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Highlights

1. This study incorporates the mycosynthesis of AgNPs and their characterisation by various methods.
2. A first attempt demonstrating the toxicity assessment of AgNPs on beneficial soil microbe.

3. Use of Biosensor in Pseudomonas putida KT2440, gave accurate antimicrobial results.

Abstract

Silver nanoparticles have attracted consideralén@bn due to their beneficial properties. But
toxicity issues associated with them are also gisifhe reports in the past suggested health
hazards of silver nanoparticles at the cellular,lemdar, or whole organismal level in
eukaryotes. Whereas, there is also need to examnexposure effects of silver nanopatrticle to
the microbes, which are beneficial to humans as$ agkenvironment. The available literature
suggests the harmful effects of physically and dbally synthesised silver nanoparticles. The
toxicity of biogenically synthesized nanoparticleave been less studied than physically and
chemically synthesised nanoparticles. Hence, tiseaegreater need to study the toxic effects of
biologically synthesised silver nanoparticles img®@l and mycosynthesized nanopatrticles in
particular. In the present study, attempts haven lmeade to assess the risk associated with the
exposure of mycosynthesized silver nanoparticlesadmeneficial soil microbd&seudomonas
putida. KT2440. The study demonstrates mycosynthesis lgersinanoparticles and their
characterisation by UV-Vis spectrophotometry, FTIRyay diffraction, Nanosight LM20- a
particle size distribution analyser and TEM. Silvamoparticles obtained herein were found to
exert the hazardous effect at the concentratiof.4fug/ml, which warrants further detailed

investigations concerning toxicity.
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1. Introduction

Nanotechnology offers new applications in scienod technology [1]. Synthesis of various
nanomaterials is achieved by physical, chemical laiotbgical methods. However, biological

synthesis is a green approach, and therefore,de@sdtopic of attraction.

Out of the vast array of nanomaterials, silver mamticles (AgNPs) play a pivotal role
particularly in biomedical applications. The usesier ions as a bactericide was common upto
1940 [2-5]. The silver ions provide protection iagh a variety of microbial pathogens [6].
Colloidal silver solutions (CSSs) are effectivepimrmacology, human and veterinary medicine,
food industry, and water purification [7]. The demment of nano-silver as antimicrobial
compounds is an active area of research [8, 9]usecait has higher antimicrobial activity than

its bulk counterpart [10].

Microbes and plants are remarkably effective inucktlg metal ions to generate nanoparticles
[11-18]. Among all microbes, the biosynthesis ohoparticles by using fungi is preferred

because the culture is cost- effective and regusimple growth conditions. The fungal mycelia
when starved release nitrate reductase into thewsuting medium. This enzyme reduces metal

ions to nanoparticles [11, 19].

AgNPs synthesized by fungi possess significantaatobial activity [11, 12, 20-27]. Efficacy
of AgNPs produced byusarium acuminatum [19] was demonstrated against multidrug-

resistanSaphylococcus aureus, S epidermidis, Salmonella typhi, andEscherichia coli.

The production and application of nanomaterialsease the likelihood of environmental threat

to microbes essential for ecosystem functions dholy biogeochemical cycles, degradation of



pollutants, and the basis of food webs and soiltiheBseudomonas putida strain KT2440is an
example of the ubiquitous pseudomonads that thnvéhe rhizosphere [28], providing plant
protection [29], and participating in bioremediatiof xenobiotic compounds [30P. putida
KT2440 is a plasmid-free derivative of the origirRl putida mt-2 isolate [31]. The isolate
typifies many uses in biocatalysis [32]. Gaghagl. [10] demonstrated dose dependent changes
in energy status and culturability in a strainPoputida KT 2440 engineered to act as an energy

biosensor when treated with physically prepared RgN

The aim of the present study was to evaluate theitggcof mycosynthesized AgNPs agairiat
putida KT 2440. We have synthesized nanoparticles byafés off. culmorum, F. moniliforme,
F. tricinctum andPhoma glomerata. In this study we used biosensor to test the Beitgiof P.
putida KT 2440 to mycosynthesized AgNPs. .

2. Experimental
2.1. Fungi used for the synthesis of AgNPs

The fungal isolate$. tricinctum (MTCC-197§, F. culmorum (MTCC-1893 F. moniliforme
(MTCC- 7379, and P. glomerata (MTCC-271Q were used for the synthesis of AgNPs. These
isolates were procured from the Microbial Type GrdtCollection (MTCC), Chandigarh, India.
The cultures of the test fungi were maintained laieedly on potato dextrose agar (PDA) at 28 +

2 °C. Aliquots of the cultures were stored in mgérator at 4C on PDA slants.
2.2. Mycosynthesis of AgNPs

For the synthesis of AgNPs, flasks containing motixtrose broth (200 g/l potato infusion and
20 g/l dextrose) were inoculated and incubated walhihking at 120 rpm at 28 + 2 °C for 48-72 h.
Biomass was harvested by filtration through WhatriNan 1 filter paper and the mycelia were
rinsed with sterile distilled water four times wmove the medium components. Approximately
20g of the wet mycelia were transferred to 100 tatile double distilled water for 48 h at 28 +
2°C with shaking at 120 rpm. The suspension w#sréitl with Whatman filter paper No. 1 and
the filtrate was amended with 1 mM silver nitratediarkness for 14 h. The mixture was filtered
through a 0.22 um filter paper and the unreacti@rsions were removed by centrifugation of
the cell filtrate three times at 10000g each foniib [22] to pellet the nanoparticles. From each



aliquot of 20 g fungal biomass, a yield of 10 mg\N&$ was obtained. The NPs were stored in

water suspensions at room temperature shielded|igbin
2.3. Detection and Characterisation of AQNPs
2.3.1. Visual observation and UV-Vis Spectrophottigne

To demonstrate production of AgNPs, aliquots of pheified suspensions were scanned for
absorbance using a Perkin —Elmer (Lambda-25) spgudtometer. The plasmon resonance

bands for AgNPs characteristically have a peakbebebance near 420 nm [19].
2.3.2. Fourier Transform Infrared SpectroscdpitiR) Analysis

FTIR analysis was performed to check whether the Wére capped with organic materials. The
suspensions of NPs in water were treated with aeeto 1:5 ratio (NP suspension: acetone) and
immediately centrifuged at 10000 g [22] for 15 mifhis step was repeated twice. After
centrifugation, the supernatant was discarded agdrl acetone was added to the pellets. The
pellets were air dried and examined by FTIR (PerEmer FTIR-1600, USA) in the range of
500-4000 crif at a resolution of 4 ¢t

2.3.3. XRD Analysis

The AgNPs were dried in oven at 8D and the powders were subjected to X-ray diffoacti
(XRD) analyses using a PAN analytical X-PRT PRO8,0:30 Advanced Brucker instrument,

(Netherlands). The diffraction patterns were reedrfbr the range from 2@o 80.
2.3.4. Size and its Distribution Analysis

For size and morphology of the nanoparticles, esammple was examined by transmission
electron microscopy (TEM) (Phillips, CM12) operatiat 120KV. At least three images per
sample were viewed. Aliquot of 5 pl each of the gla® was placed on carbon coated copper
grids (400 meshes, Plano Gmbh, Germany) and dnddrunfrared light for 30 minutes before
inspection. The size range of the NPs was also mealhrusing the Nanosight (LM-20, UK)

instrument. The AgNPs were suspended in nucleasewater by sonication for this analysis.

2.4. Evaluation of Antibacterial Activity



The biosensor constructed in str&rputida KT2440 was used as described by Gagial. [10].

In this construct toxicity from commercial AQNPsdaAg ions was demonstrated by a loss in
light output [10]. The biosensor cells were growremight at 25C and regrown to early log
phase in a basal salts medium devoid of chlorithe dells were pelleted by centrifugation and
resuspended to i@ells/ml in water before being treated with knoditutions of the fungally-
prepared AgNPs. Water was used as the matrix murelie possible chelation of metal ions by
materials often present in culture medium [10]. Treated cultures were shaken for aeration
during the assay period and light output from thesé&nsor cells was measured at 10 min
intervals for one hour. At the end of the treatntéet cultures were serially diluted and samples
were transferred to LB medium (no salt) plates ¢eeas culturability. Colonies were counted

after 48 hours.
3. Results and Discussion
3.1. Synthesis of AQNPs

AgNPs were synthesized by different isolates ofjfuncludingF. tricinctum, F. culmorum, F.
moniliforme andP. glomerata, designated as A, B, C, and D respectively. The Idpwneent of a
brown colour from the initially colourless reactiomxture was indicative of the formation of
AgNPs by ion reduction. Each preparation showelaapsabsorbance peak near 420 nm (Fig 1),
characteristic of the presence of AgNPs [19]. Tiiensity was greatest for the products from the
Phoma isolate. This absorbance peak of 420 nm was absbheh fungal filtrates without

addition of Ag ions were scanned.

3.2. FTIR spectroscopy

FTIR spectroscopy revealed vibration spectra wilfingéd peaks between 1011 to 1041 (i.e.
1022, 1025, 1027) indicating the presence of gitreibrations typical of —C-O-C- bond [33].

These findings suggested the possible presenceotdips capping the AgNPs as discussed in
previous literature [34-38]. During sample preparat AQNPs after acetone treatment gets
precipitated. Which, supports the possibility obtein capping. This is due to the fact that
AgNPs would get precipitated by acetone only whesytare capped with protein. Whereas, the
presence of amide Il linkage and ether linkage tuthe possibility of protein glycosylation,



indicates the protein as capping agent. The FTIRyais of sample A fronF. tricinctum
filtrates showed peaks at 2350, 1527, and 102%xatidig the presence of a —COO group, an
amide Il and aliphatic amines respectively. Santplgom F. culmorum filtrates had peaks at
3243, 1556, 1394 and 1022 revealing a —C-C stratctasymmetric and a symmetric stretch of
COO and aliphatic methyl group respectively. Samplpr@uced withF. moniliforme filtrates
generated peaks at 3295, 1567, 1371 and 1046 wmomdr presence of hydroxyl group,
carboxylate and N-O bond stretch. Sample D fidnglomerata filtrate demonstrated peaks at
2345, 1544, 1380 and 1027 indicating the preseh@O®, amide and methyl binding and C-O
bonds respectively. These spectra were consistenttae possible presence of proteins on the
AgNPs.

3.3. Size analysis

Figure 3 displays the particle populations by sirel intensity as determined by Nanosight
analyses. The analyses showed that each preparhidna range of particle size. The
preparations from th&usarium filtrates were generally smaller and less divarssize than
those from thé”homa filtrate. Peaks from the preparations were at %6 for F. tricinctum, 47

nm fromF. culmorum, 46 nm fromF. moniliforme and 71 nm fronP. glomerata with  size of
about 30 nm in each of the preparations. TEM inggkig 4) showed the spherical particles,
ranging from 5 to 12 nm in all samples. Howeveg #ggregations were also evident in each

sample.

3.4. Crystallization

X-Ray diffraction peaks were observed at positi383 44°, 66° and 7f 20, (Fig 5), showing

the presence of (111), (200), (220) and (311) facétfaced centred cubic (fcc) crystalline
structures. These values are in agreement witlprsdous report (Joint Committee on powder
diffraction, standard file no. 04-0783) for Ag daiization. The observed optical absorption

band peak in the range of 3 to 4 keV was distirector the absorption of metallic silver.
3.5. Toxicity toP. putida biosensor

Treatment of the biosensor cells with the mycosgsited AgNPs caused dose- dependent loss

in light output. The gradual decline seen in thetoa cells was due to a decline in energy status



of the cells during their incubation in the watesgension. Using doses of 0.8 pg/ml complete
inhibition was observed after 10 minutes with pragians from filtrates of. culmorum (B),
and F. moniliforme (C), (Fig 6 a and b). Loss in light output corresped with loss in
culturability of the biosensor cells. At the 0.4/mgdose, only preparation C caused complete

loss of light output and reduction in cell cultuité.

It is known that cytotoxicity is dependent upon thige of the nanoparticles. Smaller the
nanoparticles, more will be its cytotoxicity at lewwdoses. This is because the smaller
nanoparticle dissolves/ redistributes fastly in #espension media and can interact more
efficiently with the organism present in its vidini These factors might be playing a role in
showing the toxicity of samples synthesized heetif.4pg/ml. Additionally, by reviewing the
literature published in recent past it can be Hzatl Gram negative bacteria are more prone to the
harmful effect of AgNPs as compared to Gram positbacteria as the former has thinner
peptidoglycan layer than the later one [39]. Thenef to evaluate the adverse effect of soll
environment the present study made usk.qiutida, a Gram negative bacterium recovered from
rhizospheric soll.

Our results indicate that bacteria died within liGutes after exposure to AgNPs at the concentration
between 0.4 to 0.8 pg/ml. These observations niighdriven by an increased bioavailability of the
AgNPs. However, as the nanoparticles from all semplave nearly similar size range distribution,
we also found similar toxicity t&. putida. This signifies the phenomenon that similar siagiNPs
with similar characteristics, demonstrate similexitity regardless of the origin from where they
have been synthesised.

As described earlier, TEM images of all AQNPs sasphith size range in between 5-12 nm
showed toxicity. It is because of the well-knowntion that any nanoparticle, at lower
concentration, in nanosize possess an extremealg lsunrface area to volume ratio. The high
surface area to volume ratio promotes interactibnanoparticles with the bacterial surface at
much faster pace thereby interacting actively witeir cell membrane, increasing cell
permeability and ultimately leading to the theill aeath. The bacterial cell death may also
result due to the nanoparticle driven disturbarfd@MA replication, ribosomal subunit and ATP
synthesis [40-42].



In addition to the size and shape, the cappingaobparticle also contributes to its property. This
is because capping by different molecules demadestdafferent surface charges to the
nanopatrticle to which it is binding [43]. Therefptbey interact differently with any of the living
system in fungal mediated synthesis of nanopaytitie capping use to be protein in nature.
These capping agents by coating on nanoparticlesl alieir agglomeration to provide stability
to them [44]. Furthermore, for the application likkarmacology, the protein capping is
beneficial for nanoparticle, as it can play an imot role in anchoring and carrying the drug
inside human system. Fungi use to produce high amofiprotein as compared to bacteria
leading to the formation of higher amount of nambples with protein cap [38, 45-46) .The
occurrence of protein cap also intensifies uptaie retention of nanoparticles inside the human
cells [47].

4. Conclusion

Fungal extracellular materials from isolated=oBarium andPhoma reduced Ag ions to AgNPs

as characterized by absorption spectra with a pedR0 nm and XRD analyses. Thus, reduction
of ions to AgNPs was not restricted to a specifiogal isolate. The size of the spherical
nanoparticles varied and some agglomerations wesept. The FTIR analysis showed that the

synthesized nanopatrticles were capped with prateins

Each of the preparations of AQNPs was toxic to b bacterial biosensor generatedRn
putida KT2440. As reported previously [10] depletionlafx activity was more sensitive than
detection of the change in bacterial culturabilitite preparation fror. moniliforme was more
toxic than the products frofa. culmorum. The product fronP. glomerata was more effective
than the product fronF. tricinctum. The findings supported the toxicity studies repdrt
previously with commercial AgNPs [10]. Nanopdgg& at concentrations of 0.4 pg/ml were
hazardous t®. putida. The present study and the data published till ddtews that bacteria are
model organisms to find potential harmful effectherefore, more studies are required to
explore the possible hazardous effects of AgNPsh& environment through proper model
organisms in order to set standards for safe us@aob-silver based technology for the

betterment of mankind.
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Figures captions:

Fig 1. UV-Vis spectra of suspensions of AgNPs tsgsised by filtrates dt. tricinctum (A), F.
culmorum (B), F. moniliforme (C) andP. glomerata (D). The subscript E denotes spectra from
the filtrate with Ag ions and C filtrates withoutided ions. The peak absorbance wavelengths
(nm) for the preparations are shown in insert.

Fig 2. FT-IR spectra for AgNPs prepared from fids from: (A) F. tricinctum, (B) F.
culmorum, (C) F. moniliforme, and (D)P. glomerata.

Fig. 3 Size distribution determined using NanoSigkit20 for Ag NPs generated from filtrates
of: (A) F. tricinctum, (B) F. culmorum, (C) F. moniliforme, and (D)P. glomerata. The vertical
red lines show the size distribution of the nantgas: a white line encloses these data. The
height of each bar represents the number of nanclparof particular size. The sigmoidal white
line shows percent of nanoparticles below a defsize.

Fig 4: Transmission electron micrograph (TEM) gigegated and protein-capped Ag NPs
generated from extracellular produced from filtsaté (A) F. tricinctum, (B) F. culmorum, (C)

F. moniliforme, and (D) P. glomerata. The red lines in image D show how the particlese
measured to obtain their diameters.

Fig 5. Spectra obtained by powder XRD-spectrosadpygNPs synthesised using filtrates Bf:
tricinctum (A), F. culmorum (B) andF. moniliforme (C) andP. glomerata (D).

Fig 6. Response of the putida KT2440 biosensor to Ag NPs at A, 1: 500 [0.8 mgdb[d B,
1:1000 dilutions [0.4 pg/ml]) and 1.0 mg/L ions.dges in Lux output in relative light units
(RLU) and cell culturability (colony forming unit€fu) are shown. Data are from one study
typical of at least three generated under the semnelitions. Means and standard errors are
shown. The labels Sample A, B, C and D are assigm#dte AgNPs synthesised using filtrates of

F. tricinctum, F. culmorum, F. moniliforme andP. glomerata respectively.



Figl. UV-vis spectra of suspensions of Ag NPslsssised by filtrates d¥. tricinctum (A), F.
culmorum (B), F. moniliforme (C) andP. glomerata (D). The subscript E denotes spectra from
the filtrate with Ag ions and C filtrates withoudded ions. The peak absorbance wavelengths
(nm) for the preparations are shown in insert.
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Fig 2: FT-IR spectra for Ag nanoparticles prepdred filtrates from: (A)F. tricinctum, (B) F.

culmorum, (C) F. moniliforme, and (D)P. glomerata.
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Fig. 3 Determination of size distribution using M&nght LM-20 for Ag NPs generated from
filtrates of: (A)F. tricinctum, (B) F. culmorum, (C) F. moniliforme, and (D)P. glomerata. The
vertical red lines show the size distribution c# ttanoparticles: a white line encloses these data.



The height of each bar represents the number nares of that size. The sigmoidal white line

shows percent of nanoparticles below a defined size
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Fig 4: Transmission electron micrograph (TEM) gfjieegated and protein-capped Ag NPs
generated from extracellular produced from filtsadé (A) F. tricinctum, (B) F. culmorum, (C)

F. moniliforme, and (D)P. glomerata. The red lines in image D show how the partielese
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measured to obtain their diameters. The graph shimsvBgNPs size distribution synthesised

from various fungi.
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