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ARTICLE INFO ABSTRACT

The aim of current study is to explore the biosynthesis of silver nanoparticles (AgNPs) mediated by silver tolerant
bacteria (AgTB) and its ameliorative efficacy against ESKAPE pathogens under in vitro condition. In present
investigations, we have observed a metallic AgNPs from extracellular regimen via reduction of aqueous Ag+
events by using AgNOj5 salt tolerated bacteria. This cascade was considered as potential candidates for the rapid
synthesis of such AgNPs. In addition, the protective potential of AgNPs was evaluated with different procedures
as MIC, MBC, and antibiofilm action against ESKAPE pathogen. In our results, AgTB identified as Bacillus cereus
and displayed a well marked rapid synthesis of AgNPs within 3h. The AgNPs was evaluated by using UV-vis
spectroscopy and XRD. The DLS were applied to quantify the size distribution profile of AgNPs. And also,
morphological were determined by using TEM study. In our result, TEM images exhibited well defined shape and
size with an average particle size of about 17.51 nm. Likewise, FTIR analyses were shown marked validation
with secondary metabolites which may bound to AgNPs and contributed for their stability. Our screened AgNPs
showed both anti-microbial and anti-biofilm potency against multi-drug resistant ESKAPE pathogen. This
bacterial mediated synthesis may be considered as an alternative approach for traditional chemical (toxic) and
physical (high energy expensive) synthesis methods; and ultimately these nanoparticles can be applied for the
treatment strategies for drug resistant ESKAPE pathogens.
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1. Introduction

With the recent emergence of nanomaterial research, several mi-
crobiologists are now being investigating the excellent paradigm on
biological synthesis of metal nano particles (MNPs). This may be put
forward for their less toxicity and synthesis depending on its reduction
and/or oxidation reactions in metal compounds. In this circumstance,
numerous unicellular and multicellular microbes have been considered
as nanofactory that are more capable to produce MNPs either by
splitting or non splitting the cells followed by intracellular and extra-
cellular methods (Bhainsa and D’Souza, 2006; Shahverdi et al., 2007a,
2007b; Jha and Prasad, 2010). Extracellular green synthesis of AgNPs
mediated by natural organisms has become a major focus in the era of
research due to their simplified procedure, enhanced stability, and their
potential applications. These cascades can be considered as an anti-
microbial agent in fatal infectious diseases, biological imaging proce-
dures, gene silencing and targeted drug delivery (Wei and Qian, 2008).
In addition to that, one more approach for appropriate rating of AgNPs
as antimicrobial agents are more dominant as one of the potential al-
ternative strategies. This may leads to combat drug resistant
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microorganisms including ESKAPE pathogens (Enterococcus faecium,
Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa and Enterobacter species). Such pathogens are
primarily responsible to causes hospital-acquired transmissions. In
human context, lethality of pathogens is due to the development of
resistance against numerous antibiotics employed to target these in-
fectious agents (Roy et al., 2018). Recently, there are several reports
published on the role of silver and its applications have been frequently
disbursed with AgNPs emergence (Matthews et al., 2010; Arvizo et al.,
2012; Franci et al., 2015). Based on previously advocated literatures,
AgNPs exerts its multiple modes of action against diverse pathogenic
microorganisms, probably due to their positive charge interaction with
cell wall. This may be responsible to cause pits and ultimately leads to
loss of cellular constituents, binding to thiol group of vital components
and damaging the DNA which in turn suppresses the replication process
of organisms (Buzea et al., 2007; Tiwari et al., 2015).

In this present study, we reported AgTB mediated synthesis and
characterization of AgNPs and evaluate their efficacy on ESKAPE pa-
thogens including E. faecium (MCC 2763), Methicillin-resistant S.
aureus (ATCC 33591, MTCC 1430), Klebsiella pneumonia (ATCC 35657,
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MTCC 432), A. baumannii—-(ATCC 19606, MTCC 1920), P. aeruginosa
(ATCC 27853, MTCC 1688), E. aerogenes (MTCC 111) and Enterobacter
species (MCC 2296) which are likely to be more responsible for in-
duction of nosocomial infections in hospital settings and medical de-
vices. Efficacy was tested by MIC, MBC and antibiofilm activity against
multi-drug resistant ESKAPE pathogens. Furthermore, the biologically
synthesized nanoparticles were characterized by UV-Vis spectro-
photometer, FTIR, XRD, DLS and TEM analysis. However, the green
synthesis of AgNPs using bacterial supernatant is potentially advanta-
geous to overcome drug resistance in microorganisms by treating them
through nontoxic approach, because chemically synthesized AgNP
shows genotoxity, cytotoxcity and adverse immune reactions (Staszek
et al., 2015; Braydich-Stolle et al., 2005).

2. Material and methods
2.1. Materials

For the identification of AgTB, Biochemical test Kit, AgNO3 and all
the media used in experiment were purchased from Himedia
Laboratories Mumbai, India. For the preparation of all of the aqueous
solutions (freshly prepared) sterile ultra pure water was used
throughout the experiments. To check the efficacy of AgNPs against
ESKAPE pathogens, all the strains available commercially were pur-
chased from ATCC (American type culture collection), MTCC (Microbial
type culture collection) and MCC (Microbial culture collection).

2.2. Isolation of AgTB

The surface water samples were collected from a depth of 15cm
approx from sewage-rich contaminated pond. The enrichment was
performed in flasks containing silver metal for 15 days at room tem-
perature. Sample were serially diluted and streaked on nutrient agar
plates impregnated with different concentrations (100, 200, 400, 800,
1000 and 1200 pg/ml) of silver nitrate, incubated at 37 °C for 48 h. On
the basis of visual observation, healthy colonies were selected and
sub-cultured on nutrient agar to select pure colonies.

2.3. Phenotypic, biochemical and genotypic identification of the bacteria

Morphological and biochemical identification was done by Gram's
staining and Biochemical tests performed using HilMVIC Biochemical
Test Kit (Himedia). Molecular characterization of selected AgTB was
carried out by 16S rRNA sequence-based method. Pure culture of the
targeted bacteria was grown overnight in liquid medium (LB broth) for
the isolation of genomic DNA using a method described by Sambrook
and colleagues (Sambrook, 1989). The total genomic DNA was ex-
tracted from the selected isolate for the amplification by using genomic
DNA isolation Kit (HiPurA DNA purification gel extraction kit-Himedia,
India). PCR reaction was performed in a gradient thermal cycler (Ep-
pendorf, Germany). Purity and quality of the isolated DNA was assured
by agarose gel electrophoresis using 1.0% agarose with ethidium bro-
mide at 60V and conformed through Chemi-luminescent Gel-docu-
mentation Unit (BioRad, USA). The PCR product then amplified as
described earlier method (Weisburg et al., 1991) by using universal
primers (IDT) 16S rRNA Forward (5'-AGAGTTTGATCCTGGCTCAG-3")
and 16S rRNA Reverse (3 GGTTACCTTGTTACGACTT-3"). The ampli-
fication of DNA was done by initial denaturation at 94 °C for 1 min,
followed by 35 cycles of denaturation at 94°C for 1 min, annealing
temperature of primers was 55 °C for 1 min and extension at 72 °C for
1.5 mins. The final extension was conducted at 72°C for 2mins. The
amplified PCR product of 16S rRNA (100ng) was used for the se-
quencing with the single 16S rRNA (ITS region). Forward primer: 5—
AGAGTTTGATCCTGGCTCAG- 3’ by Sanger DNA Sequencer (Euroffin
biology, Bangalore, India). Therefore, obtained sequence data of isolate
was further aligned by using BioEdit program and for similarity search,
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BLAST analysis was used for sorting out with other related species 16S
rRNA sequences obtained from GenBank. The construction of phylo-
genetic trees and evolutionary history was inferred using the UPGMA
method (Sneath and Sokal, 1973). Finally, the Evolutionary analyses
were conducted in MEGA?7 for bigger Datasets (Kumar et al., 2016).

2.4. Preparation of extra cellular filtrate material

Pure healthy colony of AgTB was selected and inoculated in nutrient
broth and incubated in incubator shaker at 160 rpm at 37 °C for 40 h to
get dense growth. At end of incubation period, the culture was cen-
trifuged (Eppendorf 5804R) at 8000 rpm for 15 mins at 4 °C. Filtration
of the extracellular material was done to remove larger molecules from
the supernatant by using Whattman No. 1 filter paper. Finally collected
supernatants were used for the synthesis of AgNPs.

2.5. Extracellular biosynthesis of silver nanoparticles

For biosynthesis of AgNPs, the clear supernatant (pH 7.5) was mixed
with freshly prepared 1 mM AgNO; (1:4 v/v) and the mixture was he-
ated at constant temperature 85 °C with a magnetic stirrer for 4 h. For
the optimization, the reactions between supernatant and AgNOj3 solu-
tion were carried out in different conditions as follows cell filtrate
(2.5-7.5ml), AgNO;3 (0.2-3 mM), pH (6.5-10.5) and time of incubation
(0-4h) as described previously (Ali et al., 2015). The comparative ex-
periment for the synthesis of AgNPs was also performed by incubation
of reaction mixture for 4h at room temperature and without stirring
condition. The sets of test tubes containing the same amount of extra-
cellular material without mixing AgNOj3 solutions were run as a parallel
control under the same temperature and stirring conditions. Gradual
changes in coloration of reaction mixture turned from pale yellow to
dark brown were visualized suggesting the nanoparticles synthesis
episodes. After completion of its incubation period, the colored solution
was centrifuged at 8000 rpm, 4 °C for 15 min followed by washing with
sterile ultra pure water. The pellet was collected and then dried in a Hot
air Oven (Technico Laboratory Products Pvt. Ltd.) at 80 °C for 20 h.
Finally, dark brown film obtained and collected by scraping was made
into powder form and stored in an air tight glass container for further
confirmation by various characterization techniques UV-Vis, FTIR,
DLS, TGA, XRD and TEM analyses and the biological assays.

2.6. Characterization of AgNPs by using UV-visible spectroscopy

The UV- analysis of biosynthesized AgNPs were monitored for
surface plasmon resonance by the use of a double beam UV-Vis spec-
trophotometer (V-730 Jasco Corporation Tokyo, Japan). The reduction
of Ag* was determined by sampling from reaction mixture periodically,
the measurement of spectra operated at a resolution of 1nm in the
wavelength ranges between 350 and 800 nm. Under different experi-
mental conditions the spectra of synthesized AgNPs were recorded time
to time at intervals of 0, 1, 2, 3 and 4 h with varying conditions and
parameters i.e. concentration of AgNOsj, ratios of supernatant and
AgNOs3, pH, temperature and volume of reducing agent (Ali et al.,
2015). During sampling time, sterile ultra pure water was used as a
blank and the background absorption was subtracted. For the de-
termination of stability of AgNPs, the measurements of spectra were
covered time to time up to 4 months at regular time intervals of 24, 4
days, 4 weeks and 4 months.

2.7. X-ray diffraction measurements

Crystalline nature of the bimetallic AgNPs were studied using
Scherrer's formula :D =  0.94/fcosO: whereas, D is the crystal size of
AgNPs, A (1.54178 A) is the wavelength of X-ray source used, B is the
full-width-at-half maximum of the diffraction peak with XRD by
coating the dried powder sample on XRD grid and spectra were
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recorded by XRD system (Rigaku Corporation, Tokyo, Japan) operating
at 40kV and a current of 30 mA with Cu Ka radiation (k = 1. 5404 }o\).
The diffracted intensities were scanned in the region 26 angles from 20°
to 80° (Patterson, 1939).

2.8. Dynamic light scattering (DLS)

The size distribution profile of biosynthesized silver nanoparticles
was studied using DLS (Malvern Zetasizer Nano ZSP instrument). The
size distribution of AgNPs is observed ranges from 45 to 140 nm. The
calculated average particle size distribution of AgNPs is 78.8 nm. The
diameters and PDI were analyzed in acquisition time 60 s, at 25 °C. As a
reference dispersive medium, ultrapure water with a refractive index of
1.330, viscosity of 0.8872 cP, and a dielectric constant of 78.3 was used.
For DLS measurement, the colloid was passed through a 0.2 um pore
sized PVDF (Polyvinylidene difluoride) membrane. The mean result was
recorded, for which the sample was loaded into disposable sizing cuv-
ette and the measurements were recorded thrice (Cascio et al., 2015).

2.9. Fourier transform infrared (FTIR) analysis

FTIR spectroscopy analysis carried out for the investigation of
functional group responsible for surface capping of AgNPs synthesized
from extracellular materials of bacterial supernatant. The creditworthy
functional groups for biosynthesis of AgNPs analyzed by using
JASCO-FTIR 6300 Type A, Serial No., A021161024. In brief, oven dried
powder sample were applied to the surface of the diamond crystal then
locked in a clutch chamber for the measurement of spectra at scanning
speed 2 mm/sec in transmittance mode from 400 to 4000 cm™ at 4 cm™
resolution with 32 scans (Singh et al., 2011).

2.10. High resolution transmission electron microscopy (HRTEM) analysis

The size and morphological characteristics of biosynthesized AgNPs
obtained by the use of culture supernatant of AgTB were evaluated for
their composition by High resolution transmission electron microscope
(JEOL JEM 2100, Japan). The dried samples were suspended in ethanol
and sonication was also done for 20 min. After well dispersion, sample
spotted on the carbon coated copper grid with 200 mesh and kept for
drying at ambient temperature. The instrument was operated at 200
KeV with selected area electron diffraction (SAED) and d-spacing were
examined in its high resolution mode (Singh et al., 2014). The filament
was used LaB6. As a result, AgNPs were observed and images were
recorded. For the evaluation of size distribution as in histogram, more
than 100 particles were considered from multiple TEM micrographs and
measured their size as an average count.

2.11. Antimicrobial activities of biosynthesized AgNPs against ESKAPE
pathogens

2.11.1. Evaluation of minimum inhibitory and minimum bactericidal
concentrations of AgNPs on ESKAPE pathogens

The assessment of Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of AgNPs against ESKAPE
pathogens E. faecium (MCC 2763), Methicillin-resistant S. aureus (ATCC
33591, MTCC 1430), Klebsiella pneumonia (ATCC 35657, MTCC 432), A.
baumannii—(ATCC 19606, MTCC 1920), P. aeruginosa (ATCC 27853,
MTCC 1688), E. aerogenes (MTCC 111) and Enterobacter species (MCC
2296) were determined following the Micro-dilutions method, de-
scribed by Balouirin et al. (2016) with bacterial inoculums of 1-5 x 10°
CFU/ml and with AgNPs concentrations ranging from 500 to 7.81 pg/
ml in triplicate. Sterile ultrapure water with media but without bacteria
and media with bacteria in same volume was used as a positive and
negative control respectively. The Microtitter plate containing treated
with AgNPs and untreated ESKAPE pathogen strains as a control were
incubated for 18 h at 37 °C in Incubator. The MIC was defined as the
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lowest concentration of any antimicrobial factors that depict no visible
turbidity as growth (99% inhibition) of the microorganisms. After the
completion of incubation period, 5yl of suspension drops plated on
Nutrient Agar in triplicate for 18 h at 37 °C for further investigation of
growth to determine the bactericidal concentration. MBC value corre-
sponding to the endpoint of the active growth of microbial population
and defined as the lowest concentration of any antimicrobial factors
that may kill (inhibits 99.9%) initial bacterial population.

2.11.2. Antibiofilm activity of AgNPs against ESKAPE pathogens

The biofilm formation in plastic Microtitter plates was performed as
previously described by Ramalingam et al. (2011) with slight mod-
ifications. Briefly, 10% (150 pl) portion of an overnight grown bacterial
suspension (107 CFU/ml) was added to each well except blank of a
24-well tissue culture plate and maintained a total of 1.5ml volume
with NB broth. The plates were incubated aerobically in Incubator
shaker at 37 °C, with shaking condition at 100 rpm, for 72 h. After every
12h intervals, the medium containing suspended bacterial cells was
changed with an equal volume of fresh broth medium. Negative con-
trols were obtained by incubating the Microtitter plates with media and
inocula but without any antimicrobial agent. Blank controls were
maintained by incubating plates with media without inocula. To de-
termine the antibiofilm efficacy of AgNPs, three independent experi-
ments were performed. Afterward the completion of incubation period
(72h) the supernatant media was removed and all the biofilms formed
by microbes were treated with two different concentrations, 50 pg/ml
and at sub-MIC concentrations of AgNPs against all ESKAPE pathogens
for 30 min at room temperature in aseptic condition without agitation.
As a positive control, 20% (v/v) Hydrogen peroxide (H,05) was used.
Following this, AgNPs and H,O, was discarded and the wells were
gently washed twice with sterilized ultra pure water.

The quantification of viable cells in biofilms in plastic Microtitter
plate was performed. Fixing of attached bacteria in wells was done by
using 1.5ml 100% methanol for 15 mins. The plates were then evac-
uated and air dried in sterile condition. Dried well were then stained
with 1.5ml of 0.5% (w/v) crystal violet. The Microtitter plates were
washed twice uniformly to rinse off excess stains by using washed
bottle. The Microtitter plates then were air dried and the dye bounded
adherent cells were removed with 1.5ml of 33% (v/v) Acetic acid gla-
cial LR per well. The biomass of resulting solution was quantified by
measuring the absorbance of the solubilized dye which was read as an
optical density at 590 nm. The Optical density (OD) values obtained
from the two duplicate wells as a mean of the absorbance. Final read-
ings were expressed as an average OD and compared with the negative
control values.

3. Results and discussion
3.1. Isolation of AgTB

Most silver salt tolerated (1000 ug/ml) colonies obtained from
AgNOj; impregnated nutrient agar plate and selected of the AgTB was
used for biosynthesis of AgNPs. AgTB strain showed superior ability and
potential to reduce Ag*.

3.2. Phenotypic and biochemical identification of AgTB

Phenotypic characterization of the AgTB revealed that the bac-
terium was Gram positive rod-shaped, motile, beta hemolytic bac-
terium. The AgTB isolates were screened on the basis of their mor-
phological characteristics and healthy pure colony was selected. The
primary step in selection was to identify the genus Bacillus by motility
nature on sloped agar plate. Purified selected microbes were stored on
nutrient agar showed pale cottony colonies in plate. Several biochem-
ical tests were done for further characterization of Bacillus sp. For the
validation of results, HIIMVIC (Himedia) kit containing 12 tests was
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Fig. 1. The phylogenetic analysis of the 16S rRNA sequence of isolate (AgTB)
obtained in the study along with other selected sequences from database. The
analysis was conducted in MEGA?7 for bigger Datasets. The various species of
Bacillus available in database, phylogenetic tree showed a cluster with Bacillus
cereus.

used to perform the biochemical identification. The results revealed
that the selected AgTB isolates were B. cereus as showed and the
characters were studied by using Bergey's manual of determinative
bacteriology (Holt et al., 1994).

3.3. Genotypic characterization of AgTB

For the genotypic identification of the selected isolate was further
subjected to molecular level analysis by 16S rRNA sequencing-based
method to know the synthesis ability of selected one. The sequence data
were subjected to NCBI BLAST analysis and the results were aligned
with various Bacillus sp. and shared maximum similarities with Bacillus
cereus (Fig. 1).

3.4. Extra- cellular biosynthesis of AgNPs

Ecofriendly and non toxic synthesis of AgNPs use bacterial release
secondary metabolites, proteins, fats, enzymes and other biomolecules
for the synthesis of silver nanoparticles and used against many drug-
resistant Gram positive and negative bacteria as a weapon (Verma
et al., 2018). The uses of psychrophiles, mesophilies, osmophiles and
thermophiles have been reported including gram positive (S. aureus,
Lactobacillus spp, Exiguobacterium mexicanum, Nocardiopsis spp, Cor-
ynebacterium spp, Arthrobacter gangotriensis) and gram negative (Pseu-
domonas spp, Stenotrophomonas maltophilia, Vibrio spp, Idiomarina spp,
A. baumannii, Alteromonas macleodii, Thiobacillus ferrooxidans, K. pneu-
moniae, Enterobacter aerogenes, Aeromonas spp, S. typhimurium and Es-
cherichia coli) for the biosynthesis of silver nanoparticles (Das et al.,
2014; Iravani, 2014; Chokriwal et al., 2014; Abo-State and Partila,
2015; Kushwaha et al., 2015). In this study, rapid procedure has been
exploited by using the supernatant of AgTB for the synthesis of tiny
functionalized AgNPs.

The procedure of biosynthesis of silver nanoparticles is depicted in
Fig. 2 at which the spectra were recorded with subsequent time to re-
present the approaches. The pictures and graphs are reflecting that the
supernatant of AgTB and AgNO; when mixed in a set of test tubes
containing total volume 15ml in a ratio of 1:4, solutions displayed a
gradual change in their appearance colour from yellowish brown to
dark brown in the reaction vessels after 3h at 70 °C (Fig. 2 A and B).
The appearance of a dark brown colour in test tubes suggested the
formation of AgNPs upon the completion of the 3 h reaction with Ag+
and supernatant (Shahverdi et al., 2007a, 2007b; Kumar et al., 2007).
Gradual changes in colour considered as a preliminary indication of the
formation of AgNPs in reaction mixture. The AgNPs were characterized
by UV-vis spectroscopy; the technique is very useful for the primary
analysis of nanoparticles. UV- spectra shows strong peaks at 422 nm is
imputed to the surface plasmon resonance of AgNPs. The intensity of
the functionalized AgNPs change in colour were risibly found with the
time and heat when the reaction was completed and AgNPs formed due
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to the reduction of aqueous Ag ions. The change in colour was due to
reduction of silver ion by biomolecules and enzymes present in the cell-
free extracts (Fig. 2 C). The development of colour in reaction mixture
is due to the excitation of surface plasmon resonance in the presence of
various bio-reductant molecules (Oladipo et al., 2017). The classical
representation for the synthesis of nanoparticles based on zero-order
approach could be classified into three clear-cut raising phases: nu-
cleation of the particles, progression of nuclei into seeds and the de-
velopment of seeds into nanocrystals. The pattern of the formation of
nanocrystals into a final shape initially determined by the internal
structure of the corresponding seed and the affinity to bind the surface
of the particles known as capping agents (Brust et al., 1994). Previous
studies suggested that the variation in reaction carried out conditions
like temperature, concentration of the AgNOs, pH and storage time of
the synthesized AgNPs may be affected with their shape, size, stability
and production of the nonmaterial (Qu et al., 2010; Deepak et al., 2011;
Heydari and Rashidipour, 2015). AgNPs synthesis was optimized with
different AgNO3 concentrations, temperature, pH and time (Fig. 3).

3.4.1. Influence of increasing concentrations of AgNO3 on reaction

By varying the concentrations of AgNO3 the assemblies of AgNPs
were different due to the enzyme substrate kinetics. There is a need for
the availability of the enough active site to react with the substrate
molecules thus due to this phenomenon the active site within the key
biomolecules that was responsible for the reduction of Ag ions become
limited and the active sites was already engaged. Moreover in reaction
mixture there are no more active sites left for added ions to get reduced,
hence we can conclude that there is no further increase in synthesis of
AgNPs despite the addition of additional nitrate salt (Singh et al.,
2013). It is clear from the enzyme kinetics action that the highest op-
tical density found up to at 1.0 mM was most by attending high in-
tensity of reduction and produced a sharp peak at 422 nm, since beyond
that the bioreduction of particles gradually decreased and peaks were
become wider at the absorbance of 422 nm (Fig. 3A).

3.4.2. Influence of temperature on reaction

The rise in temperature began from room temperature to 80 °C, the
peaks became sharper and sharper due to the surface plasmon re-
sonance and at this point an absorption band at 422 nm was obtained
(Fig. 3B). In standardization part, it was noticed that the synthesis of
AgNPs was rapid at elevated temperature at 80 °C and the maximum
formation of particles was resulted (Kannan et al., 2013) by obtaining
the spectra at a specific absorbance (422 nm).

3.4.3. Effect of pH on reaction and stability of AgNPs at various time
intervals

The effects of pH in reaction mixture directly attract the morpho-
logical character as well as size and shape of nanoparticles. The pH
values increases the surface plasmon resonance peak shifts towards the
shorter wavelengths and peak becomes sharper that show the change
within the size of AgNPs. Hence raising the pH of the solution can
impact the shifts of the peak near to the short wavelength and produce
smaller sized nanoparticles (Alqadi et al., 2014). The stability of syn-
thesized AgNPs was estimated for their efficacy at different time in-
tervals and the spectra were recorded (Paredes et al., 2014). The par-
ticles were less stable in wet condition at 4 and 24 h while after 4 days,
4 weeks and 4 months it was observed that the particles stored in dried
form were more stable as a function and dispersion but the peaks be-
came wider than sharper, (Fig. 3 C) indicating the agglomeration of the
particles.

3.5. XRD analysis of AgNPs
The typical XRD patterns were obtained from the sample to confirm

the crystalline nature of silver nanoparticles. The X-ray diffractograms
of AgNPs synthesized by the bacterial supernatant showed four intense
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and five mild peaks in the diffraction range of 26 values from 10° to 80°
(Fig. 4A); agree with the Braggs's reflections of silver nanocrystals
which are reported by Ojha et al. (2017). The peaks at 20 values 27.84,
32.24, 38.19, 44.06, 46.25, 54.82, 57.48, 64.48, 77.39 corresponding
to the [210, 122, 111, 200, 231, 142, 241, 220, 311] planes of the face
centered cubic silver, respectively (JCPDS, file No. 04-0783) which
suggested the crystalline nature of biosynthesized silver nanoparticles
and are the similar results already reported by Meng (2015). However,
the presence of some other peaks may correspond to proteins/bio-or-
ganic phase on the surface of silver nanoparticles (Vanaja and
Annadurai, 2013).

3.6. FTIR analysis

This technique was done to determine the role of biomolecules and
the involvement of functional groups in relation with metal salt. The
FTIR analysis used to investigate the action of biomolecules and re-
sponsible factor for capping and stabilization of nanoparticles (Medina
et al., 2009). The intermolecular forces (hydrophobic and hydrophilic
interactions) are another factor which may involve in prevention of
nanoparticles to aggregate. Powdered form of dried AgNPs obtained by
the interaction of AgTB supernatant and aqueous AgNO3; was used for
FTIR analysis. The measurement of spectrum was carried out to spot the
possible interactions between silver and bioactive molecules and cap-
ping agents available in the bacterial supernatant could be responsible
for the synthesis and stabilization of AgNPs (Fig. 4B). The IR spectrum
of applied sample showed band intensities in different regions at
553.47, 1069.33, 1629.55, 2110.71, 2919.69, 3302.49 corresponds to
alkyl halides (C-Br)- playing an important role in bioactivity, aliphatic
amines (C-N)- donating properties to stabilising molecules, 1° amines
(N-H)- responsible for increase polarity, reactivity and labelling of
peptides/proteins (Patil et al., 2013), alkynes (C=C)- attributes in
tagging of biomolecules including nucleic acids, proteins, lipids and
glycans (Hong et al., 2014), nitriles (C=N)- showing excellent

C . I I l
0 _! T T T T
(U] 1 2 3 4
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Fig. 2. UV-Vis spectrum of AgNPs
synthesized by supernatant of AgTB:
Panels show absorbance measurement
during AgNPs synthesis as a function of
different time intervals with colour
change observation, (A) Spectra re-
presents stirring time as 0, 1, 2, 3 and
4h at constant temperature 70 °C; (B)
UV-vis absorption spectra of AgNPs at
a particular absorbance (422nm) as a
function of time; (C) Classical re-
presentation for the synthesis of AgNPs
showing the pattern of colour change
and bulk synthesis.

Biosynthesis of AgNPs (Representation)

vibrational probes of proteins for making up structural format of the
particles (Lindquist et al., 2009), alkanes (C-H)- most of the alkanes are
enzyme-mediated and synthesized by bacteria, responsible for satura-
tion and unsaturation of molecules present in medium (Winter and
Moore, 2009), carboxylic acid (O-H)- play a key role in active reduction
of metal ions and oxidation of biomolecules, followed by nanoparticle
formation (Makarov et al., 2014) respectively. Based on these amazing
roles of functional groups and earlier reports, the results of present
study concluded that the proteins present in the bacterial supernatant
capped and stabilized the AgNPs (Kopp et al., 2017). The stabilization
of nanoparticles depends on the protein-nanoparticles interactions
(Vogt et al., 2015). These fundamental interactions occurred either
through cysteine residues present in protein or free amino groups
controlled by electrostatic forces of negatively charged carboxylic
groups in enzymes (El-Deeb et al., 2013).

3.7. DLS analysis

The dynamic light scattering (DLS) pattern of the dried AgNPs dis-
persed in liquids medium (ultra pure water) depicted in Fig. 4C which
were synthesized by using bacterial supernatant. The size distribution
histogram of DLS predicted that the average diameter size of the syn-
thesized nanoparticles is 78.8 nm and PDI value 0.491. It was noticed
that the size measured through DLS is slightly larger than the size
evaluated by TEM. These differences reflect the fact that TEM only
measures a number based size distribution of the physical size and does
not include any bio capped agent. DLS size evaluation is based on the
whole hydrodynamic diameter of particle including surface capping of
particles, ions or molecules that are attached to the surface which are
able to travel with the AgNPs in aqueous solution (Erjaee et al., 2017).
So, the hydrodynamic diameter of nanoparticles is always greater than
the size estimated through the TEM analysis. Single peak found in
analysis, indicated the quality of the synthesized silver nanoparticles.
High intensity distribution at lower range of particle size indicates that
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Fig. 3. UV-vis absorption spectra of AgNPs: Spectra recorded under different
reaction conditions during synthesis, (A) AgNO; concentrations (0.2, 0.5, 1, 2
and 3mM in presence of 3ml AgTB supernatant with AgNO3 in 1:4 v/v); (B)
Temperature °C (30, 50, 60, 70 and 80 °C in presence of 1:4v/v supernatant
and AgNO3); (C) Stability of the biosynthesized AgNPs as a storage time period
(4 h, 24hrs, 4 days, 4 weeks and 4 months).

the most of the synthesized particles are in lower range of particle size.

3.8. Ultra high resolution transmission electron microscopy (UHRTEM)
analysis

To determine the clear shape, size and morphology of biosynthe-
sized AgNPs, they were scanned at high resolutions by using UHRTEM.
In present study, the microgram of UHRTEM exhibit pleomorphic
morphology including rectangular as well as hexagonal shape but the
majority of particles are in spherical shape with a smooth surface
(Fig. 5A, B, C and D). The dried powder of AgNPs were well dispersed
into ultra pure water and evenly spread on the entire surface of the
copper grid coated by carbon supported film. After drying the grid
containing sample was imaged at different resolutions. Selected area
electron diffraction (SAED) pattern showed predominantly presence of
silver elements with its crystalline property by forming homocentric
ring with bright spots of diffraction distributed on ring like circles. The
pattern of diffraction rings could be indexed on the basis of the face-
centered cubic (fcc) structure of silver. The development of rings due to
Bragg's reflection moving back from separate rings crystal which forms
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spot corresponding to the presence of (111), (200) and (220) lattice
planes of fcc silver nanoparticles. The same pattern was observed in
XRD spectrum which conform crystallinity of AgNPs (Singh et al.,
2016). The histogram of particle size represent that the majority of
nanoparticles were at maximum count (38.5%) with an average size
17.5 = 0.08 nm and all other particles showed an average size ranges
from 12.5 to 47.5nm. The size evaluated by TEM analysis and com-
pared with DLS technique analyzer were somewhat lower. The varia-
tion in size and shape may be due to the dispersion and various bio-
logical reductants used in synthesis process (Kulkarni et al., 2015). In
TEM images, biological component cap were observed which can be
identified as black spot on the surface of particles.

3.9. Antimicrobial activities of biosynthesized AgNPs against ESKAPE
pathogens

3.9.1. Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) against ESKAPE pathogens

The antimicrobial properties of synthesized silver nanoparticles
were determined by means of MIC and MBC. MIC was recorded as the
lowest concentration at which no visible growth of the test pathogens
was observed. MIC values of the AgNPs against ESKAPE pathogens
presented in Fig. 6. The micro-dilution method was performed to de-
termine the bacteriostatic activity and drop plate method to determine
bactericidal activity of AgNPs. Biosynthesized AgNPs showed bacter-
iostatic and bactericidal efficacy in the range of 07.81-62.50 pg/ml and
15.62-250 pg/ml respectively, against all test pathogens. The anti-
microbial proficiency of the AgNPs exhibited as MIC and MBC values
against E. faecium (MCC 2763), S. aureus (ATCC 33591 (MRSA), MTCC
1430), K. pneumoniae (ATCC 35657, MTCC 432), A. baumannii- (ATCC
19606, MTCC 1920), P. aeruginosa (ATCC 27853, MTCC 1688) E.
aerogenes — (MTCC 111) and Enterobacter sp. (MCC 2296) were esti-
mated and depicted in Table. 2. In present study it was observed P.
aeruginosa (ATCC 27853) blood isolate showed more susceptibility
compared with K. pneumoniae (MTCC 432) and MRSA (ATCC 33591)
against AgNPs. Therefore, our present investigations are focusing with
confirmed evidences with the exposures of synthesized AgNPs are more
potent or act as an inhibitor for the replication of all the used strains of
ESKAPE pathogens. The efficacy of AgNPs may vary strain to strain
followed by concentrations of nanoparticles. This variation may be due
to cell wall structure of Gram positive bacteria- a thick makeup of
peptidoglycan to enter inside the bacterial cell. In case of Gram nega-
tive the presence of lipopolysaccharide-lipoprotein complexes in the
bacterial cell wall may prevent to enter the AgNPs through the wall and
to reach the sensitive intracellular targets (Rudramurthy et al., 2016).
Some other factors including, a rigid layer of peptidoglycan present in
both the bacteria, modification of the metabolic pathways, decreased
permeability which is dependent on size of the nanoparticles and in-
creased active flux which may leads to minimize intracellular accu-
mulation of antimicrobial agents (Schmieder and Edwards, 2012).
Nevertheless, the bacteriostatic and bactericidal effects of synthesized
AgNPs have been strongly confirmed to have antimicrobial potential
against ESKAPE pathogens.

3.9.2. Antibiofilm activity of AgNPs against ESKAPE pathogens

The formation of biofilms is complex bacterial populations and the
strategy for the estimation of microbial sustainability as well as the
progression of the disease that resist the action of antibiotics. Due to the
secretion of different surface molecules and virulence factors, associa-
tions of antibiotic resistant gene in bacteria promote to form a matrix.
The matrix of biofilm is primarily made up of EPS consisting of poly-
saccharides, proteinaceous substances, glycopeptides, lipids and lipo-
polysaccharides which may be provided both the internal and external
strength to the support and to hold together (Flemming and Wingender,
2010). In this scenario, biologically synthesized AgNPs were tested for
the estimation of antibiofilm activity mediated by ESKAPE pathogens.
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Fig. 4. Characterization of AgTB derived AgNPs: X-ray patterns (A), FTIR
spectra (B), and Dynamic light scattering (C).
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Fig. 6. Minimum inhibitory concentration (MIC) and minimum bacter-
icidal concentration (MBC) of AgTB mediated AgNPs (EF = E. faecium (MCC
2763), S-1 = MRSA (ATCC 33591), S-2 = S. aureus (MTCC 1430), KP-1 = K.
pneumoniae (ATCC 35657), KP-2 = K. pneumoniae (MTCC 432), AB-1 = A.
baumannii (ATCC 19606), AB-2 = A. baumannii (MTCC 1920), PA-1 = P. aer-
uginosa (ATCC 27853), PA-2 = P. aeruginosa (MTCC 1688), EA= E. aerogenes
(MTCC 111), and ESP = Enterobacter sp. (MCC 2296).

Similar studies revealed that AgNPs are the potential candidate which
exhibited antibiofilm activity against human pathogens (Markowska
et al., 2013). The biofilm formed after 72h through each strain was
evaluated for 30 mins and further treated with 50 pg/ml and sub-MIC
concentration of AgNPs. The observed results of antibiofilm activity of
AgNPs at all the tested sub-MIC concentrations exhibited significant
biofilm reduction compared with control values (Fig. 7 A). Further
evaluation of the equivalent dose of AgNPs (50 ug/ml) to all ESKAPE
pathogens revealed the increasing concentration dependent breakage of
biofilm when compared with positive (H,0,) and negative (untreated)
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Fig. 5. HR-TEM images (A-D), SEAD pattern (E), and (F) size distribution of AgTB mediated synthesis of AgNPs.



M.H. Khan, et al.

m AgNPs @ sub-MIC BPC

120
(A)
100

dilitudl

EF SA-2 KP-1 KP-2 AB-1 AB-2 PA-l PA-2 EA ESP
ESKAPE pathogens

% Biofilm formation

mAgNPs @ (50pg/ml) ©PC
120

(B)

aliludl

EF SA-1  SA-2 KP-1 KP-2 AB-1 AB-2 PA-1 PA2 EA ESP
ESKAPE pathogens

% Biofilm formation

Fig. 7. Antibiofilm effect of AgTB derived AgNPs on growth of biofilms
formed by ESKAPE pathogens: (A) Inhibition activity at sub-MIC concentra-
tions of AgNPs (ug/ml), (B) at 50 ug/ml AgNPs. (EF = E. faecium (MCC 2763),
S-1 = MRSA (ATCC 33591), S-2 = S. aureus (MTCC 1430), KP-1 = K. pneu-
moniae (ATCC 35657), KP-2 = K. pneumoniae (MTCC 432), AB-1 = A. bau-
mannii (ATCC 19606), AB-2 = A. baumannii (MTCC 1920), PA-1 = P. aerugi-
nosa (ATCC 27853), PA-2 = P. aeruginosa (MTCC 1688), EA = E. aerogenes
(MTCC 111), and ESP = Enterobacter sp. (MCC 2296).

control (Fig. 7 B). Among all tested pathogens E. faecium (MCC 2763),
MRSA (ATCC 33591), A. baumannii- (ATCC 19606), A. baumannii
(MTCC 1920) and Enterobacter sp- (MCC 2296) the biologically syn-
thesized AgNPs indicating the better efficacy of the nanoparticles in
disrupting existing biofilms and can conclusively be delivered as an
effective antibiofilm agent in further bacterial studies.

4. Conclusion

The present study based on the extracellular biogenic synthesis of
AgNPs form AgTB (Bacillus cereus) isolated from the contaminated pond
water. Here, we reported a facile, simple, efficient, and rapid method
for the synthesis of AgNPs using filtered supernatant. The reaction
parameters were optimized by varying time, temperature, pH, con-
centration and stability which resulted in maximum reduction and size
effective activities, predominantly spherical in shape ranges
12.5-47.5nm. The resulted nanoparticles were characterized by
UV-Vis spectroscopy; FTIR analysis showed capping of the nano-
particles responsible for stabilization of synthesized particles; XRD and
SAED analysis conformed that the particles were crystalline and me-
tallic nature; UHRTEM analysis conformed the morphological char-
acters of nanoparticles like shape and size distribution. The biologically
functionalized silver nanoparticles exhibited excellent broad-spectrum
antimicrobial activity against ESKAPE pathogens including multidrug
resistant strains. This promising approach leads to an easy procedure
for the bulk and rapid production of silver nanoparticles with the added
advantage of less time consumption, ecofriendly and cost effective.
Based on its potential candidature as antimicrobials, antibiofilm and
cytotoxic agents have been convinced armor against ESKAPE patho-
gens. The AgNPs might be an alternative paradigm of existing anti-
biotics as a nanoantibiotic in medicinal application. Further additions
are the fabrication and cytotoxicity of the AgNPs, both are important
tools in this area which are needed to standardize and investigate the
toxic measure to neutralize the side effects.
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