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Abstract The expansion of reliable and eco-friendly
process for synthesis of semiconductor nanoparticle is an
important step in the emerging field of biomedical nano-
technology. In this communication, the zinc sulfide nano-
particles were biologically synthesized by using Serratia
nematodiphila which was isolated from chemical company
effluent. The surface plasmon resonance centered at
390 nm on the UV spectrum indicates the presence of zinc
sulfide nanoparticles in the reaction mixture (S. nemato-
diphila and zinc sulfate); EDAX analysis also confirmed
the presence of zinc sulfide nanoparticles. Scanning elec-
tron microscope image showed that the synthesized zinc
sulfide nanoparticles were spherical in nature and nano-
particles of about 80 nm in size were obtained from
transmission electron microscope images. The peaks in the
XRD spectrum corresponding to (111), (220) and (311)
show that the zinc sulfide nanoparticles are crystalline in
nature. Fourier transforms infrared spectroscopy shows the
functional groups of the nanoparticle in the range of
4,000-400 cm ™. Further, the antibacterial activity of zinc
sulfide nanoparticles was examined against Bacillus sub-
tilis and Klebsiella planticola. The maximum zone of
inhibition occurred at 200 pl of silver nanoparticles. Due to
potent antimicrobial and intrinsic properties of zinc sulfide,
it is actively used for biomedical and food packaging
applications.
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Introduction

Nanotechnology deals with the creation of materials less
than 100 nm in dimension and has taken precedence in
several fields including biotechnology, biomedical sci-
ences, and material sciences and engineering. The devel-
opment of semiconductor nanoparticles by using bio-route
is an interesting progress in the modern research of nano-
technology. Considerable enthusiasm is now emerging
from the current literature about the multidisciplinary field
of nanobiotechnology within biological systems (Penn
et al. 2003; Riddin et al. 2006). Recently, the synthesis of
chalcogenides of different groups has involved consider-
able awareness due to their important nonlinear (Brus
1991) luminescent properties, quantum size effects and
other important physical and chemical properties (Murray
et al. 1995; Qiao et al. 2000). ZnS is a semiconductor
nanomaterial possessing a lot of interesting physical
properties and potentially used in mesoscopic electronic
(Stanley 1975; Ni et al. 2004) biolabeling (Elghanian et al.
1997) and photocatalysis (Hoffmann et al. 1995). The
semiconductor nanocrystals are used to eradicate environ-
mental hazardous materials such as heavy metals and
dyes through photocatalytic degradation of water con-
taminants (Mills and Hunte 1997; Kho et al. 2000). The
budding process of the zinc sulfide nanocrystals may be
well described by power laws (Zhang et al. 2002; Khiewa
et al. 2005). Clostridium thermoaceticum and Klebsiella
aerigenes are used to form the CdS nanoparticles (Mandal
et al. 2006). The bacteria grow aerobically and anaerobi-
cally due to dark and light conditions and have tolerance to
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heavy metals (Giotta et al. 2006; Bai and Zhang 2006). The
microorganism has endogenous aptitude to regulate the
synthesis of inorganic materials such as amorphous silica
(diatoms), magnetotatic bacteria, gypsum and calcium
carbonate layers (S-layer bacteria) and raw materials such
as calcite into functional superstructures (Mandal et al.
2006). The intracellular synthesis of CdS quantum dots in
Schizosaccharomyes pombe yeast cells demonstrates idle
diode characteristics. The biogenic CdS nanoparticle has
been used in the fabrication of a heterojunction with poly
(p-phenylenevinylene) (Kowshik et al. 2002; Baia et al.
2009). The heavy metal ion against microorganism has
been exploited for biological metal healing in the reduction
of metal ion and formation of metal sulfide nanoparticles.
The chemical and physical procedures could be used for
the synthesis of semiconductor nanoparticle; however,
these methods are fraught with many problems including
use of toxic solvents, generation of hazardous by-products
and high energy consumption. Accordingly, there is an
essential need to develop environmentally benign proce-
dures for synthesis of nanoparticles (Riddin et al. 2006).
The biological synthesis of nanoparticle has been currently
explored through bacteria (Joerger et al. 2000), yeast
(Kowshik et al. 2003), fungi (Mandal et al. 2006), plant
biomass (Armendariz et al. 2004) and live plants (Sharma
et al. 2007; Longoria et al. 2011). There are several studies
on microorganism or enzyme performing the transportation
for the bioreduction of metals, but the mechanism for this
process remains elusive. Recently, it was verified that the
hydrogenase enzymes in a sulfidogenic bioreactor con-
taining a mixed group of sulfate-reducing bacteria were
able to reduce Rh (IIT) (Ngwenya and Whiteley 2006) and
Pt (IV) (Rashamuse and Whiteley 2007) to their particular
metallic form under a hydrogen atmosphere. In bioreme-
diation applications, sulfate-reducing bacteria removed the
metals from the water stream and precipitated the
hydrogen sulfide during their respiration process (Webb
et al. 1998; Khan et al. 2004; Hakansson and Mattiasson
2002). Serratia nematodiphila is a red-pigmented, nons-
pore-forming fluorescent strain associated with the ent-
amopathogenic nematode (Zhang et al. 2008; Zhang et al.
2009). This work demonstrated the extracellular synthesis
of stable zinc sulfide nanoparticle using the bacteria
S. nematodiphila.

Materials and methods
Isolation and identification of microorganism
The sulfur-reducing bacteria were isolated from a chemical

company effluent and the samples were collected from
Vellore. The collection of samples was serially diluted and
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inoculated in a sulfur-reducing medium (SRB) for isolation
of sulfur-reducing bacteria. Further, the sulfur-reducing
bacteria were grown in SRB medium containing (g/1) 1.5 g
of sodium sulfate, 0.5 g of K;HPO,, 3.5 g of sodium lac-
tate, 1.0 g of beef extract, 2.0 g of peptone, 0.1 g of cal-
cium chloride, 0.392 g of ferrous ammonium sulfate, 2.0 g
of magnesium sulfate and 0.1 g of sodium ascorbate (Jones
1971). The organism was incubated at 30-35 °C. The
isolates were morphologically and microbiologically
characterized as S. nematodiphila. The isolated culture was
identified as S. nematodiphila (CAA) from MTCC and
maintained by a subculture process for synthesis of zinc
sulfide nanoparticles.

Extracellular synthesis of zinc sulfide nanoparticle

The strain S. nematodiphila (CAA) was grown in 100 ml of
nutrient broth and incubated at 35 °C for 24 h. The over-
night culture broth was centrifuged at 6,000 rpm for
10 min. The cell-free supernatants were collected and
1 mM of zinc sulfate was added and mixed, and the solu-
tion was incubated at 35 °C for 24 h. The spectrum of the
sample was measured by UV-visible spectrophotometer.

Characterization of nanoparticle

The synthesized zinc sulfide nanoparticle was air dried and
used for analysis. The UV-visible spectrum was recorded
with Perkin-Elmer spectrophotometer, with wavelength
ranging from 300 to 700 nm. The morphology and particle
size were determined by transmission electron microscopy
(TEM) operating on Hitachi Model H-800 using an
accelerating voltage of 200 kV. Scanning electron
microscopy (SEM) was performed with a HITACHI Model
S-3000H by focusing on nanoparticles. To check phase
formation and purity, powder XRD patterns were recorded
using an X-ray diffractometer (X’per PRO model) using
CuKo radiation, at 40 keV in the 20 range of 10-80. The
zinc sulfide nanoparticles were subjected to Fourier trans-
form infrared spectroscopy (FTIR) studies which were
carried out in a MAKE-BRUKER Optik GmbH MODEL
No-TENSOR 27. The samples were dried and ground with
KBr. Infrared spectra were measured at the wavelength

range from 4,000 to 400 cm™ !,

Antibacterial activity of zinc sulfide nanoparticles

The end products of the zinc sulfide nanoparticles were
used to study the antibacterial activity against Gram-
positive bacteria Bacillus subtilis (MTCC 3053) and the
Gram-negative bacteria K. planticola (MTCC 2277) with
disc diffusion method by culturing the microorganism in
Muller Hinton agar. The sterile discs were dipped into the
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different concentrations of zinc sulfide nanoparticles, 50,
100 and 200 pl, respectively. After a few minutes of air
drying, the dried discs were gently placed into the agar
and incubated for 24 h. After 24 h of incubation at 35 °C,
the zone of inhibition of nanoparticles against bacteria
was observed. The sterile disc without nanoparticles was
noted as the control. Three replicates of experiments were
carried out.

Results and discussion

In this study, the bacterial strain used for the synthesis of
zinc sulfide nanoparticles was isolated from a chemical
company wastewater. The isolate strain CAA was mor-
phologically and biochemically identified as S. nematodi-
phila that produces a red pigment. S. nematodiphila (CAA)
was a Gram-positive, rod-shaped and nonmotile bacteria
identified and maintained at Microbial Type Culture Col-
lection and Gene bank (MTCC), Chandigarh. S. nemato-
diphila belongs to the family Enterobacteriaceae of the
class Gammaproteobacteria. Some types of the Serratia
contain clinical importance (Grimont et al. 1988) and the
other group of genus produce pigments identified as pro-
digiosin (Hearn et al. 1970; Zhang et al. 2009).

The biosynthetic route using S. nematodiphila (CAA)
has been developed for the zinc sulfide nanoparticle pro-
duction and was used in this work. During the visual
observation, the color of the culture supernatant incubated
with zinc sulfate (inset Fig. 1a, b) changed from yellow to
whitish yellow. Figure 1a shows that no color change could
be observed in the culture supernatant without zinc sulfate
in the 24-h bacterial biomass. The appearance of a whitish
yellow color in the zinc sulfate-treated flask suggested
the formation of zinc sulfide nanoparticles (inset Fig. 1b).
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Fig. 1 UV-Vis absorption spectrum of zinc sulfide nanoparticle.
Inset a shows test tube containing the culture supernatant of
S. nematodiphila, b S. nematodiphila biomass with zinc sulfate

The UV-vis spectra (Fig. 1) were recorded from the S.
nematodiphila (CAA).

Biosynthesis of zinc sulfide nanoparticle using S. nem-
atodiphila (CAA) was monitored in the UV-Vis spectro-
photometer. The broad peak was located between 380 to
400 nm and the strong absorbance centered at 390 nm.
Figure 1 shows the zinc sulfide nanoparticles formation
and maximum production at 24 h of incubation. The
broadening of the peak at 390 nm due to the quantum
confinement effect (Zhao et al. 2006) occurs during the size
reduction of nanoparticles by S. nematodiphila (CAA).
After 48 h of incubation, the rate of nanoparticle formation
was reduced.

The X-ray diffraction pattern in Fig. 2 corresponds to
that of zinc sulfide nanoparticle powder. The three intense
peaks in the whole spectrum of 26 values range from 20 to
80°. The diffractions spectrum of nanocrystals has three
similar characteristic peaks, 28.61, 48.12 and 58.02°, can
be indexed to the (111), (220) and (311) planes of the face-
centered cubic, respectively, by comparison with the data
from JPCDS file no 5-0566, which indicates the biological
synthesis of zinc sulfide nanoparticle by S. nematodiphila.
The full widths at half maximum (FWHM) values mea-
sured for (220) planes of reflection were used with the
Debye—Scherer equation to calculate the size of the
nanoparticle.

D = KJ/B(cos0).

The equation uses the suggestion peak width at Bragg
diffraction angle 6, where K is a Blank’s constant, 4 is the
source wavelength (1.54), and f§ is the width of the XRD
peak at half maximum height. The calculated average
particle size of the zinc sulfide nanocrystals was found to
be 6.77 nm.
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Fig. 2 XRD pattern of zinc sulfide nanoparticle
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The morphology of zinc sulfide nanoparticles was
characterized by scanning electron microscope, which was
confirmed to be of zinc by EDX. S. nematodiphila (CAA)
treated with the zinc sulfate nanoparticle is well dispersed.
At different magnification like 20,000 %, the particles were
approximately in the range of 1-5 um (scale bar). Zinc
sulfide nanoparticles that formed were spherical in shape
(Fig. 3a, b). Similar result of the shape of the zinc sulfide
nanoparticles was reported by using the chemical synthesis
method (Subhendu et al. 2007). EDX analysis (Fig. 4)
shows strong peak in the zinc sulfide, confirming the
presence of semiconductor zinc sulfide nanocrystallites at
atomic ratio of 47:18, which is characteristic for the
absorption of zinc. The undesigned peaks at C, O, S is held
to have the absorption of excessive contamination on the
surface of the nanoparticle. Similarly, a strong peak is
observed in Zn and the atomic ratio of zinc sulfide, cal-
culated from the quantified action, peaked at 1:1 (Khiewa
et al. 2005).

The TEM technique is used to visualize the shape and
size of the zinc sulfide nanoparticles, formed in different
sizes, ranging from polydispersed small spherical to large
spherical shapes. Figure 5(a) shows that zinc sulfide
nanocrystals polydisperse and are mostly spherical in
shape, well distributed with aggregation in solution in the
size range of 80 nm. Some of the particles are agglomer-
ated. The reason for the increase in the particle size as the
bacteria grow from the exponential phase to the stationary
phase is probably due to “nucleation effect,” where small

Fig. 3 SEM micrograph of zinc
sulfide nanoparticles formed
after reaction of culture
supernatant with 1 mM zinc
sulfate for 24 h
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particles agglomerate to form larger particles (Bai and
Zhang 2006). It is believed that the same reason applies for
the nanoparticle agglomeration. The long-term stability of
the zinc sulfide nanoparticle in the solution may be due to
the lack of stabilizing agents is proteins. The inset in
Fig. 5b shows that the selected area electron diffraction
(SAED) pattern indicates three sharp rings of zinc sulfide
nanoparticle. The sharp rings revealed the polycrystalline
nature of the nanoparticle. The diffraction rings can be
indexed to (111), (220) and (311) planes of the cubic zinc
sulfide phase. Similar three concentric rings are observed in
the zinc sulfide nanoparticle, indicating that the particles
are crystalline in nature (Ni et al. 2004).

Figure 6 shows the FTIR spectrum recorded from the
freeze-dried powder of zinc sulfide nanoparticles, formed
after 24 h of incubation with the bacteria. The amino acid
residues and peptides of proteins present the well-known
signatures in the infrared region of the electromagnetic
spectrum. The broad bands seen at 3,434 cm™! are
assigned to the C—H stretching vibrations due to phenol
amide linkages of the protein, and 1,659 cm ™! bands reveal
the C=0 stretching vibrations of alkynes or amides and are
frequently diagnostic of unsaturation, while their weak
bending vibrations correspond to 2,952 and 1,538 cm™
The small peaks observed at 1,404 cm™" correspond to the
O-H bending vibrations of aromatic or carboxylic groups.
The band 1,236 and 1,060 cm™! can be assigned to the
C-N vibrations in the amine or aliphatic groups, respec-
tively. The peak at 592 cm™' was assigned to the alkyl
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Fig. 4 EDX pattern of zinc
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Fig. 5 a and b TEM images of
nanostructures. The inset shows
the corresponding SAED
pattern of zinc sulfide
nanoparticle

halides or bromoalkane vibrations. IR study confirms the
presence of amide groups and aliphatic residue proteins
have a strong ability to bind to metal, so that the protein is
most possibly covered by the metal nanoparticle. It has
been earlier reported that protein can bind nanoparticles
either through amide or aliphatic groups’ residues in the
proteins (Basavaraja et al. 2008).

3.00 4.00 500 6.00 7.00 8.00 9.00 10.00

Antimicrobial activity

The antibacterial activity of zinc sulfide nanoparticles
against B. subtilis and K. planticola (purchased from
MTCC, Mumbai, India) was studied in Muller Hinton agar.
The various concentrations of zinc sulfide nanoparticles
were 50 pl, 100 pl and 200 pl. The formation zone was
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Fig. 6 FTIR spectrum of zinc sulfide nanoparticle synthesized by
using S. nematodiphila

clearly observed around the disc containing zinc sulfide
nanoparticles including clearly moved the antibacterial
materials of zinc sulfide nanoparticles. The culture biomass
growth rate was compared with and without the addition of
zinc sulfide nanoparticles into the disc. The bacterial
growth rate of B. subtilis (MTCC 3053) and K. planticola
(MTCC 2277) was decreased on increasing the concen-
tration of zinc sulfide nanoparticles (Table 1). The maxi-
mum inhibition zones of zinc sulfide nanoparticles against
B. subtilis (MTCC 3053) and K. planticola (MTCC 2277)
were 21.66 + 0.66 and 22.66 £ 1.454 mm, respectively,
with a concentration of 200 pl. The zone of inhibition in
the Gram-positive and -negative bacteria can be explained.
Gram-negative bacteria showed more inhibition zone than
the Gram-positive bacteria due to the cell wall nature of the
bacteria. Gram-positive bacteria have thick and chemically
complex peptidoglycon in the cell wall, so silver nano-
particles do not easily enter into the cell. But in the Gram-
negative bacteria having thin simple multilayered lipid
materials in the cell wall, the nanoparticles easily enter into
bacterial cells; therefore, these show high inhibition zone
than the Gram-positive bacteria (Kim et al. 2007). To the

Table 1 Growth inhibition of zinc sulfide nanoparticles against
Bacillus subtilis and Klebsiella planticola

Concentration of zinc Zone of inhibition (mm in diameter)

sulfide nanoparticles

Bacillus subtilis Klebsiella planticola

50 ul 8.33 £ 0.33 10.66 £ 0.333
100 pl 12.66 £ 1.20 14.00 £ 1.529
200 pl 21.66 £ 0.66 22.66 £ 1.454

=+ standard deviation
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best of our knowledge, our reports prove that zinc sulfide
nanoparticles have more antibacterial activity. The anti-
microbial activities of zinc can be used as an effective
fungicide in agricultural and food packaging fields (He
et al. 2010).

Conclusion

In conclusion, we have successfully synthesized zinc sul-
fide nanoparticles using S. nematodiphila (CAA) which
was isolated from a chemical company effluent. The syn-
thesized zinc sulfide nanoparticles exhibited a maximum
absorption peak at 390 nm. The morphology of zinc sulfide
nanoparticle observed using SEM reveals a spherical
shape; elemental analysis of zinc sulfide nanoparticles were
characterized using EDX measurements. TEM shows that
the particle size was 80 nm with agglomeration. The
electron diffraction pattern confirmed the cubic crystalline
structure of the zinc sulfide. The FTIR study confirmed that
the amide groups of protein could bind with the zinc sulfide
nanoparticle. The antibacterial activity of zinc sulfide
nanoparticles was studied using different concentrations
against B. subtilis (MTCC 3053) and K. planticola (MTCC
2277) and the maximum inhibition of growth was observed
at 200 pl. The inhibitory effects increased on increasing the
concentrations of zinc sulfide nanoparticles. The biosyn-
thesis of nanoparticles is used in biomedical and food
packaging fields.
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