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�e present investigation reported the synthesis of silver chloride nanoparticles using Bacillus subtilis. �e adsorption of colloidal
silver chloride nanoparticles showed an intense peak at the wavelength of 400 nm a
er 20 hrs of biomass incubation. �e size of
the silver nanoparticles ranges from 20 to 60 nm which was obtained from transmission electron microscope (TEM). �e X-ray
di�raction (XRD) pattern con�rmed the crystalline nature of the nanoparticles. �e bright circular spots of selected di�raction
area (SAED) pattern also con�rmed the good crystalline nature of the silver chloride nanoparticles with high magni�cation of
TEM images. �e presence of nitrate reductase enzyme in the cellular membrane of B. subtilis was con�rmed by sodium dodecyl
(SDS) polyacrylamide gel electrophoresis and it was found that the molecular weight is 37 kDa. �e possible functional groups of
the reductase enzyme in B. subtiliswere identi�ed by Fourier transform infrared spectroscopy (FTIR). Finally, antifungal activity of
silver chloride nanoparticle was examined against Candida albicans, Aspergillus niger, and Aspergillus �avus. We conclude that the
synthesis of silver chloride nanoparticles using microorganisms is more economical and simple. �e antifungal property of silver
chloride nanoparticles will play a bene�cial role in biomedical nanotechnology.

1. Introduction

A
er a glorious invention of microorganisms by “Louis
Pasteur,” it could spread all over the �eld of life sciences and
delivered its bene�cial applications to improve human health.
From 19th century onwards, the microorganisms have been
utilized for making dairy products, beverages (alcoholic),
enzymes, proteins production, and so forth [1]. In modern
microbiology, the interaction between metals and microbes
brings a great attention to exclude the heavy metals from the
environment [1, 2]. �e presence of active biomolecules like
enzymes in the cell wall membrane of microorganisms plays
an adverse e�ect in degradation of toxic metals by the way of
bioremediation process [1, 3]. Nowadays, the biosynthesis of
nanomaterials like inorganic nanoparticles and semiconduc-
tor nanoparticles using microorganisms such as bacteria [4,
5] and fungi [6, 7] is a popularly known�eld and attractsmore

interest day-by-day due to its ecofriendly nature. Tradition-
ally, nanoparticles have been synthesized through physical
[8–10] and chemical methods [11–13]. However, these meth-
ods are not environmentally benign. Some of the chemicals
such as thiophenol [14] and thiourea [15] have been used in
the synthesis process to avoid the particle agglomeration. But
these chemicals may cause adverse e�ects in the environment
during large-scale production [16]. �ere are few reports
available to demonstrate the possible mechanisms involved
in the production of nanoparticles [4, 17–19]. Generally,
researchers may suggest that the defensive mechanism of
microorganisms as well as plants plays a key role in the
nanoparticle synthesis process [20–22]. Recently, Gopinath
et al. reported the synthesis of silver chloride nanoparticles
using the leaf extract of Cissus quadrangularis Linn [23].
Mostly, silver chloride nanoparticles and silver chloride-
based nanocomposites have been used for photocatalytic
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degradation studies [24, 25]. In addition, they are also used
as antibacterial agent and sensor in few reports [23, 26].
Generally, microemulsion, electrospinning, and ultrasound
irradiation methods are used for the production of silver
chloride nanoparticles [27–29]. Nowadays, there is an essen-
tial need to synthesize the nanoparticles without a�ecting the
environment. �erefore, most biobased routes are preferred
to synthesize the nanoparticles.

Bacillus sp. is a �ne metal reducing bacteria used for
the removal of toxic metals such as arsenic [30], zinc [31],
cadmium [32], and lead [33]. Previously, Pugazhenthiran
et al. used the Bacillus sp. for the synthesis of silver nanopar-
ticles [34]. �ereby, based on the protective mechanism of
bacteria [21, 31], we have demonstrated the synthesis of silver
chloride nanoparticles by using Bacillus subtilisMTCC 3053.
Further, the synthesized silver chloride nanoparticles are
characterized byXRD, SEM, TEM, EDAX, and FTIR analysis.
�e enzyme responsible for synthesis of silver chloride
nanoparticles is identi�ed by SDS gel electrophoresis. �e
antifungal activity of silver chloride nanoparticle is examined
against Candida albicans, Aspergillus niger, and Aspergillus
�avus (laboratory cultures).

2. Materials and Methods

2.1. Bacterial Strain and Its Growth Conditions. �e test strain
Bacillus subtilis MTCC 3053 was obtained from Microbial
Type Culture Collection and Gene Bank, Chandigarh, India.
All the chemicals, media, and analytical reagents used in this
present work were purchased from Hi-Media Laboratories
Pvt. Ltd. (Mumbai, India). In biosynthesis of nanoparticles,
the bacterial culture was grown nutrient broth and the �asks
were incubated on orbital shaker and agitated at 220 rpm
at room temperature. A
er 24 h incubation, the harvested
biomass was transferred into sterilized �ask for nanoparticle
synthesis. �e culture was maintained by subculturing every
2 weeks at room temperature in nutrient agar plates.

2.2. Microbe-Mediated Synthesis of Silver Chloride Nanoparti-
cles. �e bacterial culture was inoculated into 50mL sterile
nutrient broth and harvested at di�erent points of time (6, 12,
18, and 24 hrs). About 1mM of silver nitrate was mixed with
the obtained biomass a
er di�erent time intervals. �en, the
Erlenmeyer �asks were incubated at 37∘C under agitation at
220 rpm for 24 h.

2.3. Characterization of Silver Nanoparticles. �e silver chlo-
ride nanoparticles synthesized at di�erent time intervals were
evaluated by UV-vis spectroscopy. �e biomass was treated
with silver nitrate and then centrifuged at 10,000 rpm for
10min.�e centrifugation process was repeated for 4-5 times
and �nally the obtained pellet was washed with distilled
water. �e pellet was collected and dried in hot air oven.
�e powdered particles were scanned on a Philips scanning
electron microscope (SEM) and the crystalline nature was
identi�ed by using XDL 3000 powder X-ray di�ractometer.
�e size and morphology of the air-dried silver chloride
nanoparticles were characterized by TEM analysis (Philips

CM200).�epresence of elemental silver and chloride ions in
the solution mixture was analysed by EDAX analysis and the
FTIR spectra of metallic powdered silver chloride nanopar-
ticle were measured in the range of 3500–500 cm−1 with
resolution of 4 cm−1. �e FTIR spectrum was performed to
analyse the possible functional groups on the silver chloride
nanoparticle involved in the interaction between the reducing
agent like proteins and/or enzymes of microorganism and
silver nitrate.

2.4. SDS Gel Electrophoresis. About 100mL of biomass was
transferred into a beaker and the beaker was kept chilled by
placing it in an ice tray. �e ammonium sulphate (75% satu-
ration) was added very slowly with continuous stirring (add
a small amount at a time and then allow it to dissolve and add
the remaining solution). �e suspension was stirred for 1 hr
and kept overnight at 4∘C and then centrifuged at 10,000 rpm
for 15min to obtain the precipitate. �e supernatant was
removed and the pellet containing the precipitated protein
was dissolved in 1M phosphate bu�er (pH 7.0) for dialysis.
Dialysis membrane tubes were cut and washed inside and
outside of the tube with distilled water using a squeeze bottle.
�e above step was repeated again and �nally the dialysis
tube was washed three times with distilled water. Water was
removed from the tubes and the obtained ammonium sulfate
precipitate (in solution) was introduced using a pipette.
A
er dialysis, the obtained desalted protein was concentrated
against crystals of sucrose and kept in the refrigerator at 4∘C
for further assay. �e protein was investigated by running
the samples in SDS-PAGE as per standard procedure. �e
sample was dissolved in sample bu�er and heated the sample
at 80∘C for 10min. �e sample was cooled and mixed with
bromophenol blue and loaded in the gel. A
er running of
protein sample in the gel, the gel was stained with Coomassie
brilliant blue and observed under gel documentation system
(Lark, USA).

2.5. Antifungal Activity of Silver Chloride Nanoparticles. Agar
disc di�usion method was used to assay the fungicidal e�ect
of synthesized silver chloride nanoparticles on Rose Bengal
agar plates against the strains ofCandida albicans,Aspergillus
�avus, and Aspergillus niger. A single loop full of test strain
was grown in Rose Bengal agar and incubated at dark
condition. A
er 48 h incubation, a loop full spore weremixed
into the 10mL of sterile distilled water and swapped on the
Rose Bengal agar medium. �e silver chloride nanoparticles
were taken at di�erent concentrations (50�L, 100 �L, and
150 �L) and impregnated with sterile disc and placed over the
surface of the medium to assess the antifungal e�ect of the
silver chloride nanoparticles. A
er incubation at 37∘C for 24–
48 hours, the zone of inhibition was measured.

3. Results and Discussion

3.1. Visual Identi
cation. �e present investigation deals
with the synthesis of silver chloride nanoparticles by using
ecofriendly based microbe-mediated process. Initially, the
formation of silver nanoparticles is visually identi�ed by
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Figure 1: Visual identi�cation of synthesis of silver chloride nanoparticles using B. subtilis.
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Figure 2: UV-vis spectra recorded the formation of silver chloride
nanoparticle. �e silver nitrate 1mM was added to Bacillus subtilis
and incubated at di�erent growth periods like 6, 12, 18, 24, and 48 h.

the appearance of brown colour in the reaction mixture
(B. subtilis with silver nitrate). �e color is changed from
pale yellow to brownish color (Figures 1(a) and 1(b)) clearly
indicating the formation of silver chloride nanoparticles [23].
�e color changes are compared with the control (without
addition of silver nitrate and showed no color changes)
(Figure 1(a)). Further, the silver chloride nanoparticles are
puri�ed by repeated centrifugation process for 3 to 4 times
at 10,000 rpm and the pellet is dried in hot air oven. �e
dried silver chloride nanoparticles are characterized by SEM,
EDAX, XRD, TEM, and FTIR.

3.2. UV-Vis Spectroscopy Analysis. �ebiomediated synthesis
of silver chloride nanoparticles is primarily characterized
by UV-vis spectroscopy, which is a favorable technique to
analyse the formation of nanoparticles [5]. Figure 2 shows a
strong and broad peak observed at 400 nm proved that the
synthesis of silver chloride nanoparticles due to the impact
of B. subtilis biomass. �e observed peak is assigned to the
surface plasmon that was well documented for various metal
nanoparticles with sizes ranging from 2 to 100 nm [35–37].
�e dark brown color is observed more at the stationary
phase, that is, at 24–48 hrs incubation. �e color formation
occurred due to the presence of enormous energetic micro-
bial cells which enhances the silver chloride nanoparticle
production (Figure 1(b)). Initially, at 6 and 12 hrs incubation,
the synthesized silver chloride nanoparticles were absorbed
at 420 nm. A
er that, the particles were absorbed at 400 nm
due to the contamination of chloride ions from sodium
chloride (nutrient broth) and resulted in the formation
of silver chloride nanoparticles. Recently, Gopinath et al.
have reported the synthesis of silver chloride by using the
leaf extracts of Cissus quadrangularis Linn [23]. �ey have
illustrated that the presence of chloride ions in the leaf
extract might be a responsible source for the formation of
silver chloride nanoparticles. Generally, the silver nitrate is
used as a precursor for the synthesis of silver nanoparticles,
whereas, herein, the chloride ions from sodium chloride in
the culture medium bound to the silver metal ions and form
silver chloride nanoparticles. At 6 and 12 hrs incubation,
the formation of large-sized silver chloride nanoparticles
shows wide surface plasmon resonance (SPR) band at longer
wavelength. A
er 12 hrs, slight narrow SPR peak is raised at
400 nm revealing the formation of small-sized silver chloride
nanoparticles. �e observation of SPR peaks at 400, 460,
and 540 nm at 48 hrs incubation indicates the synthesis of
uneven shaped polydispersed silver chloride nanoparticles.
Moreover, the formation of SPR peak at 500–580 nm at
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Figure 3: XRD of the air-dried silver chloride nanoparticles synthe-
sized by B. subtilis.

Figure 4: SEM analysis of silver chloride nanoparticles. SEM image
shows spherical-shaped silver chloride nanoparticles synthesized by
B. subtilis. �e particle size was characterized in the range of 20–
60 nm for B. subtilis (scale bar—500 nm).

48 hrs incubation indicates the aggregation of silver chloride
nanoparticles. �e SEM image also con�rmed the aggrega-
tion of silver chloride nanoparticles (Figure 4).

3.3. XRD. �e XRD spectra were used to con�rm the crys-
talline nature of the silver chloride nanoparticles synthesized
byB. subtilis and the pattern is exhibited in Figure 3.�eXRD
spectrum of silver chloride nanoparticles synthesized by B.
subtilis exhibits strong peaks at 2� values of 27.9∘, 32.3∘, 46.3∘,
55.0∘, 57.6∘, 67.6∘, 74.6∘, 76.9∘, and 85.7∘ corresponding to (1 1
1), (2 0 0), (2 2 0), (3 1 1), (2 2 2), (4 0 0), (3 3 1), (4 2 0), and (4 2
2) planes, respectively. �e XRD spectrum is compared with
the exited spectrums of standard silver chloride that have
been published by Joint Committee on Powder Di�raction
Standards (JCPDS �le no. 85-1355). �e average size of the
synthesized silver chloride nanoparticle is estimated from
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Figure 5: EDAX analysis of silver chloride nanoparticle synthesized
by B. subtilis.

the broadening plane (2 0 0) by using the Debye-Scherrer
equation (1):

� = ��� cos � , (1)

where � is the average particle size, � is the shape factor
(constant 0.9), � is the X-ray wavelength (1.5406 Å), � is the
full width at half maximumof the peak (FWHM), and � is the
di�raction angle. �e average size of the particle was around
47 nm, which is well matched with the result of TEM analysis
of silver chloride nanoparticles.

3.4. SEM and EDAX Analysis. �e SEM image con�rmed
that the synthesized silver chloride nanoparticles are poly-
dispersed and the size ranges from 20 to 60 nm (scale
bar 500 nm) (Figure 4). �e synthesized nanoparticles are
aggregated with each other due to the adequate amount
of stabilizing agent. �e EDAX analysis of silver chloride
nanoparticles synthesized using B. subtilis (Figure 5) exhib-
ited that the silver and chloride are the parts of elemental
composition and the strong absorption peak that is observed
at 3 keV also denotes the presence of silver nanoparticles.

3.5. TEM and SAED. TEM analysis is performed to identify
the shape of the nanoparticles. �e puri�ed silver chloride
nanoparticles are characterized by TEM that is shown in
Figure 6(a), which exhibits the polydispersed silver chloride
nanoparticles with an average particle size of 47 nm (scale bar
100 nm), obtained using B. subtilis, though the synthesized
silver chloride nanoparticles are predominantly spherical in
shape (Figure 6(a)).�e SAEDpattern shows that the pointed
spots indicate the face centered cubic crystalline nature of
metallic silver chloride nanoparticles (Figure 6(b)).
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Figure 6: (a) TEM analysis of silver chloride nanoparticles (scale bar—100 nm). Inset (a) shows single spherical-shaped silver nanoparticles
(scale bar 20 nm). �e average size of silver chloride nanoparticles synthesized by B. subtilis was around 43 nm. (b) SAED pattern of silver
chloride nanoparticles synthesized by B. subtilis.
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Figure 7: FTIR spectrum of silver chloride nanoparticles.

3.6. FTIR Analysis. FTIR analysis is performed to identify
the presence of possible functional groups in the biomass
of B. subtilis. �ese functional groups are responsible for
the reduction and stabilization of biomanufactured silver
nanoparticle. Figure 7 exhibits the FTIR measurement of

silver nanoparticle and the bands are observed at 3437 cm−1

and 2322 cm−1 corresponding to NH stretching vibration
of primary and secondary amines in the protein molecule

[35, 36]. �e bands observed at 1634 cm−1and 1541 cm−1

are attributed to C=C (Alkenes) and another band that is
observed at 1384 cm−1 is assigned to C–H bending vibrations
ofmethyl (CH3) groupwhich is present in protein [7, 38].�e

absorption peaks are observed at 1235 cm−1 and 1045 cm−1

are assigned –C–O and –C=O of aromatic acid and esters,
respectively [38].�ese functional groupsmight be present in
the nitrate reductase which is located in the cell surface of B.
subtilis. Nitrate reductase activity is mainly dependent on the
growth phase of biomass and the silver chloride nanoparticle
is synthesized vigorously at the stationary phase by the active
response of nitrate reductase with silver nitrate.

Lane 1 Lane 2

116 kDa
66kDa

45kDa
29kDa

20kDa

14kDa

37kDa

Figure 8: SDS gel electrophoresis of extracellular protein. Lane
1 contains marker protein with molecular weight galactosidase—
116 kDa, bovine serum albumin—66 kDa, ovalbumin—45 kDa, car-
bonic anhydrase—29 kDa, soybean trypsin inhibitor—20.1 kDa, and
lysozyme—14.4 kDa. Lane 2 contains extracellular protein of B.
subtilis and the arrow indicates the presence of a protein with
molecular weight of 37 kDa.

3.7. SDS Gel Electrophoresis. �e occurrence of cellular pro-
teins in B. subtilis was extracted by ammonium precipitation
method and the molecular weight of the protein is identi�ed
by SDS-PAGE (Figure 8). In that, lane 1 contains the marker
protein and lane 2 loaded with extracellular protein exhibits
an intense band with the molecular weight of 37 kDa that
might be the nitrate reductase enzyme which is responsible
for synthesis of silver chloride nanoparticles. Similarly, Jain
et al. have achieved that the presence of 32 kDa reductase
enzyme in Aspergillus �avus NJP08 acts as a reducing agent
for the production of silver chloride nanoparticles from silver
ions [20].�e nitrate reductase is one of the enzymes present
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Figure 9: Antifungal activity of silver chloride nanoparticles synthesized by B. subtilis.

Table 1: Antifungal activity of silver chloride nanoparticles synthesized byB. subtilis.�emaximum zone of inhibition was observed at 150�L
concentration of silver chloride nanoparticles.

S. No Fungus
Concentration of silver chloride nanoparticles

Zone of inhibition in mm

50 �L 100 �L 150 �L
1 Candida albicans 16.30 ± 0.208 17.03 ± 0.034 17.97 ± 0.261
2 Aspergillus niger 14.16 ± 0.334 15.47 ± 0.291 16.33 ± 0.883
3 Aspergillus �avus 06.50 ± 0.500 07.00 ± 0.578 09.17 ± 0.167

in the extracellular membrane of B. subtilis that might be
involved in the synthesis of silver chloride nanoparticles.
Similarly, Kalimuthu et al. have reported that the silver
nanoparticles could be produced by Bacillus licheniformis
with the assistance of NADH-dependent nitrate reductase
enzyme [4]. Our observation is correlated with the reports
of Ahamed et al. [6] and Durán et al. [18]. In addition, the
stationary phase is the elongation phase of bacterial cells and
it could be considered as an active phase for the production
of silver chloride nanoparticles.

3.8. Antifungal Activity of Silver Chloride Nanoparticles. �e
antifungal activity of synthesized silver chloride nanoparti-
cles is determined using disc di�usion assay against Candida
albicans, Aspergillus �avus, and Aspergillus niger a
er 5 days
of exposure (Figure 9). �ere are enormous reports available
to exemplify the antifungal property of the silver nanoparti-
cles. Very few reports are available to explain the antifungal

and antibacterial property of silver chloride nanoparticles.
�us, the present investigation demonstrates the biobased
synthesis and antifungal property of silver chloride nanopar-
ticles. �e zone is formed around the disc with the pellets
at di�erent concentrations 50�L, 100 �L, and 150�L of
the diluted silver chloride nanoparticles (1 : 5 dilution). �e
Candida albicans, Aspergillus �avus, and Aspergillus niger
show that the admirable zone of inhibition was 17.97 ± 0.261,
09.17 ± 0.167, and 16.33 ± 0.883, respectively, observed at
150 �L concentration (Table 1). Table 1 shows that the zone
of inhibition increases with increasing the concentration of
silver chloride nanoparticles. In that, the Candida albicans
and Aspergillus niger are more sensitive to silver chloride
nanoparticles. Obviously, the results demonstrate that newly
biosynthesized silver chloride nanoparticles are found to be
highly toxic against fungal species. �erefore, synthesized
silver chloride nanoparticle is a good source which is easily
produced and extensively useful in biomedical application.
Previously, the antibacterial activity of silver chloride was
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examined against E. coli [39]. Recently, Gopinath et al.
reported the antibacterial activity of silver chloride nanopar-
ticles against Gram-positive bacteria Staphylococcus aureus
and Streptococcus pyogenes and Gram-negative bacteria E.
coli and Proteus vulgaris [23]. �ere are no previous reports
available to explain the possible mechanisms of antifungal
activity of silver chloride nanoparticles. But, according to our
knowledge, this is the �rst report to examine the antifungal
activity of silver chloride nanoparticles. We are expanding
our research to examine the e�ect of silver chloride nanopar-
ticles on bacterial cells.

4. Conclusion

�e present investigation demonstrated the ecofriendly bio-
fabrication of silver chloride nanoparticles using the biomass
ofBacillus subtilisMTCC3053.�epresence of strong peak in
the 400 nm revealed the formation of silver chloride nanopar-
ticles and the TEM used for particle size determination
that ranges from 20 to 60 nm. �e SDS-PAGE and FTIR
analysis con�rmed that the presence of reducing agent in
the biomass might be responsible for the synthesis of silver
chloride nanoparticles. In addition, the presence of intense
band with 37 kDa in SDS-PAGE exhibits the interaction
of a protein with silver chloride ions that leads to the
formation of silver chloride nanoparticles. �e antifungal
activity of silver chloride nanoparticles is examined against
Candida albicans and Aspergillus niger that show more zone
of inhibition when compared to the Aspergillus �avus. �e
Candida albicans andAspergillus niger are susceptible to silver
chloride nanoparticles, whereas Aspergillus �avus have little
resistant property against silver chloride nanoparticles. We
are currently involved to examine the interaction between the
silver chloride ions andAspergillus �avus.�is enzyme-based
method is bene�cial for enormous production of silver chlo-
ride nanoparticles by downstream process. However, there is
an investigation undergoing to identify the exact interaction
between the protein and silver chloride nanoparticles.
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