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Abstract

The object of this study is to synthesize and characterize silver nanoparticles from Agaricus
bisporus pileus extracts and their applications. Agaricus bisporus-mediated synthesis of AgNPs was
characterized using changing the color solution, UV-Visible spectroscopy, SEM, AFM, SPM, FTIR
spectrum, XRD, and EDS analyses. The change of the mixture color of 10° M AgNO; with the watery
extract of fresh A. bisporus caps from colorless to brown color is an indicator for the formation of silver
nanoparticles (AgNPs). The UV-Visible spectrum exhibits the absorption peak at 418 nm. The FTIR
spectra exhibited that the structures of amino acids, polysaccharides, and polyphenols in the crude extract
of A. bisporus are not affected because of the joining and interaction of their functional groups with silver
ions, and act as reducing and capping agents to the biosynthesized Ag nanoparticles. SEM and EDS refer
to the formation of AgNPs with irregular or spherical shapes. The XRD pattern exhibits face-centered
cubic (fce) silver nanocrystals, with crystalline AgNPs size of 43.9 nm. The biosynthesized AgNPs play a
suitable role against mouse cell line, which has receptors for polioviruses (L20B). After exposure of the
colloid AgNPs to UV radiation (256 nm), the absorption band transferred from 418 nm to 435 nm,
indicating that UV rays affect on physical properties of AgNPs. Roughness average of the biosynthesized
AgNPs from A. bisporus caps is 15.4 nm, but the roughness is increased after UV irradiation for 1 h to
average 33.6 nm. Histograms of particle size distribution of AgNPs show the average of AgNPs is 103.57
nm, while the size of nanoparticles reaches 69.47 nm after exposure to UV radiation of 256 nm. The use
of UV radiation leads to enhanced characteristics of silver nanoparticles.
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Introduction

Nanotechnology is an exciting recent science for interactions with sizes of particles ranging from 1
to 100 nanometers [1]. The products of nanotechnology have been used in the health and agricultural
fields [2], with more applications in health and medical care increasing around the world [3]. The
biosynthesis of metal nanoparticles using biomolecules plays an interesting role as reducers, stabilizers,
and capping agents for element ions. These biomolecules are considered as greener agents in the
Nanosciences, or so-called Green Chemistry [4].

Silver nanoparticles have been synthesized from plants [5], algae [6] molds [7], bacteria [8], and
earthworms [9]. In the last 15 years, eco-friendly metallic nanoparticles have been biosynthesized from
different mushrooms, such silver nanoparticles (AgNPs), gold nanoparticles (AuNPs), SeNPs, FeNPs,
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ZnSNPs, and PdNPs, from genera of Pleurotus, Agaricus, Schizophyllum, Ganoderma, Coriolus,
Volvariella, and others [10].

Agaricus bisporus is called white button mushroom [11] and has the highest production globally
[12]. Interest in the cultivation of this mushroom is increasing due to its nutritional and medical
properties. It is composed from high contents of amino acids, proteins, carbohydrates, fibers, vitamins,
micro and macro elements, and unsaturated fatty acids [13,14]. 4. bisporus has anticancer, antioxidant,
antihyperlipidemic, antidiabetic, antibacterial, antifungal, and anticandidal activities [11]. More than 53
% of the studies of mycosynthesis of nanoparticles from mushrooms are from entire basidiocarps (fruiting
bodies) [10]. A. bisporus has been used to biosynthesize metallic nanoparticles such as AgNPs [15],
SeNPs, SiNPs, GeNPs [16], gold nanoparticles, and cubic ZnS nanoparticles [17], but has not yet been
applied as an anticancer agent.

The subject of this investigation deals in mycosynthesizing silver nanoparticles from pileus/caps of
Agaricus bisporus mushrooms for the first time, due to few studies having been conducted using fractions
of mushroom fruiting bodies. The biosynthesized AgNPs were characterized and tested against L20B cell
cultures (mouse cells have receptors for polioviruses), and then the AgNPs were exposed to 256 nm
ultraviolet radiation for one hour to study their influence on the size and accumulation of the formed
nanoparticles.

Materials and methods

Samples of the mushroom

Fresh Agaricus bisporus fruiting bodies (or so-called white button mushroom) were purchased from
the Iraq local market in Hit, which had been obtained from SHA Company Farm, Sulaymaniyah, KGR-
Iraq, on 24 October 2017.

The extraction method of A. bisporus caps

The fresh fruiting bodies were cleaned from compost residues and weighed after removing the
stipes and taking only pilei (cap-like structures), as in Figure 1. The pilei were sliced into small pieces
and then extracted. About 20 g of the sliced pilei of 4. bisporus was extracted in 100 mL DW using a
magnetic stirrer hot plate until boiling for 10 min, and then cooled to room temperature (25 °C). The
aqueous extract was filtered using gauze, then centrifuged at 4000 cycle/min for 10 min. The supernatant
was collected and considered as a stock solution. The residue was emitted. FTIR spectrum of the crude
extract was achieved to characterize and to compare with AgNPs which were formed later.

Biosynthesis of silver nanoparticles

About 0.169 g of AgNO; (AFCO for Metal, China, with purity of 99.9 %) was dissolved in 1000
mL DW on a magnetic stirrer until the completion was observed. The final concentration of AgNO;
solution was 10° M. Series of mushroom extract concentrations were applied (20, 40, 60, 80, 100 %).
Five milliliters of 10° M AgNOj; solution was mixed with 5 mL of each mushroom concentration and
kept in dark conditions at 25 °C for 3 days [18]. Additionally, 3 mL of 100 % mushroom concentration
was added drop by drop into 10 mL of the AgNO; solution on a magnetic stirrer hotplate at 65 - 70 °C for
60 min. The change in the mixture color was checked and recorded every 15 min.

Characterization of AgNPs

Agaricus bisporus-mediated synthesis of AgNPs was characterized using changing of the solution
color, UV-Visible spectroscopy (by spectroscopy: EMC-LAB V-1100 Digital, 325 - 1000 nm, Germany),
FTIR spectrum, EDS, XRD, SEM, AFM, and SPM analyses.

Effect of Ultraviolet Irradiation on the colloid AgNPs

The biosynthesized colloid AgNPs was subjected to 256 nm ultraviolet (UV) irradiation for 60 min
at room temperature in the static case inside hood. The temperature of the colloid was observed during the
exposure and did not exceed 25 °C. The silver nanoparticles pre- and post-ultraviolet irradiation was
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stored at 4 °C. After that, changes in the color, UV-Vis, AFM, and SPM were checked and recorded to
compare with the AgNPs colloid without exposure to ultraviolet radiation.

Antitumor activity

The antitumor efficacy of AgNPs toward L20B tumor cell line was investigated. The colorimetric
cell viability MTT assay was used as mentioned by [19,20]. About 100 ul/well of 10° cell/mL L20B cells
were cultured in a 96-well tissue culture plate. Three concentrations of colloid AgNPs and the extract of
mushroom (50, 75, and 100 %) were individually applied in this experiment. Then, 100 pl of each
concentration was added within each well and incubated at 37 °C for 48 h. After that, 10 ul of MTT
solution (5 mg/mL) was added to each well and re-incubated at the previous temperature for 4 h. Finally,
50 ul DMSO (dimethyl sulfoxide) was added to each well and incubated for 10 min. L20B cells were
cultured in complete medium without solutions of the current test as a control. The absorbance was
measured for all wells at 620 nm using an ELISA reader. The percent of the growth inhibition (GI) was
calculated according to Eq. (1) below;

(Optical Density of the control - Optical Density of the treatment) x

Gl % = 100. (1)

Optical Density of the control
Statistical analysis
The experimental design was applied with triplications. Two factor effects of AgNPs, and the crude
extract of mushroom caps were significant (p < 0.01) and were subjected to study the effect of this
treatment toward the growth of L20B tumor cell line in vitro. The statistical analysis was applied by one-
way analysis of variance using Completely Randomized Design (CRD) by SAS software.

Results and discussion

Characterization of silver nanoparticles

Change in color and UV-Visible of the biosynthesized AgNPs

The change in color of the reaction solution from brilliant yellow to brown color was seen after 60
min from the start of the reaction. AgNPs showed brown color in the reaction mixture, which is an
unmistakable sign of the formation of AgNPs. This density of color increased with time due to excitation
of surface plasmon vibrations in metallic nanoparticles [21] and affirmed by UV-visible spectroscopy.
Absorbance intensity of brown color increased consistently as a function of reaction time. Figure 1 shows
UV-visible spectrum recorded as absorbance versus reaction time during the synthesis of AgNPs from 10
> M AgNO; solution and aqueous extract of Agaricus bisporus pileus mixture. It was seen that the peak
relating to SPR (surface 77lasmon resonance) took place at 418 nm, which indicated the synthesis of
AgNP in the reaction solution [18].
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Figure 1 UV-Visible spectra of the mushroom extract and AgNPs from 4. bisporus cap extract

SPM and AFM of silver nanoparticles

The colloid AgNPs were exposed to ultra-violet (UV) 256 nm in the hood for 1 h at 25 °C. The
band transferred from 418 to 435 nm, as shown in Figure 1, which indicated that UV rays affected the
physical properties of the AgNPs. The irradiation clearly affected the optical, particles size, and
cumulation properties of silver nanoparticles prepared from the aqueous extract of white button
mushroom caps. The effect of ultraviolet irradiation was studied through the UV-visible spectrum, atomic
force microscopy (AFM), and SPM. The appearance of Surface Plasmon Resonance was transferred from
418 nm in pre-irradiation to 435 nm in post-irradiation, which indicates the presence of silver
nanoparticles in small sizes. However, the absorption showed a reduction in absorbance from 1412 to
1288 cm™, indicating declining nano-scale particles and cumulation of some nanoparticles to be visible
(above nano-scale) (Figures 1 and 2). This agrees with [22], which mentioned that the absorbance
decreases with decrease in size for limited particle sizes. In addition to this, the irradiation transferred the
peak from 418 nm to 435 nm, which indicates that more particles were declining in its diameters and,
thus, the rays enhanced characteristics of silver nanoparticles. The reduction in the optical band may
correspond to the increased conjugation in the colloid as an effect of the embedding of silver
nanoparticles becoming opaque. The precipitation of the cumulative nanoparticles leads to enhancement
of the properties of the colloid solution. Roughness average of the biosynthesized AgNPs from A.
bisporus caps was 15.4 nm, but the roughness was increased after UV irradiation for 1 h to average 33.6
nm (Figures 2A and 2B).
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Figure 2 AFM of biosynthesized silver nanoparticles pre- and post-UV irradiation for 1 h at 25 °C; left
images are lateral (2D), and right images are 3-dimensional (3D)

Histogram of particle size distribution of silver nanoparticles

Figure 3A shows that the average of AgNPs is 103.57 nm, while Figure 3B shows the size of
nanoparticles reaches 69.47 nm after exposure to UV. The reason for this is that the irritation by UV
destroyed the AgNPs and increased the conjugation in the colloid solution as an effect of embedding onto
silver nanoparticles and becoming opaque. Large AgNPs will accumulate and small ones will increase in
the colloid, while the accumulative particles will precipitate in the bottom and it transfers to an opaque
state [23]. The precipitation of the cumulative nanoparticles leads to enhancement of the properties of the
colloid solution [22]. Thus, Figure 4 shows cumulation of 74.79 % before UV irradiation, and decrease to
45.03 % after exposure to UV, which reduced to 39.79 %. The irradiation leads to change compatibility
and integrity of the size and morphology of the silver nanoparticles; this approach is used to sterilize the
colloids of nanoparticles [24] with high stability because of the role of biogenic matters of mushroom as
stabilizing agents.
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Figure 3 Histograms of particle size distribution of AgNPs (A) and AgNPs colloid after exposure to UV
rays for 1 h (B)

BB mA
100

80
60

40

Cumulation (%)

20

50 55 60 65 70 75 80 85 90 100 110 120 130 140 160
Diameter of AgNPs (nm)<

Figure 4 Granularity Cumulation distributions of colloid AgNPs

FTIR of the extract and its AgGNPs

FTIR was used to detect the chemical composition and functional groups present in biomolecules
from the crude extract of Agaricus bisporus caps and their silver nanoparticles. Figure SA is IR of the
mushroom extract, showing 2 absorption bands located at approximately 1369 and 1456 cm’, and 2
absorption bands at 2939 and 2945 cm returning to homogeneous and heterogeneous vibrations of the
group -CH. The 4 bands above refer to alkane compounds, such as methyl (-CH3) and methylene (-CH,),
in the composition of monosaccharides, oligosaccharides, and polysaccharides, and in the composition of
amino acids, proteins, fatty acids, and lipids. The previous illustration is evidenced by the presence of an
absorption peak of 1039 cm™ belonging to the single bond (C-C). The spectrum also shows a peak located
at 1514 cm’ and another peak at 1631 cm™ belonging to C=C group present in the composition of
unsaturated fatty acids and the successive double bonds of the benzene ring in the aromatic compounds.
The previous is also evidenced by the existence of a peak at 3213 cm™ related to a stretching vibration of
the group =C-H in alkene compounds in the fatty acid composition. The spectrum also showed the
presence of an absorption peak at 1317 cm™ belonging to the methylene (-CH,) group in the compositions
of lipids. The peak at 2680 cm™ showed the presence of hydrogen linked to the carbonyl group in the
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aldehyde (O=C-H) group, and this is a sign of the presence of non-cyclic monosaccharides. The indicator
of the presence of hydroxyl (-OH) groups in amino acids and proteins containing this group is the
extelnsion vibration of the absorbent band at 3448 cm™' and the appearance of a band of curvature at 1234
cm .

The absorption peak at 1456 cm™ due to the curvature vibration of the group —OH and the band at
1163 cm™ due to the extension vibration of group C-O confirm the presence of polyphenols and melanin
in the composition of the mushroom extract. The absorption peak at 2325 cm™ belongs to the group —SH
in the composition of amino acids and proteins. The 2 peaks at 549 and 648 cm™ indicate the presence of
the amide group (O=C-N-H) which links successive 2 amino acids in the composition of peptides and
proteins. The peak at 1570 cm™ belongs to C=N group, and this is a sign of resonance in the amide (-NH)
group as a result of its transfer to “O-C=N"-H, and the band at 3483 cm™ also belongs to the amide group
(-NH). The bands at 3406 and 3448 cm™ respectively belong to the bending vibration and extension
vibration for the amine group (-NH;) found in the composition of amino acids and proteins. The band at
1542 cm™ also indicates the presence of the group (-C-N) found in the composition of amino acids and
proteins [25,26].

The evidence for the presence of a carboxylic group (-OOH) in fatty acids, lipids, amino acids,
proteins, and melanin are the elasticity of vibration band at 3510 cm™ and a curvature vibration band at
882 cm™ belonging to the hydroxyl group in the carboxylic group. The presence of the broad absorption
peak 2500 - 3610 cm™ and carbonyl group (C=0) at 1640 cm™ are also an indicator for the presence of a
carboxylic group [27-30]. The spectrum showed that there were 2 bands, 781 and 1108 cm™, which is
considered evidence of carbon-oxygen binding in the mushroom constituents of the silicon element. The
first band is due to Si-C group, and the second one is due to Si-O group [26].

In Figure 5B, the sharp absorbent peak at 1016 cm™ and the 2 clear bands at 1380 cm™ and 1461
cm™ and the clear wideband at 1623 cm™ are clear evidence of the presence of silver nanostructures in the
composition of the biosynthesized silver nanoparticles [31]. The spectrum of silver nanoparticles (Figure
5B) was observed to be similar regarding the sites of the functional groups, but the appearance of the
bands was more apparent and better. This may be due to the presence of silver atoms with a high surface
area, which allows all the atoms with negative charge and containing pairs of electrons not involved as in
the mushroom extract to participate well in the silver nanoparticle sample containing the atoms of silver
spread. It is known that silver atoms contain 47 electrons, so contained in its fifth shell is one electron in
the second level 5s. Thus the other secondary levels are S5p containing 3 orbitals, 5d containing 5 orbitals,
and 5f containing 7 empty orbitals, so can accommodate electronic pairs coming from atoms with good
negative charge. These atoms are O, N, and S, found in the compositions of monosaccharides,
oligosaccharides, polysaccharides, amino acids, proteins, fatty acids, lipids, melanin, and polyphenols.
These compounds were found to be the main compounds in the composition of the mushroom, which
coordinated with empty orbitals in the formation of silver nanoparticles. The active groups obtained the
freedom to vibrate and are not affected by the negative atoms of oxygen, nitrogen, and sulfur, because
their electronic pairs are busy in harmony with the empty orbitals in the composition of the silver atoms
and, thus, appear in good and clear stretches. The 2 FTIR spectra mainly showed that the structures of
proteins, amino acids, and polyphenols in the crude extract of A. bisporus are not affected, because of
their joining and interactions with ions of silver, and act as the reducing and capping agents to the
biosynthesized Ag nanoparticles.
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Figure 5 FTIR of the biosynthesized silver nanoparticles (A: extract of mushroom, B: AgNPs)
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EDS and SEM images of AgNPs formed from mushroom extract

Figure 6 exhibits the SEM image of Agaricus bisporus-AgNPs, which seems to be composed of
irregular particles. The EDS spectrum of the biosynthesized AgNPs shows the silver element (3.57 %) as
an indicator for the formation of silver nanoparticles from A. bisporus cap extract. Also, it exhibits that
the C, O, Cl, and K elements are present in the used sample. Carbon and oxygen are presented in this
sample due to the organic molecules which are found in the extract of the mushroom. These biomolecules
may be amino acids or proteins or polysaccharides or polyphenols, which capped the silver nanoparticles
as capping and stabilizing agents. The presence of the elemental Ag can be seen in the EDS spectrum
(Figure 7), which proves the reduction of Ag ions to the element Ag. Further, chlorine is observed due to
the unreacted precursors of AgNO; [32].

: BO0pm ' Electron Image 1

Figure 6 SEM of Agaricus bisporus-AgNPs

Spectrum 1
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Figure 7 EDS spectrum of AgNPs colloid formed by reaction of AgNO; with aqueous extract of A.
bisporus caps
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Figure 8 XRD pattern of biosynthesized AgNPs from 4. bisporus pileus

X-ray diffraction (XRD) measurements can be used to affirm the presence of silver nanoparticles
and to estimate their grain size. XRD scan of vacuum dried silver nanoparticles is illustrated in Figure 8.
XRD pattern shows that the nanostructures are polycrystalline. The XRD pattern exhibits numerous peaks
at 20 equal to 38°, 44°, 55°, and 64°, which can be indexed to the (111), (200), (311), and (220),
respectively. Figure 8 reports the formation of face-centered cubic (fcc) AgNPs crystals, which agrees
with the values (JCPDS 4-783) [33,34]. The (111) peak has the highest intensity, indicating that (111) is
the preferred orientation. The results show that the mean crystallite size of AgNPs is 43.9 nm. This result
indicates that the nanocrystalline are domains. The average grain size of the silver nanoparticles can be
calculated using the X-ray diffraction peak by Debye-Scherrer Eq. (2) [35];

D=k A/ cos26, )

where D is the average thickness of the crystal grains perpendicular to the crystal plane (nm), K is the
Scherrer constant equal to (0.89), B is the Full Width Half Maximum (FWHM), A is an X-ray wavelength
(CuKa source) of 0.15418 nm, and 6 is the diffraction angle, reflected at 26 =38°, 44°, 55°, and 64°. The
average particle size of the grains is 22.8 nm, which is 41.5 nm, 16.9 nm, 17.7 nm, and 15.4 nm,
respectively.

Anticancer activity of AgNPs

In Figure 9, the concentration 75 % AgNPs shows that inhibition growth of L20B reached 20.5 %
and the concentration of 100 % gave inhibition growth of 35.3 %, while the concentration of 50 % did not
inhibit L20B cells, transgenic mouse cells line, which expresses the human poliovirus receptor on the
surface (CD155). Also, the crude extract of mushroom caps did not exhibit any inhibitory effect in this
experiment compared with silver nanoparticles in low concentrations. The cytotoxicity of AgNPs depends
on the sizes of nanoparticles and the type of cells [36]. The green AgNPs possess good anticancer activity
due to the decrease in the viability percentage of L20B cell line [37]. AgNPs have anticancer activity and
are commonly because of their stability characteristics [32,38,39]. FTIR spectrum (Figure 5) shows the
capped polysaccharides and polyphenols, and AgNPs play a useful role in treating tumors due to their
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antioxidant role and stability, as mentioned by [40]. Cellular uptake of AgNPs conduces the generation of
ROS (reactive oxygen species), which irritate oxidative stress. In human body cells, the nanoparticles
easily cross the cellular membrane, then the nuclear membrane, and interact with intracellular
macromolecules, such as proteins and nucleic acid, with an unknown mechanism [41], in addition to their
inhibitory role toward bacterial pathogens [42]. Via gene expression regulation, AgNPs induce apoptosis
to target tumor cells without the induction of inflammatory response [40].

40 -

20 -

10 -

Growth Inhibition Percentage

50% 75% 100% 50% 75% 100%
Extract of Mushroom AgNPs of Mushroom

Figure 9 Antitumor activity of A. bisporus caps extract and its AgNPs against L20B cell line

Conclusions

Agaricus bisporus-mediated synthesis of AgNPs was characterized using changing the color
solution, UV-Visible spectroscopy, SEM, AFM, SPM, FTIR spectrum, XRD, and EDS analyses. The
UV-Visible spectrum exhibits the absorption peak at 418 nm and is an indicator for the formation of
silver nanoparticles. The FTIR spectra exhibited the functional groups of amino acids, polysaccharides,
and polyphenols, which joined and interacted with silver ions and act as the reducing and capping agents
to the biosynthesized Ag nanoparticles. SEM and EDS refer to the formation of AgNPs with irregular or
spherical shapes. The XRD pattern exhibits face-centered cubic (fcc) silver nanocrystals with a size of
crystalline AgNPs of 43.9 nm. The biosynthesized AgNPs play a suitable role against mouse cell line,
which has receptors for polioviruses (L20B). Roughness average of the biosynthesized AgNPs from A.
bisporus caps is 15.4 nm, but the roughness is increased after UV irradiation for 1 h to average 33.6 nm.
Histograms of particle size distribution of AgNPs show that the average of AgNPs is 103.57 nm, while
the size of nanoparticles reaches 69.47 nm after exposure to UV radiation of 256 nm. The use of UV
radiation leads to enhanced characteristics of silver nanoparticles.
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