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ABSTRACT

This study aimed to examine the capability of Stepbomonas rhizophilastrain 39M isolated from lakater to

reduce silver to silver nanoparticles. The prodotdf silver nanoparticles by strain 39M was inigesied by UV—
visible spectroscopy, X-ray diffraction, transmisskelectron microscope, scanning electron microgcapd energy
dispersive X-ray spectroscopy. The results of UWibldddemonstrated a peak at 420 nm correspondintheo
Plasmon absorbance of silver nanoparticles. SEMragi@ph showed a formation of silver nanoparticiesthe

range of 5-50 nm. XRD-spectrumexhibite@d Zalues corresponding to the silver nanocrystalt theoduces in
hexagonal and cubic crystal configurations withatiéht plane of orientation. In addition, the signalf the silver
atoms were observed by EDS-spectrum analysis thrdirms the presence of silver nanoparticles. Tésults
demonstrated that after 7 days of incubation celtiroth produced the highest yield of silver nantipkes

followed by the cell- free supernatant. The antiofi@al activity of silver nanoparticles against Grapositive and
negative bacteria was assayed. In conclusion, illrersnanoparticles produced in the culture brothstrain M39

could be used successfully as an environmentaéndty disinfector of water and wastewater agaipathogenic
microorganisms.
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INTRODUCTION

Nanotechnology is the technologies that developetantinues to develop milestones in the life a@ihfi]. The
importance of nanotechnology appeared stronglpenfield of metal reduction, which can happen fifedént ways
such as physical or chemical synthesis but theys emtirety is expensive as well as it has a hdrerfuironmental
impact. So, scientists around the world were resbtd biological methods to create nanoparticlespghthesis of
AgNPs biologically has opened the road for “greesyerthesis” of nanoparticles and these have coefirto be
better than both physical and chemical methodstdugeir slower kinetics, they offer better mangtidn and
control over crystal growth and their stabilizat{@h

Many nanomaterials have been developed such aiappc, titanium magnesium, gold, alginate ameesi3, 4,
5]. However, silver nanoparticles (AgNPs) outperfed their counterparts in the ability to work asiraitrobial
against bacteria, viruses, as well as other eukiargocroorganisms.
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There are many microorganisms, which recorded Hikityato synthesize AgNPs, which have been applied
wide range of healthcare products, such as bussihgs, scaffold, water purification systems, ardlical devices
[6]. Silver nanoparticles have been widely usedaasovel therapeutic agent extending its use adpasitrial,
antifungal, antiviral and anti-inflammatory age8t.[

Here we report a newly isolated bacterial strainSeénotrophomonas rhizophilthat form crystalline silver
nanoparticles. The produced silver nanoparticlesevebaracterized using UV-visible spectrometryngraission
electron microscope (TEM), scanning electron micope (SEM) and X-ray diffraction (XRD) techniquesd also
tested as disinfectant agent of water.

MATERIALS AND METHODS

1.1. Sample collection andisolation of silver resistaribacteria

Water samples were collected from Mariout Lake kAledria governorate, Egypt) and stored in stedlikettles in
a refrigerator at 4°C during 2011until use. Aftbatt water samples were serially diluted in ste@il8% NacCl
solution and cultured on nutrient agar containi2j agar, 1% peptone, 0.5% yeast extract, 0.5% ka&fict and
1% NaCl, then supplemented with 3.5 Mm AgNidd incubated for 4 days at 30°C. Colonie$ @érk brown
color on the plate were evaluated as Agki3istant.

1.2.Classical and molecular identification of the silveresistant bacteria

Morphological examination of individual coloniescluding colony and cell characterization, Granirstey test,
shape, size and acid fast staining were carriecasutescribed in Bergey's Manual of Systematic éadobgy [7].
Molecular identification of the selected isolateswserformed by the amplification of 16S rDNA withbacterial
universal primers 27F and 1492R[8]. Sequencingpesformed using ABI PRISM dye terminator cycle sauging
kit with Ampli Tag DNA polymerase and an ApplieddBiystems 373 DNA Sequencer (Perkin-Elmer, Fosty, Ci
Calif.). The sequence was analyzed using the clémieca and the similarity rank programs of the sitrmal
database project also analyzed using the BLAST rprmog(National Centre for Biotechnology Informatioto)
determine the closest available database sequf&jces

1.3.Characterization of silver nanopatrticles

Different characterization techniques have beenleyed to identify bio-formed nano clusters of baietethat
loaded with nanosilver. In order to study the fation of silver nanoparticles, samples of 1 ml weithdrawn. To
obtain cell-free supernatants, culture broths efghlected strains were centrifuged to remove bgllsentrifugal
separation (14000 g for 10 min). Subsequently, dbsorbance of cell-free supernatants was measured a
resolution of 1 nm using UV-visible spectrophotoenet(Labomed. model UV-Vis Double beam
spectrophotometer).

To perform the X-ray diffraction assay, after 7 sla§ incubation, bacterial biomass was collecteddmtrifugation
10000 rpm for 10 min, dried in an oven at 60 °Cdwernight. Subsequently, the powdered samples amay/zed
using X-ray Diffractometer (Schimadzu-7000, USAhrdugh packing the dried samples into a flat aluminu
sample holder, where the X-ray source was a rgtaimode operating at 30 kV and 30 mA with a coppaget.
Data were collected between 108 and 803in

For SEM studies, samples were cast on glass sidgsiried at ambient temperature, and then the glates were
fixed on copper supports. The samples were coveitbdawthin layer of gold, by sputtering. The coasedface was
examined using the scanning electron microscope SEMDL JSM 6360LA, Japan) that operate at 20-30rkV
order to identify the morphology of the producednasilver on the bacteria and determine their nggaim sizes.
The scanning electron microscope is equipped witbreergy-dispersive spectroscopy (EDS) unit folitateve and
guantitative analyses and elemental mapping foptbduced nanoclusters.

Transmission electron microscope TEM (JEOL JEM-1238pan) was utilized to confirms and proofs the
previously detected morphology of nanosilver p#ticusing SEM under an accelerating voltage of K00
samples were prepared by placing a drop of hydroisheanosilver colloid or its aqueous coordinatecarbon-
coated copper grids and dried at room temperature.

1.4. Antibacterial assay of produced Ag-NPs

Plate count method was used to compare the atgitsactivity of produced AgNPs. All the glasseamedia and
reagents used were sterilized in autoclave at 124fQ0 min. For studying the antibacterial ass&®sgudomonas
aeruginosaP1, SalmonellatyphiS1, E. coli E1 [10] andKlebsiella were used as a model test strains for Gram
negative bacteria, arddicrobacteriumsp. strain PlaBacillus sp. strain S5 [11]anbdactobacillussp.were used as a
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model test strains for Gram-positive bacteria [2)-Plates were poured with bacterial suspensitar @fcubation
with different concentration of nanosilver for 1unat 30°C. Control plates were maintained withtbaal strains
only poured in plate. Then, plates were incubate8l7a°C for 24 h and the total plate count was tedinAll the
assays were carried out in triplicate. Experimenésiults were expressed as means standard devidtitmee
parallel measurements. This statistical analysis egaried out using the SPSS version 12 programmer.

In addition, TEM and SEM microscopy were used asomplementary technique to examine sections and
morphology of the treateH. coli strain E1 (as a model of Gram negative bactend)Bacillussp. as a model of
Gram positive bacteria , using procedures for fixend embedding sensitive biological samples, ktdce
described elsewhere [13]. Prior to microscopic ysig) treated (I0CFU in 100 ml of LB supplemented with 50
png/ml of silver nanoparticles for 1 h) bacteriall€evere deposited on a Millipore filter and washeith deionized
water.

RESULTS AND DISCUSSION

1.5.Isolation and identification of AGQNPs producing bateria

The bacterial isolate 39M that gave the darkesihroolor during screening assay was subjected ifwrhlemical
and molecular identification. It is well known thadcterial taxonomy was traditionally based on rhotpgical and
biochemical features. However, molecular technigeghibit high sensitivity and specificity for idéfying
microorganisms and can be used for classifying aobied strains at diverse hierarchical taxonomicelsv
[12].Morphologically, the colonies of strain 39M meslightly curved rods and yellowish in colour aitsl
biochemical characteristics are presented in Tabl€he homology search values of 16S rDNA of isladM
confirmed the biochemical characteristics and shibsimilarity >98% withStenotrophomonas rhizophil@he Gen
Bank accession number of isolate 39M isKJ396348,iagives the nanf&tenotrophomonas rhizophirain 39M.

Table (1): Biochemical characterization of isolat89M

Biochemical test isolate 39M
Mannitol salt agar -ve
Simmons citrate agar +ve
Gelatin test +ve
Lactose fermentation +ve, gas
Eosin methelene blue agar  +ve
Lysine iron agar +ve
Mackoncy agar -ve
Peroxidase test -ve

It is known that members of the Gram-negative bradtgenusStenotrophomonasere found in a wide variety of
environments and geographical regions, as wellsascated with humans as a nosocomial pathogen Cl4t] of
this genus, specieStenotrophomonas maltophilia#as used as a living factory for synthesis of gaid silver
nanoparticles[13, 15]. HoweveBtenotrophomonas maltophilia a human pathogen and its infection is difficalt
treat [16]. In contrast, the speci8s rhizophilaincludes non-pathogenic strains isolated from rtiizosphere of
plants [17]. Interestingly, our knowledge this fiivst report about the use of a strain belonginghte species.
rhizophila to produce AgNPs. Exploring the work to test stird39 as a potential plant growth promoter is
currently underway in our lab.

1.6. Characterization of silver nanoparticles

The production of silver nanoparticles can deteenby using UV-visible spectrophotometry. Figure ghpws the
UV-Visible spectra of silver nanoparticles afted&ys of incubation in the range 250-650 nm. A tgbgilver
nanoparticles absorption band in the visible re¢petween 350 and 460 nm was showed an absorbaakemind
420 nm which is characteristic of silver nanopéetc due to its surface Plasmon resonance absorpéind, this
result shows the amount of produced silver nanambes{18-20].
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Figure 1: UV-visible absorption spectrum of aqueous media containg silver ion (3.5 mM) and cellfiltrate of strain 39M

As shown in Figure XRD measurementdisplayedthat the diffraction pattern utilizing strain M recorded four
strong diffraction peaks [38.11° (111), 45.2 (103), 64.4> (220), and 77.4 (311)] that can be assigned to b
hexagonal and face-centeregbic phases of Ag (JCPDS -004-0783 and No. 0041-1402) [21-23]. However,
this result predicts that straB®M has th ability to produce silver in biphasic structure$iare the crystal structu
of produced metallic silver has hexagonal and cebystal configurations, and the cubic silver phasthe mos
demonstrated phas& few weak additional and yet unassigned peaks vadse noticed in vicinity of th
characteristic peaks of silver. These blunt Braggaks might have resulted from me bioorganic
compounds/proteinpresent in the media broth. The intensity of thedgrreflections suggests strong-ray
scattering centers in the crystalline phase anttqmssibly arise from metalloproteins in the br[24].
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Figure 2: XRD patterns for the produced by strain 39M

The SEM imagéllustrated in Figure shows AgNPs in a size range from 15 to 50 nm. -NPs appeared adhesive
in the body of the bacterial cell and take the fafwne size and tight. These results were comgistéh [13,25].
Furthermore,TEM technique was employed to visualize the sind shape of théormed Ag-NPs. As shown in
Figure 4A, TEM image shows thisg-NPsasvery small pieces of bark, these nanoparticles@ughly circular in
shape with smooth edges [2®n the other hand, in spite of the SEM imagkssttate the surface dribution of
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Ag-NPs on the surface of bacterial cells; however ttieynot mean that all nanoparticles are bound ¢octl
surfaces, because those dispersing in the solotennalso deposit onto the surface of the cellsndutie drying
process whichsi a necessary step before SEM observation. Thacellar formation of A-NPs was predicted
from the TEM images, where Rige 4A suggests that the AgPs are free. Nevertheless, the possible meche
for the nanoparticlebiosynthesis s been reported by Ahmad et @hey suggested the possible role of NA-
dependent nitrate reductase in the reduction etsilon to metallic silver. However, the lack ofnflamenta
understanding of the underlying mechanisms of ljicklly synttesis of nanoparticleis currently an issue. It is
both desirable and foreseeable that a great dealffoft will be put towards the elucidation of tisgnthesis
mechanism. To this extent, a systematic investigadf the role that each component of the bioldgigathesis as
in NPs synthesis would be an important undertakimgrder to provide a set of rules that vassist in the synthesis
of NPs inFigure4Bshowross section of strai39Mand it show accumulating of AgPs in tht body of bacterial
cell. It is indicate also that AjPs may be formed outside the cell and penetraaeteba after formation or A~
NPs formed inside the cell and split cell wand then went out to the outside [27].

100 nm 100 nm

Figure 4: Transmission electron microscope image of /~-NPs in culture broth (A), cross sections adtrain 39M grown in 3.5 Mm AgNG;
(B)

Energy dispersive Xay spectroscopy (EDS) illustes the patterns of the produced-WNgs. The signals from the

silver atoms are observed with str 39M which confirm the presence of A¢Ps. The recorded signals of C, O i

Na atoms are may be due toray emission from the organism and remaining mediagreement with the XR|

observation. As presented in Table 2, ttomic percentage of strain also supports this déstu
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Table 2: EDS analysis of nanosilver produced by strain 3@

Elements (%atomic)

Ag

C N

¢}

Na

9.87

39.14| 12.41] 36.5b

21

1.7. Antibacterial assays

The bacterial straing.coli, Salmonelli sp., Mycobacteriumsp., Lactobacillussp., Klebsielle sp, Pseudomonas
aeruginosaandbacillus sp. as a model of Gram negative and Gram positateba, were cultured in a 50 ml

broth at 37°C for overnighDifferent volume of this grown culture approxirely 10°CFU were incubated again
with 4 concentrations of Ag-NPand incubated on °C four 1 hours.After that the culture was poured and
speededn LB agar plates. The plis were incubated for 24 h at 87 and the numbers @rown colonies were

counted as illustrated in Table (3).

Table 3: The antimicrobial effect of different concentrations from Ag-NPs with different pathogenic bacteria strain

Ag-NPs Concentrations (ul
Strair Control 10ul 15pll 20p| 25p
E.coli 3* 103 900 500 145 0
Bacillussg. 1*103 310 201 122 0
Mycrobacteriur sp. 2*103 80 54 26 0
Lactobacillus sp. 2.8*103| 1095 967 10 0
Klebsielle sp. 2*103 0 0 0 0
Pseudomonas aeruginc | 8 * 103 350 201 96 0
Salmonelli sp. 2*103 2*103| 1001| O 0

—

100 nm

Figure 5: Internal morphology of pathogenic bacterie observed by TEM. Untreated Ecoli (A) treated E.coli (B) untreated Bacillus sp.
(C) treated bacillus sp. (D)
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Figure 6: External morphology of pathogenic bacteria observelby SEM. UntreatedE.coli (a), treatedE.coli (b), untreatedBacillus (c),
treated Bacillus (d)

As shown in Table 3, different action of -NPs on gram negative and gram positive bacteriaolasrved due t
the different peptidoglgan layer thickness in both bacterial cell walleeTactivity of A-NPs against pathogenic
bacteria was depending on its concentration whbeeAc-NPsaccumulated in membrane making pits in cell \
causing leakage aytoplasm to outside observed by TEM with botk.coli andbacillus sp. (Figure 5). However,
previous studies reported that the mechanismstafraof Ag-NPs as antibacterial not yet completely unders
But there are three theories explain these mecamanis¢-NPs mayrelease silver ion (Ag+) and it work agai
respiration of bacteria and make change in dissobse/gen, A-NPs accumulate in bacterial cell and effect
cell permeability, or AQNPs direct attack and damage bacterial ce-31]. In addition A-NPs may be strap DNA
inside bacterial cell [32].

TEM and SEM microscopy were used as a complememgghnique to examine sections and morphology ®

treated E.coli strain (as a model of Gram negabizeteria) and bacillus (as a model of Gram pasitacteria)
using procedures for fixing and embedding senshiedogical samples, which are described elsFe/fi6]. The
action of AgNPs on the structure and morphology of pathogeaitdria was observed. Where, TEM analyse
figure 5A show healthgells of E.coli. However, Figure 5B showed E.cdilg treated with A-NPs and it was
collapsed significantly, cell wall disappearancel a&g-NPs penetrate inside the cytoplasmic content [6,33]

Figure 5C display the untreated cells of bacillpswith normal structure and retain the content obplasm anc
cell wall in good condition. But figure 5D show thiésruption of cell wall of treated cells with -NPs with a
significantly leakagef cytoplasm out ccell one.

SEM analyses in Figure 6A shiahe untreated cells with ~NPs were regular with a typical rod shape. Howe
Figure 6B show that the surface E.coli cells after treating by Aj#Ps were distorted and almost lost its origi
shape and turned from rod shape to unspecifiedesiitp the appearance of holes in some of the cells asatedl
by arrows [3334]. Also Figure 6C show the normal shape and heai¢lls of untreateBacillus sp. But, Figure 6D
shows that treateBacilluscells with A¢-NPs were damaged and some cells haveitsg

CONCLUSION
This work demonstrates the ability Stenotrophomonas rhizophigdrain 39Min converting silver macromolecul:

into silver nanoparticlesThe synthesized silver nanoparticles were chatiaetbrby U\-Vis spectroscopy and
confirmed byX-ray, TEM and SEM analys. The nanoparticles formed by the isolate were dotmbeact as an
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antimicrobial agent. So, Ag-NPS synthesized byirst8B@M indicate that the rapid synthesis of nantgas would
be suitable for developing a “green nanotechnoloisynthesis process for mass scale producfian.our
knowledge, this the first report confirming the ldapiof a strain belonging to the speci&€enotrophomonas
rhizophilaable to produce Ag-NPs.
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