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A B S T R A C T

In this work, fluorescent copper oxide nanoparticles (CuO NPs) were green synthesized using viable cells, cell
lysate supernatant (CLS) and protein extracts of luminescent Vibrio sp. VLC. Biogenic CuO NPs were then
characterized by XRD, FTIR, UV/Vis spectroscopy, TEM, DLS, and PL spectroscopy. Results showed that CLS
method was more efficient for CuO NPs production, therefore CuO NPs synthesized by this method from copper
sulfate (CuO NPs-1) and/or copper nitrate (CuO NPs-2) were used for further studies. The crystallite size of
polydispersed CuO NPs-1 and CuO NPs-2 were about 8.83 and 8.77 nm, respectively indicating their suitability
for biological applications. Antibacterial activity of CuO NPs was determined using broth microdilution, well
diffusion agar, and time-kill curves methods. Both CuO NP-1 and CuO NP-2 inhibited bacterial growth at the
minimum inhibitory concentration (MIC) of 625mg/L except St. mutants (MIC=1250mg/L). Emission of
fluorescent light from the surface of NPs was increased when exposed to Cd2+, As2+ and Hg2+ ions but de-
creased by Pb2+ ions. Results showed that CuO NP-1 had anticancer properties against KYSE30 esophageal
cancer cell line (IC50= 13.96mg/L) while no higher cytotoxic effects were observed on Human Dermal
Fibroblasts (HDF) (IC50= 48.88mg/L).

1. Introduction

CuO NPs production is of great value as CuO NPs have been used
extensively in textiles, plastics, and paints due to their low price, high
stability and high antifungal and antibacterial activities [1–3]. CuO NPs
are also used in industrial fields such as gas sensors and catalytic pro-
cesses [4].

CuO NPs have attracted attention mostly because of their anti-
microbial, anticancer and antioxidant properties and they may be used
in many other biomedical applications [5,6]. Although CuO nano-
particles may have different applications depending on the various
properties they manifest, which are highly influenced by their size,
surface properties, optical and magnetic traits, however, the synthesis
method being an important parameter for controlling all these and thus,
their biomedical and pharmaceutical properties.

Bacteria are routinely used in bioprocesses in the form of viable
cells, cell lysate supernatant (CLS) and protein extracts [7]. Also, bac-
terial supernatants and biomass and their derived components such as
proteins are three major microbiological formulas for the extracellular
or intracellular biosynthesis of NPs [8]. Extracellular biosynthesis of
NPs is more beneficial because it allows easier purification of NPs
during the synthesis [9]. Intracellular biosynthesis of copper and copper
oxide NPs have been performed using Serratia sp. [10], while Salmonella
typhimurium [11], Thermoanaerobacter sp. X513 [7], Escherichia coli
[12], Pseudomonas fluorescence, and Pseudomonas aeruginosa [13] were
applied for extracellular processes. Several other bacteria such as
Pseudomonas stutzeri, Pseudomonas sp., Streptomyces sp., Lactobacillus
sp., Morganella morganii RP4, and Morganella psychrotolerans were also
considered for CuO NPs synthesis in which no indication for their mode
of production presented [14].
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Luminescent bacteria have special values in biotechnology, espe-
cially in microbial biosensors construction. Application of these bac-
teria (naturally occurring or genetically engineered) for biosynthesis of
gold and TiO2NPs have been reported recently [15–17] however, there
are not any reports for the use of such bacteria for CuO NPs biosynth-
esis. It is worth mentioning that oxidoreductase enzymes of these
bacteria are involved in the process of luminescence illumination, and
the fact that the bacterial enzymes involvement in the production of
NPs seems to be very likely [15].

Basically, molecules such as enzymes, proteins, peptides, and
polysaccharides within microbial cells or their growth medium are
potentially appropriate candidates for biosynthesis of metallic NPs [9].
These organic materials are able to reduce metal ions to metal NPs
using their functional groups, such as cysteine, histidine, aldehydes,
and ketones [10]. In another hand, the large variety of proteins and
peptides provides a new approach to control, organize, and direct the
size, shape, and structure of metal NPs. Tan and co-workers used the 20
natural R-amino acids for synthesis of gold NPs. They showed that the
pure charge and the reduction capability of the peptide have an im-
portant role in the growth and nucleation of the gold NPs [18].

In this work, simple, fast and eco-friendly approaches have been
investigated for CuO NPs synthesis to obtain more appropriate NPs with
anticancer, antibacterial and photoluminescence (PL) properties.

2. Materials and methods

2.1. Bacterial strains

Luminescent bacteria strains designated as VLA, VLB and VLC were
previously isolated from an Iranian shrimp farm and after identification
using 16s rRNA gene sequencing analysis (showing 99% similarity to
Vibrio harveyi) have been considered in NPs biosynthesis experiments.
Standard strains of Escherichia coli ATCC25922, Staphylococcus aureus
ATCC25923, and Streptococcus mutants PTCC1683 (procured from
Iranian Research Organization for Science and Technology, Tehran,
Iran) were used in this study for investigation on antimicrobial activ-
ities of CuO NPs. For similar purposes, Pseudomonas aeruginosa was
obtained from Microbiology Division of Ghaem Hospital of Mashhad
University of Medical Science.

2.2. Determination of maximum tolerance concentration (MTC)

Resistance to Cu2+ was determined for each luminescent strains by
growing them separately in Sea Water Complete medium (SWC, 2.4%
w/v sea salt, 0.5% w/v peptone, 0.3% w/v yeast extract, and 0.3% v/v
glycerol) (108 CFU/mL) with final concentration of copper sulfate
(CuSO4.5H2O, Merck) from 300 to 550mg/L. The cultures were in-
cubated at 28 °C for 24 h. The MTC was determined by observing the
presence or absence of visible growth on agar plates [19]. Vibrio sp. VLC
was selected among other luminescent strains for CuO NPs synthesis
because of exhibiting higher tolerance and better growth in the pre-
sence of copper salts.

2.3. Biological production of CuO NPs

CuO NPs were synthesized by reduction of copper sulfate and
copper nitrate [Cu (NO3)2·3H2O, Merck] using Vibrio sp. VLC as redu-
cing agents according to the three protocols that are explained in the
following sections.

2.3.1. Biosynthesis of CuO NPs by viable bacterial cells
Vibrio sp. VLC were grown in Luria-Bertani (LB) broth (Merck,

Germany and Himedia, India) without NaCl (1% peptone, 0.5% yeast
extract, and pH 7 in distilled water) at 200 rpm, 30 °C for overnight.
Then 98mL of sterile LB was inoculated by 1mL of fresh inoculums of
bacteria (OD600= 0.1). Thereupon 1mL of sterile stock solution of

copper salt solution was added to the reaction mixture and incubated
for up to 2–5 days at 30 °C under shaking conditions (200 rpm). After
the completion of the reaction, bacteria were removed by centrifuga-
tion (5000 rpm for 10min) and the colored supernatant containing a
suspension of CuO NPs was filter-separated for further analysis.
Nanoparticles were purified by centrifugation of filtered solution at
140000 rpm for 1 h. Supernatants were discarded, and the precipitate
was dried in a vacuum oven (Memmert, Germany) at 110 °C for 24 h
before further use or analysis. Copper salt solution without bacteria and
bacteria culture without copper salt solution were used as controls. No
color change was observed during the test [7].

2.3.2. Biosynthesis of CuO NPs by cell lysate supernatant (CLS)
For the preparation of cell lysate supernatant, bacteria were first

grown in modified LB broth (without NaCl). The cultures were in-
cubated at 200 rpm, 30 °C for 48 h and then centrifuged at 7500 rpm for
15min. Obtained pellets were resuspended in sterile distilled water and
sonicated with an ultrasonic processor (GM2070, Bandelin Sonopuls,
Germany) for 15min. The sonicated samples were centrifuged at
5000 rpm for 20min. For CuO NPs production, the resultant super-
natant which called CLS was incubated with 25mM copper salt for 24 h
at 30 °C and placed in the water bath (100 °C) for 1.5 h. CuO NPs were
purified by centrifuging the mixture at 10,000 rpm for 30min to collect
the precipitate. The precipitate was washed with deionized water three
times and dried in vacuum oven (Memmert, Germany) at 110 °C for
24 h. The products were used as CuO NPs for further characterizations.
Simultaneously, two controls including the CLS of bacteria without
copper salt solution and copper salt solution without CLS were main-
tained at the same condition [20].

2.3.3. Biosynthesis of CuO NPs by protein extract of Vibrio sp. VLC
Protein extracts of CLS from the previous procedure (2.3.2) were

placed into dialysis bags. A semipermeable membrane (molecular
weight cut off of 12 kDa, Sigma) was used to separate micro molecules
and macromolecules based upon their size. Dialysis was carried out for
two days against distilled water at a temperature of 4 °C. Then, am-
monium sulfate (Merck, Germany) was added to the suspension in the
bag according to the encorbio site (http://www.encorbio.com/
protocols/AM-SO4.htm) and was held for 24 h at a temperature of

Fig. 1. Maximum tolerance concentration (MTC ) and minimum inhibitory
concentration (MIC ) of CuSO4 for selected luminescent strains (Vibrio sp. VLA,
Vibrio sp. VLB, Vibrio sp. VLC).
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4 °C. This was done for better deposition of proteins. Protein deposits
were further precipitated by 10,000 rpm centrifugation at 4 °C for
20min. Protein precipitates were dissolved in 20mM phosphate buffer
(pH=7) and dialyzed against phosphate buffer for 24 h [21]. When
copper salt solution (25mM) was added to the above-prepared sus-
pension, CuO NPs as precipitate was visible at the bottom of the flask
and purified powdered by drying for further use.

2.4. CuO NPs characterization

Further experiments were carried out after detection of CuO NPs,
either by the formation of sediments at the bottom of the flask or
changes in color from blue to dark green or brown. Therefore, the re-
action mixture of CuO NPs was subjected to optical analysis and the
spectra were obtained at the resolution of 1 nm from 200 to 800 nm for
each sample by UV–Vis spectrophotometer (Shimadzu UV-1700, Tokyo,
Japan). Then FTIR spectra (resolution of 4 cm−1) were recorded from
400 to 4000 cm−1 on an FTIR spectrometer (Nicolet Avatar, Madison,
WI, USA) at room temperature. Zeta potential can be an index to the
stability of the colloidal particles. Therefore in this study, 0.001 g of the
dried powder of the synthesized CuO NPs was dispersed in culture
medium using an ultrasonic cleaner and the zeta potential was de-
termined at neutral pH and 22o C using a Zeta Compact (CAD, France).

Also, XRD studies were carried out on an Explorer X-ray dif-
fractometer instrument (GNR Analytical Instruments, Italy) using CuKα
radiation (0.15418 nm). Scanning was performed with the scan angle
2θ, the scan range of 30 to 80 degrees. XRD data analysis was

accomplished using MATCH software and the average size of CuO NPs
was calculated by using Debye–Scherrer equation (D=0.9 λ/β cosθ),
in which λ is the X-ray wavelength of Cu Kα radiation, β is the FWHM
of the respective diffraction peak and θ is the Bragg diffraction angle.
Furthermore, the DLS device (CordouanVASCO3, France) was used to
determine the size and size distribution profile of small particles in
suspension. DLS measurement was performed on the aqueous disper-
sion of CuO NPs through manually grinding the obtained precipitated
powder in mortar dissolved in ethanol, followed by 1 h sonication. The
features and shapes of the particles were imaged by transmission
electron microscope (TEM) (Leo 912 AB, Germany).

2.5. Antimicrobial activity of CuO NPs

2.5.1. Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) determination

MIC, is defined as the lowest concentration of the nanoparticles,
inhibiting the growth of the bacteria with no significant increases [22].
A microdilution method was used to evaluate the bactericidal effects of
CuO NPs. The antibacterial solutions were prepared using serial two-
fold (1:2) dilutions of CuO NPs in concentrations ranging from 19.5 to
1250mg/L within microplates wells. Then, a suspension of
1.5× 108 CFU/mL (according to the 0.5 McFarland standard) of bac-
teria (Escherichia coli ATCC25922, Pseudomonas aeruginosa, Staphylo-
coccus aureus ATCC25923and Streptococcus mutants PTCC1683) was
prepared in nutrient broth (NB; Merck), diluted 20 times in buffered
solution within 96 well microtiter plates and incubated at 37 °C for

Fig. 2. Visual detection of synthesized CuO NP. A: CuO NPs synthesized using viable cells of Vibrio sp. VLC in the presence of copper sulfate (CuO NP-1) and copper
nitrate (CuO NP-2). B: CuO NP synthesis using CLS of Vibrio sp. VLC in the presence of copper sulfate (CuO NP-1) and copper nitrate (CuO NP-2). As the number of
changes (precipitation) for NPs biosynthesis using proteins were few and not clearly observable in images, results were not presented but confirmed by UV–visible
spectroscopy (see Fig. 3). Control (1): copper sulfate without bacteria; control (2): bacteria (viable cells or CLS) without salt; control (3): copper nitrate without
bacteria.
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24 h. In the range of sample turbidity, the MIC was determined to
identify the lowest concentration of antibacterial agent that inhibits
99% of the bacterial growth. A microdilution measurement was done in
triplicate to confirm the value of MIC for each tested bacterium. As
such, the MBC was measured after MIC determination by pipetting
10 μL from all concentrations of CuO NPs onto nutrient agar (NA;
Merck) plates further incubated at 37 °C for 24 h. The MBC endpoint
was interpreted as the lowest concentration of antibacterial agent
killing 100% of the initial bacterial population [23,24].

2.5.2. Well diffusion method
Bacterial inocula were sub-cultured in NB and incubated overnight

at 37 °C. Then NA was swabbed with the respective subcultures of the
above strains (1.5× 108 CFU/mL). Specimens containing CuO NPs
were then arranged on the swabbed agar surface and incubated at 37 °C
for 24 h. The results were recorded by measuring the diameter of the
inhibition zone (mm) [25].

2.5.3. Time-kill method (time-kill curve)
Different concentrations of CuO NPs were prepared as explained in

the MIC experiment (Section 2.5.1). The bacterial suspension was
added to the wells of a microtiter plate in the final volume of 104 CFU/
well. To ensure the contact of the NPs with bacteria during testing,
microtiter plates were placed in a shaking incubator (37 °C, 100 rpm).
After inoculation, the absorbance of the sample at 630 nm was mea-
sured at intervals of 2 h. Data was recorded and plotted in the form of
the growth curve. In this experiment, the dispersed NPs in the medium
were used as the blank. Also, the medium and NPs without bacteria and
bacterial culture without NPs were considered as controls [26].

2.5.4. Atomic force microscopy (AFM)
The effect of CuO NPs-1 on the bacterial cell surfaces was examined

by AFM. CuO NPs-1 and E. coli were selected randomly in this section in
which its results can be distributed to other NPs and bacteria. 1 mL of
bacterial suspension without treatment (control) and treated with CuO
NPs (with the final concentration of MIC) was prepared and diluted 20
times. Then 5 μL of prepared solution was placed on a mica surface and

Fig. 3. UV–visible spectroscopy analysis (UV–visible spectrum) of CuO NPs synthesized by viable cells (A) CLS (B) and proteins (C) of Vibrio sp. VLC in the presence of
copper sulfate (Solid - CuO NP-1) and copper nitrate (Dash - CuO NP-2).
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air dried before analysis [27]. AFM analysis was carried out with an
atomic force microscope (Multi-Mode, Full model, Iran) for its detail
size, morphology, and agglomeration of CuO NPs. AFM images were
taken with silicon cantilevers with force constant 0.02–0.77 N/m, tip
height 10–15 nm, contact mode.

2.6. Cytotoxicity study of CuO NPs

2.6.1. Cell culture and various treatments
KYSE30 cells (human esophageal squamous cell carcinoma), were

obtained from Pasteur Institute (Tehran, Iran) and normal HDF cells
(Human Dermal Fibroblasts, a primary cell line) were kindly provided
by Academic Center for Education, Culture and Research (ACECR,
Khorasan Razavi, Iran). KYSE30 cells were cultured in Roswell Park
Memorial Institute medium (RPMI 1640 medium, Biowest, Nuaillé,
France) supplemented with 10% fetal bovine serum (FBS; Biowest,
France) [28]. HDF cells were grown in high-glucose Dulbecco's Mod-
ified Eagle's Medium (DMEM, Gibco, Paisley, UK) containing 10% FBS
and 1% penicillin/streptomycin. Cells were incubated at 37 °C in a CO2

incubator (95% air, 5% CO2 and 100% relative humidity). To determine
the half maximal inhibitory concentration (IC50) of CuO NPs, cells were

seeded at a density of 10,000 cells/well (for KYSE30 cell line) and 8000
cells/well (for HDF cell line) in 96-well tissue culture plates (Falcon
Becton-Dickinson). Cells were grown until 70% confluency were treated
with different concentrations (6.25, 12.5, 25, 50, 100 and 200mg/L) of
CuO NP-1 (selected in random) and chemically synthesized CuO NPs
(US research nanomaterials Inc., 40 nm in size) dispersed in PRMI and
DMEM medium by sonication (Ultrasonic Bandelin Sonopuls, Germany)
and further incubated for 24, 48 and 72 h. Meanwhile, a similar pro-
cedure using the same concentrations of CuSO4.5H2O was performed as
a control on KYSE30 cells. Cisplatin (Sigma, USA) (3.75, 6.25, 12.5, 25
and 50mg/L) was also used as a positive control.

Investigating the cellular uptake, cytoplasmic transport and dis-
tribution of NPs inside the cells provide new insight into their in-
tracellular behavior. Therefore, to study the CuO NPs cell internaliza-
tion, KYSE30 cells were incubated with 13.96 μg/ml CuO NPs-1 for
24 h, washed with PBS three times and fixed (2.5% glutaraldehyde) for
2 h. The cells were then post-fixed in 1% osmium tetroxide for 2 h,
washed and dehydrated in graded concentrations of ethanol (25%,
50%, 70%, and 100%) and propylene oxide. Next, cell samples were
embedded in pure resin (Araldite 502 Resin Kit) (TAAB, UK) and after
complete passage of the samples and resin curing by placing the

A 

B C 

Fig. 4. FT-IR spectrum of CuO NPs (CuO NPs-1 and CuO NPs-2) (A); XRD patterns of B: CuO NP-1, and C: CuO NP-2 synthesized using CLS of Vibrio sp. VLC.
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capsules at 60 °C for 2 days, the blocks were first trimmed and then cut
by an ultramicrotome (Leica Ultracut R, Vienna, Austria). Thin sections
of 60–70 nm were collected on copper grids and visualized by TEM (Leo
912 AB, Germany).

2.6.2. MTT assay
The thiazolyl blue (MTT) assay was used to measure the cytotoxicity

of CuO NPs on KYSE30 and HDF cell lines. It is a colorimetric assay for
measuring cell viability. The cellular enzymes reduce the tetrazolium
dye to its insoluble formazan product producing a purple color. 24, 48
and 72 h after treatments, 20 μL of MTT dye (5mg/mL, Atocel, Austria)
was added to each well of 96-well plates and incubated for 4 h at 37 °C.
Then, media were replaced by dimethyl sulfoxide (DMSO, 150 μL/well)
and optic densities of wells were measured at 545 nm by an ELISA
microtiter plate reader (Stat fax 2100, Awareness Technology, Inc.,
USA). All tests were performed in triplicate, and cells were checked for
morphological alterations by an inverted microscope (hp, Japan) [29].
For microscopic observation, cells were washed twice with PBS after
CuO NPs containing medium was aspirated and then incubated with
DMEM. The percentage of cell viability was calculated using the fol-
lowing formula:

= ×Cell viability (%) (AT/AC) 100

where AT is the average absorbance of three replicates of cells treated

with different concentrations of nanoparticles, and AC represents the
average absorbance of three replicates of blank (medium + different
concentrations of nanoparticles). Then, the logarithm of the con-
centrations was calculated, and the log[inhibitor] versus cell viability
curves were plotted using GraphPad Prism version 6.07 for Windows
(GraphPad Prism Software, La Jolla, CA, USA). IC50 values were cal-
culated by nonlinear regression analysis of the mean dose–response
curve for each nanoparticle.

2.7. Heavy metal sensing analysis

Photoluminescence is the spontaneous emission of light from a
material under optical excitation. A suspension of CuO NPs-2 was
prepared in the presence of different solvents and heavy metals (mer-
cury, lead, arsenic, cadmium) and its emission spectrum were measured
with excitation at a wavelength of 310 nm using a luminescent spec-
trometer (Perkin-Elmer, LS45USA). The fluorescent images were taken
with a fluorescence microscope (Zeiss, Germany). The selection of CuO
NPs-2 for this study was also randomized among other CuO NPs.
Further studies on other CuO NPs synthesized in this research studies
are encouraged.

Fig. 5. TEM micrographs and the corresponding histograms of CuO NP-1 (A, C) and CuO NP-2 (B, D) synthesized using CLS of Vibrio sp. VLC.
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Fig. 6. Particle size distribution pattern of A: CuO NP-1 and B: CuO NP-2. C: Comparison of FTIR spectrum of CuO NPs produced by luminescent bacteria (Vibrio sp.
VLC), and D: Zeta potential histogram of CuO NPs (−25.86 mv) indicating stability of the synthesized nanoparticles.
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3. Results

3.1. Determination of maximum tolerance concentration (MTC)

The bacterial resistance to various concentrations of copper ions
(300 to 850mg/L) was determined according to bacterial growth after
three days of incubation at 30 °C. Vibrio sp. VLC showed the highest
resistance to 450mg/L of CuSO4 (Fig. 1). Vibrio sp. VLA and Vibrio sp.
VLB were mostly resistant to 300mg/L of Cu solution [30]. Therefore
VLC strain was selected for further studies.

3.2. CuO NPs biosynthesis and characterization

Changes of solution color to dark green or brown and precipitation
at the bottom of the flasks were a primary indication for CuO NPs
biosynthesis (Fig. 2). Protein denaturation and surface tension reduc-
tion caused by increases in temperature lead to a better and faster re-
duction of copper ions when CLS and protein were used for NPs
synthesis. However, as less protein content was obtained after dialysis
not enough CuO NPs were obtained for further characterization.

The UV–visible spectrum of CuO NPs in the range of 200 to 800 nm
is shown in Fig. 3. Sharp peaks at 280 nm and 310 nm are related to the
production of the NPs. The bands around 3200–3600 cm−1 (OeH),
2953 cm−1 (Amin I&II), 1658 cm−1 and 1558 cm−1 (Amide I&II) in the
FT-IR spectra of CLS and CuO NPs (Fig. 4A) confirmed the presence of
biological agents such as proteins on the surface of the NPs. We con-
cluded that the vibrational stretches in the 550–620 cm−1 belong to the
band of CueO. In Fig. 4A, the band of 1050–1150 cm−1 is related to
CeO stretch of alcohol [31].

XRD patterns of CuO NPs synthesized by CLS showed that all pos-
sible peaks representing CuO NPs were present, indicating the mono-
clinic crystal system of CuO NPs (JCPDS File No: 048-1548) (Fig. 4B
and C). The crystallite size corresponding to the highest peak observed

in the XRD pattern was estimated using the Debye–Scherer equation.
They were 8.83 and 8.77 nm for CuO NP-1 and CuO NP-2 respectively.
The presence of sharp structural peaks in XRD patterns and crystallite
size< 100 nm revealed the nanocrystalline nature of CuO NPs.

TEM images and size distribution histograms of CuONPs-1 and CuO
NPs-2 depicted the approximate uniform distribution of mentioned NPs
with the average particles size of 20–27 nm (Fig. 5). Furthermore, DLS
analysis showed a polydispersity status with the average particle size
and PDI of 40 nm, 0.296 and 42 nm, 0.285 for CuONP-1 and CuO NP-2
respectively (Fig. 6A and B). FTIR analysis was used to confirm the role
of protein within CLS mixture in the biosynthesis of CuO NPs (Fig. 6C).
Stability of CuO NPs were examined in various solutions (distilled
water, DMSO, glycerol citrate, NB medium, PRMI 1640 medium and
FBS) by direct observation of NPs precipitation. It was found that except
distilled water, CuO NPs were stable in all mentioned solutions for up to
72 h which was sufficient for further experiments. The zeta potential is
measured to get some information on the surface charge and the sta-
bility of the colloidal suspension [32]. The colloidal suspension of the
prepared CuO NPs showed a zeta potential value of −25.86mV
(Fig. 6D) indicating a good stability of nanoparticles.

3.3. Assessing the antimicrobial activity of CuO NPs

The diameter of inhibition zone (DIZ) is a reflection of microbial
susceptibility magnitude that in this study enlarged with an increase of
CuO NPs concentration (Fig. 7). Results of MIC and MBC showed the
high sensitivity of P. aeruginosa (MBC=312.5 mg/L) and high re-
sistance of S. mutants (MBC=1250mg/L) to CuO NPs (Table 1). CuO
NP-2 had higher inhibition effect on gram-negative bacteria while
gram-positive growth was more prevented by CuO NP-1. The growth
profile (time-kill curve) of E. coli and S. aureus strains in the presence of
varying concentrations of CuO NP-1 and CuO NP-2 was also in-
vestigated [Fig. 8(A–D)]. The delay in Lag phase was observed for both
bacterial strains on exposure to different concentration of both CuO NP-
1 and CuO NP-2. In general, by increasing nanoparticles concentration,
S. aureus growth was more inhibited than E. coli. Meanwhile, the ac-
cumulation of CuO NP-1 on E. coli cell surface and its effect on bacterial
cell disruption was observed by AFM at 2 h and 6 h after incubation
(Fig. 9).

3.4. Assessing the anticancer properties of CuO NPs

Since no significant differences were observed in NPs characteristics
and antimicrobial properties between CuONP-1 and CuO NP-2, one
nanoparticle (CuO NP-1) was randomly selected for further cytotoxicity
studies (Fig. 10). After 24, 48 and 72 h treatment of KYSE30 and HDF
cell lines with UV sterilized CuO NP-1, the viability of KYSE30 cells
highly decreased [IC50= 37.52mg/L (24 h), IC50= 18.26mg/L (48 h)
and IC50= 13.96mg/L (72 h)] in a dose-dependent manner in com-
parison to HDF normal cells [IC50= 60.25mg/L (24 h),
IC50= 35.9mg/L (48 h) and IC50= 48.88mg/L (72 h)] (Fig. 10D and
E). In control experiments, the effects of chemically synthesized CuO
NPs (US Research Nanomaterials, Inc.), copper sulfate salt and cisplatin
were also investigated on both cell lines (Fig. 10A). Results showed that
KYSE30 cell survival was much lower when exposed to polydispersed
biogenic CuO NP-1 compared to the copper salt solution

Fig. 7. The diameter of the inhibition zone (DIZ) produced by different CuO
NPs (CuO NPs-1, CuO NPs-2) concentrations synthesized using CLS of Vibrio sp.
VLC against indicator bacteria (E. coli, S. aureus). The results are shown as
mean ± SD.

Table 1
MIC and MBC of CuO NPs synthesized using CLS of Vibrio sp. VLC against different Gram-positive and Gram-negative bacteria.

MIC (mg/L) MBC (mg/L)

E. coli P. aeruginosa S. aureus St. mutans E. coli P. aeruginosa S. aureus St. mutans

CuO NP-1 625 312.5 625 625 625 312.5 625 1250
CuO NP-2 625 312.5 312.5 1250 625 312.5 625 1250
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(IC50= 27.70mg/L for 72 h) (Fig. 10A). Data were expressed as
means± SD. Statistical analysis was performed using Student's t-test
and differences were considered significant at P≤ 0.05.

We further analyzed several KYSE30 cells to determine CuO NPs
distribution within the cells. According to TEM images (Fig. 11), CuO
NPs were localized intracellularly in cytoplasm and organelles such as
some vesicles, and nucleus (Fig. 11C), while there were not such na-
noparticles in CuSO4 treated cells (Fig. 11A). A small population of CuO
NPs were also observed extracellularly very close to cytoplasmic
membrane demonstrating a movement toward the cell interior
(Fig. 11D).

3.5. Photoluminescence analysis

Fluorescent copper nanoparticles (F-CuNPs) have gained great at-
tention due to their ease of functionalization and good biocompat-
ibility. Fluorescent related approaches are also appropriate methods for
sensing metal ions because of their low cost, high sensitivity, and ease
of fabrication [33]. Photoluminescence spectra of CuO NPs with the
excitation wavelength (λex) of 310 nm are shown in Fig. 12(A–E). The
maximum fluorescence emission intensity (Fmax) was measured at
628 nm, when the NPs were dispersed in phosphate-buffered saline
(PBS). The effects of heavy metals ions such as mercury (Hg2+), lead
(Pb2+), arsenic (As2+) and cadmium (Cd2+) on fluorescence emission
of CuO NPs showed that in presence of Cd2+, As2+ and Hg2+ ions the
fluorescence emission of CuO NPs increased but decreased in presence
of Pb2+ ions (Fig. 12F–I).

4. Discussion

Metal resistance depends on several factors. The most common
strategy for metal resistance among microbes is preventing the entry of
metal into the cell and the second is the cell's ability to secure storage
within the cells [19]. Microorganisms may decrease copper toxicity by
reducing its salt ions to Cu0. The highest metal concentration at which
the bacteria can grow, was designated as the MTC. Rajaram and co-
workers reported that among 12 isolates from the polluted coastal en-
vironment only 4 isolates showed high resistance to copper (up to
400–500mg/L) [34]. Also, Andreazza and his co-workers evaluated the
resistance of some bacteria isolated from the environment. Their results
showed that only one isolate was able to absorb 80mg/L of copper in
24 h [35]. Vibrio sp. VLC showed the highest resistance to 450mg/L and
as a marine isolate it was expected to see a fairly good resistance to
copper.

Although several methods have been used to synthesize CuO NPs, in
this study for the first time we applied a facile approach for the
synthesis of CuO NPs by using a luminescent Vibrio species. It is as-
sumed that cellular biomolecules such as enzymes and proteins present
in the CLS reduce copper ions into copper atoms leading to CuO NPs
formation. Harvested CLS in the stationary phase contains a high level
of cellular enzymes and peripheral membrane proteins have an im-
portant role in higher efficiency of CuO NPs production. Accordingly,
the reductase enzymes of luminescent bacteria were found to be in-
volved in gold NPs biosynthesis [15]. In our study, only in the presence
of CLS proteins was that high CuO NPs synthesis occurred which could
strongly support the role of these proteins (both structural and enzy-
matic) in CuO NPs biosynthesis. Need to know that, there is not any

Fig. 8. Time-kill curves of CuO NPs synthesized using CLS of Vibrio sp. VLC. The effects of CuO NP-1 (A, B) and CuO NP-2 (C, D) on E. coli and S. aureus. The results
are shown as mean ± SD.
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report indicating the application of proteins or even luminescent bac-
teria in CuO NPs production.

The position of UV peak depends on stability (pH, solvent type,
stabilizing agent) shape and size of NPs [36]. Left shift observed in NPs
UV spectrum can be related to the smaller size of NPs [37]. There are
probably some factors in cell culture supernatant that play as stabilizing
agents and could prevent NPs size enlargement. However, as CuO NPs

synthesized by CLS method was bigger, it was easily removable by
medium speed centrifugation. Therefore further characterization was
performed on this sample. Shankar and Rhim used different types of
copper salts and chemical reducing agents for CuO NPs synthesis re-
porting broad peaks around 280–360 nm in their UV–Vis spectrum
analysis [30]. Also, CuO NPs synthesized by Matricaria chamomilla ex-
tract had broad peaks around 285 and 320 nm [37]. Results of these

Fig. 9. AFM microscopic images; the effect of CuO NP-1 synthesized using CLS of Vibrio sp. VLC on the E. coli. A: control; B: 2 h after incubation; C: 6 h after
incubation.
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studies were consistent with our results. Also in comparison Harne et al.
and Duman et al. presented similar outcomes for their FTIR results
[37,38]. Shankar & Rhim and Ahamed et al. reported a similar XRD
pattern for CuO NPs in chemical reduction regime [30,31]. Similar XRD
pattern was also found by Duman and co-workers when they used
Chamomile extract with a microwave-assisted technique for their CuO
NPs biosynthesis [37].

NPs antibacterial activity mostly depends on bacterial morphology
as well as their nature [18,39]. Although NPs can attach to the mem-
brane of bacteria interfering with bacterial membrane functions [40],
many metal oxide NPs act differently on various bacterial strains. Also,
parameters involved in mechanisms of NPs antibacterial activity could
be affected by variations in the methodology resulting in lower or

higher antimicrobial activity of NPs. MBC values for CuO NPs in Ren
et al. study against E. coli, P. aeruginosa and S. aureus were 250, 5000
and 2500mg/L, respectively [3]. Nabila and Kannabiran, biologically
synthesized CuO NPs mediated by actinomycetes but the average size of
their biogenic CuO NPs according to XRD and TEM analyses was
61.7 nm larger than our luminescent Vibrio mediated synthesized CuO
NPs (8.83 nm) [41]. The properties of most nanoparticles have been
found to be size-dependent as highly stable minimum-sized mono-
dispersed CuO NPs synthesized in Azam et al. studies demonstrated a
significant increase in antibacterial activities against both Gram-posi-
tive and Gram-negative bacterial strains [42].

In comparison, our CuO NPs had a better bactericidal effect on the
P. aeruginosa and S. aureus. Usually, DIZ of gram-negative bacteria is

Fig. 10. CuO NP-induced cytotoxicity in KYSE30 cells (A). Dose-response curves representing the effects of chemical and biogenic CuO NPs on KYSE30 cells (B, D)/
HDF cells (C, E), at 24, 48 and 72 h intervals, respectively. Comparing the cytotoxicity of chemically synthesized (F) and biogenic CuO NPs-1 (G) on cancerous (dark
color) and normal (light color) cells. Results are shown as mean ± SD. The difference between groups was analyzed using the Student's t-test. **P < 0.01,
***P < 0.001 and ****P < 0.0001.

Fig. 11. TEM images of KYSE30 cells after exposure to CuSO4 salt solutions (A) or CuO NPs-1 (B, C and D). C is an enlarged image showing CuO NPs presence in the
cytoplasm, some vesicles and nucleus (red frames). D is also an enlarged image indicating the presences of CuO NPs outside the cell (red frames) in the stage of
movement toward cell interior. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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smaller than gram-positive bacteria mostly due to outer membrane
presence in gram-negative bacteria that prevent penetration of anti-
bacterial agents [39]. Several mechanisms can be proposed for

antimicrobial effects of present CuO NPs on tested bacterial cells such
as (i) releasing of copper ions, (ii) production of reactive oxygen species
(ROS) and (iii) binding NPs to the surface of bacteria [43]. The

F G 

H I 

Fig. 12. Fluorescent spectroscopy diagram (A, B, C and D) and microscopy image (E) of CuO NP-2 synthesized using CLS of Vibrio sp. VLC, A: solvent distilled water;
B: solvent ethanol; C: solvent PBS; D: solvent RPMI medium. Effect of different concentrations (10(*), 100(**), 1000(***) times of limit value set by the World Health
Organization) of heavy metals (F: As3+, G: Cd2+, H: Hg2+, and I: Pb2+) on the emission spectrum of biogenic CuO NPs-2 synthesized using CLS of Vibrio sp. VLC.
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antibacterial activity of our prepared CuO NPs was very close to the
results of Laha and co-workers when they treated the E. coli with CuO
NPs and nanosheets [39]. Altogether the methodology established in
this study for protein-mediated CuO NPs biosynthesis seems to be ef-
fective on CuO NPs antibacterial activity.

CuO NPs-induced toxicity in a cell specific manner has been in-
vestigated in several cancer cell lines. Shafagh et al. found that CuO NPs
exert distinct effects on cell viability via selective killing of human K562
cancer cells in a dose-dependent manner while not impacting normal
cells as determined by MTT assay [44]. Similarly, our biogenic CuO NPs
exhibited a dose-dependent cytotoxicity effect with the privilege of
being safer in production and usage. Sankar and his co-workers also
reported that cell viability of A549 human lung cancer cells decreased
significantly [IC50= 200mg/L (36 h)] when exposed to CuO NPs pro-
duced by Ficus religiosa leaf extract [45]. This shows our CuO NPs have
higher cancer cell cytotoxicity effects. Meanwhile, the effectiveness of
heated CuO NP-1 on KYSE30 cell viability [IC50= 4.44mg/L (72 h)]
was approximately similar to that of chemically synthesized CuO NPs
[IC50= 3.43mg/L (72 h)]. This might be due to the presence of
bioactive molecules in CLS content which plays as encapsulating agents
for CuO NPs. Our prepared polydispersed CuO NPs showed higher cy-
totoxicity efficiency than copper salt (CuSO4.5H2O). Thit et al. found
that polydispersed CuO NPs were more effective on A6 cancer cells
(derived from the kidney of the Xenopus laevis) than 6 nm CuO NPs and
Copper (Cu) ions administered as CuCl5.2H2O [46], their reports were
close to our results. Several mechanisms are suggested for cytotoxic
effects of NPs on cancer cells like the production of reactive oxygen
species (ROS) that causes DNA damage followed by cell death mainly
via apoptosis [45,47,48]. Gunawan and co-workers pointed out that
copper salts were able to release large quantities of metal ions in the
medium that are toxic to cancer cells [47]. In another research, the
release of Cu (II) cations and shape of these CuO NPs are likely to be
implicated in the toxicity of these CuO NPs [49]. The morphologies, ion
release rate of CuNPs, as well as the species-specific vulnerabilities of
cells, should all be considered when extrapolating toxicity test results
among particles and among different cell lines [50]. Meanwhile, no
other associated factors such as bacterial cell wall components (lipidA)
could interfere with the results of our CuO NPs cell cytotoxicity because
of the methods used for NPs biosynthesis (CLS) and preparation.
However, in our study CuSO4.5H2O had less cytotoxic effects regardless
of its high ability to release metal ions which agrees with studies of
Wang et al. [51]. Moreover, Thit and co-workers suggested that high
toxicity of polydispersed CuO NPs to cancer cells could be more related
to high sedimentation of these polydispersed NPs [48]. A similar me-
chanism can be considered for anticancer properties of CuO NP-1 but
further evidence has to be provided for confirmation. Furthermore,
TEM analysis demonstrated CuO NP entry into KYSE30 cells and or-
ganelles, including some vesicles and nucleus. The results confirm up-
take of CuO NPs compared to no uptake of the soluble salts (CuSO4).
Therefore, CuO NPs can induce both cell death and DNA damage to
cancerous KYSE30 cells whereas CuSO4 induces either low or no cyto-
toxicity. CuO NPs cytotoxicity is predominantly mediated by in-
tracellular uptake and subsequent release of copper ions [52].

The application of FeCu NPs as a biosensor has been mentioned in
several pieces of literature [33,53–55]. The synthesis of CuO NPs in our
study has been easy, fast and eco-friendly, whereas other methods
needed a special ligand [33]. Generally, the detection mechanism for
metal ions using F-CuO NPs is mainly composed of (i) fluorescence turn-
off, (ii) fluorescence turn-on, (iii) fluorescence resonance energy
transfer (FRET) and (iv) ratiometric response [54]. The fluorescence of
CuO NPs increased in presence of Cd2+, As2+ and Hg2+ ions and de-
creased in presence of Pb2+ ions. As changes were concentration-de-
pendent confirmed previous conclusions that quenching and increasing
of fluorescence emission could be related to interactions between metal
ions and biological agents on the surface of nanoparticle [33,53–55].
Because of this property, our biogenic nanoparticle was being

functional at heavy metal sensing activities in industrial. (i) Synthesis
method, (ii) type of ligand, (iii) aggregation patterns and (iv) stabilizing
agents could have significant effects on the fluorescence properties of
fluorescent CuO NPs (F-CuO NP) [33,53].

5. Conclusion

In this study, novel non-toxic approaches for the production of CuO
NPs (CLS method) were used. Moreover, the role of proteins in the
reduction of Cu ions to CuO NPs was investigated. CuO NPs purification
using this method was very convenient and fast which is quite ad-
vantageous over other methods, especially for its further in-
dustrialization and commercialization. CuO NPs emitted fluorescence
light without the addition of any excess ligands to the synthetic route
and were used to detect heavy metal ions in defined samples.
Additionally, CuO NP-1 had suitable cytotoxic effects on KYSE30 eso-
phageal cancer cells demonstrating its potent anticancer applications.
Furthermore, the antibacterial activity of CuO NP-1 against certain
microbial pathogens was confirmed indicating multifunctional proper-
ties of present CuO NPs.
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