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Fifty fungal isolates (filamentous and uni cellular) were screened
for their ability to reduce sodium selenite (Na,Seos). Out of those, twenty
eight isolates displayed positive results therefore they were screened for
their ability to tolerate higher concentrations of sodium selenite for
different incubation periods. The most active three isolates were
characterized morphologically and physiologically. They were identified
as Fusarium oxysporum, Rhodotorula mucilaginosa and Cryptococcus
albidus based on 18S RNA encoding gene. The selenium reduction power
by Fusarium oxysporum decreased by increasing the selenite
concentration, where it reached the maximum value 96.6% of 1mM
concentration of sodium selenite with the net dry weight 7.7 mg/ml.
However, the reduction power of Rhodotorula mucilaginosa and
Cryptococcus albidus reached the maximum value 99 and 98.8% of 5 and
7mM of sodium selenite with the net dry weight 7.2 and 6.6 mg/ml
respectively. It was found that F. oxysporum reduced selenite extra
cellular while both R. mucilaginosa and C. albidus reduced it intra
cellular. The biosynthesized selenium particles were purified and dried at
40°C, and characterized using UV- Vis spectroscopic, Transmission
electron microscopy and Fourier- Transform infrared Spectroscopy
(FTIR) analysis; this is to confirm the selenium nanoparticles (Se-NPs)
formation. Transmission electron microscopic images explained the
formation of monodisperse spherical-selenium nanoparticles in the range
of 14 97 nm with spherical shape. In addition, the resonance peak
appeared at 200- 300 nm which corresponds to the particle size of 14-97
nm. Fourier transform infrared spectroscopy confirmed the presence of a
protein shell outside the nanoparticles.
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Introduction

Selenium is a chemical element with
the symbol Se and atomic number 34. It
belongs to group 16 in the periodic table.
It is a nonmetal (more rarely considered
a metalloid) with properties that are
intermediate between the elements above
and below in the periodic
table, sulfur and tellurium, and also has
similarities to arsenic. It seldom occurs

state or as

in Earth's

in its elemental

pure ore compounds crust.
Selenium
Greek

discovered in

(from Ancient
oeAfvn (selené) 'moon’)
1817 by Jons Jacob

Berzelius, who noted the similarity of

was

the new element to the previously
discovered tellurium (named for the
Earth). Selenium is present in nature and
in organisms as organic and/or inorganic
forms. The main organic forms are
selenomethionine and selenocysteine.
The inorganic forms are selenite (SeO3’
%), selenide (Se™), selenate (Se0,™) and
the selenium element (Se) (Skalickova

etal., 2017).

Selenium (Se) has unusual physical
properties such strong optical
conductivity, anisotropy of thermal
conductivity, and X-ray sensing

responses. Selenium is a component of
numerous enzymes; it is a crucial
chemical element for all living things.

(Combs and Gray, 1998). Although the
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precise mechanism of Se's actions is not
fully understood, it is suggested that Se
(a major component of seleno proteins)
enhanced

may be responsible for

carcinogen detoxification, antioxidant

protection, inhibition of tumor cell

invasion, inhibition of angiogenesis,

enhanced immune surveillance, and
modulation of cell proliferation (cell
cycle and apoptosis) (Knekt et al.,
1998).

Se-NPs, which exhibit a far lower risk
than selenium, are frequently used as
antioxidants (Dhanjal and Cameotra,
2010). And

(Rajendran, 2013). Due to their higher

a dietary supplement
surface-to-volume ratio at the nano-
level, the surface of the particles is more
exposed which leads to an enhanced
activity of selenium more profoundly in
the nano-regime. SeNPs show promising

potential as cancer therapeutic agents,

and drug carriers in biological
applications. Several ~ studies  have
supported their
anticancer, antimicrobial, and anti-

biofilm properties (Li et al., 2010).

SeNPs can be made through chemical
processes including acid breakdown,
catalytic reduction, and precipitation, as
well as physical approaches like laser
light, and

These

ablation, ultraviolet

hydrothermal methods.
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procedures cost a lot of money and have
a lot of issues with using dangerous
chemicals and operating them at high
pressures and temperatures, which
further contaminate the environment
(Medina et al., 2018). Because biogenic
manufacturing takes place in benign
environments, using eco-friendly
systems like bacteria, yeasts, and fungi
to create metallic/metalloid nanoparticles
is an  effective  substitute  for
physicochemical synthesis. This process
is incredibly cost-effective and doesn't
create any dangerous compounds to the
environment (Zonaro et al., 2017).
Additionally, the distinctive qualities,
functionality, and applications of
nanomaterials are strongly correlated
with the shape, size, and stability of
nanoparticles (Ramya et al., 2018).
Numerous bacteria from various genera
have been found to produce both
intracellular and extracellular SeNPs
(Ashengroph and Hosseini, 2021).
Reports on the environmentally friendly
synthesis of SeNPs utilizing yeasts,
however, are scarce.

Plants, grains, cereals, and meat are all
potential sources of selenium that can be
consumed as part of a healthy diet.
Selenium can be accumulated in
considerable levels by the yeast
Saccharomyces cerevisiae, which can
then incorporate it into organic

molecules. The main  selenium-

containing molecule in this yeast's
protein fraction and whole cells was
found to be selenomethionine (Korhola
et al., 1986).

Over the past 10 years, there has been an
increase in interest in the use of
selenium-containing yeast (selenized

yeast) as an enriched selenium
supplement in human nutrition, and
numerous studies have been conducted
to improve the synthesis of this yeast
with selenium that is organically bound
(Lietal., 2010).

Some fungi can tolerate high selenium
concentrations (selenium tolerant fungi)
as they can reduce selenium intra
cellularly (Rhodotorula mucilaginosa
&Cryptococcus albidus) in their vacuole
or extracellularly (Fusarium oxysporum)
in the growing medium and other cannot
tolerate high concentrations of selenium
due to its toxic effect (Gharieb et al.,
1995).

ascomycete fungus. F. oxysporum strains

Fusarium oxysporum is an

are ubiquitous soil inhabitants that can
exist as saprophytes and degrade lignin
and complex carbohydrates associated
with soil debris. They are pervasive plant
endophytes that can colonize plant roots
and may even protect plants or form the
basis of disease suppression (Knekt et
al., 1998). Rhodotorula mucilaginosa is
basidiomycete fungi, has high nutritional
value and probiotic effects. Glucan and

mannan in the cell wall of R.
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mucilaginosa can enhance the migration
and phagocytosis of macrophages and
neutrophils, reduce intestinal
inflammatory reactions, enhance animal
resistance, promote the reproduction of
beneficial bacteria, and competitively
inhibit the colonization of harmful
bacteria. R. mucilaginosa products
contain  many  carotenoids  and
zymochromes (Aksu and Eren, 2005);
these carotenoids are beneficial to
human and animal health (Mannazzu et
al., 2015). As the precursor of vitamin,
A, carotenoids can resist cancer, inhibit
gene mutations, and resist the side
effects of environment-induced
genotoxic agents by regulating cell
signaling and gene  expression.
Carotenoids are also recognized as super
antioxidants, which have various health
functions, such as enhancing host
immunity, demonstrating anti-oxidation
and anti-tumor activity, and lowering
blood pressure (Sharma and Ghoshal,
2020). Current work aimed to highlight
the significance role of these yeasts
(Rhodotorula mucilaginosa and
Cryptococcus albidus) in selenium
biosynthesis and their capacity to
withstand high selenite concentrations in
comparison to some filamentous fungi

(Fusarium oxysporum).
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Materials and methods
Isolation of organisms
The fungal isolates studied in this

work were isolated from different
sources (Soil, air, vegetables, fruits,
leaves, flowers, sugar cane bagasse, and
dairy products). They were grown on
Potato Dextrose Agar (PDA) medium
and Czapek Dox Agar (DOX) medium
which contained (g/l); Potato extract
(Extracted from 200g potato); Dextrose,
20; Agar, 15; chloramphenicol, 0.1.Dox
medium containing (g/l); KCI, 0.5;
Na;NOs3, 2; MgSO, 7H,0, 0.5; K;HPO,,
1.0; Sucrose, 30; Ferrous Sulphate, 0.01;
Agar, 15; chloramphenicol, 0.1 and the
pH was adjusted to 6.5 Harrigan,
(1998). The isolates were taken different

codes according to its origin (s, a, v, f, I,

fl, su, d, sa).

Source Code

Soil S

Fruit f

Sugar cane bagasse su
Flowers fl
Dairy products d
Saccharomyces cerevisiae sa
Air a
Vegetables v
Leaves |

Also, (F) for filamentous fungi and (Y)
for uni cellular fungi (yeasts) were used

as abbreviated terms.
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PDA and DOX agar medium were

prepared, autoclaved, poured in
sterilized petri dishes and wait to
solidify, serial dilution was done from
the soil to inoculate the medium by
different dilutions (10" to 10°).
Vegetables, fruits, sugarcane bagasse,
flowers and leaves were printed on the
(1998).

Dairy products were dissolved in

medium surface Harrigan,

distilled sterilized water, then inoculated
on the medium surface. Finally, the
inoculated petri dishes were incubated at
28+2°C for 7 days. The grown fungal
colonies were purified on PDA and
DOX Agar medium.

Transformation  of  selenite  to
elemental selenium by fungi on solid
agar medium

The ability of fungi to withstand selenite

and change into elemental Se was
evaluated by growing the isolated fungi
on Potassium Dihydrogen Phosphate
agar (KDP) medium which contained
(g/l); Dextrose, 10.0; peptone, 5.0;
MgSO,47H,0, 0.5; KH,PO,, 1.0; Agar,
15.0 as described by Kurtzman et al.,
(2011). Sodium selenite (Na,Seos) with
concentration 0.19mM added to the
medium and then incubated at 28+2°C
for 2 days. The fungal tolerance to
selenite reduction was indicated visually
by formation of red color of elemental
selenium Se° (Mashreghi and Shoeibi,
2017).

Intra and extra cellular biosynthesis of selenium nanoparticles by unicellular and filamentous selenium tolerant fungi
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Transformation of  selenite to
elemental selenium by fungi on broth
medium

The isolated fungi which form red color

on agar medium were tested by growing
them on KDP broth medium at 28+2°C
for 2 days in shaking conditions 120
rpm. After 2 days, the flasks amended
with different concentrations of sodium
selenite (Na,SeO3) 0.19, 1.0, 3.0, 5.0, 7.0
and then incubated for further intervals
(1, 2 and 3) days at the same conditions.
Triplicate sets of flasks were used for
each isolate. Non inoculated culture
medium was used as a control. The
isolates classified according to color
power from pale orange to dark red
during different incubation periods
(Ghosh et al., 2008 and Bajaj et al.,
2012).

Identification of the most active fungal
isolates

Morphological,  biochemical and
genetic characterization

The most active fungal isolates were

morphologically characterized in
accordance with Lodder, (1970) and
Barrnettet al., (1990).The color, margin
and elevation of the isolated yeast
colonies grown on DOX agar were
recorded, and the fungal cells of 3 days -
old colonies were also investigated
microscopically using 40X objective
lens power to determine cell shape, size,

budding and spore formation.
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The biochemical characterization was
performed by VITEK instrument 7.01
and 8.01 software at mycology lab,
Alexandria  city. There are 46
biochemical tests measuring carbon
source utilization, nitrogen source
utilization, and enzymatic activities.

The most active isolates were further
identified genetically according to 18S
RNA at Macrogen Company, Korea. The
polymerase chain reaction (PCR) was
performed using the Tag polymerase Dr.
MAX DNA Polymerase (Doctor Protein,
Korea, cat. no. DR00302) (Zayed et al.,
2020), and deposited in the Culture
Collection  Ain  Shams
(CCASUV)

(http://www.wfcc.info/ccinfo/detail) and

University

that it is being held in the faculty of
pharmacy, Ain Shams University, PO
Box 11566, Cairo, Egypt.

Biosynthesis and purification of
selenium nanoparticles from the most
active fungi strains

Fusarium  oxysporum,  Rhodotorula
mucilaginosa and Cryptococcus albidus
were grown on DOX broth medium with
different concentrations of sodium
selenite. 1.0 ml of each yeast suspension
(0.10D) at 650 nm. were grown in 250
Erlenmeyer flasks containing 50ml
medium. While 2 mm disc using
sterilized cork porer of pure Fusarium
culture grown in 250 Erlenmeyer flasks

containing 100ml medium. The flasks

Gharieb et al., (2023)

were incubated at 28+ 2°C for 2 days in
shaking conditions 120 rpm. After 2
days, different concentrations of sodium
selenite Na,SeO;3; (1, 3, 5, 7, 10 mM)
were added to the flasks and then
incubated for 2 days at the same
conditions (Avendano et al., 2016).
Triplicate sets of flasks were used for
each fungal strain and sodium selenite
concentrations. Selenium free culture
medium was used as control. After
incubation period, we noted that F.
oxysporum can reduce sodium selenite
extracellulary while R. mucilaginosa and
C. albidus reduce sodium selenite
intracellulary. The flasks of F.
oxysporum were filtered using colander
to separate the biomass then the media
containing reduced selenium were
filtered through filter paper and then
centrifuged at 7000 rpm for 30 minutes
under cooling conditions 4°C to obtain
SeNps. While the cells of R.
mucilaginosa and C. albidus were
digested by sonicator for 20 min to
release SeNps to the media, after that the
media with the released nano particles
kept at 4°C for 7 days until the large
particles precipitate and the small
particles remain suspended
(supernatant), then the supernatant was
centrifuged at 4000 rpm for 15 min to be
sure that is free from any yeast residues.
After that the harvested supernatant

containing SeNps was centrifuged at



7000 rpm for 30 minutes under cooling
conditions 4°C to obtain SeNps. The
supernatant of three strains removed and
then SeNps pellets were washed three
times with deionized water and then 3x
with methanol 70% and finally 3x with
ethanol 70%, with each washing step the
SeNps pellets were vortexed for 5-10
seconds. In this step the impurities were
primarily transferred to supernatant
while the remaining pellets were

composed  mainly  of  selenium
nanoparticles. After which the remaining
pellets were dried at 40°C.
The net dry weight of each fungi were
calculated and the percentage of selenite
reduction was determined by inductively
coupled plasma mass spectroscopy(ICP-
MS) instrument at Genetic Engineering
and Biotechnology Research Institute,
Sadat city, Menoufia, Egypt. To reveal
the extent of selenite reduction, the
reduction efficiency of selenite (E;) was
defined and calculated as following
equation:
Ei= (Se0z)? ¢~ (Se0s)? ¢ / (Se0s)? (x
100%
where (SeO3) ¢ and (SeOs)” were the
concentrations of unreduced selenium in
control and treated, respectively as
described by (Xinzhang et al., 2020).
Characterizations of SeNPs

1- Detection using UV-Vis spectroscopy
For UV-Vis spectroscopic investigation

of the nanoparticles, 2 mL of a fungal

Intra and extra cellular biosynthesis of selenium nanoparticles by unicellular and filamentous selenium tolerant fungi
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solution containing selenium
nanoparticles was placed in a cuvette.
The absorbance was recorded by UV Vis
spectroscopy between 200 to 1200nm.
The absorbance at which the peak was
formed was noted (200-300nm) (Singh
etal., 2014).

2- Transmission Electron Microscope
(TEM) analysis
At the National Research Centre in

Cairo, Egypt, the TEM investigation was
also carried out on the recovered pellets
of selenium nanoparticles to ascertain
the morphology and size of SeNPs. For
this, a 20-minute sonication process
using an ultrasonicator (made by Crest
Ultrasonics Corp., New Jersey, USA)
was performed on a fungal solution
containing selenium nanoparticles. A
few droplets were then put onto a copper
grid that had been coated with carbon
before being allowed to dry. The grid
was then analyzed using HR-TEM
(JEOL, JEM-2100,
which was run at 200 kv (Singh et al.,
2014).

3-Fourier-transform
spectroscopy (FTIR) analysis
The selenium nanoparticle pellets were

Tokyo, Japan),

infrared

examined after being cleaned and dried
in an oven at 40°C. Fourier transform
infrared spectroscopy (Jasco FTIR 6100
Japan) was used to record all spectra (61
spectra) with wave numbers between
4500 and 500cm™. OPUS (version 2.2)
from Bruker was utilized for data
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processing and sample identification. All
spectra were vector normalized and base
line adjusted. A 4 cm™ spectral
resolution was chosen (Salem et al.,
2010).

Statistical analysis

The values given in this study were the
means of three replicates and were
expressed as means standard error (SE)
of the mean before being subjected to
one- and two-way analysis of variance
(ANOVA) to ascertain the level of
significance for the changes achieved by
the applied treatments. Additionally,
correlation coefficients were used to
examine the significance of the

connections  between the  fungi's
examined factors. The analysis was
carried out by Info stat statistical
P> 0.05=

Nonsignificant, P< 0.05= Significant, P<

program 2020, where,
0.01= highly significant.
Results

Isolation and screening the fungal
isolates on solid agar and broth
medium:

Fifty fungal isolates were isolated
from different sources (soil, air,
vegetables, fruits, leaves, flowers, sugar
cane bagasse, dairy products and
saccharomyces cerevisiae). The isolates
taken different codes (s, a, v, f, I, fl, su,
d, sa), respectively. (F) for filamentous
fungi isolates and () for uni cellular

fungi isolates (yeasts). There are 30

Gharieb et al., (2023)

yeast isolates and 20 filamentous fungi
isolates. The isolates were purified on
PDA and Dox agar medium then
screened on Potassium Di hydrogen
Phosphate agar medium supplemented
with 0.19mM sodium selenite (Fig. 1).
We found that 28 fungal isolates have
the ability to reduce sodium selenite to
elemental selenium by the formation of
red color, while 22 isolates could not
form such a color (Table 1). After
screening on solid agar medium, the 28
fungal active isolates were screened on
KDP broth medium supplemented with
different
selenite (0.19, 1.0, 3.0, 5.0, 7.0) mM for

more different incubation periods (1, 2&

concentrations of sodium

3) days in shaking conditions 120 rpm.
The isolates classified according to color
power from pale orange to dark red
during the incubation intervals. (Table 2)
indicates that Yls, Yvio& Fvg are the
most active fungal isolates that capable
of reducing sodium selenite at high
concentrations (5.0, 7.0) mM after 2
days of incubation (Fig. 2). WhileYls,
Yvio were the unicellular fungi (yeasts)
isolated from leaves and vegetables
respectively, and the isolate Fvg was
multicellular ~ fungi  isolated  from

vegetables.
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Fungal isolates | Selenium reduction tolerance | Fungal isolates | Selenium reduction tolerance
Ys; + Ydy _
Ys, + Yfl,, +
Yss _ Yl +
Yl _ Yflyg _
Yis _ Ysasg _
Yig + Fs; _
Yv; + Fs, +
YVs _ Fss +
YVq _ Fs, _
Yvyg + Fas _
Yvyy + Flg _
YVip + Fl, +
Yfi3 + Flg +
Yt _ Fvg +
Yfis _ Fvio _
Yfie + Fviy +
Yf; _ Fvi +
Yayg + Ffis _
Yayg _ Ffia +
Yaz _ Ffis +
Y'suy + Fsuss +
YUz, + Fsuy7 +
Y'SUys + Ffl.g _
Y'SUyy B Fflig +
Ydos _ Ffly +
Table (2): Screening the fungal isolates on broth medium
Sodium selenite concentrations(mm)
0.19 1 3 5 7
Isolates Reduction Reduction Reduction Reduction selenium/ | Reduction selenium/
selenium/ day selenium/ day selenium/ day day day
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Yls ++ | o+ | bt | | b | | R | b | b | | b | R | | | Rt
Yvig | ++ | +++ | HH+ | A | A | A | A | | A | | | A | | |
Fvg ++ |+t |ttt | | A | A | | b | A | | A | | | |

Where (++) dark orange |

, (+++) pale red

(++++) dark red [
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Fig. (1): Photograph shows the transformation of sodium selenite (0.19 mM) into elemental
selenium on solid agar medium by (a) Fvg (b) Yls & () Yvioo0n the lower part and the control
plates without sodium selenite on the upper part.

Fig. (2): Photograph shows the transformation of sodium selenite (5mM) into elemental
selenium on broth medium by (a) Fvy (b) Yls&(C) Yvyioon the lower part and the control flasks
without sodium selenite on the upper part.



Morphological,  biochemical and
genetic characterization of the most
active fungal isolates

The Morphological characterization of

the yeast isolates (Table 3) described by
Lodder, (1970) and Barrnetet et al.,

(1990). While Fvg isolate is filamentous
fungi has white cottony mycelium with
dark purple under surface on growth
media and oval to ellipsoid/ kidney

shaped oval tapering and three septate

The biochemical characterization of the
most active yeasts was performed by
VITEK There 46

biochemical tests measuring carbon

instrument. are

source utilization, nitrogen source
utilization, and enzymatic activities as
in (Table 4&5). Ylg was
identified as Rhodotorula mucilaginosa
(94%

identified as Cryptococcus albidus (90%

indicated

probability), while Yvi, was

spores under light microscope.

probability).

Biochemical

abbreviations indicated in (Table 6).

Table (3): Morphological characterization of yeast isolates

tests

Yeast isolates Cell shape Color Size Margin | Elevation
Ylg Ovoid- budding Orange Moderate | Entire Raised
Yy Spherical- budding | White to creamy | Moderate | Entire Raised
Table (4): Biochemical tests of Yl
3 | LysA - 14 | IMLTa |- |5 | LeuA +|7 | ARG + 10 | ERYa | - 12 | GLYLa | -
13| TyrA |- |14 |BNAG |- |15| ARBa |- |18 | AMYa |- 19 | dGALa | (-) | 20 | GENa | -
21 |dGLUa | + |23 | LACa |- |24 | MAdGa | - | 26 | dCELa | - 27 | GGT - 28 | dMALa | -
29 | dRAFa | + | 30 | NAGAI | - | 32 | dMNEa | - | 33 | dMELa | - 34 | dMLZa | - 38 | ISBEa | -
39 |IRHAa |- |40 | XLTa |+ |42 | dSORa |- |44 | SACa | (+) |45 | URE (-) | 46 | AGLU | -
47 |dTURa | - |48 |dTREa |- |49 | NO3a |- |51 |IARAa |- 52 | dGATa | (+) | 53 | ESC -
54 | IGLTa |+ |55 |dXYLa |- |56 | LATa |- |58 | ACEa |+ |59 |CITa - 60 | GRTas | (-)
61| IPROa |+ |62 |2KGa |- |63 | NAGa |- |64 |dGNTa | ()
Table (5): Biochemical tests of Yvi

3 |LysA |- |4 |IMLTa |- |5 |LeuA + |7 | ARG - |10 | ERYa |- |12 | GLYLa |-

13 | TyrA - |14 | BNAG |- | 15| ARBa (+) | 18 | AMYa |- |19 | dGALa |- |20 | GENa |+

21 |dGLUa |+ |23 | LACa |- |24 | MAdGa | (-) | 26 | dCELa |- | 27 | GGT - | 28 | dMALa | +

29 | dRAFa | + | 30 | NAGAIl | - |32 |dMNEa |- |33 |dMELa |- |34 |dMLZa |+ |38 |ISBEa |-

39 | IRHAa | + | 40 | XLTa + |42 | dSORa | + 44 | SACa |+ |45 | URE + (46 | AGLU |+

47 |dTURa | + | 48 |dTREa |- |49 | NO3a |+ |51|IARAa |+ |52 |dGATa |+ |53 |ESC +

54 | IGLTa |+ |55|dXYLa |+ |56 |LATa |- |58 |ACEa |+ |59 | ClITa - | 60 | GRTas | +

61 | IPROa |+ |62 |2KGa |+ |63 | NAGa |- 64 | dGNTa | -




Table (6): Biochemical tests abbreviations

3 | L-Lysine-ARYLAMIDASE LysA 49 | L-RHAMNOSE assimilation IRHAa
4 | L-MALATE assimilation IMLTa 40 | XYLITOL assimilation XLTa
5 | Leucine-ARYLAMIDASE LeuA 42 | D-SORBITOL assimilation dSORa
7 | ARGININE ARG 44 | SACCHAROSE/SUCROSE assimilation | SACa
10 | ERYTHRITOL assimilation ERYa 45 | UREASE URE
12 | GLYCEROL assimilation GLYLa | 46 | ALPHA-GLUCOSIDASE AGLU
13 | Tyrosine ARYLAMIDASE TyrA 47 | D-TURANOSE assimilation dTURa
14 | BETA-N-ACETYL-GLUCOSAMINIDASE | BNAG 48 | D-TREHALQOSE assimilation dTREa
15 | ARBUTIN assimilation ARBa 49 | NITRATE assimilation NO3a
18 | AMYGDALIN assimilation AMYa 51 | L-ARABINOSE assimilation IARAa
19 | D-GALACTOSE assimilation dGALa 52 | D-GALACTURONATE assimilation dGATa
20 | GENTOBIOSE assimilation GENa 53 | ESCULIN hydrolysis ESC
21 | D-GLUCOSE assimilation dGLUa 54 | L-GLUTAMATE assimilation IGLTa
23 | LACTOSE assimilation LACa 55 | D-XYLOSE assimilation dXYLa
24 | METHYL-A-D-GLUCOPYRANOSIDE MAdGa 56 | DL-LACTATE assimilation LATa
assimilation
26 | D-CELLOBIOSE assimilation dCELa 58 | ACETATE assimilation ACEa
27 | GAMMA-GLUTAMYL-TRANSFERASE GGT 59 | CITRATE (SODIUM) assimilation CiTa
28 | D-MALTOSE assimilation dMALa | 60 | GLUCURONATE ASSIMILATION GRTas
29 | D-RAFFINOSE assimilation dRAFa 61 | L-PROLINE assimilation IPROa
30 | PNP-N-acetyl-BD-galactosaminidase 1 NAGA1l | 62 | 2-KETO-D-GLUCONATE assimilation | 2KGa
32 | D-MANNOSE assimilation dMNEa 63 | N-ACETYL-GLUCOSAMINE NAGa
assimilation
33 | D-MELIBIOSE assimilation dMELa 64 | D-GLUCONATE assimilation dGNTa
34 | D-MELEZITOSE assimilation dMLZa
38 | L-SORBOSE assimilation ISBEa

Molecular identification of the isolated
fungi

In addition to morphological and

biochemical identification, the molecular
identification of the isolated fungi was
performed using 18S RNA encoding
gene. The isolate Ylg was Rhodotorula
mucilaginosa strain (GQ433375. 1) 96%
homology, isolate  Yvig

while was

Cryptococcus albidus strain

(AB032617.1) 95% homology and Fvg

was  Fusarium  oxysporum  strain

(LT841236.1) 98%
phylogenetic trees of the 3 isolates were

homology. The

shown in Figs. (3, 4 and 5).The strains
have been deposited in the Culture
Collection  Ain
(CCASU) under the following codes:
Fusarium oxysporum, CCASU-2023-F9,
Rhodotorula mucilaginosa, CCASU-
2023-F10, and Cryptococcus albidus,
CCASU-2023-F11.

Shams  University




Primer Information

Sequencing Primer Name Primer Sequences | PCR Primer Name Primer Sequences

NS15 (GTAGTCATATGC TTGTCTC) 2 NS15 (GTAGTCATATGC TTIGTCTC) 3'
NS24 5' (TCC GCA GGT TCACCT ACG GA) 3' NS24 5" (TCC GCA GGT TCA CCT ACG GA) 3

Subject

LT841236.1 AR 7875 68 1718 20 3049 00  1651/1651 100
oxysporum

Kingdom Family Genus Species

Eukaryota Nectriaceae Fusarium Fusarium oxysporum

~~~~~~ Fusarium oxysporumigi:XR_001936436)

-------- |........! --- Fusarium oxysporum(gi:LTS41208)
-------- | ==mmeemeeemeee Fusarium oxysporuml(gi:XR_001936353)
Fusarium oxysporum(gi:XR_001936451)
-------- | I------ Fusarium oxysporum(gi:XR_001936454)

EH1 _contig_1

| | ------ Fusarium oxysporuml(gi:LTE41236)

| ------ Fusarium oxysporum(gl:LT&41222)
l ....... ‘ ------------------------------------------------------ Fusarium oxysporum{giXR_001936454)

Fusarium oxysporum(gi:XR_001936456)
Fusarium oxysporum(gi-XR_0019364339)

Fig. (3): Phylogenetic tree constructed from 18S RNA sequence of Fusarium oxysporum strain
(LT841236.1) with primer information.

Primer Information

Sequencing Primer Name Primer Sequences [ PCR Primer Name Primer Sequences

NS1 5 (GTAGTC ATATGC TTGTCT C) 3 NS15 (GTAGTC ATATGC TTGTCTC) 3'
NS24 5' (TCC GCA GGT TCACCT ACG GA) 3 NS24 5' (TCC GCA GGT TCACCTACG GA) ¥

Subject

GQ433375.1 Riodoint 1709 | 34 1696 97 3072 00  1663/1663 100
mucilaginosa

Kingdom Family Genus | Species

Eukaryota Sporidiobolaceae Rhodotorula Rhodotorula mucilaginosa

------------------------------ Rhodotarula mucilaginosalgl:KJ806315)
------ Rhodotorula mucilaginosalgi: GQ433375)
-------- |“"""-----< EH2_contig_1
-------------- Rhodotarula mucilaginosal i JQ838010)
- Rhodotorula mucilaginosalgi EF218987)
------ Uncultured fungus(gi:KC674619)
-------------- KNOGOIITUIa MUCHaginosalgreud7e454)
Rhodaotorula mucilaginosalgh DQE32153)
---------------------------------------------- Rhodotorula mucilaginosal gi: AB042787)
I ------------------------------------------------------ Rhodotorula mucllaginosalgh KUOS1691)
Rhodotorula murilaginosalgi KP233783)

Fig. (4): Phylogenetic tree constructed from 18S RNA sequence of Rhodotorula mucilaginosa
strain (GQ433375. 1) with primer information.
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Primer Information

Gharieb et al., (2023)

Sequencing Primer Name Primer Sequences PCR Primer Name Primer Sequences

NS1 5 (GTAGTCATATGC TTGTCTC) 3
NS24 5' (TCC GCA GGT TCA CCT ACG GA) 3'

Subject

Cryptococcus

AB032617.1 albidus

1782

564

NS15 (GTAGTCATATGC TTIGTCTC)3'
NS24 5' (TCC GCAGGT TCACCTACG GA) ¥

Score Identities

1713 64 2030 00 113511150 99

T T S

Eukaryota Filobasidiaceae

Naganishia Cryptococcus albidus

Uncuitured eukaryote(gi: X098950.1)
EH3_HPO000749754 R

Basidiormycete yeastigi AY520208.1)
Cryptococcus albidusigrAB032617.1)
[Cryptococcus] albidus(gi NG_063465 1)

riagamisnia antarcocergi:NG_063457.1)
“----= Naganishia bhutanensis(gi:NG_063459.1)
Cryptococcus albidus{giHQ23518%5.1)
Uncultured eukaryote(gi[X098923.1)
Cryptococcus albidus{giKT199373.1)

Uncuftured eukaryotelgi[X098934 1)

Fig. (5): Phylogenetic tree constructed from 18S RNA sequence of Cryptococcus albidus strain

(AB032617.1) with primer information.

Biosynthesis of selenium nanoparticles
by Fusarium oxysporum, Rhodotorula
mucilaginosa and Cryptococcus albidus
at different selenite concentrations

Different concentrations of sodium
selenite (1.0, 3.0, 5.0, 7.0, 10.0mM)
were added to DOX broth medium to
determine the tolerance of F. oxysporum,
R. mucilaginosa and C. albidus to
selenite and the formation of elemental
indicates that the

of F.

selenium.Table 7

reduction power oxysporum

decreased by increasing the selenite
it the
1mM

concentration,  as reached
maximum value (96.6%) at

concentration of sodium selenite with the
net dry weight of 7.7 mg/ml. However
the reduction power of R. mucilaginosa
and C. albidus reached the maximum
value (99 & 98.8%) at 5.0& 7.0 mM of
sodium selenite with the net dry weight
(7.2 & 6.6 mg/ml) respectively. The
nroduced  selenium  particles

purified and dried at 40°C.

were
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Table (7):

173

Effect of different selenite concentrations on reduction (%) of Na,SeO; by

Fusarium oxysporum, Rhodotorula mucilaginosa and Cryptococcus albidus P< 0.0001=

highly significant

Reduction power%

Fungal strains

Sodium selenite concentrations (mM)

1 3 5 7 10
F. oxysporum 96.56+0.59% | 42.51+0.39° | 26.41+0.56 * | 15.62+1.83% | 9.78+1.59°
R. mucilaginosa | 89.00+1.19° | 98.39+0.21% | 99.09+0.04% | 96.21+0.35° | 42.86+0.82 *
C. albidus. 95.04+0.07% | 96.46+0.07° | 97.97+0.17 * | 98.87+0.12 * | 43.33+0.82°

Detection using UV-Vis spectroscopy
For SeNPs spectra measurements,

the UV-Vis

absorption peak in the 200-1200 nm

spectrum displays an
range for the cell filtrate from the culture
of fungal strains, and Fig. 6 shows a
well-defined absorption peak at 200-300
nm that corresponds to the wavelength

Fusarium oxysporum

Absorbance

Rhodotorula mucilaginosa

of the selenium nanoparticles' surface
plasmon resonance (SPR) which is the
most outstanding optical property of
metallic nanostructures. It consists of a
collective oscillation of conduction
electrons excited by the electromagnetic

field of light.

304 245

2.5 Cryptococcus albidus

2.0

15

Absorbance

1.0

0.5

0.0

T T T T
200 400 600 800

T T T T J
400 600 800 1000 1200
Wave length (nm)

Wave length (nm)

A B

T J
1000 1200 05

T T T T T
200 400 600 800 1000

Wave length (nm)

C

Fig. (6): UV-Vis spectra recorded of selenium nanoparticles produced by the three fungal
strains (A) Fusarium oxysporum, (B) Rhodotorula mucilaginosa and (C) Cryptococcus albidus.
The absorption spectrum of SeNPs exhibit peak at 240 nm for F. oxysporum, 238 and 245 nm

for both R. mucilaginosa and C. albidus.

Transmission  Electron  Microscopy
(TEM)

TEM is very important technique,

which is used to get the information

about particle size and shape of the
synthesized nanoparticles. Transmission
image of the

electron microscope

synthesized selenium nanoparticle are

J
1200
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shown in Figs 7, 8 and 9. Spherical size in the range of 14-97nm, is evident
shape of individual nanoparticles, with from the TEM image.

Fig. (7): TEM image of the selenium nanoparticles produced by Fusarium oxysporum strain
(LT841236.1).

Fig. (8): TEM image of the selenium nanoparticles produced by Rhodotorula mucilaginosa
strain (GQ433375.1).

Fig. (9): TEM image of the selenium nanoparticles produced by Cryptococcus albidus strain
(AB032617.1).



Fourier-transform infrared

spectroscopy (FTIR)
Using (FTIR), the three studied

biosynthesized SeNPs were
identified. The SeNPs' FTIR spectra
(figures 10, 11, and 12) revealed many

stains'

peaks appearance of 581, 593, 2354, and
2851 cm™, which are indicative of
proteins. The hydroxyl (OH) group can
be used to explain the strong broad peaks
at 3432, 3442, and 3440 cm™, which
correlate to the amine group (NH
stretching). With CH stretching, the
peaks at 2917 and 2926 cm™ are
observed (Mukherje, 2014). The bands
at 1634, 1640 and 1632 cm™ may be
attributed  to
(Huang et al., 2007) The peak at 617
cm-1 likely due to thepresence of C—S

C-Ostretching  mode

sulfide stretching vibration (Tani et al.,

1.05 =
1.00 -
0.95 4

0.90 ~

Transmittance %

0.85 +

0.80

0.75 -

3442

2007). In addition, the FTIR spectra
showed bands at 1035, 1936, and 1385
cm-1 that were associated with proteins'
amide I. The Amide | band is a C=0
stretching mode. Near 1385 cm-1 is
where you can find the more intricate
Amide IlIl band. The amide groups
indicating the presence of enzymes were
in charge of the metal ion stabilization
and reduction synthesis (Prasad and
Selvaraj, 2014). This result indicates
that molecules with these functional
groups are associated with the NPs
(Diaz-Visurraga et al., 2012). With the
overall observations, it can be concluded
that the proteins might have formed a
capping agent over the SeNPs, which
may response for their stabilization
(Sonkusre et al., 2014).

Fusarium oxysporium

T T T
4500 4000 3500 3000

T T T T 1
2500 2000 1500 1000 500

Wavenumber (cm_l)

Fig. (10): A representative FTIR spectrum pattern of dried powder of selenium nanoparticles

synthesized by Fusarium oxysporum (LT841236.1)
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1.00 o
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0.96 =

0.94 -
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Transmittance %

0.90
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0.86 4 3440

0.84

Gharieb et al., (2023)

Rhodotorula mucilaginosa

T T T
4500 4000 3500 3000

T T T T J
2500 2000 1500 1000 500

Wavenumber (cmEl)

Fig. (11): A representative FTIR spectrum pattern of dried powder of selenium nanoparticles
synthesized by Rhodotorula mucilaginosa (GQ433375.1)

1.02 -
1.00-
0.98-
0.96-
0.94-
0.92-

0.90 +

Transmittance %

0.88 =

0.86 =

0.84 3432

—— Cryptococous albidus

L} L} L}
4500 4000 3500 3000

L} L} L} L} L}
2500 2000 1500 1000 500

Wavenumber (cm'l)

Fig. (12): A representative FTIR spectrum pattern of dried powder of selenium nanoparticles
synthesized by Cryptococcus albidus (AB032617.1)

Discussion
Selenium is very important trace element
which is required up to 40-300 pg for
human body every day. Only small
amount is required for maintaining the
function, and a large amount of selenium
may be harmful to the human body
(Srivastava et al., 2015). It is useful in
regulating the function of the human
body. It is

useful in protecting

cardiovascular health, regulating thyroid

hormones and immune response, and

preventing  progression of  cancer
(Srivastava et al., 2015). Selenium is
less toxic and high active of selenium
nanoparticles are used in many medical
antitumor

2013),

antimicrobial (Bartinék et al., 2015)

applications  such  as

(Ramamurthy et al.,

and drug delivery. Selenium has codons

in mMRNA which form seleno-cysteine by
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entering as selenoprotein (Srivastava et
al., 2015).

In this study, fifty fungal strains were
isolated on PDA and DOX agar medium
then purified on the same medium. The
tolerance of fungi to selenite was tested
by growing them on KDP agar medium
(Kurtzmanet al., 2011) supplemented
with 0.19 mM sodium selenite. The
fungal tolerance to selenite was indicated
visually by the formation of red color of
elemental selenium Se° (Mohammed
and Sara, 2017). Twenty eight fungal
isolates displayed the ability to reduce
selenite, so they were screened on KDP
broth  medium
different

supplemented  with
concentrations of  sodium
selenite for different incubation periods.
The isolates were classified according to
color power from pale orange to dark red
during different incubation time intervals
Ghosh et al., 2008 and Bajaj et al.,
2012. The most active fungal strains
were  characterized

based on Lodder, 1970 and Barrnettet

morphologically

al.,, 1990. Then biochemically and
finally identified genetically on the bases
of 18S RNA (Zayed et al., 2020) as F.
oxysporum,
C.albidus. The Effect of different

selenium concentrations on reduction

R.mucilaginosa and

power of the most active strains and the
reduction efficiency of selenite was

defined and calculated.

The reduction power of F.oxysporum
decreased by increasing the selenium
concentration, it reached the maximum
value 96.6% at 1mM concentration of
sodium selenite, while the reduction
power of R. mucilaginosa and C. albidus
reached the maximum value 99 and
98.8% at 5 and 7mM of sodium selenite
respectively and decreased above this
concentration which may be due to
selenite toxicity, and this result is similar
to that obtained by (Golubev et al.,
2001), who noted that as selenium
concentrations  were increased, the
number of yeasts that could grow at a
given concentration sharply decreased.
Fungal growth was often inhibited
together with the reduction of Se037? to
Se® (Gharieb et al., 1995, 1999). The
reduction is caused by fungi's capacity to
secrete metabolic substances including
phenolic, flavonoids, and tannins or
reductase enzymes that serve as
selenium ion electron donors and convert
them into atoms (Lokanadhan et al.,
2019). The high concentrations of
selenite activate toxification processes
(Kousha et al., 2017). Some of the
primary processes by which fungus
produce nanoparticles and nanominerals.
Nanomaterials can develop
intracellularly, extracellularly, in
reaction culture filtrates devoid of
biomass, on dead biomass, and in

association with cell walls and surface

177
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materials. Metal (loid) species may sorb
to cell walls and EPS, giving mineral
nucleation sites in the process. The type
of nanomaterials produced can be
influenced by redox processes, the
presence of ligands, metabolites, and
organic molecules, among other factors.
Amino acids, proteins, and byproducts of
autolysis that are secreted can affect the
size and development of newly produced
nanomaterials. Some ligands, such

phosphate, carbonate, and sulphur
dioxide, may be produced by the
metabolism of some fungi and the
dissolution of certain minerals. Metal
(loid) transport through the plasma
membrane can lead to redox
transformations of accumulating metal
(loid)  species,  sequestration by
intracellular ~ macromolecules  such
metallothionein and phytochelatins, and
intracellular vacuolar compartmentation

(Qianwei et al., 2022).

The generated nanoparticles were
spherical in shape, as seen by the TEM
photographs  of  the  synthesized
nanoparticles. The particles ranged in
size from 14 to 97 nm. Additionally, the
selenium content of the nanoparticles is
confirmed by the EDX spectrum. The
protein molecules can be identified by
the additional carbon and oxygen peaks.
These results are compared with (Sarker

et al., 2011), the production of mono

Gharieb et al., (2023)

dispersion spherical-selenium
nanoparticles in the range of 30 to 150
nm was explained by transmission
electron microscopic images. Our
findings showed that these strains may
create selenium nanoparticles with a
narrower particle size distribution and a
smaller average nanoparticle size. It may
be inferred from the overall results of the
FTIR investigation that the proteins may
have formed a capping agent over the
SeNPs, which may have contributed to
their stabilization. The existence of a
protein shell outside the nanoparticles
was confirmed by Fourier transform
infrared spectroscopy, which in turn
supports their stabilization (Sarkeret al.,
2011).1t is generally known that free
amine groups, cysteine residues, and
protein can bind to selenium
nanoparticles, stabilizing SeNPs by
surface-bound protein may be a
possibility, limiting agglomeration and
showing potential for medical activity
(El-Deeb et al., 2018). It is noteworthy
that the connection between Se
nanoparticles and proteins is just
electrostatic  between the selenium
atoms, NH and C = O groups (Zhang et
al., 2011). In particular, Lenz and co-
workers (Lenz et al., 2011) showed that
a variety of high-affinity proteins can
bind to selenium nanoparticles.

selenium

The resonance peak of

nanoparticles is confirmed by numerous


https://08101bzh0-1103-y-https-www-sciencedirect-com.mplbci.ekb.eg/science/article/pii/S1749461321000385#bib27
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publications to be in the 200-300 area,
but the precise location relies on a
number of variables, including particle
size, shape, and material composition, as
well as the immediate environment
(Sarker et al., 2011).There were a lot of
study about SeNPs formation have
various absorption peaks in UV-vis
spectra indicate to a presence ofSeNPs.
In these studies, the peaks appeared at
238, 240 and 245 nm which corresponds
to the particle size of 14-97 nm (EI-Deeb
etal., 2018).

Conclusion

In conclusion, these studies might
suggest that some unicellular and
multicellular fungi have the ability to
produce SeNPs intracellulary and extra
cellulary  respectively, with  an
environmentally  friendly and safe
method.
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