well on nutrient agar plates mixgtth 435mg K2Cr207/ ml. The chromium resistant baet
strain was found to be Gram-negative and rod shapkee freshly grown cultures showed a positive tieacfor Mac
Conkey agar, citrate utilization, hydrogen sulphpteduction, cytochrome oxidase, catalase, ammpraduction, 1AA,

phosphate solubilisation and dextrose tests.

Strain S03 was presumptively identified &seudomonas putida on the basis of the biochemical and

physiological characteristics compared with thasted in Bergey's Manual of Determinative Bacteripl,
Chromium Reduction Assay

The effect of pH on chromium reduction Bgeudomonas putidaas shown in the Figure 1. The bacterial strain
grew well at pH 7 and found to remove hexvalenbaotium by 94% after 48 h of growth. However, witltrigase or
decrease in pH, there was a corresponding decirasacterial growth which subsequently affected tbduction of
Cr(VI) very negatively (Figure 3). A cent percericdease in chromium reduction was observed at pbtipared to those
recorded at pH 7.

Characterization of Biofabricated AgNPs

The colour of reaction mixture changed from colessl to brown in 2hrs when the supernatant prepaoed
strain SO03 was added to solution of AQNO3 (FigureTe intensity of colour further increased witleieasing incubation
periods. NADPH-dependent nitrate reductase enzymetibn as a reducing agent to reduce the silvteatri solution to

produce the AgNPs.

The synthesis and stability of the AgNPs synthekimethe solution was confirmed by UV- vis spectaalysis
with aliquots of the reaction mixture. The formatiand stability of the reduced silver nanoparticles analysed by UV-
Vis spectrum. In biological method, the UV-Vis spam of the silver nanoparticles showed at 420 Rigyre 3) which

indicated the formation of silver nanopatrticles.
X-Ray Diffraction

An XRD pattern obtained for the silver nanoparsicie shown in Figure 4. A number of Bragg’s refiecs
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corresponding to (111), (200), (220), (311) setdatice planes are observed. With the obtained X@iftern, the
crystalline nature of the synthesized silver naniglas was confirmed. The diffraction peak &t\&lue of 31.70forms
the lattice plane and three additional broad bamdbserved at 45.%®0), 66’ (20) and 75.28(20) which corresponds to
the (200), (220), and (311) planes of biologicayythesized silver nanoparticles respectively.téd Bragg’'s peaks and

their intensities matched well with the standar@DGS of spherical AGNPs.
Scanning Electron Microscope

Scanning electron microscope of silver nanopasislynthesized lgseudomonas putidaas shown in Figure 5.
SEM image observed in the present study was spahepseudo spherical, and some undefined morpholblg particle

size ranges from 20-100 nm and possesses an awérage 60 nm.
Antibacterial Activity of Biologically Synthesized Silver Nanopatrticles against UTI Pathogens

The bactericidal activity of biologically synthesi silver nanoparticles was investigated against pdithogens
such asStaphylococcus aureus, E. coli, Klebsiella pneumand Proteus vulgarisinterestingly, different concentrations
of the biofabricated AgNPs exhibited significantibacterial activity against both Gram-negative &mm-positive UTI
pathogen. The diameters of zone of inhibition waseoved to be high for all the test pathogens agaontrol. The zone
of inhibition in diameter (mm) of silver nanopaltis against UTI pathogens is represented in Tabl€éh2 AgNPs
produced could inhibit four different typical pagenic bacteria with maximum effect agaistpneumoniainhibition
zone 20 mm dia) compared to the other UTI pathodEitgire 6 and 7). The antibacterial activity of Migs increased

considerably with increase in concentrations whatged from 25 t0100 pg /ml.
DISCUSSIONS

Exploitation of several physical and chemical mdthadn nanoparticle synthesis not only threatens the
environment, but also limits the uses of thesedfin€ated materials in biological applications. Hwer, recent studies
have recommended the integeration of the green iskignprinciples in the synthesis of silver nandpegs. Fungi were
widely used for the synthesis of AgNo3 as the usigi is more advantageous in processing and lianthe bio-mass
[20]. Reduction of aqueous silver nitrate ions webserved when they were exposed to Fusariumoxysporuaell
filtrate [21]. The change of colour of the reactimixture from pale yellow to brown indicated therfation of silver
nanoparticlesThe silver nanoparticles exhibit yellowish brownin colour due to the excitation of surface Plasmon

vibration in metal nanoparticles.

The reduction of silver ions into silver nanopees by bacterial cultures was evidenced by theavishange of

colour from yellow to reddish brown [22].

In the present experiment, the appearance of yetidwown colour observed in the reaction mixturdicates the
rapid formation of silver nanoparticles. This coble justified that certain reducing agents releasdtie cultures of the
tested bacteria might have been involved in theaton of Ag+ to silver nanoparticles Ag-NPs. Thiisyas evident that
electron shuttle or other reducing agents reledsedP. putida which are capable of reducing silver ions to silve
nanoparticles. On the other hand, the reductiosileér ions did not occur in the absence of baatarells. This clearly

indicates that reducing agents released into thares ofP. putidawere involved in the reduction process [23].
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The mechanisms of biosynthesis of Ag-NPs has bgpnothesized that silver ions required NADPH-depende
nitrate reductase enzymes for their reduction, vlhvas secreted by the bacteria in its extracell@asironment [24,25].

The biosynthesis of Ag-NPs W3/ aeruginosastrain showed the same result with extracellutacess [26,27].

A strong peak (maximum absorbance) at 420 nm wasroed for the silver nanoparticles prepared using
putida,while no absorption band was observed for AGQNO8t&m. This event clearly indicates that the reaturcof silver
ion to metallic silver took place extracellularahgh the reducing agent released into the soli#8h Observation of this
peak, assigned to surface Plasmon. The surfacen®tagesonance (SPR) band of silver nanoparticlesirein the range
of (380 to 440 nm) till the end of the reactionipdrand this suggests that the particles were dispein the aqueous

solution with no evidence for aggregation after ptation of the reaction [29].

A band corresponding to the surface plasmon res@nan410 to 420 nm was reported by [22]. UV-Viecpmal
band corresponding to the surface plasmon resoratr&E0 to 430 nm was also reported [B]the present experiment,
the peak of UV-Vis spectrum at 420 nm indicated théormation of silver nanopatrticles. Many authors reported that
for various metal nanoparticles with sizes randiogn 2 nm to 100 nm, the peak at 420nm indicatediréace plasmon
resonance (SPR) [3,31]. From the previous repiiris,evident that the presence of single SPR pedicates spherical

shape of AgNPs which was further confirmed by s@apelectron microscopy [32].

XRD analysis with three distinct diffraction peads 38.28, 44.38, 64.54, and 77.6% and indexed with @
values of (111), (200), (220), (311) crystallinamés of cubic Ag was observed by [21]. Absorptieakpobserved at62
values of 38.28 44.27, 64.64, and 77.6¢33]. Biosynthesized AgNPs were confirmed by uskD and the silver
peaks noted atvalues of 37.8 44.7, 62.9°, and 75.9°[34]. In the present study, tifileatttion peak at 31.70°. From the
lattice plane and three additional broad bandsrebdeat 45.4%20), 66°(20) and 75.2%20), they corresponds to (200),
(220), and (311) planes of biologically synthesigéder nanopatrticles.

The morphology of the SEM images having spheripatudo spherical, and some undefined morpholody wit
traces of agglomeration was due to binding of lymwal molecules with nanoparticles present in thetéria [9]. In the
present experiment, biosynthesized silver nanapestiare spherical in nature and some undefinegmotmgy with traces

of agglomeration.

The silver nanoparticles have found widespread iegidns in biomedicine, and other industries idahg
numerous household products [35]. Several mechanssroh as direct damage to the bacterial cell mamebrithe release
of silver ions and subsequent generation of reaaiixygen species (ROS) which finally lead to theréased membrane

permeability and DNA damage, have been reportedrtibacterial activity of AQNPs [36].

Antimicrobial activity of silver nanoparticles agat gram-negative bacteria was dependent on theeotnation
of Ag nanoparticles [37]. Accumulation of Ag nandpaes in the bacterial membrane facilitated thernpeability,
resulting in cell death [38]. Nanosilver may hahe tcapacity to penetrate inside the bacteria andesadamage by
interacting with DNA [39]. In this study to evalegathe antibacterial effects against various miagganisms, four
representative of UTI organisms, suchEagoli, Staphylococcus aureus, Proteus vulgaridKlebsiella pneumoniavere
used. There were distinct differences among thememthe AgNPs were tested, they effectively inkibbithe bacterial
growth. Biosynthesized silver nanoparticles showagh inhibitory effect (20) on the growth &f. pneumoniaand the

moderate inhibitory effect of 15, 12 and 7 mm diatbe growth ofE. coli, Staphylococcus aurearsd Proteus vulgaris
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respectively.
CONCLUSIONS

The usage of bacteria is good approach for theyatazh of silver nanoparticles eco-friendly andtsaeffective.
This study suggested that the aqueous extraBtsefidomonas putidis the best candidate for green synthesis of high
quality AgNPs with promising antibacterial effedthis result spotlights the research work on megaistant bacteria-
assisted synthesis of AgNPs. New insights aboutvétt®us pharmacological applications could be mgehwith these
AgNPs.
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APPENDICES

Table 1: Biochemical Characteristics of Isolated Beteria

SINo | Characteristics | Isolate 1
Morphology

1 Gram Reaction -

2 Cell shape Rod
Biochemical Tests

1 Mac Conkey agar test +

2 Indole test -

3 Methyl red test -

4 VogesProskauer test -

5 Citrate utilization test +

6 Starch hydrolysis test -

7 Urea hydrolysis test -

8 Nitrate reduction test -

9 Hydrogen sulfide production tesf  +

10 Cytochrome oxidase test +

11 Catalase test +

12 Ammonia production +

13 IAA +

14 Phosphate solubilization +

15 Dextrose +

16 Mannitol -

Species Name Pseudomonasputida

Table 2: Zone of Inhibition in (mm) of Silver Nanoparticles
Synthesized byPseudomonas putidaAgainst UTI Pathogens

Zone of Inhibition(mm dia)

UTI Pathogens 25 50ul 1004
Proteus vulgaris 3.0+£0.27 6.0 + 0.48 7.0 +£0.77
Klebsiella pneumonia 20+0.2 8.0 £0.88 20 +£1.80
Escherichia coli 4.0+0.48 6.0 +0.54 15+1.35
Staphylococcus aureus 2.0+£0.16 8.0 £ 0.96 12 +1.08

—pg— Final concentration of Cr (VI)
—— OD of Bacterial biomass

1.0 - = L00

vl TN S~ .
07 S f N/ .

0.5 -
04 - 40

A" AN

S S

Bacterial biomass at 600 nm

Final concentration of Cr (VI) mgl!

PH

Figure 1: Determination of Bacterial Growth by Taking the Absorbance at 600 nm and
Observation of Chromium Reduction bypseudomonas putida (S03) in Response to
Various ph at 35+2°C Temperature After 48 h Incubaion

NAAS Rating: 3.10- Articles can be sent to editor @ mpactjournals.us




| Antibacterial Efficacy of Extracellular Silver Nanoparticles Biofabricated From Chromium Reducing Bacteria 305 |

—— Control
w== Biomass Pseudomonas putida

3.5

A
N4

Y 25
c {
(323
2 /\

20 !
wv)
<< oy \

15 Y ?,‘\

~
v e
10 T \\\
.,\
05— e W
s g o [
0 T T T T T
270 370 410 570 670 870

Wavelength (nm)

Figure 2: UV-VIS Absorption Spectrum of Silver Nan@articles Synthe
Sized by the Fresh Culture ofPseudomonas Putida

(a) Cell Filtrate of Pseudomonas putidaWithout Silver Nitrate (Control)
(b) Extract with AgNOsAfter 16 h Incubation

Figure 3: Biosynthesis of Silver Nanoparticles
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Figure 4: XRD Peaks of Silver Nanoparticles Synthéged by theFresh Culture ofPseudomonas putida
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Figure 5: SEM Micrograph of Silver Nanoparticles Sythesized by the Fresh Culture oPseudomonas Putida

Figure 6: Antimicrobial Activities of Silver Nanoparticles Synthesized by
Pseudomonas Putida Against (a) E. coli and (b) Klebsiella Pneumonia
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Figure 7: Antimicrobial Activities of Silver Nanoparticles Synthesized byPseudomonas
Putida Aagainst(c) Proteus Vulgaris and (d) Staphylococcus Aureus






