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ABSTRACT

The antioxidant activities of AgNP, ZnNP and CeNP synthesized extracellular from thermophilic
Anoxybacillus sp. ST7 were evaluated by DPPH scavenging activity and ferrous chelating activity.
The highest DPPH and ferrous chelating activities of AgNP, CeNP, and ZnNP at 200 mg/L
concentration were 93.59% and 88.08%, 73.04% and 78.25%, and 77.47% and 82.96%, respectively.
Also, the nanoparticles demonstrated significant DNA cleavage activity. The antimicrobial
capabilities of NPs were researched in micro-dilution methods and it was observed that Gram +ve
bacteria were more susceptible to nanoparticles. The nanoparticles showed more effective microbial
cell inhibition viability activity toward E. coli. Also, NPs showed important biofilm inhibition activity
toward S. aureus and P. aeruginosa.

Keywords: Thermophilic bacteria, nanoparticles, antioxidant, antimicrobial activity, biofilm
inhibition, microbial cell viability

1. INTRODUCTION

Nanotechnology can be defined a science which investigates at the molecular level (in the range of 1
to 100 nm). Nanotechnology can create materials which have completely new physical, the emergence
of structures with chemical and biological properties. Nanomaterials exhibits superior and new
features with size-dependent compared to larger particles of the same materials [1], [2]. Nanoparticles
can show superior properties by providing certain conditions because they are remarkable very small
in size compared to the volumetric structures of materials. For example, the conductivity of the
nanostructure that even if a single atom was added to the structure, can be changed completely can
change [3]. The properties of nanoparticles are very superior because their shape and morphology can
be controlled as well as their size [4].

The NPs are currently utilized in various objects such as from, electronics, cooking vessel to
aerospace industry and renewable energy. So far, numerous synthesis techniques that are categorized
onto bottom-up or top-down way have been developed for nanoparticles synthesis [5], [6]. Green
synthesis is one of the methods that allows nanoparticles to be synthesized using environmentally
friendly methods. The term of green nanotechnology can be defined as the production of nanoparticles
from living cells which are environmentally friendly with low toxic substance content. This term
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within the scope of nanotechnology refers to easy-to-apply, harmless methods that reduce the waste
product problem [7]. Green plant extracts and microorganisms are used within the scope of green
nanotechnology. Although many living things are used as extracts, Azadirachta indica, Acalypha
indica, Camellia sinensis, Jatropha curcas and Aloe vera can be given as an example for green plant
extracts [8]. It was reported by Nematollahi [9] that plants and plant products were cheap and
renewable resources for nanomaterial production. In addition, the use of microorganisms’ extracts can
be considered as an alternative way to physical and chemical methods.

There are various reports on the biological applications of the nanoparticles synthesized in the present
study. The antioxidant capabilities of cerium oxide NPs for varies reactive species have been indicated
in in-vitro and in-vivo studies with cerium oxide NPs displaying anti-inflammatory and bio-mimetic
antioxidant properties [10]. Moreover, cerium oxide NPs have also been shown to have antimicrobial
activity [11]. It has indicated in previous studies that silver nanoparticles exhibit biological activities
such as antimicrobial activity, biofilm inhibition activity and anticancer activity [12], [13], [14].
Besides, zinc oxide NPs showed varied biomedical implementations in the areas of drug delivery
systems, bio-imaging, tissue engineering, and can also be used as antioxidant, antibacterial, and
antidiabetic agents [15].

The aim of this study, synthesized AgNP, ZnNP, and CeNP nanoparticles using thermopbhilic
Anoxybacillus sp. ST7 bacterium extracts. The produced NPs were characterized by FTIR, FE-SEM,
SEM-EDX, and XRD analyses. The antioxidant capabilities of the produced NPs were evaluated by
DPPH scavenging activity and ferrous chelating activity. Moreover, DNA nuclease and biofilm
inhibition activity were also tested.

2. MATERIALS AND METHODS

2.1. Materials

Cerium nitrate (Ce(NO3)3-6 H20) and zinc sulfate (ZnSO, ) were obtained from Sigma Aldrich.
Silver nitrate (AgNO3) was purchased from Merck. Also, all utilized chemicals were of analytical
reagent grade. Distilled water (DW) used in all tests was obtained from purification system.

2.2. Nanoparticles Synthesis

10 mM silver nitrate, cerium nitrate, and zinc sulfate solutions were prepared for the synthesis of
nanoparticles. 300 mL of each solution were added into the 100 mL bacteria extracts and were left to
react for overnight at 70 °C. The prepared nanoparticles were washed with deionize water a few times
and dried for 24 h at 80 °C.

2.3. Nanoparticles Characterization Methods

The synthesized nanoparticles were characterized by FTIR, XRD, FE-SEM and EDX. Perkin Elmer
400 model FT-IR spectrometer was used to obtain infrared spectrums. X-ray diffraction spectrums
were obtained by using X-ray diffractometer (BRUKER AXS D8 ADVANCE). The electron
microscopy images and energy dispersive X-ray analysis graphs were obtained using a field-emission
scanning electron microscope (ZeissGemini 500).

2.4. DPPH Activity

The scavenging capability of AgNP, ZnNP, CeNP upon the DPPH radical was studied with the way
expressed by Agirtas et al. [16]. A 250 pL of AgNP, CeNP and ZnNP solutions prepared at three
various concentrations and were added to the test tubes separately. Then, 1,0 mL of DPPH was joined
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to the mixtures and incubated to 30 min at room temperature. Trolox and Ascorbic acid were used as
controls and the above-mentioned protocol was performed for them as well. Methanol was used as a
blank solution. When the incubation period was over, the reaction mixture was measured at 517 nm in
the spectrophotometer. Finally, the scavenging capability was calculated with the equation (1):

Abs(control ) — Abs(sample)
Abs(control )

Capacity (%) = [ J x100 )

AbSconiror 1S control absorbance value, Absgmpe is the absorbance value of the test compounds and
DPPH after 30 min.

2.5. Ferrous Chelating Activity

The ferrous chelating ability of AgNP, ZnONPs and CeNP was evaluated by Dinis method [17]. The
AgNP, ZnONP and CeNP prepared at different concentrations were treated with FeCl, for 2 min.
Later ferrozine was added to the reaction mixtures. The reaction mixtures were then incubated in the
dark for 10 minutes and a spectrophotometer was used to determine the ferrous chelating ability.
Subsequently, the absorbance measured at 562 nm. Later the percent of chelating ability was
calculated with equation (2):

Abs(control ) — Abs(sample)
Abs(control )

Metal Chelating Effect (%) :( jxloo )

Absonirol 1S the absorbance value of the control reaction, Abss.mpe is represents the absorbance value
acquired in the existence of compounds or EDTA.

2.6. DNA Cleavage Activity

The DNA cleavage activity of the AgNP, ZnONP and CeNP were evaluated using agarose gel
electrophoresis method. pBR322 were used as a target DNA. Different concentrations of AgNP,
ZnONP and CeNP were mixed with the pBR322 DNA. Subsequently, obtained mixture incubated at
37 °C for 60 min. Subsequently, the reaction mixtures were loaded into gel. Later, electrophoresis
process started. Untreated genomic DNA was utilized as a negative control. The gel were imagined
via a transilluminator.

2.7. Antimicrobial Activity

Microdilution way was studied to appraise the antibacterial activity of the AgNp, CeNp and ZnONP.
The tested microbial strains were Gr +ve [Enterococcus faecalis, Enterococcus hirae and
Staphylococcus aureus], Gr —ve [Pseudomonas aeruginosa, Escherichia coli, and Legionella
pneumophila subsp. pneumophila] and fungal strains [Candida parapisilosis and Candida tropicalis].
The green synthesized nanoparticles solutions were firstly prepared in 96 well plates and a serial two
fold dilutions were done from 1024 to 1 mg/mL. Then, the microbial strains which was prepared 0.5
McFarland Scale were added to the microplate-wells and incubated at 37 °C for 24 h. When 24 h was
over, antimicrobial activity was evaluated with MIC values described as the lowest concentration that
inhibits microbial growth.
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2.8. Biofilm Inhibition activity

The biofilm inhibitory behavior of the green synthesized AgNP, ZnONP and CeNP by using
thermophilic Anoxybacillus sp. ST7 was examined in 24-well plates based on crystal violet (CV)
staining. The bacteria tested in the evaluation of biofilm formation inhibition of nanoparticles were S.
aureus and P. aeruginosa. Bacterium cultures were grown for one night before starting the testing
phase. Bacterial strains were inoculated to well plates with 2.9x10° CFU/mL. Bacterial strains
incubated at 37 °C for 72 h in well plates containing with three concentrations of synthesized
nanoparticles at 125, 250 and 500 mg/L. Following, the plate’s wells were drained and it cleaned two
times with DW. The plates were left to dry for 30 min in the oven set at 80°C to dry. Subsequently,
CV dye added into the well to stain biofilm formations for 45 min. CV was then lifted and the plates
were washed slowly. The washing of wells was done twice. Ethanol was then added and it was waited
for 15 minutes for the absorbed CV to be recovered. Spectrophotometer was used to determine biofilm
inhibition and its absorbance was measured at 595 nm. Just S. aureus and P. aeruginosa containing
wells were used as positive controls. Biofilm inhibition activity of NPs was calculated according to
the equation (4).

Abs(control ) — Abs(sample)
Abs(control )

Biofilm Inhibition (%) :( jxloo @)

2.9. Bacterial Viability Test

E. coli was utilized to investigated the bacterial cell viability inhibition properties of Ag, ZnO and Ce
nanoparticles. Firstly the bacteria was inoculated in Nutrient broth, and then it was incubated to 24
hours at 37°C. When the 24 h was over, E. coli was centrifuged for five minutes at 5000 rpm. The
microbial residue was then cleaned with 0.9% NaCl to take culture media. The cleaned bacteria was
suspended into 10 mL of 0.9% NaCl. This was used for cell viability test. Later bacteria was reacted
with Ag, ZnO and Ce nanoparticles at 3 different concentrations (125, 250 and 500 mg/L) to 90
minutes at 37°C. The time was finished, the mixtures were diluted in different proportions and
inoculated in NB agar and left to incubate at 37 °C for 24 hours. The same process was performed
with control which was not included the NPs. Eventually, the colonies were counted and the bacterial
cell viability calculated using with equation (3).

Cell Viabi"ty (%) = (Acontrol - Asample/ Acontrol) x 100 (3)
3. RESULTS AND DISCUSSION

3.1. Nanoparticles Characterization

Structure, crystalline nature and morphology of the silver, cerium and zinc nanoparticles were carried
out by using XRD, FE-SEM, and EDX analysis. The formation of Ag NPs, Ce,0(COs3),.2H,O NPs
and ZnO NPs biosynthesized were demonstrated via XRD spectrum. (Fig. 1). The XRD peaks for 26
at 33.4°, 46.3, 55.2°, 64.7°, and 77.9° correspond to 111, 200, 142, 220, and 311 planes for silver
(JCPDS card number 04-0783). FE-SEM images of the Ag NPs showed that the particles had an
average size of 20 nm with spherical shape (Fig. 2A). Formation of Ag NPs was also proved by SEM-
EDX analysis (Fig. 2B). According to X-ray diffraction data for cerium, 20 at 20.5°, 30.2°, and 38.3°
proved the formation of Ce,0(C0Os),.2H,0 NPs (Fig. 3). Formation of the Ce,0(C0O3),.2H,0 NPs was
also proved by FE-SEM and SEM-EDX analysis (Fig. 4A and 4B). The results showed that
Ce,0(C03),.2H,0 NPs had a particle size lower than 100 nm was successfully synthesized (Fig.
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4A). Fig. 5. shows the XRD spectrum of the ZnO by two strong amorphous maxima. Formation of
the ZnO NPs was studied with FE-SEM and SEM-EDX analysis (Fig. 5A and 5B). The results proved
that ZnO NPs had a particle size lower than 100 nm was successfully synthesized (Fig. 5A and 4B).
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Fig. 1. XRD spectrum of Ag NPs.
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Fig. 2. FE-SEM image and SEM-EDX analysis of Ag NPs.
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Fig. 3. XRD spectrum of Ce,0(C0O3),.2H,0 NPs.
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Fig. 4. FE-SEM image and SEM-EDX analysis of Ce,0(C0Q3),.2H,0 NPs.
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Fig. 5. XRD spectrum of ZnO NPs.
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Fig. 6. FE-SEM image and SEM-EDX analysis of ZnO NPs.
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3.2. DPPH Radical Scavenging Activity

The antioxidant activity of synthesized nanoparticles by using thermophilic bacteria was determined
by using DPPH assay (Fig. 7). The free radical scavenging activity of nanoparticles tended to increase
with increasing its concentration, also new synthesized NPs had a significant inhibitory activity
against the DPPH radicals. According to antioxidant activity results new synthesized AgNP, CeNP
and ZnONP were showed the efficient free radical scavenging potential (Fig. 7). DPPH activity order
at all concentrations was AgNP>ZnONP>CeNP. When the concentration increased from 12.5 mg/L to
50 mg/L, the scavenging activities of AgNP, CeNP and ZnONP were increased from 73,75% to
88,06%, from 57,62% to 67,43% and from 63,63% to 71,38%, respectively. In addition, DPPH
activities of AgNP, CeNP, ZnONP, Ascorbic acid and Trolox at a concentration of 200 mg/L were
93,59%, 73,04%, 77,47, 100% and 100%, respectively. In the present study, DPPH activity results
show that DPPH activity was dose depended manner and importantly elevated with the concentration
of nanoparticles. An increase in the antioxidant activity of nanoparticles with increasing concentration
has also been reported in previous studies [18], [19]. The effect of NPs with antioxidant properties on
DPPH is thought to be because of their hydrogen donating capabilities [20]. According to our DPPH
activity results, it was determined that the synthesized nanoparticles had effective DPPH activity. In
particular, AgQNP exhibited activity close to the standards with 93% DPPH scavenging activity at 200
mg/L concentration. Farias et al. [21] evaluated antioxidant activity of CeNP, and they noticed that it
showed an average antioxidant activity with 15,06%. In our results, 57,62% antioxidant activity was
observed even at the lowest concentration (12.5 mg/L). Therefore, our results showed better results
than the aforementioned study. Mahabadi et al. [22] biosynthesed of CeO, NPs and they evaluated its
antioxidant activity. As a result of their study the maximum antioxidant activities were seem that at
100 ug/mL concentration with 69,8%. Our antioxidant activity results for the green synthesis CeNP
had similar results for the aforementioned study. Ameen et al. [23] synthesized AgNPs using fungal
extract and investigated their antioxidant activity. They found that its maximum DPPH activity was
78%. The antioxidant activity results of AgNP in the presented study are quite good compared to the
mentioned study. Gur et al., [24] synthesized biogenic ZnO NPs and evaluated its antioxidant activity.
They reported that DPPH activity of ZnO NP at 250 pg/mL concentration was 79,67%. In the study,
77,47% DPPH activity was observed at 200 mg/L concentration and it had similar results compared to
the mentioned study. The new synthesized nanoparticles can be used as an antioxidant agent with
effective DPPH activity, and as a result, it can protect normal cells from the harmful effects of ROS.
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Fig. 7. DPPH scavenging activity of AgNP, CeNP and ZnONP.

3.3. Ferrous lon Chelating Activity

Ferrous ion chelating method was also used to investigate the antioxidant activity of the synthesized
nanoparticles. The ferrous chelating activity of AgNP, CeNP and ZnONP were demonstrated in Fig.
8. EDTA was used as standard. As can be clearly seen in the figure, the chelating activity of
nanoparticles increased in parallel with the concentration. The chelating activity of AgNP, ZnONP
and CeNP increased from 67,90% to 81,91%, 36,86% to 75,23%, and 29,94% to 70,40%,
respectively, when the concentration increased from 12,5 to 100 mg/L. The chelating activity of
AgNP, ZnONP and CeNP at 200 mg/L were 88,08%, 82,96% and 78,25%, respectively. When the
metal chelating activities of the green synthesized nanoparticles were compared, the chelating
activities were EDTA>AgNP> ZnONP>CeNP at the all tested concentrations. AlSalhi et al. [25]
synthesized AgNPs using plant derived and studied in vitro antioxidant activity such as DPPH, ferrous
ion chelation activity. They noticed that AgNPs showed ranged from 21,90 to 82,49% chelation
activity at 10-100 pg/mL concentration. Our results displayed similar results with the aforementioned
investigation. Soren et al. [26] synthesized ZnO NPs by polyol and aqueous method and they reported
that they showed ferrous chelating ability. The surplus of free radicals in the body causes oxidative
stress, and when the body's antioxidative system is weakened, biomolecules are damaged. Molecules
with antioxidant properties extinguish these surplus free radicals in the body [26]. Therefore, the
antioxidant behavior of the synthesized nanoparticles is important in order to protect our body from
diseases caused by oxidative stress. According to result of metal chelating activity green synthesized
and characterized AgNP, ZnONP and CeNP can be used as a metal chelating agent after further
studies.
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Fig. 8. Ferrous chelating activity of AgNP, CeNP and ZnONP.

3.4. DNA Cleavage Ability

In order to investigate the DNA nuclease effect of new AgNP, ZnONP and CeNP, pBR322 DNA
was used as a goal. The efficiency of nanoparticles was tested by agarose gel electrophoresis.
Electrophoresis gel image of the study is given in Fig. 9. As can be seen in the Fig. 9, single strand
break occurred in supercoiled DNA for all studied three concentrations with the all synthesized
nanoparticles. There was a transition from Form I to Form Il (Lane 2-4, Lane 5-7 and Lane 8-10).
DNA cleavage study results clearly revealed the effect of synthesized NP's on DNA. When we
considered our DNA fragmentation results and other results including antimicrobial, cell viability
and biofilm inhibition activity, we can be concluded that nanoparticles may have been exhibited
antimicrobial activity by also acting on DNA molecules. DNA cleavage efficacy of nanoparticles has
been demonstrated in previous studies. Gonca et al. [27] synthesized AgNPs using Verbascum
thapsus leaf and the green synthesized AgNP demonstrated DNA cleavage activity. De et al. [28]
reported that ZnONPs synthesized by the green synthesis method showed 55% DNA nuclease
activity towards E. coli DNA. Generally, the results suggest that extracellular green synthesized
AgNP, ZnONP and CeNP mediated-thermophilic Anoxybacillus sp. ST7 can be used as chemical
nuclease for medicine industries after further studies.
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Form Il
Form |

Fig. 9. DNA cleavage activity of AgNP, ZnONP and CeNP (Lane 1, pBR 322 DNA + 50 mg/L
Anoxybacillus sp. ST7 mediated-AgNP; Lane 2, pBR 322 DNA + 100 mg/L of Anoxybacillus sp. ST7
mediated-AgNP; Lane 3, pBR 322 DNA + 200 mg/L Anoxybacillus sp. ST7 mediated-AgNP; Lane 5,

pBR 322 DNA + 50 mg/L Anoxybacillus sp. ST7 mediated- CeNP; Lane 6, pBR 322 DNA + 100
mg/L of Anoxybacillus sp. ST7 mediated- CeNP; Lane 7, pBR 322 DNA + 200 mg/L Anoxybacillus
sp. ST7 mediated- CeNP; Lane 9, pBR 322 DNA + 50 mg/L Anoxybacillus sp. ST7 mediated-
ZnONP; Lane 10, pBR 322 DNA + 100 mg/L of Anoxybacillus sp. ST7 mediated- ZnONP; Lane 11,
PBR 322 DNA + 200 mg/L Anoxybacillus sp. ST7 mediated- ZnONP).

3.5. Antimicrobial Activity

Diseases caused by microorganisms is a public health problem. Especially, as a result of improper
utilise of antibiotics the emergence of drug-resistant microorganisms is the important concern all
over the world. NPs have been noticed in the studies as a promising improvement of health
produces. In the present study, antibacterial activity of new synthesized nanoparticles was studied
against Gram +ve and Gram -ve bacterium and fungal strains by micro dilution method.
Antimicrobial activity results are presented in Table 1. The results displayed the MIC value of
AgNP, CeNP and ZnONP against selected microorganisms was varied and this variability depends
upon the bacterial strains. The AgNP had strong antibacterial activity compared to CeNP and
ZnONP. The MIC values of AgNP were 16 mg/L against E. coli, E. hirae and E. fecalis, 32 mg/L
against L. pneumophila subsp. pneumophila, S. aureus, C. parapisilosis, and C. tropicalis, and 64
mg/L against P. aeruginosa. The MIC values of ZnO were found as 64 mg/L against E. fecalis, 128
mg/L against E. coli, E. hirae, S. aureus, C. parapisilosis, and C. tropicalis, 256 mg/L against P.
aeruginosa and 512 mg/L against L. pneumophila subsp. pneumophila. When the MIC values for
CeNP were examined, it was observed that it had a weaker antimicrobial effect compared to the
other new synthesized two nanoparticles. According to our results, we can indicate that all three
nanoparticles were more effective on Gram +ve bacteria than Gram -ve and fungi. Al-Otibi et al.
[29] were synthesized silver nanoparticles using Malva parviflora and they reported that the
biosynthesized AgNPs effectively reduced the mycelial growth of various fungus. Sharmila et al.
[19] synthesized ZnO NPs using Tecoma castanifolia and evaluated its antibacterial activity against
E. coli, B. subtilis, S. aureus, and P. aeruginosa. They reported that ZnO NPs exhibited good
antibacterial activity towards all the studied bacterial strains. Similarly, Wang et al. [30] showed that
coated CeO, NPs remarkably inhibited with 55.14% the growth of P. aeruginosa. Also, they
expressed that PAA (polyacrylic acid)-coated CeO, NPs could be potential newly materials for
various antibacterial implementations. Moreover, ceria NPs have been extensively studied for a
diversity of potential implementations in different area, including nanomedicine [31]. Bellio et al.
[31] investigated the use of CeO, NPs as an adjuvant to increase the effect of antibiotics, and as a
result, they reported that the antibacterial capability of beta-lactam antibiotics towards K.
pneumoniae increased when combined with CeO, NPs. In another study, Kumar et al. [32]
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synthesized CeO, NP using secondary plant metabolite Tannic acid. They reported that synthesized
CeO, NPs showed good antimicrobial activity against B. subtilis and E. coli and indicated that the
toxicity of CeO, NP could be due to the generation of reactive oxygen species (ROS). In the
presented study, it can be said that the antimicrobial activities of the synthesized NPs may be due to
the generation of ROS. According to the results, also it may use in biomedical and biotechnology
areas in the improvemet of a newly nano biomaterial for clinical implementations as a drug
candidate in future.

Table 1. The MIC of studied microorganisms.

Microorganisms Ag Ce Zn0O
E. coli 16 1024 128
P. aeruginosa 64 512 256
L. pneumophila subsp. pneumophila 32 1024 512
E. hirae 16 512 128
E. fecalis 16 512 64

S. aureus 32 512 128
C. parapisilosis 32 1024 128
C. tropicalis 32 512 128

*mg/L

3.6. Biofilm Inhibition Capability

Biofilms are described as structured bacterial communities sticked to biological or abiotic surfaces.
Biofilms have turn into even more important today because bacteria in biofilms have been shown to
be more resistant to antibiotics than individual forms. Biofilm-associated infections affect many
people worldwide and causing death. Hence, the need for more efficient compounds such as biogenic
effective nanoparticles has received more attention [33]. Regarding the higher ability of P. aeruginosa
and S. aureus to create a biofilm, these strains were selected for present study. The activities of
various concentrations of new synthesized AgNP, CeNP and ZnONP nanoparticles on biofilm
generation was appraised by monitoring the binding of the CV to attached cells in 24 well plates. As
seen in Fig. 10 and 11, this directly reflects the efficacy of biofilm generation. In accordance with the
results of biofilm formation inhibition against S. aureus (Fig. 10) and P. aeruginosa (Fig. 11), the
percent inhibition order of nanoparticles at all studied concentrations was AgNP>ZnONP>CeNP. It
was also observed that the biofilm inhibition activity was concentration dependent. When the
concentrations increased from 100 to 250 mg/L, the percentage inhibitions of biofilm formation by
AgNP, CeNP and ZnONP against S. aureus increased from 66,7% to 84.2%, from 2,29% to 5,4% and
from 69,3% to 81,7% and also the percentage inhibition of biofilm formation by AgNP, CeNP and
ZnONP against P. aeruginosa increased from 78,5% to 98,63%, from 3,65% to 8,54% and from
35,67% to 48,74%, respectively. The biofilm inhibition activity towards S. aureus and P. aeruginosa
were found as 98,6% and 100% for AgNP, 12,8% and 15,98% for CeNP and 92,6% and 82,63% for
ZnONP at 500 mg/L concentration, respectively. Zamanpour et al. [33] were synthesized silver
nanoparticles by biosynthesis process. They reported that synthesized NPs indicated good biofilm
inhibition activity towards E. coli and P. aeruginosa. Ishwarya et al. [34] reported that synthesized
ZnO NP by green synthesis method inhibited bacterial biofilm formation of different bacteria
including E. coli, P. vulgaris, B. pumilis and B. licheniformis. Altaf et al. [35] synthesized CeO, NPs
using Acorus calamus aqueous extract and studied its antibiofilm activity towards various
microorganisms containing E. coli, S. aureus, and P. aeruginosa. They reported that the biofilm
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formation of tested bacterium inhibited by more than 75% by the treatment with CeNPs. Rajivgandhi
et al. [36] synthesized AgNPs and studied their antibiofilm inhibition activity against Methicillin-
resistant coagulase negative Staphylococci (MR-CoNS). They reported that AgNPs could ensure a
safer alternating to traditional antibiofilm agents against studied strain. Khan et al. [37] reported that
Zn0, SnO, and CeO, NPs can be thinking as probable agents against Gr+ve bacterial infection.
Biofilm is one of the new targets in the improving of newly antimicrobial entities, so the results we
have obtained especially for Ag and ZnO nanoparticles are very valuable, and they can be utilized as
biofilm inhibitory nanodrugs after further investigations.

Concentrations

Nanoparticles 0 mg/L 500 mg/L 250 mg/L 500 mg/L

AgNP

CeNP

ZnONP
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Fig. 10. Biofilm Inhibition of S. aureus.
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3.7. Microbial Cell Viability

In the present study, we also investigated the E. coli cell viability activity. The related results of the
cell viability inhibition are showed in Fig. 12. According to our results, all three nanoparticles
perfectly inhibited the E. coli viability. AGNP, CeNP and ZnONP inhibited the E. coli cell viability as
99,99%, 85,12%, and 99,84%, respectively. It was also determined that green synthesized AgNP,
CeNP and ZnONP displayed excellent bacterial cell viability inhibition as 100,00 % at the
concentration of 500 mg/L. The antibacterial activity mechanism of AgNP, CeNP, and ZnONP in the
study can be considered as ZnONP. It’s known that antibacterial capability by NPs was mostly
because of release of ions, creation of ROS and adhering to bacterial cell membrane. Due to the
dissolution and accumulation of NPs, the bacterial membrane permeability changes, causing the
proton motive force to disperse [38].
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4. CONCLUSION

In the presented study, the biological activity results of AgNP, ZnNP and CeNP synthesized
extracellular from thermophilic Anoxybacillus sp. ST7 were also evaluated. In this context,
antioxidant activity including DPPH and ferrous ion chelating activities, antimicrobial activity, DNA
cleavage, cell viability and biofilm inhibition activity studies were conducted. When considering the
pharmacological properties of nanoparticles, it is crucial to appraise all aspects including their
medicinal features. It was determined that the synthesized nanoparticles had very effective DPPH and
iron chelating activities. It exhibited effective chemical nuclease activity by creating a single strand
break on E. coli plasmid DNA. Moreover, the nanoparticles were observed to be more effective on Gr
+ve bacteria. It was observed that AgNP at 500mg/L concentration inhibited biofilm formation of S.
aureus and P. aeruginosa close to 100%. In addition, highly effective cell viability results were
determined. As a result, this study may supply beneficial details about the biomedical
implementations of newly synthesis nanoparticles.
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