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Abstract 

In the present study we have made an attempt to develop an eco-friendly, cheap and convenient biological (green) method for the synthesis of 

silver nanoparticles (AgNPs) using the cell extract of the cyanobacterium Nostoc sp. strain HKAR-2. Their anticancerous, antifungal and 

antibacterial properties were also studied against MCF-7 cells, two fungal strains (Aspergillus niger and Trichoderma harzianum) and two plant 

bacterial strains (Ralstonia solanacearum and Xanthomonas campestris), respectively. The structural, morphological and optical properties of 

green synthesized AgNPs were determined by UV-VIS spectroscopy, Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction, 

transmission electron microscopy selected area electron diffraction (TEM-SAED) and scanning electron microscopy (SEM). Spectroscopic 

analysis showed the peak at 419 nm due to the reduction of AgNO3 into silver ion by cyanobacterial extract indicating surface plasmon resonance 

(SPR) of the synthesized AgNPs. The XRD pattern of AgNPs showed the characteristic Bragg peaks at (111), (200), (220) and (311) facets of the 

face centre cubic (fcc) confirming their crystalline nature. FTIR analysis revealed that proteins and amino acids are responsible for the reduction 

of AgNO3 into Ag+ as well as for the stability of nanoparticles. Zeta potential confirmed that the charge on the nanoparticles is 1.80 mV which 

indicates the presence of stable nanoparticles. The results of SEM and TEM confirmed the large agglomerated shape of AgNPs with size ranging 

between 51-100 nm. The AgNPs showed a dose-dependent cytotoxic activity against human breast cancer MCF-7 cells with IC50 of 27.5 µg/ml. 

They also exhibited excellent antibacterial and antifungal activities.  
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Introduction  

Dependency of human life on nanotechnology dates back to the 

ancient times. In the 21st century, modern science first time used the 

term “nano”. Metals such as silver (Ag), zinc (Zn) and gold (Au) are 

being widely used as medicine in the Indian medicinal system. 

Nanoparticles (NPs) are more biocompatible than the conventional 

therapeutics, hence, being exploited for drug encapsulation and 

delivery [1]. In addition, they are also used for catalytic, electrical 

conducting [2-6] and antimicrobial activity [4, 7-9].  

The physical and chemical properties of NPs mainly depend upon  

the shape, size and surface morphology. Chemical method uses  
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stabilizing agent for the synthesis of NPs to prevent unwanted  

agglomeration of colloids. Furthermore, the by-products of 

chemically synthesized metal NPs is very toxic to environment, needs 

high input of energy and is very expensive. It has been reported by 

several group of workers that natural sources are also able to reduce 

metal ion into metal NPs [10, 11], hence, in recent trends biological 

method using plant extracts for metal NPs synthesis have been 

suggested as valuable alternative tool as compared to chemical 

methods [12-14]. In particular, biological 

methods of AgNPs synthesis using microorganisms [9, 15-19], 

enzymes [20], fungus [21] and plant tissue or plant extracts [22-24] 

are preferred recently to the other methods due to its reliability, cost 

effective synthesis and its cytotoxicity towards bacteria, fungi and 

tumor cells [25, 26]. AgNPs exhibits a broad spectrum of biocidal 

and biostatic activity and have plasmonics property in the visible 
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region [25]. Silver is not very toxic for humans and other animals as 

compared to other metals [22, 27]. A number of studies have been 

done for the synthesis of AgNPs using bacteria, fungi, and algae, but 

these reports have focused on the use of whole cell masses in 

synthesis of AgNPs [28-32]. Several recent reports are available in 

which cell extracts are used for the synthesis of metal NPs [33, 34].  

Cyanobacteria are one of the largest and most primitive ancient 

groups of photoautotrophic prokaryotes on Earth [35]. They are rich 

source of valuable chemicals, pharmaceuticals, biofuels, several 

pigments and proteins [33]. The cyanobacterial extract contains 

multiple types of active biomolecules that are involved in the 

synthesis and stabilization of the NPs [33, 36].  Recently AgNPs, 

have been synthesized using the whole cells of non-nitrogen-fixing 

cyanobacteria such as Plectonema boryanum and the marine 

Oscillatoria willei [28, 37]. Some of the cyanobacteria such as 

Anabaena sp., Calothrix sp. and Leptolyngbya sp. have  

been reported to synthesize intracellular gold, silver, palladium and 

platinum NPs [38]. Extraction of NPs formed inside the cell is a very 

complex process and cost-ineffective. Hence, use of cyanobacterial 

extract for the synthesis of NPs is being widely practiced these days 

[9, 18, 19, 39-46].  

In the present investigation, we used the cell extract of a hot-spring 

cyanobacterium Nostoc sp. strain HKAR-2 for the synthesis of 

AgNPs. We also made an attempt to screen the in vitro anticancerous, 

antibacterial and antifungal activity of the green synthesized AgNPs. 

Materials and Methods 

Preparation of aqueous extract of Nostoc sp. strain HKAR-2 

The filamentous cyanobacterium Nostoc sp. strain HKAR-2, isolated 

from hot-spring of Rajgir, India [47]. Cultures were grown in BG-11 

medium without any nitrogen source (pH 7.0) at 20±2℃ 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 [35]. 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 in 5 g dry weight of the 

cyanobacterium and this mixture was heated up to 70℃ 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℃ for 

further use.    

Biosynthesis of AgNPs 

For AgNPs synthesis, 5 ml of 1 M AgNO3 was added to 5 ml of 

cyanobacterial cell-extract. The mixture was then incubated at 25℃ 

for 120 h. The formation of AgNPs was visualized by observing the 

color change of the reaction mixture. The flask containing only cell 

extract served as positive control. Pure AgNO3 solution (1 mM) was 

taken in a flask separately for negative control. For the synthesis of 

AgNPs, different parameters such as temperature (20, 40, 60, 80, 100 

and 120℃), pH (3, 5 and 7), volume of cyanobacterial extract (1, 2, 

3, 4 and 5 ml), AgNO3  concentration (1, 2, 4, 6, 8 and 10 mM), time 

intervals (0, 12, 24, 48, 72, 96 and 120 h) and different environmental 

conditions (dark, light, 4°C and -20℃) were optimized.  

Characterization of AgNPs 

Ultraviolet-Visible (UV-VIS) spectroscopy 

The bioreduction of precursor silver 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. 

Fourier transform infrared (FTIR) spectroscopy observations 

To check the biomolecular capping on to the surface of AgNPs, the 

centrifuged and dried sample of AgNPs were subjected to FTIR 

(Varian 3100 FTIR spectrophotometer) analysis. For FTIR, a small 

amount of dried biomass was grinded with 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 extract of Nostoc sp. strain HKAR-2 

were taken before and after the synthesis of AgNPs.  

Size distribution and Zeta potential value  

The particle size distribution was done using  dynamic light 

scattering (DLS) measurement and zeta potential value of the AgNPs 

(suspended in Milli-Q water) were determined by using Beckman 

coulter Delta Nano C particle size analyzer  (Beckman Coulter Inc., 

USA). The AgNPs were dissolved in physiological saline for zeta 

potential analysis. Data obtained were analyzed using Zetasizer 

software. 

Scanning electron microscopy (SEM)  

The morphology and particle size of the AgNPs were characterized 

using scanning 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 were then allowed to dry 

by putting it under a mercury lamp for 5 min. SEM microphotographs 

were taken in scanning electron microscope (Quanta -200 FEI, 

Netherland).   

Transmission electron microscopy (TEM) 

The size of the green synthesized AgNPs was determined using 

transmission electron microscopy (TECNAI G2-TWIN-FEI TEM). 

The sample was prepared by sonicating the biosynthesized AgNPs 

and after that a drop of aqueous sample was placed on a carbon 

coated copper grid which was formvar coated.  It was then dried 

under infrared lamp prior to photography. TEM operated at an 

accelerating voltage of 200 kV. 

X-ray diffraction (XRD) analysis  

The XRD analysis (PAN analytical X pert PRO Model) was done to 

determine the dimension of biologically synthesized AgNPs with h, 

k, l value. The aqueous suspension of AgNPs (45 ml) was centrifuged 

for 10,000 rpm for 30 min and the pellet was dissolved in 5 ml 

double distilled water. 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, K-alpha radiation. The particle size (L) of AgNPs 

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. 

In vitro cytotoxicity  

Proliferation/survival of cells after AgNPs exposure was assessed by 

MTT (3-[4, 5-dimethylthiazol-2-yl] 2, 5-diphenyltetrazolium 

bromide) assay (purchased from Sigma-Aldrich Company, St. Louis, 
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Fig. 1: Change in color of solutions after 124 h of incubation. (A) Aqueous AgNO3 solution (colorless), (B) Nostoc sp. strain HKAR-2 

cell extract (light-greenish) and (C) reaction mixture containing Nostoc sp. strain HKAR-2 cell extract and AgNO3 (1 mM) (brown 

color). The brown color developed is due to the bioreduction of AgNO3 to Ag0. 

 

A B C

MO). Briefly, exponentially growing MCF-7 cell line was seeded in 

24 well plates (with a density of 40,000 cells/well/2 ml media) and 

incubated at 37℃ for adherence to the bottom of plate. After 18 h, 

the media was replaced with 2 ml fresh complete DMEM media. 

Sterile phosphate buffer saline (PBS) (20 µl) containing different 

concentration of NPs were added in each well and incubated at 37℃. 

A plate with AgNP-free phosphate-buffer saline served as control. 

After 48 h exposure of NPs, cells were washed with sterile PBS for 

removal of NPs to prevent any interference with MTT reagent. Fresh 

complete DMEM media (500 µl) containing 0.4 µg of MTT reagent 

was added to each well and the plate was incubated at 37℃. After 5 

h, MTT solution in medium was aspirated off. To achieve 

solubilization of formed formazan crystals 500 µL of DMSO was 

added. Microtiter plate was shaken for 10 min and 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 and this in turn 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 concentration of the test agent 

was calculated by dividing the observed OD value by control OD 

value and multiplying by 100. The anti-proliferative activity of 

AgNPs 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 control level of proliferation.  

Antibacterial activity by well diffusion method 

The biosynthesized AgNPs were tested for their antibacterial activity 

by well diffusion method against plant pathogenic bacteria such as R.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

solanacearum and X. campestris. The pure cultures of these 

organisms were routinely sub-cultured on nutrient agar medium at 

37℃ on rotary shaker at 200 rpm. 100 µl of each strain were 

swabbed uniformly on the individual plates using sterile glass  

spreader. Defined wells (3 mm) were made on nutrient agar plates  

using cork borer. Using micropipette, different concentrations (50, 

100 and 150 µl) of AgNPs solution were poured into separate wells 

on the plates. A number of antibiotics were tested for the sensitivity 

towards the two bacterial strains. For this study, among all the tested 

antibiotics, only streptomycin (25 µg/ml) was selected as positive 

control. DDW was taken as negative control. The plates were then 

incubated at 37℃ for desired time interval (overnight) and the 

different levels of zone of inhibition were measured. 

Antifungal activity by well diffusion method 

For screening of antifungal activity of AgNPs, a loopful of two 

fungal strains such as A. niger and T. harzianum were placed in the 

centre of Potato dextrose agar (PDA) plates. Wells of size 3 mm were 

made on the plates using cork borer and was filled with100 µl of NPs 

solution. Cumin oil (0.6 µl/ml) was used as positive control [48] and 

DDW as negative control. The plates were then incubated at 35℃ for 

18 h and the different levels of zone of inhibition were measured. 

Statistical analysis 

The experiments were repeated thrice for 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. 

Results  

Formation of AgNPs after the addition of the cell extract of Nostoc 

sp. strain HKAR-2 to AgNO3 solution was tested up to 124 h at 25℃ 

(Fig. 1A-C). The addition of cell extract to AgNO3 solution (1 mM)  
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Fig. 2: UV-VIS spectra recorded at different time intervals from aqueous solution of silver nitrate solution with Nostoc sp. 

strain HKAR-2. 
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resulted in color change of the reaction mixture from transparent to 

slightly brownish after 12 h due to the production of AgNPs. The 

intensity of the color increased with time of incubation, where 

maximum color change (dark brown) was measured at 124 h (Fig. 

1C). On the other hand, the color of AgNO3 solution (colourless; Fig. 

1A) and cell extract of Nostoc sp. strain HKAR-2 (light green; Fig. 

1B) served as a control as they remained unchanged even after 124 h. 

An UV-VIS spectrum is one of the most sensitive and easy way to 

test the synthesis of AgNPs. The absorption peak was recorded at a 

time interval of 0, 24, 48, 72, 96 and 124 h (Fig. 2). The surface 

plasmon resonance (SPR) was found to increase at 419 nm at 

different time interval indicating the maximum synthesis of 

AgNPs. The reaction mixture gave a broad and strong absorbance 

peak which is centered at 419 nm and is highly specific for AgNPs. 

This peak is due to the excitation of SPR of synthesized NPs. With 

the passage of time, the peak at 419 nm got sharper and narrower due 

to the rapid production of AgNPs. Among the different parameters, 

which were used for the effective synthesis of AgNPs, it was 

observed that the reaction initiated by taking 25 ml of Nostoc sp. 

strain HKAR-2 cell extract with 20 ml of  AgNO3 solution (1 mM) at 

room temperature, neutral pH (7.0), darkness and incubation till 124 

h favoured the maximum synthesis of AgNPs. It was noted that the 

reduction of AgNO3 solution into AgNPs started within 12 h after the 

addition of AgNO3 solution into cell extract and completed after 124 

h. It was observed from the spectra that the SPR at 419 nm showed 

increased absorbance with increasing incubation time (Fig. 2) 

indicating the rapid synthesis and stability of biosynthesized AgNPs.   

FTIR analysis of the air dried cell extract and AgNPs showed a  

number of peaks representing different functional group (Fig. 3A-B). 

The FTIR spectra of dried sample of cell extract of Nostoc sp. strain 

HKAR-2  showed intensive peaks at 3396.25 cm-1 (-OH),  2959 cm-1 

(CH3), 2923.19 cm-1 (C-N) and 1658.5 cm-1 (C=O) (Fig.  3A).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Whereas the stretching frequencies in biosynthesized AgNPs was 

observed at 3443.96 cm-1 (-OH), 3385.6 cm-1 (NH), 2923.83 cm-1 (C-

N), 2853 cm-1 (CH3) and 1644.73 cm-1 (C=O) (Fig. 3B). A 

comparative analysis of the spectra suggested that the cell extract and 

the AgNPs share common functional groups. These groups indicate 

that the cyanobacterial extract contain a huge amount of phenolic 

compound which have the potential to reduce the silver ion into 

AgNPs. There is a slight change in the frequency between 3396.25 

cm-1 to 3443.96 cm-1 in the cell extract of Nostoc sp. strain HKAR-2 

during the formation of NPs. The reduction of silver ion into AgNPs 

might be due to the involvement of –OH group. Band at 2923.19 cm-1 

(cell extract) and 2923.83 cm-1 (synthesized NPs) corresponds to the 

C-N stretching of the amine. Additionally, waveband of 1644.73 cm-1 

in biosynthesized nanoparticle could be involved in the adsorption of 

biomolecule on their surface. Several other peaks in the FTIR spectra 

indicates the presence of protein which might be responsible of the 

stability of AgNPs. The nature of the AgNPs formed was detected by 

using XRD. 

The XRD pattern showed four intense peaks ranging from 20o to 80o 

at 2θ. The diffraction peaks at 2θ values of 38.0, 44.0, 64.3, and 77.2o 

corresponds to (111), (200), (220) and (311) plane, respectively for 

silver (Fig. 4). When this spectrum was compared with the available 

standard, it was found that the biosynthesized AgNPs have crystalline 

nature. 

In addition, three other peaks at 2θ value of 27.52, 32.06  and 45.88o 

were also recorded in the XRD data which might be due to the 

crystallization of the bioorganic phase that are present on the surface 

of the NPs. The peaks of X-ray diffraction pattern are broad around 

their bases indicating the nano-size of the biosynthesized AgNPs. The 

size of the biosynthesized AgNPs were further analyzed using TEM. 

External morphology of the green synthesized NPs was demonstrated 

by using SEM. SEM images (Fig. 5) confirmed that the metal  
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Fig. 3: FTIR spectra of freeze-dried samples of AgNPs. (A) Nostoc sp. strain HKAR-2 extract without silver nitrate (control) and (B) 

AgNPs synthesized by Nostoc sp. strain HKAR-2 extract and AgNO3 (1 mM) solution after 124 h. 
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Fig. 4: XRD pattern of AgNPs showing the facets of crystalline silver after bioreduction. 
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Fig. 5: SEM micrograph images of AgNPs at different magnification synthesized by green method using cyanobacterial extract of 

Nostoc sp. strain HKAR-2 showing the spherical shaped flower like structure. External morphology of the green synthesized 

nanoparticles is demonstrated by using SEM. The images of SEM from (Fig. 5 A-C) shows small scattered like structure, which are 

agglomerated into larger size.  SEM images from (Fig. 5 D-I) are the magnified view of nanoparticles, which shows the larger images of 

agglomerated nanoparticles having the size between 51 µm-100 µm. 

 

particles are present in nano-size. It is evident from the images that 

the AgNPs are spherical in shape with an average size of 51-100 µm. 

The SEM images show small scattered structure (Fig. 5A-C) of 

biosynthesized AgNPs which then agglomerates into larger size. The 

magnified view of the NPs which shows the larger images of 

agglomerated NPs having the size between 51 µm-100µm has been 

shown in (Fig. 5D-I).  

Fig. 6A and 6B shows the TEM images of AgNPs. The size of NPs 

ranges from 51-100 nm. It is also evident that most of the NPs are 

spherical and well dispersed in nature. The TEM-SAED pattern 

showed the clear silver diffraction ring, which is the indication of  

face cubic centered (FCC) crystalline nature of the AgNPs (Fig. 6C). 

Some difference in the size of NPs in TEM and DLS is due to the 

covering of biomolecules on to the NPs. 

DLS data show the size distribution of particles with maximum 

intensity at 255.8 nm (Fig. 7). The Zeta potential showed net charge 

of 1.80 mV on the AgNPs (Fig. 8). This may be due to the capping of 

biomolecules onto nanoparticles. The zeta potential  

mainly depends upon the pH and the electrolytic concentration of the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

dispersion. Above data supports the stability of NPs in physiological 

saline pH. 

MTT assay was used to analyze the cytotoxic effect of green 

synthesized NPs on proliferation of MCF-7 cells. The dose dependent 

cytotoxicity was observed in AgNPs treated MCF-7 cells. The 

inhibitory concentration (IC50) was determined by  

considering the concentrations of 50 µg/ml, 20 µg/ml, 10 µg/ml, 5 

µg/ml, 2 µg/ml and 0 µg/ml. We dissolved biosynthesized NPs in 

buffer, which was taken as negative control for MCF-7 cells. 

However, the cytotoxicity effect of biosynthesized AgNPs against 

MCF-7 cells did not show significant cytotoxicity at lower  

concentration and cytotoxicity increased with increasing 

concentration from 0 µl/ml to 50 µl/ml (Fig. 9).  

The antimicrobial activity of AgNPs synthesized by using 

cyanobacterial extract of Nostoc sp. strain HKAR-2 was investigated 

against two plant pathogenic bacteria i.e. R. solanacearum and X. 

campestris by using well diffusion method (data not shown). The 

diameter of inhibition zones (mm) around each well loaded with 

AgNPs solution is shown in Table 1. The zone of inhibition formed  
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Fig. 6: HRTEM images of AgNPs recorded on carbon coated copper grid synthesized aqueous mixture of Nostoc sp. strain HKAR-2 and 

silver nitrate solution. (A) AgNO3 with an average size of 100 nm, (B) Spherical AgNPs with an average size of 50 nm synthesized from 

AgNO3 (1 mM) solution and Nostoc sp. strain HKAR-2 extract and (C) TEM-SAED ring pattern showing (face-cubic centered) the 

crystalline nature of AgNPs.  

 

 

Fig. 7: Size distribution of AgNPs with maximum intensity at 255.8 nm. 
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by AgNPs against R. solanacearum was 15, 25, 25 mm and 18, 23, 

23 mm for X. campestris at 5, 10 and 15 μg/ml concentration of 
AgNPs, respectively. The zones of inhibition formed by pure AgNO3 

were 11 and 13 mm for R. solanacearum and X. campestris 

respectively. DDW was used as a negative control for both the plant 

bacterial strains and did not show any zone of inhibition around the 

well of AgNPs whereas antibiotic Streptomycin used as a positive 

control showed a good zone of inhibition of 35 mm (Table 1). 

In the in vitro antifungal activity, Cuminum cyminum (L.) seed 

essential oil which is an antifungal [48] agent was used as a positive 

control for A. niger and T. harzianum and DDW was used as a 

negative control for for A. niger and T. harzianum (data not shown).  

The diameter of inhibition zones for A. niger was found to be 0.3, 0.3 

and 0.5 mm and 0.4, 0.4 and 0.5 mm for T. harzianum at 5, 10 and 15 

μg/ml concentration of biosynthesized AgNPs, 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,  

there was a growth of fungi in the presence of DDW which was used 

as a negative control (Table 2). 

Discussion 

The synthesis of metal NPs through biological routes has been 

practiced by several groups of workers [30, 31]. However, only very 

few reports are available regarding the use of cell extracts of 

bacteria/cyanobacteria for the synthesis of NPs [32, 33]. The 

synthesis of AgNPs was initially determined by the color change. Our 

result clearly shows that the cell extract of the hot-spring 

cyanobacterium Nostoc sp. strain HKAR-2 efficiently reacts with 

AgNO3 to form AgNPs. The colorr change clearly suggested the 

possible role of cell extract in reducing the AgNO3 solution into 

AgNPs. The mechanism how the cyanobacterial cell extract is 

capable of reducing the AgNO3 solution into AgNPs is not very well  
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Fig. 8: Biosynthesized AgNPs with a charge of 1.80 mV. 
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Fig. 9: MTT assay confirming the in vitro cytotoxicity effect of AgNPs against the MCF-7 cells. Data was expressed 

as mean ± SD of three experiments. Percentage of cytotoxicity was expressed relative to untreated controls. 
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Bacteria Concentration of AgNPs 

(µg/ml) 

Zone of Inhibition (mm) 

  AgNPs Positive control 

(Streptomycin) 

Negative control 

(DDW) 

R. solanacearum 5 15 ± 4.5 35 0 

10 25 ± 4.0 

15 25 ± 5.0 

X. campestris 5 18 ± 1.5 35 0 

10 23 ± 4.0 

15 23 ± 10.0 

Table 1: Zone of inhibition for AgNPs derived from the cyanobacterium Nostoc sp. strain HKAR-2 against plant pathogenic bacterial strains. 

 

*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. 
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known [33, 48], however, it is supposed that the enzyme, protein, 

amino acids and several other groups might be involved in the 

reduction of AgNO3 solution into the AgNPs [32, 33, 50]. Some 

researchers state that a cyanobacterium having an enzyme called 

nitrate reductase is involved in the reduction of AgNO3 into silver 

ion [28]. It is also proposed that a number of cyanobacterial 

photosynthetic pigments and secondary metabolites such as  

phycobiliproteins, mycosporine-like amino acids (MAAs) and 

carotenoids are well known photoprotective compounds, present in 

the cell extract, which might be involved in the synthesis of AgNPs. 

UV-VIS spectroscopy is a significant and sensitive technique to 

authenticate the formation and stability of AgNPs in aqueous 

solution. Thus, it could be used as the simplest confirmatory tool for 

metallic NPs synthesis. The appearance of a broad absorption peak at 

419 nm specific for AgNPs and the continuous increase in the 

absorbance with increasing time of incubation clearly indicates 

gradual increase in production of AgNPs [33, 48]. The data were in 

accordance with the previously reported spectroscopic data for 

AgNPs [9], suggesting the potential role of cell extract in the 

synthesis of metal NPs. FTIR spectra of freeze dried sample of 

biosynthesized NPs indicate the involvement of different functional 

group like group of hydroxyl, carboxyl, and carbonyl groups of 

proteins and amino acids which reduce the AgNO3 solution into the 

silver ion and stabilized the NPs. Cell extract of Nostoc sp. strain 

HKAR-2 and biosynthesized NPs have the same peak which 

represents the similar group present in both the sample but major 

changes in stretching frequencies were noted after the synthesis of 

AgNPs. Several groups of workers have demonstrated the role of 

phycobiliproteins in the synthesis and stabilization of metal NPs, 

probably due to the presence of some aromatic amino acids like 

tryptophan, phenylalanine and tyrosine which induces the formation 

of AgNPs [33]. 

The cell extract of Nostoc sp. strain HKAR-2 contains large amount 

of phycobiliproteins and their role in AgNPs synthesis seems 

convincing. In FTIR spectra, a few bands assigned to C-N stretching 

of amino acids belonging to aromatic amino acids group were 

obtained. In addition to providing stability, capping with 

biomolecules may provide anchor ability to NPs on bacterial 

membranes enabling them to attain antibacterial property. The shape,  

 

 

 

 

size, solubility and surface charge plays an important role in  

determining the physical, chemical and biological properties of NPs 

[30]. In the context of above facts, the size and morphology of the 

synthesized AgNPs were determined using SEM and TEM, 

respectively. SEM images revealed the formation of nano-sized 

spherical AgNPs (51-100 μm). The larger silver particles may be 
visible due to the aggregation of the smaller ones. TEM showed that  

the NPs were spherical and well dispersed in nature. It is well  

established that the production of AgNPs of smaller size is desirable 

as they show pronounced bactericidal effects possibly due to the 

availability of large surface area for interaction [49]. Von White et al. 

[50] have reported that the active biomolecules such as amino acids 

and small secondary metabolites stabilizes the AgNPs for long 

duration by avoiding aggregation and growth of NPs. 

The crystalline nature of AgNPs having FCC structure was confirmed 

by TEM-SAED and XRD analysis [51]. Shrivastava et al. [52] have 

reported that the small size and crystalline structure of NPs 

responsible for the antimicrobial potentials, are favoured by 111 

facets. The zeta potential mainly depends upon the pH and the 

electrolytic concentration of the dispersion [53]. The zeta potential 

analysis revealed the surface charge of AgNPs to be -10.950 mV, 

thereby indicating its prolonged stability even at physiological saline 

pH. AgNPs are being extensively used in medicine for its therapeutic 

values. There are only few reports on the cytotoxic effects of 

biologically synthesized AgNPs against cancer cell lines. Effect of 

AgNPs on MCF-7 breast cancer cell has already been reported by 

using A. squamosa [54]. To the best of our knowledge, this is the first 

report regarding the anticancer activity of AgNPs biosynthesized 

using cyanobacterial cell extract of Nostoc sp. HKAR-2 on breast 

cancer cell lines MCF-7. The dose-dependent cytotoxicity was 

observed in AgNPs treated MCF-7 cells. The possible cytotoxic 

mechanism of biosynthesized NPs is not yet clear, but some reports 

states that the biosynthesized AgNPs disrupts the gene involved in 

the cell cycle regulation and also induces DNA damage and apoptosis 

in cancer cells [55]. 

Owing to strong antibacterial property, silver based compounds are 

used in medicine from ancient times [32, 56-58]. However, reports on 

the antibacterial activity of biosynthesized NPs are less [9, 30, 48, 56, 

59, 60]. AgNPs have small size with a larger surface area; therefore,  

 

Fungal strains Concentration of AgNPs 

(µg/ml) 

Zone of Inhibition (mm) 

  AgNPs Positive control 

(Cumin oil) 

Negative control 

(DDW) 

A. niger 5 3 ± 0.03 Full inhibition of growth Full growth 

10 3 ± 0.06 

15 5 ± 0.04 

T. harzianum 5 4 ± 0.04 Full inhibition of growth Full growth 

10 4 ± 0.02 

15 5 ± 0.10 

*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. 

Table 2: Zone of inhibition for AgNPs derived from the cyanobacterium Nostoc sp. strain HKAR-2 against two fungal strains. 
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it could be a reason for higher antibacterial activity of AgNPs. Shape, 

size, solubility and the charge on the biosynthesized NPs played very 

crucial role in the biological property like inhibiting the growth of 

bacteria and fungi [30, 61]. Due to the small size and large surface 

area they have a better surface contact with the bacteria cell surface. 

This interaction disturbs the cellular function and may cause the 

defacing of bacterial membrane. The exact mechanism of action of  

AgNPs as an antibacterial agent is not fully revealed. However, some 

reports clearly suggests that the AgNPs produces free radicals and 

these radicals creates pores in the bacterial cell wall changing the 

membrane permeability, and releases certain vital proteins and 

lipopolysaccharide molecules [62, 63]. The damages to the bacterial 

cells may be caused by the interaction of AgNPs with phosphorus 

and sulfur-containing compounds such as DNA and proteins [32]. 

NPs have also been reported to inhibit the enzymes of electron 

transport chain in bacteria, ultimately leading to the cell death [60]. 

In the present study, we have only confirmed the antibacterial 

property of AgNPs, but the exact mechanism of their mode of action 

is still to be deciphered. 

Conclusion  

In summary, AgNPs have been successfully synthesized biologically 

by using the cell extract of thermophilic cyanobacterium, Nostoc sp. 

strain HKAR-2 which has a good reducing potential. Various 

parameters were also optimized for the maximum synthesis of 

AgNPs. The antitumor property of biosynthesized AgNPs were 

screened against MCF-7 breast cancer cell line. It was found that 

AgNPs effectively kill the tumor cells at increasing concentration, 

suggesting its possible application in the treatment of cancerous cells. 

Results clearly showed that the biosynthesized AgNPs possessed both 

antibacterial and antifungal activity. Future research must be focused 

to understand the mode of action of these nanoparticles as antitumor 

and antimicrobial agents. 
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