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Abstract:The present investigation focuses on the biosynthesis and characterization of zinc oxide nanoparticles (ZnO NPs) using cell free supernatant 
(CFS) of Bacillus amyloliquefaciens CS4 and evaluation of their anticancer and antioxidant properties. The ZnO NPs were characterized by X- ray 
diffraction (XRD), electron transmission microscope (TEM) and atomic force microscope (AFM). The TEM and AFM images revealed the biosynthesized 
ZnO NPs were in the size range of 4-16 nm and found to be spherical in shape. The ZnO NPs exhibited cytotoxicity on HeLa cell line with the effective 
half maximal inhibitory concentration (IC50) value of 74.23 µg/mL. The DPPH results showed significant (P<0.05) antioxidant activity by ZnO NPs with an 
IC50 value of 86.38 µg/mL. Furthermore, brine shrimp toxicity assay of ZnO NPs revealed half maximal lethal concentration (LC50) value of 133.78 μg/mL 
on Artemia salina. The synthesized ZnO NPs have caused potential cytotoxic effects on HeLa cells and antioxidant activity and it could be used for 
cancer drugs development. 
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1 INTRODUCTION   
Biological methods of nanoparticle synthesis using bacteria 
have offered an ecologically friendly and reliable alternative to 
chemical and physical methods [1].

 
The bacteria and fungi are 

naturally been bestowed with the property of 
reducing/oxidizing metal ions into metallic/oxide nanoparticles 
and thereby functioning as mini nanofactories [2]. The 
development of reliable, harmless, and eco-friendly methods 
for the synthesis of nanoparticles are the most important to 
increase their biomedical applications. So the best options to 
achieve this goal are to use the microorganisms to synthesize 
nanoparticles [3]. Among metal oxide Nanoparticles, ZnO have 
many significant features such as chemical and physical 
stability, high catalysis and effective antibacterial activity [4]. 
The ZnO NPs are one of the multifunctional inorganic 
nanoparticles that have many features like intensive ultraviolet 
and infrared adsorption properties with various applications 
[5]. Biodegradability and low toxicity are the most important 
characteristic features of ZnO nanomaterials [6]. Remarkably, 
the researchers have found the non-toxic nature of ZnO NPs 
to human cells and they hold good biocompatibility to human 
cells. Previously, several microorganisms have been reported 
for extracellular synthesis of ZnO nanoparticles viz; Bacillus 
cereus [7], Lactobacillus plantarum [8], Rhodococcus 
pyridinivorans [9] and Lactobacillus spp. [10].  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The non-targeted organisms like zebrafish embryo and 
Artemia are generally considered to be of experimental models 
to test the toxicity of different NPs [11]. Among several 
biomedical applications, the use of ZnO NPs in cancer has 
been well explored. Published studies have revealed that ZnO 
NPs has strong pharmacological properties such as anti-
cancer, antimicrobial and antioxidant activities [12-13]. Hence, 
the present investigation focuses on the B. amyloliquefaciens 
CS4 mediated synthesis of zinc oxide nanoparticles (ZnO 
NPs), the spectral characterization of the synthesized NPs and 
evaluation of their cytotoxic and antioxidant potential.  
 

2  MATERIALS AND METHODS 
 
2.1 Strain isolation and culture condition 
The potential probiotic strain, B. amyloliquefacians CS4 was 
previously isolated from the gut of snake head fish (Channa 
striata), and identified by 16S rRNA sequencing which was 
submitted on gene bank database (Genbank accession no. 
MK326902.1). Stock culture was maintained in sterile LB broth 
containing 20% (v/v) glycerol at 70

o
C and subculture was 

taken from the stock and then used for nanoparticle synthesis. 
 
2.2 Preparation of cell free supernatants (CSF) 
The LB broth was prepared and sterilized, and then 0.5 ml of 
fresh culture of B. amyloliquefacians CS4 was inoculated and 
the medium was incubated for 48 h at 37

o
C. After the 

incubation period, the broth culture was centrifuged at 8,000 
rpm and their supernatant was collected and the supernatant 
used for nanoparticle synthesis. 
 
2.3 Extracellular synthesis of zinc oxide nanoparticles 
The extracellular ZnO nanoparticle synthesis was carried out 
by adopting the method of Selvarajan et al. (2013) [8]. The 
zinc sulphate (5mM) was added to the flask containing 100 ml 
supernatant and heated up to 70oC for 10 min on a water bath 
and incubated for 24 h at 37°C. The white precipitate formed 
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at the bottom of the flask indicates the reduction process and 
the white precipitate collected by centrifugation at 10,000 rpm 
for 10 min. The precipitated ZnO nanoparticles were washed 
with deionized water and ethanol, then dried at 40

o
C and solid 

of ZnO NPs was collected. The powdered ZnO NPs sample 
was further analyzed by different characterization techniques. 

 
2.4 X-ray diffraction (XRD) pattern 
The synthesized ZnO NPs were subjected to X-ray diffraction 
analysis to determine the crystal structure, size and chemical 
composition. During XRD analysis, the spectrum was recorded 
in Rigaku Miniflex II, Japan advance X-ray diffractometer, 
operated at a voltage of 40 kV, in which the sample was 
subjected to Cu radiations at 4 min speed at a drive axis of 2θ. 
Further, the values obtained were compared with the Joint 
Committee on Powder Diffraction Standards (JCPDS) library to 
determine the particle crystalline structure. 
 
2.4 Transmission Electron Microscope 
The size and morphology of the ZnO NPs was determined 
using Transmission Electron Microscope (TEM). The ZnO 
nanoparticles were diluted and a drop was coated on the 
copper grid and allowed to dry. The micrographs of the NPs 
were taken using TEM at 80 kV (TECHNAI10, Philphs, 
Netherland). 
 
2.5 Atomic force microscope (AFM) 
AFM analysis of the NPs were performed using an Agilent 
5500 atomic force microscope with silicon cantilever model All-
In-One-Al, manufactured by Budget Sensors with spring 
constant and typical resonance frequency 2.7 N/m and 80 
kHz, respectively, and tip radius. 
 
2.6 Antioxidant assay 
DPPH radical is scavenged by antioxidants through the 
donation of a proton forming the reduced DPPH. Various 
concentrations of the sample (4.0 ml) were mixed with 1.0 ml 
of solution containing DPPH radicals, resulting in the final 
concentration of DPPH being 0.2 mM. The mixture were 
shaken vigorously and left to stand for 30 min, and the 
absorbance was measured at 517 nm. Ascorbic acid was used 
as control. The percentage of inhibition in DPPH radical 
scavenging activity was calculated using formula, 

 Where A0 is 
control, A1 is sample. 
 
2.7 MTT assay for cytotoxicity assessment 
HeLa cell lines were cultured in Dulbecco's Modified Eagle's 
Medium (DMEM-Sigma) supplemented with 10% fetal bovine 
serum (Sigma) and antibiotic solution. Cells (1000 cells/ml) 
were seeded into 96-well plates containing 100 ml of DMEM 
and maintained in a humidified, 5% CO2 incubator at 37°C. 
After 24 h of incubation, the synthesized nanoparticles at 
different concentrations (12.5, 25, 50, 75, 100 μg/mL) were 
dispersed in distilled water and added to each well and 
incubated for 24 and 48 h, to study the effect of concentration 
of ZnO NPs and exposure time in cell viability. Control cells 
received the same amount of the diluent (distilled water). Each 
test was performed in triplicate to check the sensitivity. After 
the completion of the exposure period (24 and 48 h) the 
medium in each well was replaced by fresh medium (100 ml) 
containing 5 mg/mL of MTT (3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, Sigma). Subsequent to four 

hours of incubation at dark, the formazan crystal of MTT 
reduction was dissolved in DMSO and absorbance was 
measured using a microtitre plate ELISA reader (BioTek). The 
effect of ZnO nanoparticles was quantified as the percentage 
of control absorbance of reduced MTT dye at 570 nm. Viability 
of the cells was assessed by the ability of living cells to reduce 
the yellow dye MTT to a blue formazan crystal. The 
percentage of cell viability was calculated by using the 
formula, % cell viability = (OD sample/OD control) × 100 
Where, OD is the optical density value. 
 
2.8 Brine shrimp toxicity bioassay 
The acute toxicity was determined by measuring the adverse 
effect of various concentrations of ZnO NPs on brine shrimp, 
Artemia salina. The lethality bioassay was performed using 25 
nauplii for each concentartion of the ZnO NPs, which was 
tested with varied concentrations viz; 0, 12.5, 25, 50, and100 
μg/mL in artificial seawater and the assay was carried out in 
triplicate. The vials were maintained at room temperature for 
24 h under the light and mortality of larvae was calculated, and 
their lethal concentration at 50 % (LC50) was estimated using 
probit analysis. 
 

3 RESULTS 
 
3.1 Synthesis of ZnO nanoparticles 
The extracellular synthesis of ZnO nanoparticles was initially 
confirmed by visual observation. By adding zinc sulphate with 
the B. amyloliquefacians CS4 culture filtrate, the precipitate 
formation was slowly observed after heating and the colour 
change was clearly indicates the nanoparticles formation 
(Fig.1).  The formation of precipitate showed the occurrence of 
reaction between biochemical compounds in the supernatant 
and zinc sulphate that induced the development of zinc oxide 
nanoparticles. 
 

 
 

Fig. 1: Biosynthesis of ZnO nanoparticles: (a) culture 
supernatant, (b) addition of zinc sulphate after 24 h incubation 
 
3.2 XRD pattern of Zinc oxide nanoparticles  
The XRD profiles of the synthesized zinc oxide nanoparticles 
are shown in Fig. 2.  The diffraction peak of synthesized zinc 
oxide nanoparticles exhibits 2θ values at 12.46, 16.37, 21.86, 
25.10, and 37.39 corresponding to the miller index (h k l) 
values as (200), (002), (111), (310), and (221) respectively, 
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which clearly indicate the formation of zinc crystalline 
nanoparticles. In the background of the graph is very clear 
maybe being due to the crystalline nature of the nanoparticles. 
The XRD pattern shows three intense peaks in the whole 
spectrum of 2θ values, that ranged between 20 and 40. 
 

 
 

Fig. 2: XRD pattern of synthesized ZnO nanoparticles using 
CSF of B. amyloliquefaciens CS4 

 
3.3 Transmission Electron Microscope (TEM) 
The TEM images ZnO NPs revealed the spherical shape of 
particles with few number of aggregates (Fig.3) and the 
average size of the nanoparticles were in the range of 4 –16 
nm. In the back ground of the nanoparticles some clumping 
like structure are there it may be the presence of bio 
chemicals in the bacterial supernatant.  
 

 
 

Fig. 3: Transmission electron microscope images of 
synthesized ZnO nanoparticles 

 
3.4 Atomic Force Microscope (AFM) 
The AFM analysis of synthesized ZnO NPs was carried out to 
assess their morphology and size range. The 2-D and 3-D 
images of AFM showed that most of the nanoparticles are 
spherical in shape and some of the agglomerations were 
present in the background of the nanoparticles (Fig. 4). The 
AFM images of nanoparticles morphology was inferred with 
TEM images. 

 
 

Fig. 4: AFM images of ZnO mediated by CSF of B. 
amyloliquefaciens CS4 

 
3.5 MTT assay 
The cytotoxic effect of ZnO NPs in HeLa cell line is graphically 
represented in Fig.5 and the treated cells were microscopically 
observed (Fig. 6). The obtained result infers an inverse 
relation between the NPs concentration and the cell viability. 
The half maximal inhibitory concentration (IC50) was calculated 
from the graph with % viability and the IC50 value of ZnO NPs 
was found to be 74.23 μg/mL. the results demonstrated that 
treatment with ZnO NPs inhibited the growth of cells 
significantly (P<0.05) and the cytotoxicity of the NPs is dose 
dependent. 
 

 
 

Fig. 5: Percentage of growth inhibition (MTT assay) of ZnO 
NPs against HeLa cells. (IC50 =74.23µg/mL, R² 

=0.996). 
 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 09, SEPTEMBER 2019       ISSN 2277-8616 

953 
  IJSTR©2019 

www.ijstr.org 

 
 
Fig. 6: Microscopic observation of ZnO NPs treated HeLa cells 
 
3.6 Free radical scavenging activity-DPPH assay  
The Antioxidant property of ZnO NPs was quantified 
spectrophotometrically by change in DPPH colour form to 
purple to yellow and ascorbic acid used as standard. The 
percentages of inhibition of DPPH radical scavenging activity 
(RSA) are presented in Fig. 7. The DPPH results showed 
significant (P<0.05) antioxidant activity by ZnO NPs from 
10.40 to 54.20% for different concentrations. The radical 
scavenging activity was found to increase with the increased 
concentration of ZnO NPs showing the IC50 value of 86.38 
µg/mL, with the positive control ascorbic acid showing IC50 
value of 74.56 μg/mL. 
 

 
 

Fig. 7: DPPH radical scavenging activity of biosynthesized ZnO 
NPs (Standard-Vitamin C). The data are expressed as 

mean ± SD (n=3). 
 
3.7 Brine shrimp toxicity assay  
The Artemia nauplii treated with different concentrations ZnO 
NPs and after 24 hours of treatment were observed under the 
phase contrast microscope and the results were photographed 
(Figs. 8). The mortality of Artemia larvae due to ZnO NPs is 
gradually increased with higher concentration of NPs.  The 
control did not show any mortality after 24 h of incubation. At 
the minimum concentration (12.5μg/mL), there was no 
mortality but during increase in concentration from 25, 50 and 
100μg/ml, the mortality was about 4.0, 13.3 and 30.6%, 
respectively. The lethal concentration values at 50% (LC50) 
was calculated using Probit analysis (chi square not 

significant, P>0.05%), LC50 value of ZnO NPs was found 
133.78 μg/mL. 

 

 
 

Fig. 8: Effect of different concentration of ZnO NPs on A. 
salina after 24 h treatment. Microscopic observation, the 

morphology of control and treated dead nauplii of A. salina. 
 

4 DISCUSSION 
Bacteria produce extracellular polymeric substances (EPS), 
that are the organic compounds comprising of 
polysaccharides, proteins, nucleic acids, lipids, and such 
compounds are reported to play crucial role in the bio-
mediated synthesis of nanoparticles [14-15]. During recent 
past, many researchers have synthesized different nano 
particles from various bacteria and among them Bacillus 
species provide great openings for new discoveries [16-18]. 
Recently, Hatem Fouad et al. (2017) synthesized silver 
nanoparticles through the cell free supernatant of B. 
subtilis (A15) and B. amyloliquefaciens (D29), that exhibited 
strong activity against bacterial pathogens [16]. The XRD 
results confirmed that the synthesized ZnO nanoparticles were 
crystalline in nature with their peaks at 21.86 and 37.39 that 
can be indexed to the (1 1 1) and (2 2 1) set planes, 
respectively.  Presently, the size of the produced nanoparticles 
were found diameter in the range of 4-16 nm that has been 
supported with the earlier findings of Selvarajan et al. (2013), 
who had synthesized ZnO NPs using probiotic bacteria 
Lactobacillus plantarum VITES07 that ranged between 7 and 
17 nm [8]. The TEM and AFM analyses revealed that obtained 
nanoparticles were in a hexagonal, polydispersed, nearly 
spherical in shape. Earlier, Malarkodi et al. (2014) have 
synthesized zinc sulphide (ZnS) nanoparticles using Klebsiella 
pneumoniae and reported that the ZnS nanoparticles were 
spherical shaped and the size range of the nanoparticles was 
10-25 nm [17]. Whereas, the Aspergillus niger synthesized 
ZnO NPs were in the size range of 84-91 nm [13]. Presently, 
free radical scavenging capacity of ZnO NPs were assessed 
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using DPPH assay, which showed scavenging activity with 
IC50 value of 74.66 μg/mL. Similarly, Murali et al. (2017) have 
reported antioxidant property of ZnO NPs that exhibited 
excellent free radical scavenging activity with an IC50 value of 
95.09 μg/mL [12]. Recently, ZnO NPs have gained 
considerable interest due to their potential against cancer 
cells. Presently, MTT assay ZnO nanoparticles exhibited 
potential toxic effect against HeLa cells showing IC50 value of 
74.23 μg/mL. Previously, Kulkarni et al. (2016), who have 
reported cytotoxicity of ZnO nanoparticles against HeLa cell 
lines with IC50 value of 45.82 μg/mL [18]. Earlier, Wahab et al. 
(2013) reported that ZnO NPs exhibited cytotoxicity on 
malignant human T98G gliomas, KB epithermoids and non-
malignant normal HEK kidney cells [19]. The ZnO NPs 
revealed a good anticancer activity of against HeLa, HepG2 
and MCF-7 cancer cells (MTT assay) [20]. Presently, the 
results of Artemia toxicity assay clearly demonstrated that the 
ZnO NPs were not acutely toxic to Artemia at low 
concentrations. The increased toxicity on A. salina could have 
been due to the prolonged exposure to elevated Zn

2+
 ions [21]. 

On the other hand, it has been reported that the mortality of A. 
salina increased significantly with increased concentrations of 
ZnO NPs [22]. The presently generated data based on the B. 
amyloliquefaciens CS4 extracellular synthesized ZnO 
nanoparticles and their biological properties have been of 
immense potential for further research.  
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