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Abstract:

In the present research, extracellular green synthesis of copper oxide nanoparticles was studied through a
simple rapid and environmentally friendly approach using a new bacterial strain isolated from Hoz Sultan
Qom lake (Bacillus cytotoxicus H2-7). In addition to the different synthesis methods, the factors
influencing the production such as salt type, concentration, temperature, pH and shaker cycle on the
production of copper oxide nanoparticles were investigated based on the amount of UV-vis absorption.
CuS04.H20 salt at a concentration of 5 mM as the best precursor salt, a stirring speed of 150 rpm at a
physiological pH of 7 and an optimal temperature of 30 degrees Celsius resulted in the synthesis of
copper oxide nanoparticles with maximum efficiency. After optimizing the growth conditions, the
produced nanoparticles were characterized using different UV-Vis, FTIR, XRD, DLS and zeta potential
techniques. The produced nanoparticles had absorption in the range of 250-300 nm. The average particle
size was 50-80 nm with spherical morphology. Also, the antibacterial activity of copper oxide
nanoparticles against E.coli ATCC11725 and S.aureus ATCC25923 bacteria was investigated by agar
well and microdilution methods. The present study can be developed to develop a controlled and scalable
process for bacteriosynthesis of nanoparticles that can be used for diverse applications in various
industries.
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Introduction:

Copper is one of the most consumed materials in the world. It is very important in all industries,
especially in the electricity sector due to its low cost. It also plays various roles in humans, including
the role of cofactor for several enzymes involved in neuropeptide production, regulation of cell
signaling pathways, antioxidant defense, and immune cell function. Copper is required for a variety
of metabolic and physicochemical processes in plants. It is considered one of the most important
trace elements for plant growth. It is present in very small amounts in both humans and plants and
helps to regulate various metabolic and biological activities due to its cofactor role. This substance
is responsible for the normal function of various essential proteins and enzymes such as amino
oxidase, cytochrome ¢ oxidase and plastocyanin. On the other hand, copper oxide has antimicrobial,
antibacterial, antifungal, biocidal, superconducting, catalytic, and optical properties. Based on this,
the copper nanoparticles (CuNPs) as a promising bioactive agent for use in various industries has
been considered, among which its green synthesis, especially with the help of microorganisms, has
received much attention from researchers. In addition, the use of bacteria isolated from a challenging
environment such as saline habitats is of double importance due to their potential for fine-tuning the
stability, size and shape of NPs. Meanwhile, the synthesis of nanoparticles relies on the capacity of
bacteria to tolerate toxic levels of heavy metals, and these microbes synthesize nanoparticles under
stress by reducing metal ions to their metal oxides.

Material & Methods:

In the present research, extracellular green synthesis of copper oxide nanoparticles was studied
through a simple, environmentally friendly and rapid approach using a new bacterial strain isolated
from Hoz Sultan Qom lake (Bacillus cytotoxicus H2-7). The samples were collected in October 2019
from Hoz Sultan salt lake (34°58'58.2" 50°54'11.1" E), which is located about 40 km northeast of
Qom and 85 km south of Tehran, Iran. Water, saline mud, salt and saline soil samples were separated
in specific places, both on the surface and at a depth of up to 10 cm. At the time of sampling, the
temperature varied between 19 and 22 degrees Celsius. After transferring the samples to the
laboratory, the pH was determined to be 6.4-8.3. After collecting the samples in sterile plastic
containers, they were cultured 24 hours later and immediately stored in a refrigerator at 4 degrees
Celsius. For relatively halophilic bacteria, samples were cultured on nutrient agar and nutrient broth
with 10% and 20% sea salt (g/l), respectively. The tolerance of bacterial isolates to copper was
determined using the maximum tolerable concentration (MTC) method. In order to achieve the final
concentration of copper ions in the ranges of 0.5, 1, 2.5 and 5 mM, test plates (nutrient agar) were
prepared by adding different amounts of copper sulfate. The selected isolate was identified based on
physiological, morphological and biochemical characteristics. After that, it was molecularly
identified to confirm the identity of the isolated bacteria. For the extracellular synthesis of copper
oxide nanoparticles, the bacterial isolate with the maximum amount of MTC was selected. Cell-free
extract, supernatant, living and dead biomass methods were used in this research. In addition to the
different synthesis methods, the factors influencing the production such as the type of salt,
concentration, temperature, pH and shaker cycle and optimizing the production of copper oxide
nanoparticles based on the amount of UV-vis absorption were investigated.

Discussion of Results & Conclusions:

Screening of bacteria from saline soil and saline mud of Hoz Sultan salt lake led to the isolation
of 30 isolates based on optimal growth in environments with different concentrations of salt. Among
all isolates, 15 isolates are moderately halophilic (10%) and 11 are extremely halophilic (20%). In
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order to synthesize copper nanoparticles extracellularly, the bacterial isolate with the highest MTC
value was selected (Bacillus cytotoxicus H2-7). According to the preliminary experiments, the cell-
free extract method was chosen for the synthesis of copper oxide nanoparticles. The reason for
choosing this method is that it is fast and does not require the separation of culture medium
compounds and cell components from produced nanoparticles. Accordingly, the nanoparticles
produced by this method are purer. After adding copper sulfate salt to the cell extract, the color
changes from blue to deep green. This color change is due to reduction of copper ion to copper
nanoparticles. When copper sulfate salt solution is exposed to cellular enzymes, the reduction process
occurs; As a result, the color change can be considered the first sign of the production of copper
oxide nanoparticles. 10 minutes after the addition of copper sulfate salt to the cell extract of isolate
H2-7, a green precipitate was formed at the end of Erlen, which indicated the beginning of the copper
ion reduction process. After the 48-hour incubation period, the color of the reaction solution changed
to a deep green color, which indicated the production of copper oxide nanoparticles. Previous studies
showed that the best time for the incubation and production of copper oxide nanoparticles in a single
phase and with the highest production rate is between 36-48 hours, which was also achieved in our
study.CuS0O4.H20 at a concentration of 5 mM as the best precursor salt, a stirring speed of 150 rpm
at a physiological pH of 7 and an optimal temperature of 30 degrees Celsius resulted in the synthesis
of copper oxide nanoparticles with maximum efficiency. After optimizing the growth conditions, the
produced nanoparticles were characterized using different UV-Vis, FTIR, XRD, DLS and zeta
potential techniques. The produced nanoparticles had absorption in the range of 250-300 nm. The
average particle size was 50-80 nm with spherical morphology. Also, the antibacterial activity of
copper oxide nanoparticles against E.coli ATCC11725, S.aureus ATCC25923 was investigated by
Agar well diffusion and microdilution methodes. The present study can be used to develop a
controlled and scalable process for bacteriosynthesis of nanoparticles that can be used for diverse
applications in various industries.
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