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ABSTRACT

Selenium (Se) is an essential element to human. However, this element can be in low content in soil of some regions. Se
deficiency may cause Keshan disease, thyroid dysfunction and osteoarthritis. The Se-enriched cereals are an interesting
way to prevent these diseases. But, recent studies have shown that Se-enriched mushrooms are a better Se source. This
occurs due to the high capacity of the fungi to absorb and transform the inorganic Se to organic forms, which are more
bioavailable. Pleurotus ostreatus and Pleurotus eryngii are mushrooms species worldwide consumed and able to Se
bioaccumulate. However, depending on the level of this element, it can be toxic for the fungus. Here we showed that the
presence of the Se in culture medium decreases fungal growth rate, hyphae diameter and septum distance and causes
alteration in color of colony. A garlic strong smell was directly proportional to Se level. P. eryngii was more tolerant to

Se than P. ostreatus. So, it is important to screen this element level for Se-enriched mushroom production.
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1. Introduction

Selenium (Se) is an essential element to human, and the
biological activity is attributed to Se-aminoacids and the
cofactor of enzymes [1,2]. Some diseases, such as Ke-
shan disease, thyroid dysfunction and osteoarthritis have
been attributed to Se deficiency [3,4]. Some studies have
also shown that the increase in the daily Se intake by
patients with cancer decreases the collateral effects caused
by the chemotherapy [5].

Wheat and other cereals have been fortified with Se
[6], but when compared to mushrooms, the Se absorp-
tion is lower. Da Silva et al. [7] were able to produce
Pleurotus ostreatus mushroom with 857.80 pg-g™' of Se.
The P. ostreatus has been able to absorb Se in higher
concentration than Agaricus bisporus [8], Boletus edulis
[9], Pleurotus eryngii [10], Ganoderma lucidum [11] and
Lentinula edodes [12].

Pleurotus sp. is a food with high nutritional value
[13,14] and is worldwide consumed. It is suggested that
1.0 g of P. ostreatus [7] or 85 g of P. eryngii [10] fresh
mushrooms is enough to supply the Se recommended for
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adults [15]. Se-enriched mushrooms produce antioxi-
dants compounds [16,17], and decrease both the prolif-
eration of carcinogenic cells [11] and the activation of a
substance that induce tumor development [8]. Therefore,
Se-enriched mushrooms could be a good source of this
element which has important biological functions.
Although it has shown that the enrichment with so-
dium selenite does not affect the P. eryngii mushroom
yield [10] or the mycelial growth of P. ostreatus [18] de-
pending on the concentration, Se can be toxic to Pleuro-
tus spp [19]. Indeed, da Silva et al. [7] showed that Se-
enriched substrate with more than 25.4 mg-kg ' of Se de-
creases the mushroom production of P. ostreatus. There-
fore, depending on the Se level used for enrichment, the
growth rate of the fungus can be decreased or inhibited.
The assessment of the highest Se concentration in the
culture media that do not affect mycelial growth of
Pleurotus spp is important to determine the Se concen-
tration that can be used in the substrate for production of
Se-enriched mushrooms. So, we selected isolates of P.
ostreatus and P. eryngii to evaluate the mycelial growth
and biomass production, besides the fungal macroscopic
and microscopic morphological features, when growing
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in culture media with different concentrations of Se.

2. Material and Method
2.1. Microorganisms

We used three isolates of three of P. eryngii (PLE 01,
PLE 02 and PLE 03) and P. ostreatus (PLO 02, PLO 06
and PLO 09) belong to collection of the Department of
Microbiology of Federal University of Vigosa/BIOA-
GRO, MG, Brazil. The isolates were grown in a Petri
dish containing potato dextrose agar (PDA) culture me-
dium, pH 5.8, and incubated at 25°C + 2°C during seven
days. After this period, an agar disc of eight mm, cut
from the border of the colony, was transferred to PDA
media containing 0, 25.4, 50.9, 76.4 or 101.8 mg~L_1 of
Se in form of sodium selenite, and incubated at 25°C +
2°C during seven days. These Se levels were choose
based on previous studies [7,12].

2.2. Growth Rate and Biomass

The growth rate was determined by the colony diameter,
measured by taken two measurements, perpendicular to
each other, at 7th day, and divided by seven.

To biomass evaluation, the culture medium with my-
celium was transferred to a flask with 200 mL of distilled
water and boiled, in microwave oven, to liquefy agar.
Then, the solution was filtered, rinsed in distilled water
and the mycelium was taken and put in an oven at 60°C,
until constant weight.

2.3. Diameter and Septum of Hyphae

The diameter and septum of hyphae were measured after
stained with calcofluor and observed under epifluores-
cence microscopy. The images were capture by digital
camera FUJIX HC-300Z and processed with the software
Image Pro Plus.

0.7—

0.6 1

Growth rate (cm-d™")

0 25.4 50.9 76.4
Selenium (mg-L™")

101.8

2.4. Colonies Morphology

Colonies morphology was evaluated by the following
qualitative criterions: alteration in medium color, altera-
tion in colony color, alteration in colony thickness.

2.5. Statistics

The experiment was a completely randomized design,
with five repetitions. The assay was repeated twice. The
data were subjected to analysis of variance and mean
values were compared by Tukey’s test (p < 0.05).

3. Results

All isolates tested decreased the growth rate (Figure 1(a))
and the mycelial dry mass (Figure 1(b)) in presence of
Se. These reductions were higher in P. ostreatus than P.
enrygii and more accentuated up to 50.9 mg-L™" (Figure
1).

The reduction of 2.5 - 8 folds in dry mass shows that
both fungi were sensitive to Se. But, the reductions of
growth rate and dry mass were not proportional to the
increases Se levels in culture medium (Figure 1). This
indicates that the fungi could have some mechanism of
tolerance to the toxic effect of this mineral. Note that for
PLE 03 the twice of the Se concentration not caused al-
terations in growth rate and dry mass (Figure 1).

The dry mass methodology showed to be a method
more sensitive than growth rate. Indeed, the highest de-
creases in dry mass of P. ostreatus demonstrate that this
fungal specie was less tolerant to Se than P. eryngii. This
fact is important for selection of appropriate isolates for
production of mushrooms in substrate with highest Se
levels.

The Se addition decreased the septum distance and the
hyphae diameter of all isolates, except for PLO 09 and
PLE 02, at 25.4 mg-L ™" of Se which increased the septum
distance, and PLO 06 which increased the hyphae di-
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—&—PLE 02
—v— PLE 03
—-—PLO 02
—O—-PLO 06

——=PLO 09

Dry mass (mg)

0 254 50.9 76.4 101.8

Selenium (mg-L™")

Figure 1. Growth rate (a) and dry mass (b) of Pleurotus eryngiii (PLE 01, PLE 02 and PLE 03) and Pleurotus ostreatus (PLO
02, PLO 06 and PLO 09) cultivated in different selenium concentrations.
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ameter (Figures 2 and 3). Furthermore, we not observed
significant difference (p < 0.05) in these parameters in Se
levels higher than 50.9 mg-L™" (Figures 2 and 3). How-
ever, in the 101.8 mg-Lf1 of Se, for most strains tested,
we observed a decrease in septa distance and hyphae
diameter when compared with medium without Se (Fig-
ures 2-4). These observations affirm that fungi has me-
chanisms of tolerance to Se.

The colony morphology of all isolates was also af-
fected by Se addition (Figure 5). The isolates of P. ostre-
atus had a lower mycelial density than P. eryngii (Figure
5). The colony color changed from white to strong or-
ange, mainly in the center of the colony, suggesting that
the contact time with Se influences the colony color. Ha-
los formation and a strong smell were intensified with
increasing the Se concentration. This suggested that
some volatile compound are produced due to the Se pre-
sence.

4. Discussion

In this study, addition of Se was harmful to fungal
growth and development (Figures 1 and 5), showing that
Se in high concentrations is toxic [20]. A high Se con-
centration also inhibited mushroom formation [7]. Other
metal can inhibit or reduce basidiomycetes growth, as

Hg, Cu and Ni [21]. This is interesting, because theses
metals have been used for development of antifungal
wood preservatives, which allow us to conclude that con-
centrations higher than 101.8 mg-L™" of Se also can be
used for the development of antifungal preservatives.
Fungal growth in wood structures is a problem, because
during the fungus growth, lignin, cellulose and other
compounds are degraded [22,23], damaging the wood.
The highest mycelial density decreasing of P. ostreatus
isolates, together with growth rate and dry mass reduc-
tion clearly shows that P. ostreatus is more sensitive to
Se than P. eryngii (Figure 1). Therefore, utilization of Se
as antifungal preservative should be more effective to
this fungus.

The interest to produce Se-enriched mushrooms has
increased in the last years [7,24,25]. One of the most
important steps for mushrooms production is the myce-
lial development in the substrate. As faster the fungus
grown, less time will be available for contaminants de-
velopment, which increases the probability to have a high
mushrooms yield. Thus, decreasing the mycelial growth
rate is not desirable and should be avoid or minimized.
We observed that the addition of 50.9 mg-L™" decreased
drastically the fungal grown rate of the isolates (Figure 1)
what can be reflecting in the reduction of P. ostreatus
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Figure 2. Hyphae diameter of Pleurotus eryngiii (PLE 01, PLE 02 and PLE 03) and Pleurotus ostreatus (PLO 02, PLO 06 and
PLO 09) cultivated in different selenium concentrations. Means followed by different letters differ at Tukey’s test (p < 0.05).
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Figure 3. Septa distance of Pleurotus eryngiii (PLE 01, PLE 02 and PLE 03) and Pleurotus ostreatus (PLO 02, PLO 06 and
PLO 09) cultivated in different selenium concentrations. Means followed by different letters differ at Tukey’s test (p < 0.05).
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Figure 4. Hyphae of Pleurotus eryngiii (PLE 01, PLE 02 and PLE 03) and Pleurotus ostreatus (PLO 02, PLO 06 and PLO 09)
growth in media without selenium ((a), (c), (e), (9), (i), (k)) and with selenium ((b), (d), (), (h), (j), (I)) stained with calcofluor.
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Figure 5. Mycelial growth of Pleurotus eryngiii (PLE 01, PLE 02 and PLE 03) and Pleurotus ostreatus (PLO 02, PLO 06 and

PLO 09) cultivated in different selenium concentrations.

mushroom production, when 25.4 mgL™ of Se was
added to the substrate for [7]. However, the same authors
observed an increase in mushroom yield using the con-
centration of 12.7 mg-Kg'. Therefore, we suggested that
Se-enrichment of Pleurotus sp with concentrations higher
than 25.4 mg-L™" of Se should be avoided.

Hyphae shrinkage is also a morphological change that
some fungi perform when growing in a not favorable
condition (Figure 2). An increasing of Cu concentration
in culture medium decreased the hyphae diameter of
Amycolatopsis eurytherma [26]. Fusarium oxysporum
decreased their hyphae diameter when grown in the pres-
ence of fungicide oil [27]. However, other fungi can in-
crease their hyphae diameter when growing in a stress-
ful condition [28,29], showing that there is no standard
behavior for the fungi. Hyphae diameter decreasing
could be related to energy saving, since the reduction in
the cell diameter decrease the energy necessary to cell
growth. This energy could be relocated to the fungal ra-
dial growth, producing effuse mycelium that is more ap-

Open Access

propriated for resource exploration.

The decreasing of the septum distance (Figure 3) has
been also observed as a fungus response to adverse con-
ditions [28,30,31]. Turner and Harris [31] observed that a
mutant of Aspergillus nidulas was grown in the presence
of Calcofluor white had decreased their septum distance.
Pythium ultimum and Rhizoctonia solani when exposure
to viscosinamide, an antifungal compound, increased
their hyphal septation and branching [31]. When a gene
require for Fusarium oxysporum grown was knockout, it
was observed an increase in hyphal septation [29]. Septa
serve to compartmentalize hyphae, but permit communi-
cation between cells. However, septa pores can be
blocked. Thereby, if a cell suffers any damage the fungus
can immediately block the septa preventing other cells to
be affected. So, the increase of the hyphae septation can
reduce the portion of the colony affected by an eventu-
ally damage. Thus, it should be reasonable to conclude
that filamentous fungi can increase their hyphal septation
in a stressful condition as a way to protect the colony,
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increasing the survive chance of the fungi.

The colony color change from white to orange indi-
cates that the fungi are producing some intracellular
compound due to the Se (Figure 5). These compounds
may be related to the capacity of the fungi to adapt and
growth in environments with high Se levels. Therefore,
further metabolic studies should be done to identify and
evaluate if the production of these compounds are related
to Se level and if it brings some adaptive advantage to
the fungi.

Other mechanism that may be related to fungal toler-
ance to Se is alterations in the enzymatic activity. Nunes
et al., [32] showed increase in laccase activity of Len-
tinula edodes in medium with Se. This is important be-
cause this enzyme has been used in many detoxification
process [33-35].

The color change of the colony could also be related to
volatile compounds. The volatile compounds nonade-
canoic acid, 9,12-octadecadien-1-ol, cis-Linoleic acid
methyl ester, hexadecanoic acid-palmitic acid, palmitic
acid, (2-tetradecyloxy) ethyl ester, and others, had al-
ready been reported to be produced by Pleurotus sp. [36].
Some of those compounds are colorful, for example,
yellow. Due to the strong smell coming from fungal col-
onies and the culture medium color change, we suggested
that the fungi are producing volatile compounds to avoid
or minimized the Se uptake and toxicity. From this start-
ing point, further studies should be realized to elucidate
the mechanism used by the fungi to adapt to environ-
ments with high Se concentration.

5. Conclusions

Selenium can be toxic to fungi. The fungi respond to this
compound changing their macroscopic and microscopic
morphology. The main changes are the colony color, in-
creasing hyphae septation and hyphae shrinkage. All
those changes can help to elucidate the strategy of this
microorganism to adapt to high Se concentration.

Determination of Se concentration that impairs fungal
mycelium growth is very important, because there is the
need to know which concentration of this compound is
more appropriate to be used to produce Se-enriched
Pleurotus spp mushrooms.

Due to the selenium toxicity, high Se concentration
can be used for fungicide development. Determination of
the minimal inhibitory concentration of Se for different
fungi may help to clarify the potential of this mineral as
fungicide.
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