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Abstract
Research with fungi in search of substances with potential biological activity is gaining more prominence since they
are sustainable sources of new molecules. Diplodia pinea is a phytopathogenic fungus found in forest species, which
has shown few reports of molecules with biological activity and may present promising biotechnological potential.
Thus, the objective of this study was to detect substances produced by this fungus in a liquid medium, under stressful
conditions. A metabolite was detected in the alcoholic fraction characterized by X-ray diffraction as D-mannitol. This
is the first description of this monosaccharide produced by D. pinea.

Keywords: Fungi; Metabolites; Carbohydrates; Biotechnology; X-ray diffraction.

Resumo

As pesquisas com fungos em busca de substancias com potencial atividade biol6gica ganham cada vez mais destaque
por serem fontes sustentaveis de novas moléculas. Diplodia pinea é um fungo fitopatogénico encontrado em espécies
florestais, que tem apresentado poucos relatos de moléculas com atividade biolégica e pode apresentar potencial
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biotecnoldgico promissor. Assim, o objetivo deste estudo foi detectar substancias produzidas por esse fungo em meio
liquido, sob condigdes de estresse. Um metabolito foi detectado na fragdo alcodlica e caracterizado por difragdo de
raios-X como D-manitol. Esta é a primeira descri¢do deste monossacarideo produzido por D. pinea.

Palavras-chave: Fungos; Metabdlitos; Carboidratos; Biotecnologia; Difragéo de raios X.

Resumen

La investigacidn con hongos en busca de sustancias con potencial actividad bioldgica esta ganando mas protagonismo
ya que son fuentes sostenibles de nuevas moléculas. Diplodia pinea es un hongo fitopatdgeno que se encuentra en
especies forestales, que ha mostrado pocos informes de moléculas con actividad bioldgica y puede presentar un
potencial biotecnoldgico prometedor. Asi, el objetivo de este estudio fue detectar sustancias producidas por este
hongo en un medio liquido, en condiciones de estrés. Se detectd un metabolito en la fraccidn alcohdlica caracterizada
por difraccion de rayos X como D-manitol. Esta es la primera descripcion de este monosacérido producido por D.
pinea.

Palabras clave: Hongos; Metabolites; Carbohidratos; Biotecnologia; Difraccion de rayos X.

1. Introduction

It is well established that fungi have been demonstrated great environmental impact, wide diversity, and nature’s
distribution (Pinto et al., 2002; Rani et al., 2017; Yunes e Calixto 2001). Researches on the biosynthesis potential in molecules
from fungi stand out due to the scarcity of studies in biotechnology in sustainable development, which might be considered a
promising alternative in the chemical synthesis of molecules. Furthermore, fungi may suffer interference from other organisms
or under different stress conditions, altering their metabolic pathway by producing different molecules (Kusari et al., 2013).

Diplodia pinea (D.pinea) is described as a pathogenic fungus capable of causing dieback, cankers, and tree death, in
different Pinus species (Reglinski et al., 2013). The high incidence and severity of infection by D. pinea is associated with the
spread of its spores by the action of rain and wind, in addition to being endophytic (asymptomatic condition) and transmitted
by seedlings. Besides, these fungi have become more aggressive under periods of plant stress (drought, excessive rain, hail, or
some injury to the plant) (Reglinski et al., 2013; Smith et al., 2014).

Carbohydrates, as energy suppliers for the survival of fungi, have scientific and technical interest for the input
industry. Several studies indicate that these metabolites have demonstrated important biological activities such as
antineoplastic, antiviral, and antifungal (Appelt et al., 2013). Thus, monosaccharides can be defined as simple carbohydrate
units. These compounds are not polarized, do not undergo hydrolysis, and have a functional group which classifies them as
ketosis or aldoses. Its configuration can be assigned to the D or L series depending on the chiral center of the molecule.
Besides, the cyclization process can be stabilized in a carbohydrate molecule, giving rise to a ring, being called pyranoses
(heterocyclic with 5 carbon atoms and 1 atom of oxygen attached to anomeric carbon) or furanoses (heterocyclic with 4 carbon
atoms and 1 atom of oxygen linked to anomeric carbon), depending on the number of carbons present in the chemical structure
(Bubb 2013; Fontan and Amadio 2015). Among the monosaccharides which can be obtained from natural sources, mannitol
stands out due to its numerous applications. In clinical therapy, it is widely used because it is a potent osmotic diuretic; thus in
the food and pharmaceutical industry, it has shown applicability due to its sweetening potential, low hygroscopicity and in
chemical synthesis, its chirality allows the potential use of this metabolite in the synthesis of asymmetric catalysis reaction
ligands (Oliveira et al., 2009).

In light of the aforementioned, this study aimed to improve the cultivation and characterize chemically a product
obtained for the first time from D. pinea, evaluate the preliminary toxicity in vitro, and collaborate for the description of

physical and chemical parameters of the studied fungus.
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2. Methodology
2.1 In vitro production of fungus

The isolate of D. pinea was obtained from a Pinus taeda tree with dieback, in a commercial plantation located at Sdo
José do Ouro/RS/Brazil, 27°46'18" S; 51°36'14" W. After isolation in potato-dextrose-agar culture medium - PDA
(commercial extract 39 g, ultra-purified water, 1000 mL), the fungus was preserved in test tubes with PDA medium and
mineral oil at 4 °C in the Collection of Forest Fungi and Oomycetes from Embrapa Florestas, Colombo/PR, Brazil. A sample
of the fungus was deposited in the herbarium of the State University of the West of Parana - UNIOESTE (exsiccata UNOP
4242) and access register Sisgen N° A80029B.

For the production of pure cultures, in a laminar flow hood, the fungus was removed from the mineral oil, with the
help of a bacteriological loop and inoculated into Petri dishes containing PDA medium. The plates were incubated in a BOD
chamber at 24 °C, in the dark, for 10 days (Silva et al., 2018).

The production of fungal biomass was carried out by inoculating two mycelium agar discs (5 mm) from a pure
culture of the fungus, in a laminar flow hood, in glass flasks containing 50 mL of potato dextrose broth - PD (commercial
extract, 27 g, water ultra-purified, 1000 mL), previously autoclaved (20 min, 120 °C). The incubation was carried out in a BOD
(incubator greenhouse with oxygen demand) chamber at 16 °C, in the dark, for 7 days, without mechanical aeration (Moura
2017). After the incubation period, the characteristics of the produced mycelium were observed. The culture broth was
evaluated for odor, color, and turbidity, to guarantee the inoculum purity and the absence of contamination. At the end of this
process, the mycelial mass was separated from the culture medium by filtration with the aid of a sieve in a laminar flow hood.

The fungal biomass was placed in a freezer and after freezing, lyophilized for 5 days at -80 °C.

2.2 Moisture and ash content

To obtain the moisture content, porcelain crucibles, in triplicate, were placed in the oven at 100 °C for 2 hours.
Subsequently, after cooling in a desiccator, they were weighed and 1 g of fresh fungal mycelium was added to each crucible,
taken to the oven at 105 °C for 3 hours. After cooling in a desiccator, successive weighings were carried out until constant

weight was obtained (Brasil 2020). The humidity value was obtained by applying the Formula 1:

Formula 1 — Moisture value obtained from the mycelium of Diplodia pinea

Moisture (%) = (Pu — Ps)/Pa X 100

Note Pa: sample weight; Pu: sample weight + crucible weight; Ps: crucible weight + sample after desiccation weight.
To obtain the ash content, crucibles of known weight, in triplicate, containing 1 g of sample, were kept for 6 h in a
muffle furnace at 600 °C until complete incineration of the organic matter. After cooling in a desiccator, they were weighed

again and the ash content was calculated according to the following Formula 2 (Brasil 2020).

Formula 2 — Ash value obtained from the mycelium of Diplodia pinea

Ashes (%) = N/P X 100

Note: N: ash weight; P: sample weight.
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2.3 Production of extracts

The extracts were produced using the modified Soxhlet apparatus (Patent INPI number 0601703-7). It was started
with 30 g of lyophilized mycelium and hexane, chloroform, ethyl acetate, methanol, and a 50% hydroethanolic mixture (1: 1)
were used in an increasing polarity sequence (Carvalho et al., 2009). Each solvent was in contact with the sample for three
cycles of 10 h. The extracts were obtained by evaporating the solvent in a water bath at 40 °C until dry and named: hexane
mycelium extract (HEM), mycelium chloroform extract (ECM), mycelium ethyl acetate extract (EAEM), mycelium methanol

extract (EMM), and mycelium ethanol/water extract (EMEA).

2.4. Obtaining the crystal

During the obtaining of the EMM, a precipitate was formed in the extraction flask, initially called 1S2, and
crystallization was carried out using 5 drops of distilled water and 1 mL of methanol. After drying at room temperature, a
needle-shaped crystal was obtained, which was identified by monocrystal X-ray diffractometry (Rech et al., 2020 adapted

from).

2.5 Thin Layer Chromatography (TLC)

The 1S2 samples, commercial standard glucose, macerated lyophilized fungal mycelium (MFL), culture medium
(MC), and the culture medium extract (EMC), using the modified Soxhlet, were tested using the TLC technique. These were
initially diluted in distilled water and applied in the stationary phase (Whatman® silica gel chromatoplates) with the aid of a
capillary. The mobile phase used for carbohydrate detection was ethyl acetate: propanol: acetic acid: water in a 4:2:2:1 (viviviv)

ratio using 1% orcinol as a developer (Andrade et al., 2010).

2.6 Monocrystal X-ray Diffraction

For the identification of the 1S2 crystal by the Monocrystal X-Ray Diffractometry (DRXM) technique. This analysis
was performed at the Single-crystal X-Ray Diffraction Laboratory, Department of Chemistry of UFPR. The unit cell data were
collected using a Bruker - D8 Venture diffractometer equipped with a Photon 100 CMOS area detector, two sources of
monochromatic radiation of Mo-Ka. (A = 0,7107 A) and Cu-Ka. (A = 1,5418 A), and Kryoflex II device, for collecting samples
at low temperature. The analysis was carried out at 300 K using the Cu-Ka font source. For the analysis, a crystalline fragment
was selected from a portion of crystals immersed in mineral oil, which was carefully transferred to a micro-mount that was
fixed on the diffractometer goniometer. The data were processed using the APEX3 program. The unit cell parameters found
were compared with literature data using the CCDC database (Cambridge Crystallographic Data Center) (Rech et al., 2020
adapted from).

3. Results and Discussion

3.1 In vitro production of fungus

A vyield of approximately 0.9 g of fresh mycelium, 0.4 g after drying, and 50 mL of medium were obtained from
each incubated culture flask. D. pinea had a light-colored mycelium at 7 days of cultivation in PD broth. The fungus did not
cause turbidity nor change in the odor of the culture medium.

The methodology used in the cultivation of the fungus contributes to less biomass production for 7 days, is

considered a short incubation time when the objective is to produce mycelium in greater quantity. The absence of aeration and
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the use of bioreactors, as well as the low temperature, are stressors, which also decreased mycelial production (Andrade et al.,
2010).

Diplodia pinea is one of the main pathogens of conifers, with a wide worldwide distribution, studied for the ability
to infect in all stages of tree development (Stanosz et al., 1999). However, studies related to the search for secondary
metabolites and biological activities are still scarce. Wada and Ishida, 1979 characterized molecules belonging to the class of
pentacetides, which may have antifungal action to the D. pinea specie (Wada and Ishida 1979). A pentacetide produced by
Fusarium sp. in liquid culture showed potent antifungal activity against Candida albicans (Brady and Clardy 2000). Besides,
Liu et al., 2019 found two new terpenoids (pentanortriterpenoid,23,24,25,26,27-pentanorlanost-7,9(11)-dien-3p,22-diol, and
triterpenoid, lanost-8-en-3,22S,23S-triol), which were characterized by the species Diplodia cupressi with sensitive inhibition
of tumor cell growth in vitro. This scarcity of reports of molecules arising from fungal metabolism of the genus Diplodia is
possibly linked to the complexity of the molecular structure, conditions of obtaining, and consequently structural clarification
(Brady and Clardy 2000).

3.2 Moisture and Ash Content

The analysis of humidity and ash is useful for quality control of a sample, indications of impurities in it, comparison
with the literature of previously obtained results, or description of these two physical-chemical contents when they are not yet
included in a certain sample (Aradjo et al., 2006). They are used as quality control for edible plants and fungi. When evaluating
the use of this test for phytopathogenic microorganisms, there is a great absence of reports and studies published in this regard,
with some studies reporting an increase in the moisture content of a plant, given the presence of a fungus as described by Ullah
et al., 2016. Therefore, this test was carried out to collaborate with the physicochemical description of phytopathogenic fungi,
suggesting a simple and standardized parameter for controlling crop purity.

The moisture content for the fungal mycelium was 96.4% (standard deviation - SD + 0.04) and 0.2% (SD + 0.09)
for ash indicating a large percentage of water retained in the mycelium. In comparison with published studies for other fungi,
ash content ranging from 3.5 to 12% is observed (Kalac 2009). For moisture content, Barber, 2019 observed 85% humidity in a
food parasitized by a fungus. It is noteworthy that no value references were found for phytopathogenic fungi produced in vitro

under stress conditions

3.3 Production of extracts
Different yields were obtained for each extract. In this study, only the yield of the methanol extract (47.3%) was

reported, which was obtained from the metabolite in question.

3.4 Obtaining the Crystal

From the methanol extract, a crystal (1S2 - 120 mg) was obtained in the form of needles, refractable to light-colored
light.

The monocrystal X-ray diffractometry (crystallography) technique is an accurate method of non-destructive
structural characterization, providing structural parameters such as specific connection angles and structural arrangement of a
molecule (Banaciu et al., 2015). Thus, it is considered that this technique is capable of evaluating its perfect atomic and

structural arrangement.
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3.5 Thin Layer Chromatography (TLC)

The TLC analysis showed positivity for the substance D-mannitol only in the lyophilized fungal mycelium (MFL),
before going through the extraction process, with the retention factor (RF) of the 1S2 crystal (0.58) equal to that obtained for
the MFL sample.

This screening by TLC was carried out to prove that the presence of the isolated D-mannitol occurs during mycelial
growth, being produced in vitro by the fungus. As the same result was not obtained for the MC and EMC samples, it is proved

that the Soxhlet equipment and the temperature employed did not influence the production of this metabolite.

3.6 Monocrystal X-ray Diffraction

The unit cell parameters of the 1S2 isolate can be seen in Table 1. According to the spatial arrangement, atoms found
and data recorded at The Cambridge Crystallographic Data Center (CCDC) and Fachinformationszentrum Karlsruhe (FIZ),
deposit DMANTL02, DMANTL10, DMANTL12, and DMANTL14, the compound can be characterized being D-mannitol
(Figure 1).

Table 1 - Unit cell data for the 1S2 sample obtained by Monocrystal X-Ray Diffractometry.

Crystalline System Orthorhombic P
A 5.55 A

B 8.69 A

C 16.91 A
a=p=vy 90 graus
Volume 816 A

Source: Authors (2021).

Figure 1 - Structure of the compound D-mannitol.

OH OH

OH
HO

OH OH
Source: Authors (2021).

D-mannitol (table and figure 1) is a natural carbohydrate found in vegetables, tree exudates, seaweed, with scarcity
in the Animal Kingdom (Calmes et al., 2013), obtained by extraction in alcohol under heating. This monosaccharide, although
widely distributed, has not been found in abundant amounts in natural sources (Oliveira et al., 2009; Calmes et al., 2013).
Among these sources, the most relevant are the mycelia and fungi fruiting bodies, which make the report of new sources of
obtaining this product extremely important, such as the description of D-mannitol from D. pinea.

Chemically it is a very versatile molecule with applications in the pharmaceutical industry, as an excipient; in the
food industry as an adjuvant improving the taste of some products and in the medical field for being an osmotic diuretic. Due
to its chemical conformation, it can be used in the synthesis of several chiral ligands and in organic synthesis for the

construction of chiral blocks applied to obtain several enantiomerically pure compounds. Examples of molecules synthesized
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using D-mannitol include micalamide A (antitumor, antiviral and immunosuppressive), clavulazine (antimicrobial and
herbicide) and longimycin C (antitumor) (Oliveira et al., 2009).

Calmes et al., 2013, evaluated the increased production of mannitol by the necrotrophic fungus Alternaria
brassicicola in different periods of stress; concluding that the production of this carbohydrate is linked to the maintenance of
its life cycle and emphasizing that this metabolite has demonstrated important functions in the energy reserve, regeneration of
NADPH, in morphogenesis, conidiation and spore development, maintenance, and resistance. It is very important in
pathogenesis because it is used to suppress the resistance of plants, observing that their production increases in the face of
environmental stress and the infection process (Calmes et al., 2013; Meena et al., 2015). In a previous study, Moura, 2017
observed that under different conditions of cultivation (20 °C, 21 days), there was no significant production of this metabolite
(Moura 2017). In stressful conditions of decreasing temperature and incubation time, we can see that the fungus started to
synthesize the carbohydrate, thus optimizing the production of the metabolite.

In the study described by Calmes et al., 2013 it was proposed that the metabolism of mannitol in fungi occurs
through the action of mannitol-1-phosphate 5-dehydrogenase, which reduces fructose 6-phosphate in mannitol-1-phosphate
using NADH as a cofactor; then dephosphorylation by a mannitol-1-phosphate phosphatase, resulting in inorganic phosphate
and mannitol (Calmes et al., 2013). In addition, Dulermo et al., 2010 reported in their study with the fungus Botrytis cinerea,
an alternative route suggesting that mannitol would be metabolized by the enzyme mannitol-1-phosphate by phosphorylation
(Dulermo et al., 2010).

For fungi of the genus Diplodia, markers were found that indicate the presence of isoenzymes in the different
morphotypes of D. pinea, and among these, we can mention beta glycosidase and glucose phosphate isomerase (Stanosz et al.,
1999). These enzymes can catalyze reactions that lead to the formation of D-mannitol. In Diplodia viticola, the carbohydrates
mannitol and arabitol in mycelium were found, whose biosynthesis capacity was the first described for the genus, in addition to
the enzymes mannitol dehydrogenase and glucose-6-phosphate dehydrogenase as involved in the production of mannitol
(Strobel and Kosuge 1965). For the fungus D. pinea, the present work brings the first description of this metabolite in this

species and the second description in the whole genus.

4. Conclusion

The fungus D. pinea was able to produce the metabolite D-mannitol, besides it was reported in this species for the first
time. Regarding to moisture and ash Content, it was observed a high humidity value and a low ash value, data that were
considered important due to the scarcity of related articles for other phytopathogenic fungi. Due to the worldwide demand for
the search of substances with potential biological activity, safety, and sustainable potential, D. pinea might be considered a
good option for biotechnological use in the production of metabolites, in addition to contributing to the research of substances
of potential use from phytopathogens.

The present study allowed the knowledge of physical and chemical characteristics of the fungus D. pinea, previously
not reported for this species and isolated. It was also possible to obtain an isolate characterized as a metabolite of great
applicability, which was described for the first time in the species and the second time in the genus, using a highly accurate
methodology for identifying chemical molecules. Therefore, it can be observed that the fungus was promising, which
corroborates research in the chemical area of fungi, a field of great interest that is on the rise, but which is still poorly studied.
The authors suggest continuing research and conducting other tests such as biological activity for this fungus to expand

research at the biotechnological level.
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