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Abstract: In the present study, gold nanoparticles (AuNPs) have been synthesized through biological
methods using the cell-free extracts of cyanobacterium Nostoc sp. strain HKAR-2 isolated from the hot
spring of India. To determine morphological, structural, and optical properties of green synthesized
AuNPs, UV-VIS spectroscopy, FTIR, X-ray diffraction, scanning electron microscopy (SEM), and
transmission electron microscopy-selected area electron diffraction (TEM-SAED) were used.
Spectroscopic analysis showed the absorbance peak at 540 nm due to the reduction of Au 3+ to Au0 by
cyanobacterial extract, which indicated surface plasmon resonance (SPR) of the synthesized AuNPs.
Characteristic Bragg peaks at (111), (200), (220), and (311) facets of the face center cubic (fcc)
confirmed the crystalline nature of AuNPs in the XRD pattern. FTIR results indicated the role of
proteins and amino acids in the reduction of Au3+ to Au0 as well as for the stability of AuNPs. Zeta
potential confirmed a charge of -2.39Mv on the AuNPs. SEM and TEM results confirmed the large
agglomerated shape of AuNPs with sizes ranging between 10-100 nm. Their antibacterial, antifungal
and anticancerous properties were also studied against plant bacterial strains, fungal strains, and MCF7 cells, respectively. AuNPs also showed dose-dependent cytotoxic activity against human breast cancer
MCF-7 cells with IC50 of 250 μg/mL.
Keywords: cyanobacteria; gold nanoparticles; MCF-7 cells; anticancerous; antibacterial; antifungal
properties.
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1. Introduction
Metal nanoparticles (NPs) are novel compounds that show significant biological
activity and are used to diagnose and treat several types of disease, especially in cancer [1-8].
Gold nanoparticles (AuNPs) have unique physical, chemical, and biological properties
compared to other metal NPs like silver and zinc NPs [9,10]. The properties of NPs depend
upon their unique shape and size [11,12]. Due to the different shapes and sizes of AuNPs, they
are used in different areas like electronics, catalysis, decorative coatings and paints, pollution
control, cancer therapy, drug delivery, biomedical assay, biosensor, bio-imaging, etc. [13-19].
Due to the unique properties of AuNPs, they are also used in the manufacturing of biosensors,
DNA labeling, and vapor sensing [20-22]. For the synthesis of AuNPs, several chemical
methods are used, but the byproduct of these chemical methods is very toxic and may affect
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humans and the environment [23,24]. To overcome these problems, the biological method is
more suitable for the synthesis of AuNPs. Several biological materials such as microorganisms
[25], enzymes [26], fungi [27], and plants or plant extracts [28] have been used to synthesize
NPs, which are an alternative for chemical and physical methods. Cyanobacteria are a great
source of fine chemicals, pharmaceuticals, biofuels, several pigments, and proteins [29-31] and
are the more preferred candidate for NPs synthesis in comparison to other biological materials
as they can grow rapidly in a very short period of time, produce higher biomass and are able to
accumulate high amount of metal and absorbed CO2 and hence could be more economical [3,6].
Some cyanobacteria and algal genera such as Plectonema boryanum have been reported for
bioconversion of Au3+ to Au0. Algal biomass can be easily harvested, and the intracellular NPs
can be released by disrupting the cells by commercially available processing equipment [32].
Cyanobacteria such as Anabaena, Calothrix, and Leptolyngbya have been reported to
synthesize intracellular gold [33], silver, palladium, and platinum NPs [34]. Some researchers
also used the whole mass of filamentous cyanobacteria Plectonema boryanum (strain UTEX
485) to synthesize AuNPs [32]. Extraction of NPs formed inside the cell is a very complex
process and not very cost-effective. The cyanobacterial extract contains multiple types of
bioactive molecules that aid in the synthesis and stabilization of the NPs [29]. Hence, we used
a cell-free extract of Nostoc sp. strain HKAR-2 for the synthesis of NPs. Nostoc sp. strain
HKAR-2 has been isolated from hot springs of Rajgir, India, and grows easily in the inorganic
medium in the laboratory. This is probably the first report of utilizing the cell extracts of a hot
spring cyanobacterium to synthesize AuNPs.
2. Materials and Methods
2.1. Preparation of aqueous cyanobacterial cell-free extract.

The filamentous cyanobacterium Nostoc sp. strain HKAR-2, isolated from the hotspring of Rajgir, India [35], was taken for the formation of cell extract. Cultures were grown
in BG-11 medium without any nitrogen source (pH 7.0) at 20±2 °C under illumination with
daylight fluorescent tubes at a photon flux density of 94 μmol photon m−2 s−1 at the surface of
vessels with a 14/10 light/ dark cycle [36]. Growth was analyzed by measuring optical density
at 750 nm. Exponentially growing cultures were used for the preparation of cell extract. To
prepare the cell extract, 200 mL double-distilled water (DDW) was added to the 5g dry weight
of the cyanobacterium. This mixture was heated up to 70 °C for one hour. After heating, the
mixture was allowed to cool at room temperature, followed by centrifugation at 10,000 rpm for
30 minutes. After centrifugation, the supernatant was collected and stored at 4 °C for further
use [3].
2.2. Biosynthesis of AuNPs.

3mL of 0.001mM gold chloride (HAuCl4) solution was added to 30mL of cell-free
cyanobacterial extract to initiate the experiments. The mixture was incubated at 25° C for 120
h. The synthesis of AuNPs was indicated by a change in the color of the whole solution. In the
control treatment, no HAuCl4 was added to the cyanobacterial extract. DDW was used as blank.
For the synthesis of AuNPs different parameters such as temperature (20, 40, 60, 80, 100, and
120 0C) different reaction conditions like pH (3, 5 and 7), different extract volume (5, 10, 15,
20, and 25 mL), different HAuCl4 concentration (0.001, 0.002, 0.003, 0.004, and 0.005mM)
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different environmental conditions (dark, light, 40C and -200C) and different time intervals (0,
24, 48, 72, 96, and 120 h) were optimized.
2.3. Characterization of AuNPs.
2.3.1. Ultraviolet-Visible (UV-VIS) spectroscopy.

The bioreduction of precursor gold ions was monitored by spectroscopic analysis of the
aliquots (3 mL) at desired time intervals. Absorption measurements in the range of 200-1100
nm were carried out using UV-VIS double beam spectrophotometer (2900 Hitachi, Japan) at a
resolution of 1 nm.
2.3.2. Fourier transformed infrared spectroscopy (FTIR).

To check the biomolecular capping on to the surface of AuNPs, then centrifuged and
dried samples of AuNPs were subjected to FTIR (Varian 3100 FTIR spectrophotometer)
analysis. For FTIR, a small amount of dried biomass was ground with a KBr pellet at room
temperature with a resolution of 4 cm-1 and the range of 400-4000 cm-1. The FTIR spectra of
the cyanobacterial cell-free extract were taken before and after the synthesis of AuNPs.
2.3.3. Size distribution and zeta potential.

The particle size distribution was done using dynamic light scattering (DLS)
measurement, and the zeta potential value of the AuNPs (suspended in Mili Q water) were
determined by using Beckman coulter Delta Nano C particle size analyzer (Beckman Coulter
Inc., USA). The AuNPs were dissolved in physiological saline for zeta potential analysis. Data
obtained were analyzed using Zetasizer software.
2.3.4. Scanning electron microscopy (SEM).

The morphology and particle size of the AuNPs were characterized using SEM. Briefly,
a thin film of the sample was prepared on a carbon-coated copper grid by dropping a very small
amount of the sample on the grid, and the extra solution was removed using a blotting paper.
The film on the SEM grid was then dry by putting it under a mercury lamp for 5 min. SEM
microphotographs were taken in the scanning electron microscope (Quanta-200 FEI,
Netherland).
2.3.5. Transmission electron microscopy (TEM).

The size of the green synthesized AuNPs was determined using transmission electron
microscopy (TECNAI G2-TWIN-FEI TEM). The sample was prepared by sonicating the
biosynthesized AuNPs, and after that, a drop of the aqueous sample was placed on a carboncoated copper grid formvar coated. It was then dried under an infrared lamp before
photography. TEM operated at an accelerating voltage of 200Kv.
2.3.6. X-ray diffraction (XRD) analysis.

The XRD analysis (PAN analytical X pert PRO Model) was done to determine the
dimension of biologically synthesized AuNPs with h, k, l value. First, the aqueous suspension
of AuNPs (45 mL) was centrifuged for 10,000 rpm for 30 min, and the pellet was dissolved in
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5 mL DDW. The suspension was then lyophilized (Christ Alpha 1-2 LD plus), and the
diffraction pattern was operated at 40 kV and 30 mA in Cu, Ka radiation. Next, the particle
size (L) of AuNPs was calculated using following Debye-Scherer’s equation: L= 0.9λ/βcosθ,
where, λ is the wavelength of the X-ray, β is full width, and half maximum and θ is the Bragg’s
angle.
2.4. In vitro cytotoxicity.

Proliferation/survival of cells after AuNPs exposure was assessed by 3-[4, 5dimethylthiazol-2-yl] 2, 5-diphenyltetrazolium bromide assay (MTT) (purchased from SigmaAldrich Company, St. Louis, MO). Briefly, an exponentially growing MCF-7 cell line was
seeded in 24 well plates (with a density of 40,000 cells/well/2mL media) and incubated at 37
o
C for adherence to the bottom of the plate. After 18 h, the media was replaced with 2mL fresh
complete DMEM media. Sterile phosphate buffer saline (PBS) (20µL) containing varying
concentrations of AuNPs were added to each well and incubated at 37 oC. A plate with AuNPfree phosphate-buffer saline served as control. After 48h exposure of NPs, cells were washed
with sterile PBS to remove NPs to prevent any interference with the MTT reagent. Fresh
complete DMEM media (500 µL) containing 0.4µg of MTT reagent was added to each well,
and the plate was incubated at 37°C. After 5h, MTT solution in the medium was aspirated off.
To achieve solubilization of formed formazan crystals, 500µL of DMSO was added. The
microtiter plate was shaken for 10 min, and the purple color of formazan crystals was calculated
by measuring optical density (OD) at 570 nm by using a microplate reader (Spectra Max M2,
MTX Lab System). The OD at 630 nm was also observed and measured OD was calculated by
subtracting the OD at 630 nm to at 570 nm for background correction. Anticancer activity was
expressed with respect to the number of viable cells, i.e., anticancer activity is indirectly
proportional to the number of viable cells, which is directly proportional to optical density.
Measured OD of cells without any treatment of drug was taken as control. Using the control
OD values, the percent inhibition at each test agent concentration was calculated by dividing
the observed OD value by control OD value and multiplying by 100. The anti-proliferative
activity of AuNPs is expressed as the 50% inhibitory concentration (IC50). IC50 is defined as
the concentration of the test agent that results in a 50% decrease in the control level of
proliferation.
2.5. Antibacterial activity by well diffusion method.

The biosynthesized AuNPs were tested for their antibacterial activity by well diffusion
method against plant pathogenic bacteria, such as Ralstonia solanacearum and Xanthomonas
campestris. The pure cultures of these organisms were routinely sub-cultured on a nutrient agar
medium at 37 °C on a rotary shaker at 200 rpm. 100 µL of each strain were swabbed uniformly
on the individual plates using a sterile glass spreader. Defined wells (3 mm) were made on
nutrient agar plates using a cork borer. Using a micropipette, different concentrations (50, 100,
and 150 µL) of AuNPs solution were poured into separate wells on the plates. A number of
antibiotics were tested for the sensitivity towards the two bacterial strains. Among all the tested
antibiotics, only streptomycin (25µg/mL) was selected as a positive control for this study.
DDW was taken as a negative control. The plates were then incubated at 37 °C for the desired
time interval (overnight), and the different levels of the zone of inhibition were measured.
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2.6. Antifungal activity by well diffusion method.

For screening of antifungal activity of AuNPs, a loopful of two fungal strains, such as
Aspergillus niger and Trichoderma harzianum were placed in the center of potato dextrose agar
(PDA) plates. Wells of size 3 mm were made on the plates using a cork borer and were filled
with100 µL of NPs solution. Cumin oil (0.6µL/mL) was used as a positive control [37] and
DDW as a negative control. The plates were then incubated at 35°C for 18 h, and the different
levels of the zone of inhibition were measured.
2.7. Statistical analysis.

The experiments were repeated thrice for the accuracy of the results. All results are
presented as mean values of three replicates, and statistical analyses were done by one-way
analysis of variance.
3. Results and Discussion
3.1. Confirmation of biosynthesized NPs by UV-visible spectroscopy.

The addition of cyanobacterial cell-free extract to 0.001mM HAuCl4 resulted in a color
change of the solution from light green to dark ruby red after 124 h (Figure 1a-c) due to the
production of AuNPs.

Figure 1. Change in color of solutions after 124 h of incubation. (a) 0.001mM gold chloride solution (Light
yellow); (b) Cell-free extract of Nostoc sp. strain HKAR-2 (greenish); (c) Biosynthesized AuNPs showing light
ruby red color developed due to the bioreduction of Au3+ to Au0.

The intensity of color increased with the time of incubation, where a maximum change
in color (light ruby red) was measured at 124 h (Figure 1c). The light ruby red color appears
due to the surface plasmon of the biosynthesized AuNPs. As the incubation time increased, the
intensity of light ruby red changed into dark ruby red, which is the indication for the synthesis
of AuNPs. UV-VIS spectra are one of the most sensitive, easy, and primary methods to check
the synthesis of AuNPs. The absorbance of the sample was recorded between 200-1100 nm by
using a Hitachi-2000 UV-visible spectrophotometer. The solution yielded an absorbance peak
centered at 540 nm (Figure 2). This peak is developed due to the bioreduction of Au3+ to Au0.
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Figure 2. UV-Visible absorption spectrum of AuNPs synthesized from the cell-free extract of Nostoc sp. strain
HKAR-2 having peak centered at 540 nm after 124 h.

The absorption peak was recorded at the time intervals of 0, 24, 48, 72, 96, and 124 h
(Figure 3). The peak area increased at 540 nm with increasing time intervals, which indicated
the increased synthesis of AuNPs. As time progressed, the peak at 540 nm got sharper and
narrower due to the rapid production of AuNPs. The best condition for the maximum synthesis
of AuNPs was at room temperature on pH=7, by mixing the 30mL of the cyanobacterial cellfree extract with 3mL of 0.001mM HAuCl4 solution with continuous stirring for 3h. It was
noted that the bioreduction of Au3+ to Au0 started just after 1 h of the addition of 0.001mM
HAuCl4 solution into the cell-free extract, and reduction of HAuCl4 solution completed after
124 h.

Figure 3. UV-Vis spectra recorded at different time intervals from the aqueous solution of gold chloride
solution with the cell-free cyanobacterial extract.

3.2. FTIR spectral analysis.

FTIR analysis of the air-dried cell extract and AuNPs showed a number of peaks
representing different functional groups (Figure 4a, b). The FTIR spectra of a dried sample of
the cell-free cyanobacterial extract showed intensive peaks at 3396.25 cm-1(O-H), 2959 cm-1
(CH3), 2923.19 cm-1(C-N) and 1658.5 cm-1(C=O) (Figure 4a). FTIR analysis of green
synthesized AuNPs (Figure 4b) showed peaks at 3382.48 cm-1(O-H), 2925.14 cm-1(C-N) ,
1633.2 cm-1(Amide-I), 1423.65 cm-1 (COOH), 1383.63 cm-1(N-O) and1075.91cm-1(C-O).
https://nanobioletters.com/
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Figure 4. FTIR spectra of freeze-dried samples of AuNPs. (a) Cell-free extract of Nostoc sp. strain HKAR-2
without gold chloride (control); (b) AuNPs synthesized by bioreduction of 0.001 mM gold chloride solution in
the presence of the cell-free extract of Nostoc sp. strain HKAR-2 after 124 h.

3.3. XRD pattern of biosynthesized AuNPs.

The nature of the AuNPs formed from the cell-free extract of Nostoc sp. strain HKAR2 was detected by using XRD (Figure 5). The peak at 2θ values of 38.220, 44.500, 64.660, and
77.620 corresponded to (111), (200), (220), and (311) planes for AuNPs. Further analysis with
TEM also confirmed the size of the biosynthesized AuNPs.

Figure 5. XRD pattern of AuNPs showing the facets of crystalline AuNPs after bioreduction.

3.4. Zeta potential and DLS analysis of AuNPs.

The Zeta potential of biosynthesized NPs is -2.39mV (Figure 6), and this charge
indicates its stability. The zeta potential mainly depends upon the pH and the electrolytic
concentration of the dispersion [38]. The above data support the stability of NPs in
https://nanobioletters.com/
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physiological saline pH. DLS data showed the size distribution of particles with maximum
intensity at 255.8 nm with a layer of hydration (Figure 7).
Frequency (Hz)
-100

-50

0

50

100

150

200

250

5

0

Intensity

10

-150

200.0

-200.0

0.0

-400.0

Zeta Potential (mV)

Mobility Distribution

Figure 6. Biosynthesized AuNPs with a charge of -2.39mV indicating their stability.

Figure 7. Average hydrodynamic size of AuNPs (255.5nm) in liquid medium by DLS method.

3.5. SEM analysis of biosynthesized AuNPs.

SEM images of biosynthesized AuNPs confirmed these particles to be small and beadshaped (Figure 8a-f).

50µm

5µm

20µm

2µm

10µm

1µm

Figure 8. SEM micrograph images of AuNPs at different magnifications synthesized by the green method using
cell-free extract of Nostoc sp. strain HKAR-2 showing the small bead-like structure, which is aggregated into
the larger structure.
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3.6. Size analysis of green synthesized AuNPs by TEM.

TEM images showed the size of NPs in the range of 10-100 nm, i.e., 10 nm (Figure 9a),
20 nm (Figure 9b), 50 nm (Figure 9c), and 100 nm (Figure 9d), respectively. The TEM-SAED
showed the pattern of AuNPs, which indicated the face cubic centered (fcc) crystalline nature
of the AuNPs (Figure 9e-h).
3.7. Antitumor activity of AuNPs against MCF-7 breast cancer cell lines.

MTT assay was done to analyze the cytotoxic effect of green synthesized AuNPs on
the proliferation of MCF-7 cells. The dose-dependent cytotoxicity was observed in AuNPs
treated MCF-7 cells. The 0, 5, 100, 250, 500, and 1000 µg/mL concentration of AuNPs were
exposed to MCF-7 cells for 24 h. Biosynthesized NPs were dissolved in buffer, which was
taken as a negative control for MCF-7. However, the cytotoxic effect of biosynthesized AuNPs
against MCF-7 cells did not show significant cytotoxicity at lower concentrations, and
cytotoxicity increased with increasing concentration from 5 to 1000 µg/mL, respectively
(Figure 10). The IC50 for AuNPs was found to be 250 µg/mL.

10nm

20nm

100nm

50nm

Figure 9. HRTEM images of AuNPs recorded on the carbon-coated copper grid, which was synthesized by
using an aqueous mixture of cell-free extract of Nostoc sp. strain HKAR-2 and 0.001 mM gold chloride
solution. (a) AuNPs with an average size of 10 nm; (b) AuNPs with an average size of 20 nm; (c) AuNPs with
an average size of 50 nm; (d) AuNPs with an average size of 100 nm; (e-h) TEM-SEAD ring pattern showing
(face-cubic centered) the circular packed crystalline nature of AuNPs.

.
Figure 10. MTT assay results confirming the in vitro anticancerous effect of AuNPs against the MCF-7 cell
line. Triplicates of each sample were analyzed in MTT assay, and experiments were repeated at least three times
on different days. Results with a p-value less than 0.5 were considered statistically significant. The percentage
of cytotoxicity is expressed relative to untreated controls.
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3.8. Antibacterial activity of AuNPs against plant bacterial strain.

The antimicrobial activity of biosynthesized AuNPs was investigated against two plant
pathogenic bacteria, i.e., R. solanacearum and X. campastris, using the well diffusion method.
The diameter of inhibition zones (mm) around each well with AuNPs solution is shown in
Table 1. The antibacterial activity of AuNPs was found to be highest against R. solanacearum
and X. campastris (~10 mm) at 15µg/mL concentration of AuNPs (data not shown). DDW was
taken as a negative control for both of the plant bacterial strains, and they do not show any zone
of inhibition, whereas antibiotic streptomycin served as a positive control.
Table 1. Zone of inhibition for AuNPs derived from the cell-free extract of cyanobacterium Nostoc sp. strain
HKAR-2 against plant pathogenic bacterial strains.
Bacteria

Ralstonia
solanacearum
Xanthomonas
campestris

Concentration of
AuNPs (µg/mL)

5
10
15
5
10
15

Zone of Inhibition (mm)
AuNPs

Positive control
(Streptomycin)

5 ± 0.5
5 ± 1.0
10 ± 2.0
5 ± 0.5
5 ± 0.5
10 ± 1.0

35

Negative
control
(DDW)
0

35

0

All bacteria were grown under identical conditions and the experiments were performed in triplicate. Plates
found with any contamination were immediately discarded. Values represent the mean ± SD.

3.9. Antifungal activity of AuNPs against two fungal strains.

For the in vitro antifungal activity, Cuminum cyminum (L.) seed essential oil, which is
an antifungal [37] agent, was used as a positive control for A. niger and T. harzianum, and
DDW was used as a negative control for A. niger and T. harzianum (data not shown). The
diameter of inhibition zones for A. niger was found to be 3, 5, and 8 and 4, 5, and 9 mm for T.
harzianum at 5, 10, and 15 µg/mL concentration of biosynthesized AuNPs, respectively (Table
2). Whereas there was no fungal growth in the presence of cumin oil, which was taken as a
positive control for both the fungal strains and negative control, shows the growth of fungi in
which DDW was added (Table 2).
Table 2. Zone of inhibition for AuNPs derived from the cell-free extract of cyanobacterium Nostoc sp. strain
HKAR-2 against two fungal strains.
Fungal strains

Aspergillus niger

Trichoderma
harzianum

Concentration of
AuNPs (µg/mL)

5
10
15
5
10
15

Zone of Inhibition (mm)
AuNPs

Positive control
(Cumin oil)

3± 0.3
5 ± 0.6
8± 0.4
4± 0.4
5 ± 0.2
9 ± 0.1

Full inhibition of
growth
Full inhibition of
growth

Negative
control
(DDW)
Full growth

Full growth

All fungal strains were grown under identical conditions and the experiments were performed in triplicate.
Plates found with any contamination were immediately discarded. Values represent the mean ± SD.
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4. Discussion
Biosynthesis of AuNPs has been an active area of research [39-42], and several workers
have reported the synthesis of these NPs from cyanobacteria [43-46]. In the present research,
first time, AuNPs are synthesized using cell-free extract of Nostoc sp. strain HKAR-2 isolated
hot spring of India. The cell-free extract of Nostoc sp. strain HKAR-2 is capable of reducing
gold chloride solution to AuNPs (Au3+ to Au0). When the cyanobacterial extracts were mixed
with 0.001mM gold chloride solution, the color of the solution changed from light green to
dark ruby red. The ruby red color is generated due to the formation of spherical NPs, and the
bluish color is generated due to the nanorod [43]. Grace and Pandian (2007)[47] reported that
the formation of color is the characteristic of AuNPs. The color change occurs due to the
phenomenon of surface plasmon resonance. The synthesis of AuNPs is also confirmed by the
UV-VIS absorption spectra, in which the peak is centered at 540 nm. The peak at 540 nm
became sharper with increasing time due to the rapid production of stable AuNPs. Singh et al.
(2010)[48] reported similar results in their study related to AuNPs, which supported the
presence of synthesized AuNPs in the solution as evidenced by absorbance at 540 nm. From
FTIR results, it is clear that the biomolecular capping occurred onto the surface of green
synthesized AuNPs. The presence of proteins, carbohydrates, and phenols is responsible for
the stable AuNPs synthesis and this also prevents the agglomeration of biosynthesized AuNPs.
Four intense peaks ranging from 10o to 90o at a 2θ angle were revealed in the XRD pattern.
When this spectrum was compared with the standard, it confirmed the formation of AuNPs
from the cell-free extract of Nostoc sp. strain HKAR-2, which was crystalline. Due to the lack
of impurities, the synthesized AuNPs were pure and of high quality, which was further
supported by the fact that no extra peaks were found in the spectrum. Data of X-ray diffraction
pattern showed 2θ values at 111, 200, 220, and 311 (JCPDS no.04-0784). The peaks of the Xray diffraction pattern were broad around their bases, indicating that the AuNPs are in nano
size. The zeta potential mainly depends upon the pH and the electrolytic concentration of the
dispersion, and -2.39mV charge on AuNPs supports the stability of NPs in physiological saline
pH. DLS was observed to be 255.5 nm. The morphology of the green synthesized AuNPs was
demonstrated by SEM. The SEM images showed that the particles were spherical and had a
bead-like appearance. SEM images showed that the two spherical beads were aggregated
together due to the presence of Vander Waals forces and magnetic interactions among the
AuNPs. These SEM results also matched with the results of Sobczak-Kupiec et al. (2011)[49].
The TEM images of AuNPs confirmed the size of NPs to be between 10-100 nm, which were
stable and spherical in shape, and a difference in size is generally observed in the case of green
synthesized NPs. Some differences in the size of NPs in TEM and DLS might be due to the
covering of biomolecules onto the NPs. AuNPs find tremendous applications in the field of
biomedicine [50-57]. In the present study, The antibacterial activity of AuNPs was tested
against two plant bacterial strains, i.e., R. solanacearum and X. campastris. AuNPs showed a
zone of inhibition (~10 mm) against both bacterial strains, and this activity might be attributed
due to the small size but larger surface area of AuNPs, which provide a better bacterial surface
contact and high penetrating power. Due to this, AuNPs bind to the cell wall of bacteria, which
is made up of peptidoglycan, N-acetyl muramic acid, and N-acetyl glucosamine, causing the
defacing and degradation of the cell wall and, finally, death of the bacteria [47]. The drug
delivery system can minimize the toxic level of the drug during the treatment [58]. The
antifungal activity of NPs depends mainly on the particle size. Due to small particle size, NPs
https://nanobioletters.com/
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possess a larger surface area, increasing their interaction with the membrane proteins. NPs
diffuse directly through the cell membrane to the inside of the cell, where it reacts with the
sulfur-containing proteins and the phosphorus-containing bases in the DNA. This inhibits the
cellular process like replication, protein synthesis and cell repair machinery repair, which lead
to cell death [59]. The antitumor property of biosynthesized AuNPs was screened against MCF7 breast cancer cell line. It was found that AuNPs effectively killed the tumor cells at increasing
concentrations. The IC50 for AuNPs was found to be 250 µg/mL. AuNPs do not show very
efficient cytotoxic activity, but due to higher density, inert nature, and ability to carry a high
amount of drug, they can be used to treat cancer [60-62].
5. Conclusions
In summary, AuNPs have been successfully synthesized biologically using the
cyanobacterial cell-free extract, which has good reducing potential. We used different
parameters for the optimum synthesis of AuNPs. Biosynthesized AuNPs inhibited the fungal
and bacterial growth and also showed antitumor activity. Overall, the work is cheap and ecofriendly for the synthesis of AuNPs, which could be used in various applications such as cancer
diagnosis and as antimicrobial agents.
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