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Abstract

Background: The industrial production of silver nanoparticles (AgNPs) and its commercial applications are being
considerably increased in recent times, resulting in the release of AgNPs in the environment and enhanced
probability of contaminations and their adverse effects on living systems. Based on this, the present study was
conducted to evaluate the in vitro cytotoxicity of actinomycete-synthesized AgNPs on Allium cepa (A. cepa) root tip
cells. A green synthesis method was employed for biosynthesis of AgNPs from Streptomyces sp. NS-33. However,
morphological, physiological, biochemical, and molecular analysis were carried out to characterize the strain NS-33.
Later, the synthesized AgNPs were characterized and antibacterial activity was also carried out against pathogenic
bacteria. Finally, cytotoxic activity was evaluated on A. cepa root tip cells.

Results: Results showed the synthesis of spherical and polydispersed AgNPs with a characteristic UV-visible (UV-Vis.)
spectral peak at 397 nm and average size was 32.40 nm. Energy dispersive spectroscopy (EDS) depicted the
presence of silver, whereas Fourier transform infrared (FTIR) studies indicated the presence of various functional
groups. The phylogenetic relatedness of Streptomyces sp. NS-33 was found with Streptomyces luteosporeus through
gene sequencing. A good antibacterial potential of AgNPs was observed against two pathogenic bacteria.
Concerning cytotoxicity, a gradually decreased mitotic index (MI) and increased chromosomal aberrations were
observed along with the successive increase of AgNPs concentration.

Conclusions: Therefore, the release of AgNPs into the environment must be prevented, so that it cannot harm
plants and other beneficial microorganisms.
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1 Background
The synthesis of different metal nanoparticles is one of
the most effective areas of research in modern science.
These nanoparticles show completely different proper-
ties depending on specific characteristics, such as shapes,

sizes, and distributions and can be used as biological
markers because of the large surface to volume ratio [1–
3]. The metal nanoparticles are composed of about 20 to
15,000 atoms, which results in a size smaller than 1 to
100 nm [4, 5]. Biological and chemical properties of
nanoparticles with respect to size and shape have a
strong affinity to various target molecules particularly
proteins, structural sturdiness in spite of atomic

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: sreenivasanayaka06@gmail.com
P.G. Dept. of Studies in Botany, Karnatak University, Dharwad, Karnataka
580003, India

Beni-Suef University Journal of
Basic and Applied Sciences

Nayaka et al. Beni-Suef University Journal of Basic and Applied Sciences
           (2020) 9:51 
https://doi.org/10.1186/s43088-020-00074-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s43088-020-00074-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:sreenivasanayaka06@gmail.com


granularity, enhanced or delayed particles aggregation
depending on the type of the surface modification, en-
hanced photoemission, high electrical and heat conduct-
ivity, and improved surface catalytic activity [2, 6]. In
modern material science; nanoparticles or nanocrystals
have found enormous applications in the field of thera-
peutics, antimicrobials, high-sensitivity bimolecular de-
tection, diagnostics, catalysis, and microelectronics [7].
It is well known that the size and shape of nanoparti-

cles have a great effect on their electronic and optical
properties; thus, there has always been obvious interest
in controlling the size, shape, and surrounding media of
nanoparticles. There are different chemical, physical, and
biological methods for the synthesis of nanoparticles [1,
7, 8]. The physical methods of synthesis produce large
quantities of nanoparticles with definite shape and size.
However, the production of large quantities of waste
materials, uses of high amount of energy, time required
for synthesis, and acquiring thermal stability of nanopar-
ticles are the disadvantages of this process [1, 8, 9].
Chemical methods of synthesizing are complicated and
have many effects, such as producing numerous danger-
ous chemicals, which are toxic in nature and produce
wastes. These chemicals are harmful, not only to the en-
vironment, but also to human health [10]. The use of
environmentally benign substances, like extracts of dif-
ferent plant parts and microorganisms do not use toxic
chemicals for the synthesis of nanoparticles [7, 11, 12].
This kind of green synthesis of nanoparticles offers nu-
merous benefits, eco-friendliness, and compatibility for
pharmaceutical and other biomedical applications. This
biogenic synthesis of metal nanoparticles has long been
recognized having an inhibitory effect on microbes
present in medical and industrial processes [4, 13].
There are many microorganisms, such as bacteria, acti-
nomycetes, fungi, and viruses that have been investigated
to produce different metal nanoparticles of silver (Ag),
gold, zinc, palladium, magnesium, copper, iron, lead, ti-
tanium, etc. [11, 14, 15].
Actinomycetes are prokaryotic, gram positive bac-

teria with high guanine (G) and cytosine (C) contents
in their deoxyribonucleic acid (DNA). These actino-
mycetes produce rod-shaped or coccoid cells or aerial
and substrate mycelia, which resemble fungal morph-
ology [16]. These gram-positive bacteria are phylogen-
etically divided into two major divisions, “low-GC”
and “high-GC”. Although the gram-positive bacteria
with high-GC content have less adenine (A) and thy-
mine (T) base pairs in DNA. These actinomycetes
have diverse biological activities due to their capacity
of production of a wide range of secondary metabo-
lites. They are one of the largest prokaryotic groups
of microbial resources having high commercial value,
which contributed in production of almost half

(47.01%) of the total antibiotics discovered [17, 18].
Actinomycetes are also the producer of numerous
non-antibiotic bioactive metabolites, such as anti-
oxidation reagents, immunological regulators, en-
zymes, enzyme inhibitors, neuritogenic, anti-cancer,
anti-inflammatory, anti-helmintic, herbicides, vitamins,
and pesticides [17, 19, 20]. The biosynthesis of nano-
particles occur in microorganisms, when they grab
target metal ions from their environment and turn
the ions into the element metal through enzymes pro-
duced by the cell activities. In particular, the biogenic
synthesis of metal nanoparticles from actinomycetes
may take place intracellularly or extracellularly. In ac-
tinomycetes, the intracellular reduction of metal ions
takes place on the surface of mycelia along with cyto-
plasmic membrane or by transporting metal ions into
the microbial cell in the presence of enzymes, which
eventually leads to the formation of nanoparticles.
The extracellular synthesis, however, involves redu-
cing the metal ions in presence of reductase enzyme
[11, 21–23].
In context to mutagenesis and cytotoxicity analysis,

plants have been used as an indicator organism. The
plant systems have a variety of genetic endpoints, such
as alterations in ploidy, chromosomal aberrations, and
sister chromatid exchanges. The plant Allium cepa was
regarded as a bio-indicator plant for environmental pol-
lution since 1920. The chromosomal aberrations in A.
cepa root are an established plant bioassay and were val-
idated by the International Programme on Chemical
Safety (IPCS), World Health Organization (WHO), and
the United Nations Environment Programme (UNEP). It
is an efficient and standard model of biological system
for the cytotoxicity of AgNPs on root meristems, chem-
ical screening, and in situ monitoring for genotoxicity of
environmental substances [24–26]. There are also some
reports on the genotoxic effects of AgNPs in Tradescan-
tia paludosa, Vicia faba, Hordeum vulgare, Crepis capil-
laries, Pisum sativum, Allium sativum, Drimia indica,
etc. [27, 28]. Researchers have revealed that the A. cepa
system is considered to be the best-established system,
which is correlated considerably with the studies per-
formed in eukaryotic and prokaryotic systems for evalu-
ation of genotoxicity in vitro and in vivo [29]. In the
present study the genotoxicity of soil actinomycete-
synthesized AgNPs was evaluated for the first time.

2 Methods
In the present work, the actinomycetes were isolated
from soil samples collected from agricultural fields, char-
acterized, and used for the synthesis of AgNPs. Further,
the synthesized AgNPs were characterized and used for
A. cepa root tip cell bioassay for observing cytotoxicity.
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2.1 Isolation and antimicrobial activities of actinomycetes
Fifteen soil samples were collected at a depth of 10 to
25 cm from agricultural fields. The collected soil samples
were immediately packed in sterile plastic bags and
transferred to the microbiology laboratory for analysis.
At first, the samples were air-dried at room temperature
(~ 25 °C) for 7 to 8 days. Later, 1 g of each soil sample
was dissolved in 10 ml of autoclaved 9 g/l sodium chlor-
ide (NaCl, physiological saline), and serially diluted in
down to 10–7. One hundred microliters of each serially
diluted sample was dispensed on starch casein agar
(SCA) medium (starch, 10 g; casein, 0.30 g; potassium ni-
trate, 2.0 g; NaCl, 2.0 g; di-potassium hydrogen phos-
phate, 2.0 g; magnesium sulfate heptahydrate,
heptahydrate, 0.05 g; calcium carbonate, 0.02 g; ferrous
sulfate heptahydrate, 0.01 g; agar, 18.0 g; distilled water,
1 l; pH 7.0 ± 0.2), International Streptomyces Project
(ISP) 2 medium (yeast extract, 4.0 g; malt extract, 10.0 g;
dextrose, 4.0 g; agar, 20.0 g; distilled water, 1 l; pH 7.3 ±
0.2) and ISP6 medium (peptone, 15 g; yeast extract, 1 g;
ferric ammonium citrate, 0.500 g; sodium thiosulfate,
0.080 g; di-potassium hydrogen phosphate, 1.0 g; agar,
15 g; distilled water, 1 l; pH 7.0 ± 0.2) supplemented with
nystatin and cycloheximide (50 μg/ml), respectively. The
plates were incubated at 33 °C for 7 to 8 days for isola-
tion of actinomycetes. All the isolated actinomycetes
strains were used to perform antimicrobial screening by
cross streak method. Each strain was grown as a single
streak on nutrient agar medium and incubated at 33 °C
for 7 to 8 days. The pathogenic organisms were streaked
at the angle of 90° to actinomycetes streak and incubated
at 37 °C for 24 h [30–32]. After incubation, the most ac-
tive strain designated as Streptomyces sp. NS-33, which
inhibited the growth of pathogens was used for the syn-
thesis of AgNPs.

2.2 Characterization of Streptomyces sp. NS-33
2.2.1 Morphological, physiological, and biochemical
characterization
For morphological characterizations, the Streptomyces
sp. NS-33 was grown for 7 to 9 days on SCA, ISP2, ISP3,
ISP4, ISP5, and ISP6 media. The pH of all media was ad-
justed at pH 7.0. The shape of the colony, pigmentation
and color of aerial, and substrate mycelia was observed
in each medium and recorded. The spore surface
morphology of Streptomyces sp. NS-33 was observed
under a scanning electron microscope (SEM) (JSM-
IT500, In Touch Scope Scanning Electron Microscope)
by cover-slip culture method at a resolution of × 10,000
[33]. Physiological characterization was done to check
the growth of the organism at different temperatures
ranging from 20 to 60 °C, pH tolerance from pH 4.0 to
9.0 and NaCl tolerance at different concentrations up to
7%. In order to record the biochemical characteristics,

the Streptomyces sp. NS-33 was used for the hydrolysis
of urea and gelatin. Hydrogen sulfide (H2S), indole pro-
duction, citrate utilization, gram staining, and motility
were also checked. Further, analysis of the utilization of
carbon sources was done on D-glucose, sucrose, manni-
tol, inositol, rhamnose, sorbitol, trehalose, and xylose
[34].

2.2.2 Molecular characterization
The molecular taxonomical identification of the Strepto-
myces sp. NS-33 was done by 16S ribosomal Ribonucleic
Acid (16S rRNA) gene sequencing. Genomic DNA was
extracted and purified using Hi-PurA Streptomyces DNA
Purification Kit (MB527) according to the manufac-
turers’ protocol. Briefly, the Streptomyces sp. NS-33 cul-
ture was centrifuged (Remi R-8C) at 10,000 rpm to
remove the culture medium. The obtained pellet was re-
suspended in 300 μl lysis solution and 20 μl of RNase A
solution and incubated at 25 °C for 2 min. Twenty mi-
croliters of protinase-K solution was added and incu-
bated at 55 °C for 30 min. This mixture was later
vortexed horizontally at the maximum speed for 7 min
and incubated at 95 °C for 10 min. The mixture was cen-
trifuged at 12,000 rpm for 1 min and 200 μl of lysis solu-
tion was added, vortexed for 15 s and incubated at 55 °C
for 10 min. To this homogenous mixture 200 μl of etha-
nol was added and vortexed for 15 s. The lysate was then
transferred to a Hi-Elute Miniprep Spin column and
500 μl of prewash solution was added and centrifuged at
10,000 rpm for 1min and the supernatant was discarded.
To this pellet, 500 μl of wash solution was added and
centrifuged for 3 min at 12,000 rpm; the supernatant was
discarded. Two hundred microliters of elution buffer
was pipetted into the column and incubated for 1 min at
room temperature. The DNA was eluted finally by cen-
trifugation at 10,000 rpm for 1 min. The region of 16S
rRNA was amplified through polymerase chain reaction
(PCR) using forward primer (5′-GGTTACCTTG
TTACGACTT-3′) and reverse primer (5′-AGAGTTTG
ATCCTGGCTCAG-3′). PCR reaction was carried out in
final volume of 50 μl. The reaction mixture contained
template DNA 1.0 μl, buffer 5 μl (free from Mg2+), mag-
nesium chloride 5 μl (2.5 μM), deoxyribonucleotide tri-
phosphates (dntps) 8 μl (2.5 μM each dATP, dTTP,
dGTP, dCTP), primer 1 μl each (20 μM each), Taq DNA
polymerase 0.5 μl (5.0 U/μl), and molecular grade water
to make up the volume up to 50 μl. The whole reaction
mixture was amplified in an Applied Biosystems 2720
Thermal Cycler. The PCR cycles were programmed as
follows, initialization for 5 min at 96 °C, denaturation for
30 s at 96 °C, followed by annealing at 55 °C for 30 s, ex-
tension for 90 s at 72 °C and final extension at 72 °C for
10 min [30]. Later, PCR products were electrophoresed
on 1% agarose gel with a 500-bp DNA ladder for size
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reference. The purified PCR amplicon was sequenced,
compiled and matched with the Gene Bank database
using Basic Local Alignment Search Tool (BLAST) on
the National Center for Biotechnology Information
(NCBI) website. Further, the DNA sequence was aligned
with the aid of CLUSTAL-X software and a phylogenetic
tree was constructed by the neighbor-joining method
using MEGA 7.0 software [32, 35, 36].

2.3 Biosynthesis of AgNPs
The Streptomyces sp. NS-33 was grown in starch casein
broth with continuous shaking on a rotary shaker (120
rpm) at 33 °C for 7 to 9 days. Later, the broth was centri-
fuged at 8000 rpm for 20 min to separate the biomass.
For the synthesis of AgNPs, an equal volume of cell-free
supernatant and aqueous silver nitrate (AgNO3)
(1mMol/l) solution was interacted at a pH adjustment
8.0. The interacted solution was kept in the dark on a
rotary shaker (120 rpm) at 28 °C for 4 days. Pure double-
distilled water was used in control experiments [37].

2.4 Characterizations of AgNPs
The probable formation of AgNPs in aqueous solution
was observed by the change of color of the solution.
Later, a physicochemical analysis was performed by
measuring UV-visible (UV-Vis.) spectrum at 350 to 700
nm to confirm the formation of AgNPs using a UV-Vis.
spectrophotometer (UV-9600A, Metash Instruments Co.
Ltd., Shanghai, China) [38]. The size, shape, and surface
morphology of AgNPs were analyzed using atomic force
microscopy (AFM). The sample for AFM was prepared
by making a suspension of AgNPs with water and the
addition of a droplet onto a substrate. The air-dried sus-
pension was scanned using an AFM instrument (FLEX-
AFM, Nanosurf easyscan II controller) [39]. In order to
identify the biological functional groups the dried Strep-
tomyces sp. NS-33 supernatant and AgNPs were mixed
with potassium bromide and thin disks were made,
which was scanned in the range of 400 to 4000 cm–1 at
prominent infrared resonance spectra by Fourier trans-
form infrared (FTIR) spectrophotometer (Nicolet 6700,
Thermo Fisher Scientific, Waltham, Massachusetts,
USA) [40]. Moreover, the size and shape of AgNPs were
also observed by transmission electron microscope
(TEM) analysis. For this, AgNPs were diluted with sterile
double-distilled water and applied onto a carbon-coated
copper grid and allowed to dry at room temperature for
15 min under infrared light. This was further photo-
graphed using TEM (FEI, TECNAI G2, F30) at a magni-
fication of × 60,000 to × 80,000 [41]. Elemental analysis
was done using Energy dispersive spectroscopy (EDS)
coupled with SEM to identify the metal ion concentra-
tion in AgNPs [39]. Finally, X-ray diffraction (XRD)
measurements of AgNPs were performed using XRD

spectroscopy (Rigaku Smartlab SE). The sample was pre-
pared placing AgNPs powder into a sample holder and a
smooth surface was made through pressing. The XRD
spectra were recorded between 30 and 80° by X-ray dif-
fractometer equipped with CuKα filter (λ = 0.15418 nm),
2θ/θ scanning mode. The obtained diffractogram was
compared to the standard Joint Committee on Powder
Diffraction Standards (JCPDS) card no. 04-0783. At last,
the size of AgNPs was estimated using Debye Scherrer’s
formula, d = kλ/βcosθ, where, k = Debye Scherrer’s con-
stant 0.89, λ = the wavelength (0.15418 nm), β = FWHM
of Bragg’s peaks, and θ = value of Bragg’s angle [46].

2.5 Antibacterial activity of AgNPs
The antibacterial activity of AgNPs was tested against
human pathogenic bacteria through a well diffusion
assay. Three gram-positive bacteria, such as Staphylococ-
cus aureus (MTCC6908), Streptococcus pneumoniae
(MTCC2672), Enterococcus faecalis (MTCC6845), and a
gram-negative bacterium Escherichia coli (MTCC40)
were collected from MTCC, Pune. One hundred micro
liters of each fresh culture of pathogenic bacteria was
spread on the plates containing Mueller-Hinton agar
medium. One milligram AgNPs was diluted with 1 ml of
double-distilled water and vortexed thoroughly to make
a proper suspension. Further, 6-mm wells were made
and different volumes of AgNPs, such as 25 μl, 50 μl,
75 μl, and 100 μl, were loaded into each well. One hun-
dred microliters of AgNO3 and 100 μl of Streptomyces
sp. NS-33 supernatant were also loaded to compare re-
sults with AgNPs suspension. Later, the plates were in-
cubated at 37 °C for 24 h and the zone of inhibition was
measured in millimeters [7].

2.6 Assessment of cytotoxic activity on Allium cepa root
tip cells
Healthy onion bulbs were bought from the local market
and used for growing roots. Briefly, the outer dry scale
leaves and dry roots were removed from bulbs without
damaging the root primordia. The bulbs were then kept
in coupling jars containing distilled water for growing
roots in laboratory temperature (approximately 26 °C)
for 4 to 5 days. The distilled water in coupling jars was
changed every day. Later, the onions with newly grown
roots were treated with 25 μg/ml, 50 μg/ml, 75 μg/ml,
and 100 μg/ml AgNPs suspension for 24 h. The control
experiment was done by keeping the onions in sterile
distilled water. Both the experiments were carried out in
laboratory temperature (approximately 26 °C). After 24 h
of treatment the roots were cut in 5mm length and
fixed in Carnoy’s solution [ethyl alcohol to glacial acetic
acid (3:1)] for 24 h and then preserved in 70% alcohol at
4 °C. A squash was prepared by taking the meristematic
region of roots and using 2% acetocarmine dye. The
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slides were observed under a microscope (Olympus
CX23, Binocular microscope) for counting the cells
under division and various chromosomal aberrations in
each concentration or treatment. The observation of
cells under microscope was done in quadruplicate for
each concentration of AgNPs and around 1500 cells
were counted. The mitotic index (MI) was calculated
using the following formula [26, 28].

MI %ð ÞNumber of cells in mitosis
Total number of cells

� 100

2.7 Statistical analysis
The Statistical Package for the Social Sciences-20 (SPSS-
20) software was used for statistical analysis followed by
one way analysis of variance (ANOVA) and standard de-
viation (± SD) in representation of data.

3 Results
3.1 Isolation of actinomycetes
During the screening 37 actinomycetes strains were iso-
lated from different agricultural field soil samples. Inter-
estingly, out of 37 isolated actinomycetes strains, the
Streptomyces sp. NS-33 showed significant antimicrobial
activity through cross streak method and was selected as
a potential strain for studies.

3.2 Characterizations of Streptomyces sp. NS-33
3.2.1 Morphological, physiological, and biochemical
characterizations
The observations of morphological, physiological, and
biochemical characterizations were listed in Table 1.
The Streptomyces sp. NS-33 showed a range of color of
aerial and substrate mycelium on SCA, ISP2 to ISP6
media. However, the organism did not produce any pig-
ment on ISP media, but a light yellow pigmentation was
found on SCA medium (Fig. 1). The colony formed by
the strain NS-33 was irregular in shape with a flat sur-
face. The spore chain morphology of Streptomyces sp.
NS-33 showed ovoid to doliform spores having a smooth
surface with slight depression at three sides. The spore
chain was poly-sporus in which the spores were attached
in an end to end fashion forming retinaculiapreti struc-
ture (Fig. 2). During physiological characterizations,
optimum growth of the strain NS-33 was found at 33 to
35 °C, whereas a weak and no growth was noted below
and above this temperature range. The strain NS-33 was
found to grow best at pH 7.0 and 3 to 4% NaCl concen-
tration, but a relatively weak growth was noted at pH
8.0. At last, the biochemical characterizations revealed
that the isolate was gram-positive with non-motile
spores. The strain NS-33 showed positive results only
for hydrolysis of gelatin and urea, while a negative result

was obtained for indole, H2S production, and citrate
utilization. The most utilized carbon sources by the
strain NS-33 were D-glucose, inositol, and trehalose,
while there was no growth observed on sucrose, manni-
tol, inositol, raffinose, sorbitol, and xylose (Table 1).

3.2.2 Molecular characterization
The molecular characterization of the Streptomyces sp.
NS-33 was achieved by 16S rRNA sequencing. The gen-
omic DNA was extracted and the region of 16S rRNA
was amplified using primers. The obtained 16S rRNA
partial sequencing was linear and 742 bp in length,
which was deposited to the NCBI database of gene bank
with accession number MN587998. This was further
subjected to BLAST analysis in search of close related-
ness with other Streptomyces spp. The BLAST result
showed 98.18% sequence similarity with Streptomyces
luteosporeus strain NBRC-14657 (NR112439). Further, a
phylogenetic tree analysis of Streptomyces sp. NS-33 re-
vealed its evolutionary relationship with Streptomyces
luteosporeus strain NBRC-14657 (NR112439) as shown
in Fig. 3.

3.3 Biosynthesis of AgNPs
During the synthesis, the color of Streptomyces sp. NS-
33 cell-free supernatant was changed from pale-yellow
to brown color after mixing and incubation with an
equal volume of AgNO3 at pH 8.0. This indicated the
formation of AgNPs (Fig. 4).

3.4 Characterizations of AgNPs
3.4.1 UV-Vis. spectroscopy
The UV-Vis. spectroscopic analysis of AgNPs was car-
ried out after 4 days of incubation in dark condition.
The color of the reaction mixture was changed from
pale-yellow to brown. The characteristic absorption peak
of synthesized AgNPs was obtained at 397 nm, which
confirmed their formation (Fig. 5).

3.4.2 AFM analysis
The two and three dimensional AFM topography images
of AgNPs were used to study the size, shape, and surface
morphology. The images revealed that the AgNPs were
well defined, spherical in shape, and were polydispersed
in nature with a size ranged between 25 and 78 nm. The
size distribution of the AgNPs was shown in Fig. 6. The
data obtained from AFM analysis was correlated with
TEM results.

3.4.3 FTIR analysis
The FTIR spectra of Streptomyces sp. NS-33 supernatant
and biosynthesized AgNPs were depicted in Fig. 7a and
b, respectively. Several vibrational frequencies were ob-
served in the range of 400 to 4000 cm−1. The FTIR
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Table 1 Biochemical characterizations of Streptomyces sp. NS-33

Morphological characterizations

Medium Color of aerial mycelium Color of substrate mycelium Pigmentation

SCA White Light yellow Light yellow

ISP-2 White Yellow -

ISP-3 Grayish Light brown -

ISP-4 Pinkish Light brown -

ISP-5 White Light yellow -

ISP-6 Beige Light yellow -

Colony morphology of Streptomyces NS-33 Irregular margin with a flat surface

Physiological characterizations

Growth at different temperatures

20 °C -

25 °C W

30 °C ++

35 °C ++

40 °C W

45 °C -

50 °C -

55 °C -

60 °C -

Growth at different pH and NaCl concentration

pH 4 -

pH 5 -

pH 6 -

pH 7 ++

pH 8 W

pH 9 -

NaCl concentration 3 to 4%

Biochemical characterizations

Gram staining Gram-positive

Motility Non-motile

Indole -

Citrate utilization -

H2S production -

Urea +

Gelatin +

D-glucose +

Sucrose -

Mannitol -

Inositol +

Raffinose -

Sorbitol -

Trehalose +

Xylose -

- Negative, W Weak, + Positive, ++ Good growth
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spectrum of NS-33 supernatant revealed eleven absorp-
tion peaks, positioned at 3400, 2953, 2372, 2355, 1659,
1310, 1142, 1088, 1016, 927, and 656 cm−1, whereas the
AgNPs illustrated peaks at following wave numbers
3440, 2941, 2364, 2357, 1664, 1385, 1132, 1065, 1020,
929, and 669 cm−1. The first strong and broad absorp-
tion peak at 3400–3440 cm−1 arose due to the presence
of an O-H stretching vibration of alcohol. The peak
shifting from 2953 to 2941 cm−1 was attributed to C-H
medium stretching of alkane, while the spectral peak at
2372 to 2364 cm−1 indicated a vibration of P-H phos-
phine. The weak vibrational peaks positioned at 2355 to
2357 cm–1 were also attributed to P-H vibration of phos-
phine. However, the intense peak at 1659–1664 cm−1

was assigned to C=C stretching of alkene and the peak
1310–1385 cm−1 was indicated an O-H bending vibra-
tion of phenol. In addition to these, the weak peak at

1142–1132 cm−1 was attributed to C-N stretching of a
secondary amine, whereas the peak positioned at 1088–
1065 cm−1 indicated to C-O stretching of alkyl
substituted ether and the peak at 1016–1020 cm–1 attrib-
uted to C-F stretching of alkyl halides. Finally, the 2-
weak peaks positioned at 927–929 cm−1 and 656–669
cm−1 were assigned to ring vibration of cyclohexane and
C-H bending of alkyne, respectively.

3.4.4 TEM analysis
The size, morphology, and distribution of the AgNPs
were characterized by TEM, which was shown in Fig. 8.
The AgNPs appeared oval to spherical in shape (Fig. 8a),
polydispersed, scattered, and the size ranged from 22 to
75 nm (Fig. 8b). The average size of nanoparticles was
found at 30.35 nm.

Fig. 1 Growth of Streptomyces sp. NS-33 on SCA medium. a Aerial mycelium (white). b Substrate mycelium (light yellow pigmentation)

Fig. 2 SEM micrograph showing the morphology of Streptomyces sp. NS-33
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3.4.5 EDS analysis
The EDS spectrum of AgNPs expressed qualitative and
quantitative compositions of different components that
may be present in the formation of AgNPs. The
spectrum showed a strong signal at 3 KeV due to the
presence of silver as the ingredient element (mass
29.03%). The other elements present in the formation of
AgNPs were carbon, cobalt, sodium, magnesium,

chlorine, and potassium, which were present in trace
amounts (Fig. 9).

3.4.6 XRD analysis
The crystalline structure and size of the nanoparticles
were determined using XRD analysis. Figure 10 revealed
the characteristic diffraction peaks for AgNPs at 38.29°,

Fig. 3 Phylogenetic tree of Streptomyces sp. NS-33 showing the evolutionary relationship

Fig. 4 Change in color of Streptomyces sp. NS-33 supernatant after mixing and incubation with AgNO3. (a) Streptomyces sp. NS-33 supernatant
(pale yellow). (b) The formation of AgNP suspension (brown)
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46.39°, 64.62°, and 76.85°. The XRD planes obtained at
(111), (200), (220), and (311) corresponded to face-
centered cubic crystals of silver. The average size of
the AgNPs formed in the process was calculated to
be 32.40 nm.

3.5 Antibacterial activity of AgNPs
The synthesized AgNPs showed moderate antibacterial
activity against different pathogenic bacteria, such as S.
aureus (MTCC6908), S. pneumoniae (MTCC2672), E.
faecalis (MTCC6845), and E. coli (MTCC40) (Figs. 11
and 12. Only two among the four pathogens were found
susceptible to 100 μl of AgNPs suspension (Fig. 11a–d).
The pathogens S. aureus and S. pneumoniae showed sus-
ceptibility to all volumes of AgNPs and even only these
two pathogens showed susceptibility to 100 μl of Strepto-
myces sp. NS-33 supernatant (Fig. 11a, b). The other two
organisms, such as E. faecalis and E. coli, were resistant

to 25 μl to 100 μl volume of AgNPs and even to 100 μl
of Streptomyces sp. NS-33 supernatant (Fig. 11c, d).

3.6 Cytotoxicity assay of Streptomyces sp. NS-33-
synthesized AgNPs
The impact of different concentrations of AgNPs sus-
pension on cell division of A. cepa was analyzed. The MI
was highest in control, i.e., in sterile distilled water,
where no chromosomal aberrations were observed. Fig-
ure 13 depicted the mitotic phases in control experiment
and various chromosomal distortions after treatment
with AgNPs for 24 h. A decline in the MI was noticed
with the increase in the concentration of AgNPs. The
lowest number of chromosomal aberrations was ob-
served in 25 μg/ml concentration of AgNPs, which was
increasing gradually with increasing concentrations of
AgNPs, i.e., 50 μg/ml, 75 μg/ml, and 100 μg/ml AgNPs.
In 25 μg/ml suspension of AgNPs, the MI was 60.1%.
Different chromosomal aberrations including sticky
chromosome, disturbed chromosome, and chromosome
break were observed. In 50 μg/ml, the chromosomal ab-
errations observed were disturbed chromosome, laggard
chromosome, multinuclear cells, etc. with a MI 50.74%.
Moreover, in 75 μg/ml and 100 μg/ml of AgNPs, the MI
was reduced to less than 50%, i.e., 41.35% and 28.99%,
respectively, showing various chromosomal aberrations,
such as chromosome break, disturbed chromosome,
sticky chromosome, diagonal anaphase, and clumped
metaphase (Table 2).

4 Discussions
The actinomycetes possess an important and ubiquitous
group of organisms and are widely distributed in all
most all natural ecosystems even at harshest ecosystems.
Actinomycetes are extensively being used since the past
few decades due to their capacity for the production of
strong antibiotics. These microorganisms were originally
called “Ray Fungi”, because of their phenotypic charac-
teristics. However, it has been strongly proved later that

Fig. 5 UV-Vis. absorption spectrum AgNPs synthesized by Streptomyces
sp. NS-33

Fig. 6 Atomic force microscopy images. a Size of the AgNPs. b Height of AgNPs (3D). c Histogram of AgNPs

Nayaka et al. Beni-Suef University Journal of Basic and Applied Sciences            (2020) 9:51 Page 9 of 18



these microorganisms have a close relationship with
Mycobacteria and Coryneforms and having no phylogen-
etic relationship with fungi [42]. In the present study, a
total of 37 actinomycetes strains were isolated from soil
samples collected from agricultural fields through the
serial dilution method. Among these 37 isolated actino-
mycetes strains, the Streptomyces sp. NS-33 was found
most active during primary screening and thereafter
taken for further characterizations and synthesis of
AgNPs. A similar result was demonstrated by Sreenivasa
et al. [43]. Later, the Streptomyces sp. NS-33 was charac-
terized through morphological, physiological, and bio-
chemical analyses. The morphological characterizations

revealed a different range of colors of aerial and sub-
strate mycelia. The color of aerial mycelium was white
to beige, while the substrate mycelium was from light
yellow to light brown in color. There was a faint yellow-
ish pigment found only on the SCA medium. This may
be due to the presence of various medium compositions,
which influence the color of aerial and substrate myce-
lium and pigmentation. The surface morphology of
Streptomyces sp. NS-33 through SEM analysis showed
smooth, ovoid to doliform spores arranged in a retinacu-
liapreti fashion. A similar result was reported by
Priyanka et al. [33], where SEM analysis revealed the
aerial mycelium of a Nocardia sp. PB-52 formed long,

Fig. 7 FTIR spectra of Streptomyces sp. NS-33 and synthesized AgNPs. a FTIR spectra of Streptomyces sp. NS-33 supernatant. b Expression of functional
groups in synthesized AgNPs
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straight to rectiflexibiles spore chains having rugose
spore surface. The physiological characteristics revealed
the strain NS-33 was able to withstand temperatures up
to 35 °C and pH 7.0. The best growth of the strain NS-
33 was found only at 3 to 4% NaCl concentration. So
this result showed the Streptomyces sp. NS-33 was a
mesophilic, neutrophilic, and slightly halo-tolerant or-
ganism. The biochemical analysis indicated the capacity
of strain NS-33 to hydrolyze urea, gelatin, D-glucose, in-
ositol, and trehalose. The results obtained from morpho-
logical, physiological, and biochemical characterizations
were compared with Streptomyces species reported in
Bergey’s manual of systematic bacteriology [44].
Nowadays, the 16S rRNA gene sequencing of actinomy-

cetes has become a useful method for the identification

and classification up to the species level. The 16S rRNA
gene is a highly conserved region and is a component of
the 30S small subunit of a prokaryotic ribosome. The se-
quence obtained was 742 bp long and the strain NS-33
was phylogenetically related to the Streptomyces luteospor-
eus strain NBRC-14657 (NR112439). This is because the
16S rRNA gene contains both hypervariable and con-
served regions. The conserved regions are used for univer-
sal primer binding sites and hypervariable regions provide
species-specific signature sequences that allow the dis-
crimination between different specific microorganisms,
such as bacteria, archaea, and microbial eukarya [45].
The nanoparticles can be synthesized from various metals,

such as silver, gold, zinc, and platinum, and have a large
number of biological applications. The biosynthesized AgNPs

Fig. 8 TEM micrograph of Streptomyces sp. NS-33 synthesized AgNPs. a Single spherical shaped AgNP. b Polydispersed and scattered AgNPs

Fig. 9 EDS spectrum AgNPs synthesized by Streptomyces sp. NS-33
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Fig. 10 XRD spectrum of biogenic AgNPs synthesized by Streptomyces sp. NS-33

Fig. 11 Antibacterial activity of AgNPs synthesized by Streptomyces sp. NS-33 by well diffusion method. a S. aureus. b S. pneumoniae. c E. faecalis.
d E. coli
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are comparatively less toxic to nature and have potential to
suppress the growth of different pathogenic microorganisms
and strong antiviral and anti-cancer properties as well. The
extracellular synthesis of AgNPs from Streptomyces sp. NS-
33 was obtained by adding 1mMol/l AgNO3 to the strain

culture supernatant at pH 8.0. The change of the color from
pale-yellow to brown after 4 days of incubation in the dark
indicated the synthesis of AgNPs. This change of color to
brown was due to the excitation of the surface plasmon in vi-
bration with the incident light. This phenomenon is known

Fig. 12 Bar graph of Streptomyces sp. NS-33 synthesized AgNPs indicating the zone of inhibition

Fig. 13 Mitotic phases of A. cepa root tip cells in control experiment (a–c) and various aberrant features observed in the root tip cells upon
exposure to AgNPs suspension (d–l)
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as surface plasmon resonance (SPR), which is typical for
AgNPs [46]. The absorption peak was obtained at 397 nm in
UV-Vis. spectrophotometric analysis, which confirmed the
presence of AgNPs. This is because of the unique optical
properties of AgNPs, which has a strong interaction with
specific light wavelengths [1]. Similar work was reported by
Saminathan [47], where the strong characteristic absorbance
peak at around 450 nm was observed in the AgNPs synthe-
sized by soil Streptomyces sp. The present study was similar
to the reports of Feng et al. [1] and Karthik et al. [48], who
claimed that the reduction of AgNO3 by actinomycetes could
be due to the enhancing action of the extracellular nitrate re-
ductase enzyme. The enzyme nitrate reductase is very im-
portant for the biological synthesis of AgNPs and involved in
reduction of Ag+ ions through an electron shuttle enzymatic
metal reduction process. The synthesis of the AgNPs by a
biological method was evidenced with the help of AFM,
TEM, and XRD analysis. The AFM analysis indicated that
the AgNPs were polydispersed in nature, well defined with
the size ranging from 25 to 78 nm. This finding was sup-
ported by previous result of the AgNPs pattern by AFM

analysis according to Asma et al. [49]. The EDS spectrum of
AgNPs showed a strong typical peak at 3KeV, which re-
vealed the presence of silver as an ingredient element. The
strong peak at 3KeV is generally due to SPR of silver [48].
The observed result was in accordance with earlier report,
where the formation of AgNPs was in the range 2 to 4 keV
using Streptomyces sp.-Al-Dhabi-87 [37]. The identification
of responsible functional groups and their proper involve-
ment in synthesis, stabilization, and capping of AgNPs were
inferred through FTIR spectroscopic analysis of Streptomyces
sp. NS-33 supernatant and biosynthesized AgNPs. The com-
parative shifting of peaks in FTIR spectra ascertained the in-
volvement of bio-molecules of Streptomyces sp. NS-33
supernatant in the formation of AgNPs. The O-H stretching
of alcohol and C=C stretching of alkenes may be involved in
stabilization of AgNPs. It was noted that C-N stretching of
secondary amines of amino acids, peptides, and proteins co-
operate with the formation of AgNPs. The protein molecules
in strain NS-33 supernatant form a covering around free Ag+

ions, which form AgNPs and thereby restrain them from ag-
glomeration [21]. The microbial culture supernatant contains

Table 2 Distribution of A. cepa root tip cells treated with different the concentration of AgNPs

Sl.
no.

Different concentrations
of AgNPs

No. of cells
counted

No. of
dividing cells

Prophase Metaphase Anaphase Telophase Mitotic
index [%]

Mean (±
SD)

1 Control

Slide-1 348 278 244 21 8 5 79.88 65 ±
1.66%

Slide-2 412 210 187 14 7 2 50.97

Slide-3 350 284 254 11 10 9 81.14

Slide-4 372 180 154 15 9 2 48.38

2 25 μg/ml

Slide 1 409 274 262 7 3 2 66.99 60.1 ±
1.56%

Slide 2 397 196 174 10 5 7 49.37

Slide 3 378 170 154 9 4 3 44.97

Slide 4 325 257 250 1 4 2 79.07

3 50 μg/ml

Slide 1 355 178 167 5 5 1 50.14 50.74 ±
0.49%

Slide 2 382 205 193 7 4 1 53.66

Slide 3 390 195 184 8 3 0 50

Slide 4 370 182 166 9 5 2 49.18

4 75 μg/ml

Slide 1 405 162 161 1 0 0 40 41.35 ±
1.63%

Slide 2 368 134 130 3 0 1 36.41

Slide 3 389 137 131 1 3 2 35.21

Slide 4 340 183 179 1 2 1 53.82

5 100 μg/ml

Slide 1 368 111 109 1 1 0 30.16 28.99 ±
0.99%

Slide 2 391 106 105 1 0 0 27.10

Slide 3 409 122 122 0 0 0 29.82

Slide 4 339 98 97 0 1 0 28.90
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various polysaccharides, terpenoids, flavonoids, and phenolic
compounds, which are responsible for the reduction and
capping of AgNPs [50]. TEM is a frequently used and im-
portant qualitative method for the characterization of nano-
materials to obtain measures of particle size, distribution,
and morphology. Here, the size of AgNPs was in the
range of 22 to 75 nm and oval to spherical in shape.
The small and spherical sizes of nanoparticles have
the ability to penetrate microbial cells and execute
their bactericidal properties. This result was sup-
ported by the observations of Masum et al. [51].
The XRD pattern of the AgNPs was recorded using

CuKα radiation, 40 kV–40mA, 2θ/θ scanning mode,
with the 2θ range of 30 to 80°. The peaks obtained in
the diffractogram corresponded to 2θ values and were
compared with the standard powder diffraction card of
JCPDS, silver file no. 04-0783, which confirmed the re-
sultant particles were AgNPs having a face-centered
cubic crystal structure. There were 5 more peaks in the
XRD diffractogram at 32.41°, 44.56°, 54.98°, 57.62°, and
67.60°. Presence of these peaks may be due to AgNO3,
which might have not been reduced and hence remained
in the sample in minute quantity or may be due to
crystallization of bio-organic phases on AgNPs surface.
Even it was assumed that these extra peaks were prob-
ably due to metalloproteins, which act as strong X-ray
diffraction centers [52, 53].
The antibacterial activity of Streptomyces sp. NS-33-

synthesized AgNPs showed a good zone of inhibition
against S. aureus and S. pneumoniae. This is because the
AgNPs have a large surface area to volume ratio, which
leads to better contact with microorganisms. Some re-
searchers reported that due to the small size; the nano-
particles get attached and easily penetrate the bacterial
cell wall. Furthermore, it was proved that cell mem-
branes of microorganisms are composed of amino acids,
phosphates, and carboxyl groups and hence provide a
negative charge. This negative charge attracts slightly
positively charged AgNPs and thereby causes the attach-
ment to a bacterial cell wall. Inside the cell wall, the
AgNPs impair the permeability of the plasma membrane
and cause depletion of intracellular ATP by rupturing or
by blocking respiration cycles. The AgNPs, after passing
through the plasma membrane interact with sulfur-
containing membrane proteins, phosphorous-containing
compounds like DNA, and lipids. As a result of this, the
cellular nucleic acids and proteins start dysfunctioning
and finally lead to cell death. It was also noted that the
AgNPs inhibit bacterial protein synthesis by attacking ri-
bosomes and finally lead to their denaturation. Even the
AgNPs are capable of producing large numbers of free
radicals and reactive oxygen species (ROS), such as hy-
droxyl radicals, superoxide anions, hydrogen peroxide,
singlet oxygen, and hypochlorous acid, attack the

respiratory chains, and stop the production of antioxi-
dant enzymes. Thus, the ROS and free radicals start ac-
cumulating in the bacterial cell and this accumulation
finally leads to DNA damage and death of the bacterial
cell [54, 55].
The toxic effects of Streptomyces sp. NS-33 synthe-

sized AgNPs was determined based on their impact on
the root meristematic cells of A. cepa. The review of the
literature revealed that there was no report of cytotox-
icity of AgNPs synthesized from actinomycetes. The
meristematic cells showed different chromosomal aber-
rations during cell division at different concentrations of
AgNPs (25 μg/ml, 50 μg/ml, 75 μg/ml, and 100 μg/ml).
The result showed that as the MI was decreasing and
chromosomal aberrations were increasing, the concen-
tration of AgNPs was increasing from 25 to 100 μg/ml.
This indicated the chromosomal abnormalities were dir-
ectly proportional to the concentration of AgNPs. A
similar concentration-dependent decrease in MI was also
reported for TiO2 nanoparticle-treated A. cepa root tip
cells, which at a later stage led to DNA damage and in-
duced oxidative stress. The reports on the toxicity of
AgNPs can go as far as physiological implications, repro-
ductive failure by modifying hormones, or hatching en-
zymes [56, 57]. It was also reported that the reduction in
MI may be due to the blockage of the Gap-1 (G1) stage;
that leads to the suppression of DNA synthesis. The
presence of laggard chromosome was due to interven-
tion of AgNPs in onion root tip cells, which might be
having effect on spindle fibers and formation of acentric
chromosomes. Due to the lack of a centromere and
defected spindle fibers, the chromosomes start moving
to opposite poles [58]. In the same way due to the pres-
ence of defected spindle fibers, the anaphasic sets of
chromosomes do not lie in the same alignment [59].
The overall disturbances and depolymerisation of spin-
dle fibers, shifting of poles, and change in the viscosity
of cell cytoplasm may lead to disturbed metaphase, mi-
cronucleus formation, and chromosome break.
In some articles, the generation of ROS due to the ac-

cumulation of TiO2 and Al2O3 nanoparticles within the
cells was reported, which could thereby decrease the MI
values [60]. AgNPs can enter into the environment
through various ways, such as (a) release during the pro-
duction of AgNPs and different nano-enabled products,
(b) release during the use and after disposal of NP-
containing products, and (c) through technical systems,
such as wastewater treatment plants and landfills [61].
According to some researchers, these nanoparticles from
soil translocate through xylem and accumulate through
the food chain, which further transports in the plant
cells through phloem or plasmodesmatal connections,
ion channels, endocytosis, or aquaporins and impart tox-
icity to them [62, 63]. When the nanoparticles enter in
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the cell through plasmodesmata, it changes the viscosity
of cytoplasm, which leads to mitochondrial dysfunction
and oxidative stress. Later, the nanoparticles power over
the transportation of nutrients and other ions, which in-
duce the toxicity to the cells. Thus, the nanoparticles
pave the way for generation of ROS by altering the
physiological characteristics within a cell and finally lead
to cell death [62, 64].

5 Conclusions
The AgNPs were synthesized from soil Streptomyces sp.
NS-33 and its genotoxicity on A. cepa was analyzed. A
green synthesis method was employed for the synthesis
of AgNPs. The green synthesis is an easy method and
non-toxic to the environment when compared to the ex-
pensive and harmful chemical and physical methods.
The molecular characterization of the strain confirmed
its evolutionary relationship with Streptomyces luteospor-
eus. The characterizations of AgNPs using AFM, TEM,
and XRD analysis revealed the size in the range of 22 to
78 nm. Moreover, FTIR spectra showed different func-
tional groups, such as alkenes, alcohol, amine, esters car-
boxylic acid, alkane, and alkyl halide groups, which may
be involved in capping, reducing, and stabilizing AgNPs.
Later, the biosynthesized AgNPs displayed good antibac-
terial activity against two human pathogenic bacteria,
such as S. aureus and S. pneumoniae. Therefore, this
antibacterial efficacy of AgNPs can probably be utilized
further for the production of antibacterial drugs or can
also be used to eliminate the bacterial colonization on
food transporting containers to protect and transport
food safely without any contamination. The AgNP-
treated A. cepa root tip cells indicated an AgNP dose-
dependent decrease in MI and a gradual increase in
chromosomal aberrations due to toxic effect. It is noted
that the synthesized AgNPs have many adverse effects
on various microorganisms as well as plants. Therefore,
it is necessary to protect the entry of AgNPs in the eco-
system through proper maintenance and disposal of
nanoparticles containing products. In future work a
more systematic approach is required to unveil the ad-
verse effects of AgNPs to the soil and ultimately to the
ground water. Even a special attention is needed to per-
ceive properly the impact of nanoparticles on ecosys-
tems, functioning of ecosystems, communities, and
ecosystem interactions across boundaries.
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