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Abstract The objective of the present study was to evaluate efficiency of silver
nanoparticles (Ag-NPs) biosynthesis using Descurainia sophia as a novel bio-
logical resource. The resulting synthesized Ag-NPs were characterized using UV
visible spectroscopy, X-ray diffraction, transmission electron microscopy and
dynamic light scattering (DLS). The UV-Vis spectra gave surface plasmon
resonance at ~420 nm. TEM images revealed formation spherical shaped Ag-
NPs with size ranged from to 1-35 nm. DLS confirmed uniformity of the syn-
thesized Ag-NPs with an average size of ~30 nm. Following, the antibacterial
and antifungal activities of the synthesized Ag-NPs were investigated. The
concentration 25 pg/ml of the Ag-NPs showed maximum inhibitory effect on
mycelium growth of Rhizoctonia solani (More than 86 % inhibition), followed
by 15 pg/ml (55 % inhibition) and 10 pg/ml (63 % inhibition). The minimum
inhibitory concentration and minimum bactericidal concentration of Ag-NPs
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against Agrobacterium tumefaciens (strain GV3850) and A, rhizogenes (strain
15843) were 4 and 8 pg/ml, respectively. The Ag-NPs were stable in vitro for
3 months without any precipitation or decrease of antifungal effects. Finally, it
could be concluded that D. sophia can be used as an effective method for
biosynthesis of nanoparticles, especially Ag-NPs.

Keywords Agrobacterium rhizogenes - Agrobacterium tumefaciens - Biosynthesis -
Descurainia sophia - Silver nanoparticles - Rhizoctonia solani

Introduction

In the recent years, efficient nano-materials and nanoparticles synthesis has attracted
a great deal of attention, because of their valuable properties making them ideal for
the production of therapeutics, antimicrobials, sensitive diagnostics (sensor
technology), membranes, catalysts, photonics, and optoelectronics [1-3]. Resistance
to commercially available antimicrobial agents by pathogenic fungi and bacteria has
been increasing at an alarming rate and has become a serious problem [4, 5]. There
is a pressing need to search for new antifungal agents. Silver nanoparticles (Ag-
NPs) are proved to have high potential antimicrobial, antiplasmodial, antifungal and
properties, so recently, they have been used for controlling harmful microorganisms
such as bacteria, molds, yeasts and viruses [6, 7].

Different routes have been developed to synthesize Ag-NPs while striving to
consume less energy, increase efficiency and more importantly to develop eco-
friendly procedures [1, 2, 8, 9]. One of such methods is the production of Ag-NPs
using biological systems, such as bacteria [1, 10], fungi [11], algae [12, 13] and
plants [14, 15].

Previously, it has been shown that different biomolecules present in plants
extracts can reduce metal ions to nanoparticles in a single-step green synthesis
process. Extracts of different tissues of a diverse range of species have been
successfully used in making Ag-NPs [16-20]. This process is quite rapid, readily
conducted at room temperature and pressure, easily scaled up, and more importantly
is environmental friendly. The reducing agents involved include the various water
soluble metabolites (e.g. alkaloids, phenolic compounds, terpenoids) and co-
enzymes [18].

Descurainia sophia (Flixweed) is an annual dicot belonging to family Brassi-
caceae (Cruciferae), which its seeds have been used in folk medicines for the
treatment of throat diseases, measles and smallpox in the middle Asia [21, 22]. The
seeds of this plant contain various types of secondary metabolites, such as cardiac
glycosides, flavonoids, lactones, lipids, sulfur glycoside, nor-lignan, and coumarins
with biological effects [22-24]. So, the objective of the present study was to
evaluate possibility of Ag-NPs biosynthesis using D. sophia germinating seeds
extract, and to evaluate antimicrobial properties of synthesized Ag-NPs against
fungus R. solani, and also against A. tumefaciens and A. rhizogenes. To the best of
our knowledge, this study is the first report of Ag-NPs biosynthesis using the
flixweed.

@ Springer



Facile Biosynthesis of Silver Nanoparticles Using... 1603

Materials and Methods
Preparation of Extract

The surface of D. sophia seeds were disinfected using sodium hypochlorite and 70 %
alcohol, then imbibed in deionized water (DIW) (1 g dry weight/10 ml DIW) [25]. After
being incubated at 26 °C for 48 hin dark, seeds were removed from the soaking medium.
The supernatant phase was collected and centrifuged at 4500 rpm for 10 min to separate
the liquid fraction from any large insoluble particles, and filtered by Whatman filter paper
No. 40. During the experiment, pH was 4.5 as previously described [14].

Biosynthesis of Ag-NPs

Silver nitrate (AgNO3) was used as the source of the synthesis of Ag-NPs (Merck,
Germany). Fifteen ml of the obtained seed extract was diluted by 30 ml sterile DIW
and added to 4 mM AgNO; to reduce Ag™ to Ag®.The samples were stored at 28 °C
in the dark.

Specification of Ag-NPs

UV Visible Spectrophotometry Analysis

The formation of Ag-NPs was monitored by using UV visible spectrophotometry,
Scan Drop-type, Analytic Jena, Germany. Absorption wavelength was studied range
between 300 and 600 nm.

XRD Analysis

The reaction mixture (extract + Ag-NPs) was centrifuged at 14,000 rpm for 15 min
by redispersion of Ag-NPs sedimentation into deionized water for three times. The
sedimentation was transferred in incubator (60 °C) for drying. The resulting Ag-
NPs powder used for XRD measurement.

TEM Analysis

Transmission Electron Microscopy (Carl ZIESS Microscope, Germany (80 KB)
was used to determine the size, shape and distribution of Ag-NPs. To prepare the
sample, 10 ml of the sample was ultrasonicated for 5 min, then poured onto a grid
with a carbon film and air-dried at room temperature without the use of heat [26].
Dynamic Light Scattering (DLS)

The size of the distributed Ag-NPs were measured by using the principle of dynamic

light scattering (DLS) technique made in a Malvern Zetasizer Nano series compact
scattering spectrometer [14].
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Evaluation of Antifungal Activity of Ag-NPs

Agar diffusion method was used to determine the antifungal activity of synthesized
Ag-NPs against R. solani. Ag-NPs with different concentrations were poured into
growth media prior to plating in a Petri dish (75 x 15 mm). PDA medium containing
different concentrations (10, 15 and 25 pg/ml, Ag-NPs) was incubated at room
temperature. After 48 h incubation, agar plugs of uniform size (diameter, 6 mm)
containing fungi were inoculated simultaneously at the center of each Petri dish
containing Ag-NPs, and incubated at 28 °C for 3 days in an incubator. When control
fungus completely covered the entire surface of the medium, the mean radius of fungal
growth in the medium was measured [14]. The experiments were performed in
triplicate. The following formula was used for assessing the zone of inhibition rate.

—r

R
Inhibition rate (%) =

“R” is the radius of mycelium growth of the control sample and “r” radius of
fungal mycelium growth in samples treated with nanoparticles. Data with SAS
statistical analysis was performed by Duncan’s test.

Evaluation of Antibacterial Activity of Ag-NPs

The susceptibility of A. tumefaciens (strain GV3850) and A. rhizogenes (strain 15843) to
the Ag-NPs were studied using the standard method of the serial dilution preparation in
agar and broth medium containing Ag-NPs to determining the relative minimum
concentration that inhibits the bacteria growth [27, 28]. The strains were grown overnight
in 50 mL sterile Erlenmeyer flasks containing 25 mL of LB containing rifampicin
(50 mg/1). The bacterial cell density was then adjusted to CFU/mL 1.5 x 10% using fresh
LB medium. The Ag-NPs were added to the bacterial cells in different final
concentrations, including 0, 1, 2, 4, 8, 16, 32, 64, 128 and 256 pg/ml. The medium
containing bacteria without any Ag-NPs was used as control. Then, the inoculated media
were transferred to tubes and plates (NA medium) containing certain concentrations of
Ag-NPs, and incubated in 28 °C for 48 h. All treatments were performed in triplicates.
After 48 h, the minimum inhibitory concentration (MIC) and the minimum bactericidal
concentration (MBC) of each treatment was measured, as previously described [28]. The
MIC value corresponded to the concentration that inhibited 99 % of bacterial growth, and
the MBC value corresponded to the concentration where 100 % of the bacterial growth
was inhibited, compared to the control [28].

Results and Discussion
Visual Observation

Reduction of Ag™ to Ag’ was confirmed by color change of the reaction mixture
from colorless to brown (Fig. 1). This color change is morphological indicator to
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Fig. 1 The color change of
seed exudates upon the
formation of silver
nanoparticles, a Descurainia
sophia extract (control), b 4 mM
AgNO;

A B

detect the synthesis of Ag-NPs. Color of silver colloid is attributed to surface
Plasmon resonance arising due to the collective oscillation of free conduction
electrons induced by an interacting electromagnetic field [29].

UV Visible Spectrophotometer

The absorption peak of exudates treated with silver nitrate in the range of ~420 nm
indicates the formation of Ag-NPs (Fig. 2). Spectroscopy spectrum of the reaction
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Fig. 2 UV-Vis absorption spectrum of the silver nanoparticles synthesized by treating 4 mM AgNO;
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Fig. 3 X-ray diffraction pattern of silver nanoparticles synthesized using Descurainia sophia

mixture containing exudates treated with silver nitrate was measured at concen-
tration 4 mM (Fig. 2).

XRD Results

Sharp peaks (<{>) were observed in XRD pattern (Fig. 3) of Ag-NPs powder at 260
values of 38, 44, 64 and 77 which corresponding respectively to 111, 200, 220 and
311 planes of FCC structure Ag-NPs.

TEM Analysis

TEM images of Ag-NPs at various magnifications confirmed spherical shapes of
Ag-NPs (Fig. 4) with most clearly apparent diameter size from 1 to 35 nm (Fig. 5).

90 nm

Fig. 4 TEM images of the synthesized silver nanoparticles in different scales
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Fig. 5 The histogram of the particle size distribution of the biosynthesized silver nanoparticles

Dynamic Light Scattering (DLS)

DLS studies showed that the Ag-NPs were synthesized with a uniform distribution
and an average particle size ~30 nm (Fig. 6a). The average particle size of Ag-NPs
obtained through DLS is normally larger than the TEM results (15 nm). TEM
images gives the ‘true diameter’ of the particles which considers only the metallic
core on an ensemble average, where as DLS provides the hydrodynamic diameter,
including the ligand shell and determines the hydrodynamic size (Fig. 6b) [30, 31].
Ag-NPs were stable at 28 °C in vitro for 3 months without any precipitation or
decreased production of antifungal effect.

Previously, it has been showed that the reducing agents present some
bioresources, involved in nanoparticles production, include the various water
soluble metabolites (e.g. alkaloids, phenolic compounds, terpenoids) and co-
enzymes [18]. Extracts of different tissues of a diverse range of species have been
successfully used in making Ag-NPs [16-19, 32, 33]. In the present study, for the
first time D. sophia was used for production of Ag-NPs, as previously, it has been
confirmed that seeds of this plant contain various types of water soluble secondary
metabolites, such as glycosides, flavonoids, lactones, sulfur glycosides, and
coumarins and also coenzymes which may be act as reducing agents for this
purpose [22-24]. The UV visible spectrophotometer, TEM and DLS analysis
showed that the seed extracts could efficiently reduce Ag ions to Ag®, and therefore,
flixweed can be used an efficient source for NPs production.

Antifungal and Antibacterial Activities of the Synthesized Ag-NPs
Inhibitory effects of different concentrations of the produced Ag-NPs (0, 10, 15 and

25 pg/ml) on R. solani growth were studied. The results showed significant
antifungal activity (P < 0.05) of the synthesized Ag-NPs on the mycelium growth
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Fig. 6 Size distribution of silver nanoparticles (a), and true diameter, hydrodynamic diameter and ligand
shell of the synthesized silver nanoparticles (b) using DLS

Fig. 7 Rhizoctonia solani mycelium growth on PDA medium containing a control, b 10, ¢ 15 and
d 25 pg/ml silver nanoparticles

of the fungus. The concentration 25 pg/ml of the synthesized Ag-NPs showed
maximum inhibitory effect on mycelium growth (More than 86 % inhibition),
followed by 15 pg/ml (55 % inhibition) and 10 pg/ml (63 % inhibition) (Fig. 7).
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The results clearly showed that the zone of inhibition of nanoparticles strongly
depends on their concentration, and greatly increases by increasing the Ag-NPs
concentration in the medium. Previously, different studies confirmed that Ag-NPs
show high antifungal activities against various types of pathogens, such as
Alternaria alternata [29, 34-36], Alternaria solani [37], Aspergillus flavus, A.
fumigatus, A. versicolor, A. niger, Botrytis cinerea [29], Colletotrichum gloeospo-
rioides [38], Curvularia lunata [29], Fusarium solani [34, 35], F. verticillioides
[34], F. oxysporum [34, 35], F.udum [36], Macrophomina phaseolina [29, 36],
Sclerotinia sclerotiorum [29, 39], S. minor [39], and Malassezia furfur (Pityrospo-
rum ovale), a lipophilic fungus. In addition, it has been proved that Ag-NPs have
high antifungal activity against R. solani [29, 35, 39]. Shanmugaiah et al. showed
that antifungal activities of Ag-NPs is highly concentration depended and
concentration 7 ppm showed the highest inhibition activity (more than 75 %)
which is highly in accordance with our results [36]. Shanmugaiah et al. showed that
the MIC value of synthesised Ag-NPs against R. solani was 10 pl/ml which was in
accordance with our results as the antifungal activity was continuously increased by
increasing the Ag-NPs from 10 to 25 pl/ml. In another study, also it was confirmed
that effective concentration Ag-NPs inhibiting 50 % of R. solani growth was 9.2 pl/
ml and its inhibitory effect is concentration depended [35]. Due to the significant
antifungal effect of synthesized Ag-NPs, it is suggested these Ag-NPs are used as a
powerful antifungal agent.

Also, previously it has been confirmed that Ag-NPs show high antibacterial
activities against different types of bacteria (human pathogens), such as Escherichia
coli [40], Bacillus cereus [41], Bacillus subtilis [41], Pseudomonas aeruginosa
[42, 43], Staphylococcus aureus [41, 42], Vibrio cholera [40], Enterococcus
faecalis, Staphylococcus aureus, Staphylococcus epidermidis, Staphylococcus
aureus, Enterococcus faecium and Klebsiella pneumoniae [43]. In the present
study, for the first time antimicrobial activity od Ag-NPs was evaluated against A.
tumefaciens and A. rhizogenes. The antibacterial activities of the synthesized Ag-
NPs were evaluated on A. tumefaciens and A. rhizogenes strains in both LB and NA
media. The results of dilution broth test showed that the MIC and MBC values of
Ag-NPs against both A. tumefaciens and A. rhizogenes were 4 and 8 pg/mL,
respectively (Table 1), while both MIC and MBC values of Ag-NPs calculated by

Table 1 The antibacterial activities (MIC and MBC) of different concentrations of the synthesized Ag-
NPs on A. tumefaciens and A. rhizogenes in micro-dillution system

Bacterial strains Ag-NPs (ng/mL)

0 1 2 4 84 16 32 64 128 256

Agrobacterium rhizogenes + + + = sk _ _ _ — —
(15823)
A. tumefaciens (GV3850) + + + —# k% — —_ —_ _ _

— no growth, + growth, * MIC, ** MBC
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Fig. 8 The antibacterial activities of different concentrations of the synthesized Ag-NPs on
Agrobacterium tumefaciens and Agrobacterium rhizogenes in LB agar. a 0 pg/ml, b 2 pg/ml, ¢ 4 pg/
ml, d 8 pg/ml, e 16 pg/ml and f 32 pg/ml

agar dilution method against A. tumefaciens and A. rhizogenes were 8 pg/mL
(Fig. 8).

These results were similar to the results of other researchers who showed that
antibacterial activity of Ag-NPs is dependent on the size and concentration of silver
particles, and a very low concentration of silver (2-10 pg/mL Ag) give antibacterial
performance [40, 42-46]. Also, totally these results are in accordance to the
previous studies which have confirmed high antibacterial, antifungal and antiplas-
modial properties of Ag-NPs [19]. Recently, Aminedi et al. showed that the TiO,
nanorods and nanotubes has high antimicrobial effects against A. fumefaciens, and
this antimicrobial activity increase by reducing the size and increasing specific
surface of the particles [47]. In other work, to offer an insight into the toxicity of
nanomaterials on the growth of E. coli, B. subtilis and A. tumefaciens were exposed
to Au-NPs, Ag-NPs, Fe-NPs and fullerene (Cgp) [48]. It was shown that Ag-NPs
induced the highest toxicity on these three bacteria. Le et al. investigated the
cytotoxicity, genotoxicity, and growth inhibition effects of four different inorganic
nanoparticles (NPs) such as aluminum (Al), iron (Fe), nickel (Ni), and zinc (Zn) in
single and mixed systems on Agrobacterium sp [49]. The results showed that the
mixing system enhance the antibacterial activities of the NPs. Our results confirmed
that the Ag-NPs are capable of showing high antimicrobial activity against
Agrobacterium, which is in accordance with the previous works [47-49].

Conclusion

Based on the results of the present study, it could be concluded that DGSE can be
used as an effective method for biosynthesis of Ag-NPs. The produced Ag-NPs had
a high uniformity, normal distribution and high stability, spherical in shape and
1-35 nm in size. The biosynthesized Ag-NPs showed high and fast antifungal
effects against R. solani and antimicrobial activity against A. tumefaciens and A.
rhizogenes.
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