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Abstract. Selenium nanoparticles have received major consideration for their antimicro-
bial and anticancer properties. In the present study, a mycelia fungus named Fusarium
oxysporum was employed as a cell factory for bio-production of selenium and selenium
sul�de nanoparticles. Scanning Electron Microscopy (SEM) micrographs displayed that
the NPs were encompassed in medium and cells debris along with the presence of sulfur
and selenium in the particles according to the energy-dispersive X-ray spectroscopy �ndings.
The size of spherical NPs was measured between 34.32 and 231.98 nm in SEM micrographs
and 81.9 nm in DLS analysis. Fourier-transform infrared spectroscopy spectra supported
selenium compounds production and showed that proteins were associated with the
particles. The presence of primary and secondary amine bands was demonstrated by the
peaks at 1090-1020 and 1650-1580 cm�1, and at 1580-1490 cm�1 in FTIR spectra. UV/VIS
spectrophotometry analysis showed that maximum absorbance for the test was at 217 nm.
The strongest Bragg's re
ection in the X-ray di�ractograms peaks revealed the closest
match with SeS, SeS2, and Se according to standard JCPDS cards. Taken together, our
results show that, Fusarium oxysporum is able to produce selenium-based nanoparticles in
a safe and cost e�ective aerobic green approach.
© 2018 Sharif University of Technology. All rights reserved.

1. Introduction

There are at least 25 human selenoproteins and en-
zymes which contain selenocysteine [1]. These pro-
teins are necessary for avoiding cells damages and
proper functions of the thyroid glands and immune
system [2]. In comparison with selenium compounds,
Se nanoparticles (NPs) have low cytotoxicity and show
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marvelous anticancer and antimicrobial activities [1,2].
Also, because of semiconducting, photoelectrical, and
catalytic properties of selenium NPs, their importance
is increasing [1].

Application of selenium sul�de in treatment of
skin diseases has an eighty-year history. Sulfur has
fungicidal and therapeutic features itself and selenium
is an activator that can increase the therapeutic activ-
ity of the former [3]. Selenium sul�de is basically used
for treatment of dermatitis, folliculitis, and pityriasis,
which are fungal infections [4]. Actually, until now, S0

has been the oldest known fungicide [5]. Enzymatic
catalysis and radical scavenging of oxygen metabolites
are often considered as the role of sulfur and selenium
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compounds in treatment of diseases such as pulmonary
tuberculosis [6].

The conventional way of selenium sul�de produc-
tion is chemical synthesis by fusing pure elements of
sulfur and selenium at 350�C inside a vacuum Pyrex
tube [7] or by heating of sulfur and selenium at 280�C
for 2 h and cooling at 18-20�C [8]. Recently, a growing
interest in Nano Particle (NP) biogenesis has appeared
as a green technology to decrease the high cost and
harmful sides of conventional chemical synthesis. To
ful�ll this goal, a lot of bio-systems such as plants,
bacteria, fungi, and yeasts have been tried [9]. These
microorganisms are able to recycle minerals in the earth
and may tolerate and grow in high concentration of the
metal salts. In NP formation process, the change of
redox state leads to reduction in or removal of metal
ions toxicity [10].

On the one hand, biological approaches have been
used to synthesize selenium NPs as new, eco-friendly,
and non-toxic approaches [2,11-13]. Fungi have also
been employed to synthesize selenium NPs [14,15]
extracellularly. On other hand, Elemental sulfur is a
widespread element, which is utilized by bacteria in
several bio-reactions. For example, they use S8 as
a source of energy by reducing it to sul�de. But,
there is very low information of this phenomenon in
eukaryotes [16]. Ahmad et al. [17] produced CdS NPs
through extracellular enzyme of Fusarium oxysporum.
They discovered that some eukaryotes such as fungi
were able to synthesize CdS and other sul�de NPs by an
enzymatic process. When F . oxysporum encountered
Cd2+ and SO2�

4 in the medium, very stable CdS NPs
were performed [17]. Abe et al. [16] discovered that
F . oxysporum could reduce S8 anaerobically. They
indicated that in lack of O2, dissimilation of S8 was
very important for the fungus. They found, for the �rst
time, that fungi had the ability of S8 reduction [16].

In this research, we examined the possibility of
selenium compounds NPs synthesis by F . oxysporum in
aerobic conditions. The obtained NPs were examined
by UV/vis spectrophotometry, electron microscopy,
Energy-Dispersive X-ray Spectroscopy (EDX), X-Ray
Di�raction (XRD), Fourier-Transform Infra Red spec-
troscopy (FTIR), and Dynamic Light Scattering (DLS)
techniques. We noticed that the produced NPs were
made of Se and S.

2. Experimental

2.1. Fungal strain and chemicals
Fusarium oxysporum PFCC 115 was obtained from
Mycology Department of Pasteur Institute of Iran.
Glucose and malt extract were purchased from Merck,
Germany. Sabouraud Dextrose Agar (SDA), peptone,
and yeast extract were obtained from Micro Media,
Hungary. Potato Dextrose Agar (PDA) was purchased

from Scharlau Microbiology, Spain. Selenous acid was
prepared by Sigma-Aldrich.

2.2. Preparation and nanoparticle synthesis
Fusarium oxysporum was cultured on PDA slant of
which the spores were harvested and collected in
tubes containing tween 80 in distilled water (0.05%
V/V). The spores were counted using a Neubauer
Slide (HBG, Germany) under 40 � objective lens of
a light microscope. The spores were dispersed into the
aqueous medium of malt extract-glucose-yeast extract-
peptone [18] (MGYP; malt extract 0.3%, glucose 1%,
yeast extract 0.3%, and peptone 0.5%) with the density
of 106 spores.mL�1. Incubation was performed at
30�C in 180 rpm using a shaking incubator (LabTech
DAIHAN LABTECH CO., LTD, LSI-3016 R, Korea).
On the 5th day, the fungal elements were separated
with 2 layers of sterile gauzes. First, the fungal
mat was washed with sterile distilled water several
times. Then, the mat of the test was transferred to
a sterile (�ltered with 0.22-micron disk �lters, JET
BIOFILr, Canada) solution of selenous acid (3 mM)
and incubated at 30�C, shaking in 180 rpm. The
biomass of control was behaved like the test, except
that it was transferred to sterile distilled water. After
48 hours and observing the color change, the content
of the Erlenmeyer was centrifuged (3000 rpm, 6 min,
15�C) and the precipitates were collected and dried at
70�C overnight and then, the characterization analyses
were performed on them.

2.3. Characterization of nanoparticles
Scanning Electron Microscopy (SEM) (MIRA3 TES-
CAN) analysis was performed on NP suspensions,
which were dried and gold sputtered on a glass or
carbon substrate. Observations were carried out at an
accelerating voltage of 50.0 kV.

A Philips Analytical X'Pert MPD instrument
operated at a voltage of 40 kV and a current of 40
mA with Cu K-� (1.54 �A) radiation was used for
XRD measurements. For FTIR analysis, the potassium
bromide pellet technique was used for preparation.
For measurements, a Nicolet IR 100 instrument was
employed at a spectral resolution of 1 cm�1 in a
wavelength range of 1800 to 600 cm�1. DLS (Malvern
Instruments Ltd, ZEN 3600) analysis was performed
on NPs suspensions with an OD of approximately 0.3
at the wavelength of 630 nm after 10-min sonication
in bath sonicator (DAIHAN LABTECH CO., LTD.,
LUC-410, Korea). To record the absorption spectra of
the NPs suspension, a spectrophotometer, Shimadzu,
UV-1601PS, Japan, was utilized. The wavelength
scanning was performed from 100 to 1100 nm for the
initial test and the test after diluting in ratios of 1:2,
1:3, 1:6, and 1:12 in distilled water (v/v) to obtain the
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maximum absorption under 1. Distilled water was used
as a blank.

3. Results and discussion

The obtained NPs were characterized by UV/Vis spec-
trophotometry, SEM, EDX, XRD, FTIR, and DLS.
Color change of the Erlenmeyer of the test was observed
48 h after adding 5-day fungal elements into the 3 mM
selenous acid solution and incubation at 30�C with
shaking in 180 rpm (Figure 1). UV/VIS spectropho-
tometry analysis showed that maximum absorbance
for test was at 217 nm (Figure 2). Sul�de and
thiols maximum absorption was in the range of 200
to 220 nm [19], which could approve the presence
of selenium sul�de. Ahmad et al. [17] observed the
color change arising from CdS NPs formation 6 days
after Cd2+ and SO2�

4 encountering. They attributed
the spectrophotometry Optical Density (OD) at 450

Figure 1. Macroscopic proof of selenium compounds NPs
biosynthesis. The biomass of F. oxysporum encountered
3 mM selenous acid. Color change happened after 48 hours
(Test). To determine the di�erence, a negative control was
prepared in which no salt had been added (Control).

Figure 2. Wavelength scanning of biosynthesized
selenium compounds NPs. Wavelength scanning of
selenium compounds NPs was performed after diluting
them with the ratios of 1:2 (purple), 1:3 (red), 1:6 (black),
and 1:12 (blue) in distilled water (V/V). The OD of initial
test was more than 1, which is not shown here.

nm to quantum size of CdS particles and an OD at
280 nm to the presence of proteins in the medium.
The proteins caused a long-lasting stability of CdS
NPs, because they attached to the NPs surfaces and
prevented their accumulation [17]. Reyes et al. [20]
also produced CdS NPs using Fusarium sp. taken from
an ecosystem containing Cd (II). They observed OD at
450 and 264 nm and attributed them to CdS and NPs,
respectively. Particles with smaller sizes had OD in
smaller wavelengths, which showed the quantum size
e�ects of the particles. The size of NPs was between
80 and 120 nm. Some particles with sizes of 350 to 390
nm were observed, too; the authors believed that they
were because of thiol groups of the cell walls [20].

The XRD pattern of the NPs taken after 48 h
reactions is presented in Figure 3. The peaks marked
with an asterisk had the strongest Bragg's re
ection,
which revealed the closest match with SeS, SeS2, and
Se according to standard JCPDS cards 00-002-0320,
00-047-1481, and 00-042-1425, respectively. Addition
of S to Se led to a drop in Se crystallization [7]. The
presence of 3-5 at.% sulfur in selenium structure could
reduce the rate of selenium crystallization [8]. In fact,
the crystallinity of selenium-sulfur was dominated by
sulfur proportion in the conformation. For example,
small amounts of sulfur up to 28% deviated from
the di�raction pattern, while increasing it up to 50%
completely changed the pro�le of the di�raction pat-
tern. Also, the increased number of peaks represented
addition of some phases attributed to selenium sul�de.
Because of selenium's �ve potential oxidation states
(-2, 0, +2, +4, and +6), it can be introduced in
several compounds with di�erent chemical properties.

Figure 3. XRD analysis of biosynthesized selenium
compounds NPs. The X-ray di�ractogram was taken from
the precipitates of NPs and F. oxysporum biomass after
48 h reaction, which were collected and dried at 70�C
overnight. The peaks marked with an asterisk disclosed
the match with SeS, SeS2, and Se.
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Figure 4. FTIR analysis of biosynthesized selenium compounds NPs. The FTIR analysis was performed on the
precipitates of NPs and F. oxysporum biomass after 48 h reaction, which were collected and dried at 70�C overnight. The
peaks at 1090-1020 and 1650-1580 cm�1, and at 1580-1490 cm�1 showed the presence of primary and secondary amine
bands [22]. Peaks around 600 to 650 and 1550 are attributed to sul�de compounds [18,19].

Moreover, in approximately all organic and inorganic
sulfur compounds, selenium can substitute sulfur [21].

The peaks at 1090-1020 and 1650-1580 cm�1, and
at 1580-1490 cm�1 in FTIR spectra demonstrated the
presence of primary and secondary amine bands [22] of
proteins, which encompassed the NPs (Figure 4).

Rajput et al. (2016) observed the very stable
NPs within weeks after reaction of silver nitrate and
F. oxysporum. They demonstrated that bio-silver NPs
were more stable than the commercial ones. Also, the
bio-NPs had a 3-times larger hydrodynamic diameter
because of capping layers of biomolecules, which were
produced by F. oxysporum. FTIR and/or SDS/PAGE
analysis showed that the proteins were responsible for
this stability. In fact, the high surface energy of NPs
results in adsorption of biomolecules from biological

uids. These biomolecules may be displaced by the
new ones over time [23]. Almeida et al. (2017) also
demonstrated the presence of amide I and II and
aromatic groups in the �ltrate of F. oxysporum, which
they had applied to bio-synthesize silver NPs [24].
Yamaguchi et al. (2016) observed that after production
of biogenic CdSe quantum dots by F. oxysporum, in the
superoxide evaluation, superoxide dismutase (SOD)
in the cytoplasm decreased. They attributed these
changes to the creation of CdSe quantum dots in F.
oxysporum [25]. Peaks around 600 to 650 and at 1550
in FTIR could be attributed to sul�de compounds
according to [18,19], while EDX analysis of the NPs
approved the existence of selenium and sulfur spectral
peaks (Figure 5).

The size of spherical NPs surrounded by fungal
elements in SEM micrographs was measured between
34.32 and 231.98 nm (Figure 6), where the average
hydrodynamic diameter of the NPs obtained from DLS
analysis was 81.9 nm.

Generally, sulfur assimilation is a path for the syn-
thesis of sulfur-containing defense compounds (SDCs).
SDCs are vital for saving the plants against various
stresses. Some SDCs are elemental sulfur (S0), H2S,
glutathione, phytochelatins, and sulfur-rich proteins.
Their formation is closely dependent on sulfate uptake
and assimilation [5]. Fungi �rst uptake the sulfate

Figure 5. EDX analysis of biosynthesized selenium
compounds NPs. The EDX analysis was performed on the
precipitates of NPs and F. oxysporum biomass after 48 h
reaction, which were collected and dried at 70�C
overnight. SEM-EDX of NPs exposed the presence of
spectral peak for selenium and sulfur in the test.

from the environment and then transport it inside by
sulfate transporters. The activation happens by ATP
of ATP sulfurylase and the product is APS (adenylyl
sulfate). APS reductase reduces the APS in which a
tripeptide glutathione (GSH) acts as an electron donor.
Then, an enzyme, namely, sul�te reductase, reduces
the produced sul�te to H2S [5,26]. We supposed
that when the microorganism encountered a foreign
compound, the aforementioned process happened and
the fungus absorbed the compound and produced a
metal/element sul�de compound instead of H2S. In
fact, this was a defensive reaction of the microorganism
to survive. However, the sulfur source in the medium
of our test was quite limited. Fungal cells respond to
the de�ciency of a nutrient, such as sulfur, in order
to diminish its consequences. For example, in similar
conditions, in Neurospora crassa, which is a �lamentous
fungus, sulfur-related genes are expressed sequentially.
While, when the sulfur of the medium is high, the
entire set of genes is repressed. The main application
of sulfate is its reduction to sul�de and biosynthesis of
cysteine and methionine, subsequently. Arylsulfatase
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Figure 6. SEM micrographs of biosynthesized selenium compounds NPs. The SEM micrographs were taken from the
precipitates of NPs and F. oxysporum biomass after 48 h reaction, which were collected and dried at 70�C overnight. The
spherical NPs were encompassed inside the fungi debris.

enzyme activity of N. crassa was monitored for 14
hours in high- and low-sulfur media. Sulfur limitation
resulted in a typical response to growth. After 6
hours, the enzyme activity increased by 5 folds, while
in the high-sulfur condition, the enzyme activity had
no 
uctuation. It is supposed that a sensor protein
is responsible for sulfur status detection in fungi. The
sensor transmits a signal to a regulatory protein, which
in turn regulates the genes involved in sulfur related
responses. It is supposed that the metabolites of
cysteine or methionine are the e�ectors, which are
monitored by sulfur control system [27].

4. Conclusions

Taken together, main �ndings of the present study are
as follows:

� Fusarium oxysporum, as a eukaryote, is able to
produce selenium and selenium sul�de NPs;

� Selenous acid can be a precursor to biosynthesis of
selenium-compounds NPs;

� H2S production can be a defensive mechanism of the
microorganism in confronting a foreign substance;

� In sulfur de�ciency, the microorganism turns on all
the genes needed to compensate for the loss;

� When Fusarium oxysporum confronts selenous acid
as a foreign substance, it begins to reduce it, on
the one hand, and produce sul�de-NP, on the other
hand, to overcome the stress, while the sulfur related
gens are expressed more in response to its de�ciency.
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