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Abstract

This research investigated the characteristics of Zalaria obscura LS31012019 in terms of growth ability in different media
(SDB, YPD and TSB) and temperatures (22, 25 and 37 °C), utilization of several carbon sources (Glucose, Fructose, Lactose,
Sucrose, Xylose, Glycerol and Mannitol at 5, 2 and 1%) and several biochemical features (total protein content, Glutathione,
pigments), in comparison with those of the phylogenetically related Aureobasidium pullulans ATCC 15233. The best growth
of Z. obscura LS31012019 was obtained in YPD at 25 °C with the highest OD value (0.45) after 144 h of incubation, similar
to that of A. pullulans ATCC 15233 (0.48). Glucose resulted the preferred carbon source for both the considered yeasts but
also sucrose resulted in efficacy supporting the growth of Z. obscura 1L.S31012019 and A. pullulans ATCC 15233, for their
ability in converting sucrose to glucose and fructose and the latter into glucose. Interestingly, Z. obscura LS31012019 utilized
also glycerol and mannitol. The biochemical analysis showed the similarity of protein profile in Z. obscura LS31012019
and A. pullulans ATCC 15233 (from 90 to 20 kDa) and a reduced GSH content (0.321 and 0.233 pmol/mg). The pigments
extraction with hexane generated a yellow oleaginous pellet in both the strains, while a yellow solid matrix more intensely
coloured in A. pullulans ATTC 15233 was visible with the following solvent extractions. Overall, our data showed that
Z. obscura 1L.S31012019 can grow in different media and temperatures and utilize carbon sources apart from glucose and
sucrose, shifting to a non-fermentative metabolism. These results improve the information regarding the characteristics of Z.
obscura, opening a new field of investigation for the possible application of new species of black yeasts in human application.
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Introduction

Zalaria obscura belongs to the new genus Zalaria, family
Zalariaceae as introduced by Humpries and collaborators
in 2017. Few investigations are still present in the literature
and poor information is available on the specific characteris-
tics of this yeast. As regards the growth on solid media, the
colonies appear cream-coloured, red-brown, olive-brown,
dark brown, or black, often covered in slimy masses of
conidia or yeast-like cells. From a microscopic point of view,
hyphae are transversely and longitudinally septate, hyaline
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and thin-walled when young, becoming melanized and
thick-walled with ageing. Chlamydospores are dark brown,
smooth to lightly rough-walled, globose to ellipsoidal and
septate, while conidia are often yeast-like and appear hya-
line, aseptate, smooth-walled, ellipsoidal to lemon-shaped
and rather variable in size (Humpries et al. 2017). In 2020,
our research group have isolated a particular fungal strain
from a damaged wooden sculpture, successively identified
by the molecular method as Zalaria obscura (named Z.
obscura 1LS31012019) (Sabatini et al. 2020). This micro-
organism has several common traits with Aureobasidium
spp. in terms of colony morphology, growth conditions and
presence of melanized cells. Indeed, both were classified
as black yeasts, a terminus technicus indicating a group of
fungi that, taxonomically and phylogenetically is quite het-
erogeneous, but having in common the melanized cell walls
and the formation of daughter cells by yeast-like multilateral
or polar budding (Sterflinger 2006). In general, black yeasts
are polyextremotolerant, able of colonizing a wide range of
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extreme and hostile environments for their intrinsic abil-
ity to survive under acidic, alkaline, and toxic conditions,
and to tolerate high temperatures, low nutrient availability,
osmotic and mechanical stresses. Occasionally, some species
can cause human infections (Moreno et al. 2018).

A particularly interesting aspect in the survival of black
yeasts in harsh conditions is related to the presence of pig-
ments, such as melanins and carotenoids. These pigments,
deposited in the cell walls of melanized fungi, are not
essential for growth and development but play an impor-
tant role in survival ability and virulence (Seyedmousavi
et al. 2014), acting as a protection against solar irradiation,
temperature variation, and many environmental stresses.
Melanins, negatively charged hydrophobic pigments of high
molecular weight, are composed by polymerized phenolic
or/and indolic compounds. In fungal cells are found two
main types of melanin, the dihydroxynaphthalene (DHN)-
melanin of Aspergillus species and black fungal pathogens
and the 3,4-dihydroxyphenylalamine (DOPA)-melanin found
in Cryptococcus neoformans (Gow et al. 2017; Nosanchuk
et al. 2015). Carotenoids, terpenoid pigments of yellow,
orange, and red colour synthesized in species from all taxa
exception of animals (Goldwin 1980), are not essential for
fungi and are accumulated in much lower concentrations
compared to plants and algae. Carotenoids are found in all
fungal groups along with non-carotenogenic species (Sand-
man 2022; Valadon 1976), offering a structural diversity
compared to those found elsewhere. Moreover, black yeasts
can produce different kinds of extracellular enzymes for
utilizing a wide range of substrates as carbon and nitrogen
sources for their cell growth and metabolisms (Chi et al.
2022). Also in this case, all the above mentioned information
can be referred to Aureobasidium spp., but no data are pre-
sented for Zalaria species. The lack of knowledge of meta-
bolic, nutritional requirements or any type of biochemical
profiles, let us to better characterize the growth ability, as
well as define several biochemical aspects of our Z. obscura
LS31012019 isolate, in comparison to the phylogenetically
related Aureobasidium pullulans. For this, the protein pro-
file, the ability to grow in different culture media and tem-
peratures, the utilization of different carbon sources as well
as the quantification of glutathione (GSH) and the extraction
of pigments were carried out.

Material and methods

Fungal strains and culture conditions

Zalaria obscura 1L.S31012019 and Aureobasidium pullu-
lans ATCC 15233 were used in this study. The strains were

grown on Potato Dextrose Agar (PDA, Liofilchem, Italy) at
25 °C for 5-7 days. The fungal suspensions were prepared
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following the indication of the National Committee for
Clinical Laboratory Standards (NCCLS 2008). Briefly, for
each strain, one or two colonies were harvested from PDA
plate and diluted in sterile 0.85% saline solution with 0.05%
Tween 80. The suspension was mixed for 15 s and adjusted
to an optical density at 530 nm corresponding to about 10°
cells per mL. Moreover, each inoculum was quantified with
the agar plate count method on PDA.

Polyacrylamide gel electrophoresis (SDS-PAGE)

In this case, the strains were grown in liquid Yeast Nitro-
gen Base (YNB, Sigma, Milan, Italy) containing 50 g/L of
sucrose and chloramphenicol at 25 °C per 5 days. A pre-
inoculum preceded this step from a single colony in the same
medium. The biomass was harvested by centrifugation at
15,000xg for 20 min at 4 °C, and the pellet was washed with
water twice by re-suspension/centrifugation cycle. Washed
cells were lyophilized, and the dried-material weight and
suspended in NaHCO; 0.2 M pH 9.0 in a ratio of 0.1 g/
mL. Cell-lysis was achieved by sonication with a sonicator
Labsonic (Braun) set to a power of 200 W, a duty cycle of
0.5 and a probe of 30 cm. We proceeded with two pulses of
90 s interspersed with a pause, placing the sample in an ice
bath. The suspension was transferred in a 50 mL tube and
centrifuged at 5000 rpm for 30 min in a refrigerated centri-
fuge. Clear supernatant was transferred into a fresh tube,
used as fungal cell lysate (FCL), and stored at — 20 °C. Total
protein concentration was assayed by Bio-Rad protein assay
kit, based on the Bradford dye-binding method (Bradford
1976), and BSA for the calibration curve. Briefly, the super-
natant was diluted 1:10, with water, and then 10, 25, and
50 uLL were processed as described in the instruction manual.
A volume of lysate corresponding to 30 pg of protein was
lyophilized; then, the pellet was resuspended in 30 uL of
Sample buffer (2.0%, w/v) SDS, 10% (v/v) glycerol, 0.01%
(w/w) bromophenol blue, 50 mM Tris—HCI pH 6.8 and 3.0%
(v/v) p-mercaptoethanol), denatured by boiling for 5 min at
95 °C, and loaded onto an SDS-PAGE gel (5.0% stacking,
12% resolving). After electrophoresis at 100 V for approxi-
mately 1 h, the gel was stained with Coomassie Brilliant
Blue R-250 (Sigma-Aldrich, B8647). Molecular masses of
bands were estimated using the ECL Rainbow Marker—High
Range (Amersham, RPN756E).

Growth ability in different liquid media
and temperatures

The ability Z. obscura 1L.S31012019, in comparison to A.
pullulans ATCC 15233, to grow in different liquid media
at different temperatures was determined. For this, the right
amount of each yeast suspension, obtained as described
above, was transferred in sterile tubes containing 5 mL of
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Sabouraud Dextrose Broth (SDB; Sigma, Milan, Italy),
YPD (yeast extract 10.0 g/L, polypeptone 20.0 g/L, dex-
trose 20.0 g/L) or Tryptone Soy Broth (TSB; VWR, Milan,
Italy) to obtain a final concentration about 10* cell/mL. The
composition of each broth was presented in Table 1.

The inoculated tubes were divided as in the following
scheme:

6 tubes (2 with SDB, 2 with YPD, 2 with TSB) were
incubated at 37 °C;
6 tubes (2 with SDB, 2 with YPD, 2 with TSB,) were
incubated at 25 °C;
6 tubes (2 with SDB, 2 with YPD, 2 with TSB) were
incubated at 22 °C (considered as room temperature, RT).

For each condition, three tubes of the different not inocu-
lated broths as well as two tubes of inoculated YP (yeast
extract 10.0 g/L, polypeptone 20.0 g/L), were left as con-
trols. The tubes were checked every day up to 7-10 days and
the ability to grow was daily assessed by optical density at
530 nm. All treatments were performed in triplicate and all
the data were the average of independent cultures.

Growth ability in presence of different carbon
sources

The ability Z. obscura LS31012019, in comparison to A.
pullulans ATCC 15233, to grow in a liquid medium with
different sources of carbon (Glucose, Fructose, Lactose,
Sucrose, Xylose, Glycerol and Mannitol) (Sigma) was
determined, as decribed by Santos et al. (2021) with several
modifications. Each yeast suspension, obtained as described
above, was resuspended in YP to about 10* cells/mL; then,
100 pL of each suspension was transferred in a 96-well plate
containing 100 pL of YP with each carbon source (named

YPG, YPF, YPL, YPS, YPX, YPGL, YPM) at 5%, 2% and
1%. Wells containing only YP (not inoculated) were used
as negative controls. Plates were incubated at 25 °C up to
12 days and exanimated every 48 h by spectrophotometer
multi-reader Spark (TECAN, Switzerland) equipped with
Magellan software for data analysis. Each experiment was
performed in triplicate using independent cultures.

GSH assay

GSH levels were measured using Ellman’s method (Ellman
1959). Within 2 h after preparation, the FCL was subjected
to the GSH assay. Twenty microliters of suitably-diluted
sample, 780 pL of 0.2 M sodium bicarbonate at pH 9.0 and
80 uL of 0.2 g/L of DTNB (5,5'-dithiobis-[2-nitrobenzoic
acid]) in 1% (w/v) sodium citrate were placed in a one-
milliliter plastic cuvette. After a 15 min incubation in the
dark, the absorption was read at 412 nm in a Beckman DU
7500 spectrophotometer at room temperature. Quantitative
determination was performed by converting the absorbance
value through a fresh calibration curve generated using GSH
standards ranging from O to 1 mM, and the final value was
expressed as pmol of GSH/mg of total protein.

Extraction of fungal pigments

A colony of either Z. obscura LS31012019 or A. pul-
lulans ATCC 15233 was transferred from PDA plates
to 250 mL Erlenmeyer flasks containing 50 mL of semi-
synthetic medium (50 g/L sucrose, 2.0 g/L yeast extract,
5.0 g/L KH,PO,, 0.2 g/L MgSO,x7 H,0, 1.0 g/L. NaCl,
and 0.01 g/L FeSO, x7 H,0) and chloramphenicol (50 pL
of a 30 mg/mL of ethanol solution). Then, each culture was
incubated for 5 days at 25 °C. The yeast cells were har-
vested by centrifugation at 15,000xg for 20 min at 4 °C.

Table 1 Chemical composition of the liquid media used in this study for growth ability assay

Liquid media

Manufacturer

Chemical composition

Yeast extract peptone dextrose broth (YPD)

Sabouraud dextrose broth (SDB)

Tryptone soya broth (TSB)

Prepared in our laboratory

Sigma, Milan, Italy

Oxoid, Milan, Italy

Yeast extract 10 g/L

Polypeptone 20 g/LL

Dextrose 20 g/LL
pH5.5+0.2at25°C

Mycological peptone 10 g/L
Dextrose 20 g/L

pH5.6+0.2 at25 °C

Pancreatic digest of casein 17 g/LL
Enzymatic digest of soya bean 3 g/L
Di-potassium hydrogen phosphate 2.5 g/L
Glucose 2.5 g/LL

NaCl 5 g/L

pH7.3+0.2at25°C
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The lyophilized washed cells (obtained as described above
in paragraph 2.2) were ground to a fine powder in a mortar
and pestle; then, 5 mL of hexane were added, and the sus-
pension was transferred in a fresh Falcon tube and incubated
at room temperature for 30 min. The supernatant was moved
into a new 50 mL test tube after centrifugation at 4800 rpm
for 10 min in a Beckman centrifuge GS-15R. Five millili-
tres of absolute ethanol was added to the pellet, dried under
a hood, and centrifuged again after 30 min of incubation.
The extraction with ethanol/1% acetic acid (v/v) 80:20 was
performed as a last extraction following the upper procedure.
The supernatants collected from hexane, absolute ethanol,
and acid ethanol extraction were dried under a vacuum and
were subjected to image analysis.

Results
Electrophoretic profile of Z. obscura L$31012019

The value of the total content of protein lysate of Z. obscura
LS31012019 (2.96 +0.27 mg/mL) as well as the one of A.
pullulans ATCC 15233 (6.58 +0.41 mg/mL) (Table 2) was
used to determine the sample volume to be loaded onto the
electrophoresis. Figure 1 reports the SDS-PAGE of the total
protein of Z. obscura LS31012019 compared to that of A.
pullulans ATCC 15233. As shown, the two electrophoretic
patterns show the absence of identical bands but a similar
profile ranging from 90 to 20 kDa. By comparing the two
electrophoretic profiles, we could identify a few protein
bands with an equal molecular weight that differ in intensity.

Growth abilities in liquid media at different
temperatures

The growth ability of Z. obscura LS31012019, in compari-
son to A. pullulans ATCC 15233, in different liquid media
was examined. Data revealed that YPD was the most suitable
medium for Z. obscura 1.S31012019 and A. pullulans ATCC
15233 growth at each selected temperature with the best
performance at 25 °C (Fig. 2), while more limited growth

Table 2 Total protein content in Z. obscura LS31012019 and A. pul-
lulans ATCC 15233 cell lysates

Yeast strains Protein content in

cell lysate (mg/
mL)

Z. obscura 1L.S31012019 2.96+0.27

A. pullulans ATCC 15233 6.58+0.41
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Fig.1 SDS-PAGE of fungal cell lysate proteins produced by A.
pullulans ATCC 15233 and Z. obscura 1L.S31012019. Lane 1: pro-
tein marker; lane 2: A. pullulans ATCC 15233; lane 3: Z. obscura
LS31012019. The asterisks indicate bands with an equal molecular
weight (Mw), which could differ in intensity

rates were evidenced in TSB (Fig. 3), medium with a pH 7.2
and lower glucose concentration (Table 1).

In detail, after 144 h of incubation in YPD at 25 °C,
the highest OD value of 0.45+0.01 was reached for Z.
obscura LS31012019 compared to 0.25 +0.013 obtained
in SDB under the same conditions (Fig. 2a); similarly,
the highest growth rate of 0.48 +0.01 was observed for
A. pullulans ATCC 15233 in YPD at 25 °C for 144 h in
comparison to 0.276 +0.014 in SBD (Fig. 2b). When the
incubation was performed in YPD at 22 °C, low OD val-
ues were observed for Z. obscura LS31012019 (maximum
OD 0.405+0.01 after 144 h), as well as for A. pullulans
ATCC 15233 (maximum OD 0.35 +0.015 after 144 h),
during all the experiment (Fig. 2a, b). For both the strains,
a drastically growth decrease was noted after 192 h of
incubation, showing ODs of 0.245+0.02 and 0.177 +0.02
in YPD at 25 °C and 22 °C respectively in the case of Z.
obscura 1L.S31012019; similarly, ODs of 0.215 +0.02 and
0.137 +0.2 were registered for A. pullulans ATCC 15233
in YPD at 25 °C and 22 °C. On the contrary, the incuba-
tion in YPD at 37 °C reached, for both the strains, lower
growth rates (below OD 0.3), without evidencing the rapid
decrease of OD values observed in the other two culture
conditions. As expected, both the strains were able to grow
in YP without any additional sugar, but slighter compared
to YPD (data not shown).
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Fig.2 Growth kinetics Z. obscura LS31012019 a in comparison to A. pullulans ATCC 15233 b in different media and temperatures. Values are

expressed as the means + standard deviations
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Carbon source utilization

The growth of Z. obscura 1.S31012019, in comparison to
A. pullulans ATCC 15233, in presence of different carbon
sources was presented in Fig. 4. In general, glucose repre-
sents the most suitable carbon source for both the examined
black yeasts but the observed growths resulted to be not
strictly dose-dependent.

In detail, considering the highest concentration (5%)
of each carbon source, the growth peak for Z. obscura
LS31012019 was observed in YPG after 240 h (OD
1.083 +0.043), followed by YPS (OD 1.022+0.083),
YPF (OD 0.772 +0.046) and YPX (OD 0.766 +0.079),
then by the others remaining sugars. In the following time
point (288 h), a general decrease was evidenced in most
of the culture media, with the only exception of YPF (OD
0.801 £0.091) (Fig. 4a). In the case of A. pullulans ATCC
15233, the growth peak was reached after 192 h in YPG
(OD 1.1049 +0.053), followed by YPX (OD 0.915+0.031)
and YPGL (OD 0.724 +0.085); the growth still increased in
presence of fructose and sucrose up to 240 h with OD values
0f 0.953 +0.028 and 0.942 +0.059 respectively. After 240 h
of incubation, a remarkable decrease was observed in YPG,
YPX, YPL, YPGL and YPM whilst the OD values continued
to increase in YPF and YPS (0.953 +0.029 and 0.942 +0.06
respectively). In the prolonged time (288 h), the viability of
A. pullulans ATCC 15233 was subjected to a more evident
decrease (Fig. 4b). For both the examined strains, a limited
growth was observed with 5% lactose (YPL) and mannitol
(YPM).

The growth in presence of 2% carbon sources, revealed
that Z. obscura 1LS31012019 as well as A. pullulans ATCC
15233 continued to constantly grow in all the examined
culture media up to 288 h, without the decline observed
in the same media containing a more concentration of car-
bon source (5%). Indeed, the growth peak for Z. obscura
LS31012019 was evidenced in YPG (OD 1.188 +0.055), fol-
lowed by YPS (OD 1.099 +0.042), YPF (OD 0.803 +0.086),
YPGL and YPM (OD 0.709 +0.017 and 0.791 +0.019
respectively), YPX (OD 0.667 +0.038). Lower growth was
observed in YPL (0.581+0.030) (Fig. 4c). For A. pullu-
lans ATCC 15233, similar growth was noticeable in YPG
and YPS (OD 1.132+0.022 and 1.139 +0.021 respec-
tively); a remarkable growth was detected in YPM with
OD 0.953 +0.043 and YPGL (OD 0.830+0.012), followed
by YPX (OD 0.712+0.043) and YPF (OD 0.695 +0.021).
Also in this case, the minimum growth was observed in YPL
(0.557+0.030) (Fig. 4d).

When Z. obscura 1.S31012019 and A. pullulans ATCC
15233 were cultivated in media containing 1% of each car-
bon source, the growth continued up to 288 h without any
evident decrease, as observed with 2%. In the case of Z.
obscura 1LS31012019, the growth peak was reached in YPG

(OD 0.924+0.019), followed by YPS (OD 0.833 +0.046),
YPGL (OD 0.712+0.026), YPF (OD 0.694 +0.091),
YPM and YPX (OD 0.672+0.046 and 0.657 +0.047)
(Fig. 4e). As regards A. pullulans ATCC 15233, a similar
trend was observed with the highest growth in YPG (OD
1.034 +£0.016) followed by YPS (OD 0.825 +0.043); note-
worthy, the growth in YPGL and YPM reached OD of
0.714 £0.032 and 0.680 +0.043 respectively, followed by
YPX and YPF (OD 6.844 +0.022 and 0.680 +0.047 respec-
tively) (Fig. 4f). For both the black yeasts, the lowest growth
was observed in presence of lactose.

GSH concentration in of Z. obscura L$31012019

The Ellman’s reagent can measure both low-molecular-mass
thiols, such as glutathione, and thiol groups on proteins.
The glutathione values could be affected by the presence
of proteins, but the GSH is the most abundant intracellular
thiol, present at millimolar concentrations. In this investiga-
tion, the concentration of GSH in Z. obscura LS31012019
was 0.95+0.10 mM and in A. pullulans ATTC 15233 was
1.53 +0.15 mM. Comparing the Glutathione (GSH) levels as
umol/mg, Z. obscura 1LS31012019 and A. pullulans showed
comparable values of 0.321 +0.035 and 0.233 +0.021 umol/
mg respectively (Table 3).

Comparative evaluation of pigments from Z. obscura
LS31012019 and A. pullulans ATCC 15233

Even if both Z. obscura LS31012019 and A. pullulans ATTC
15233 are black yeasts, they do not produce melanin in the
applied grow condition (YPM medium) taking on a pinkish
colour, as shown in the pellets obtained after centrifugation
(Fig. 5a). The extraction of the dried-cell crushed powder
with hexane generates a yellow oleaginous pellet in both
the examined strains (Fig. 5b), while the following solvent
extractions of the powder yielded a yellow solid matrix
with a more intense colouration in A. pullulans ATTC
15233 powder compared to that of Z. obscura LS31012019
(Fig. 5¢, d).

Discussion

To date, very poor information is available in the literature
regarding the peculiar biochemical or coltural features of
the new specie Zalaria obscura. Considering that this black
yeast is phylogenetically related to Aureobasidium pullulans,
a microorganism with a well-defined profile of biotechno-
logical and biocontrol activities (Prasongsuk et al. 2018), our
research was focused on better understanding the similarities
or the differences between these species to define the pos-
sible application of Z. obscura for human activity, such as
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Fig.4 (continued)

the industrial or the environmental one. Indeed, regarding  to improve the knowledge of Zalaria obscura and, in this
the new specie Zalaria, only four researches are available in ~ direction, for the first time we present the SDS-PAGE of
the literature and no information on its specific biochemi-  the isolate Z. obscura L.S31012019 in comparison to that
cal characteristics are still reported. Our group is focused  of A. pullulans ATCC 15233. The observed similarities
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Fig.4 (continued)

support the data concerning the phylogenetic relationships ~ (Humphries et al. 2017), adding novel supporting informa-
with Aureobasiudium spp., already evaluated by ITS analysis  tion on this topic.
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Table3 GSH content in Z. obscura LS31012019 and A. pullulans
ATCC 15233 cell lysates

Yeast strains GSH content (mM)  GSH content (umol/
mg)
Z. obscura 1L.S31012019 0.95+0.10 0.321+0.035
A. pullulans ATCC 1.53+0.15 0.233+0.021
15233
A. pullulans 7. obscura

ATCC 15233 L.S31012019

(a)

(b)

(c)

(d)

Fig.5 Extraction of pigments with different solvents from lyophilzed
cells of Z. obscura 1.S31012019 in comparison to A. pullulans ATCC
15233: a pellets before chemical extraction; b pellets after hexane
extraction; ¢ pellets after ethanol extraction; d pellets after acid etha-
nol extraction

The growth ability of Z. obscura LS31012019, in com-
parison to A. pullulans ATCC 15233, in liquid media at dif-
ferent temperatures was determined. The best performance
was obtained in YPD which contains the same amount of
dextrose (20 g/L) as SDB, but also yeast extract (10 g/L) as
an available carbon source. In the literature is well reported
that YP contains the components available for yeast propaga-
tion as well as the biosynthetic building blocks; interestingly,

this undefined medium can support the growth of different
yeast strains even in absence of other carbon sources, accel-
erating it with the addition of 20 g/L glucose (Hahn-Hag-
erdal et al. 2005) as observed in our experiments with YPD.
Chemicals and physical parameters affect microbial growth
and, in the case of yeasts, the availability of nutrients, as well
as temperature and pH, can affect the development of cells.
In the presented investigation, the temperature played a key
role in the growth ability of Z. obscura LS31012019 which
reached its optimum at 25 °C, thus showing the typical fea-
ture of mesophilic fungi, which have T, of 25 — 30 °C and
generally tolerate a wider range of temperatures and related
stress (Abu Bakar et al. 2020). Fungal adaptation to vari-
able temperatures implicates alterations in the utilization of
many metabolic pathways to compensate for the amount of
energy needed in delivering the stress response. As tem-
perature increases, the metabolism increases as a simply
physical consequence, and then rapidly declines at higher
temperatures when the metabolic systems start to fail (lead-
ing to the eventual cell death). It can be stated that fungi
respond to temperature stress through the regulation of vari-
ous proteins, and many studies have evidenced as important
cellular functions are affected, such as energy production
and metabolism, oxidative phosphorylation, cell cycle and
division, biosynthetic pathways, defence against oxidative
and other stresses, and cellular signalling mechanisms (Abu
Bakar et al. 2020; Bai et al. 2015; Kostadinova et al. 2011;
Yan et al. 2020).

Another important factor affecting yeast growth is repre-
sented by carbon sources, elements fundamental for a lot of
vital biochemical processes. To better understand the role
of carbon sources in Z. obscura LS31012019, six sugars,
apart from glucose, were added to YP broth at three dif-
ferent concentrations (5%, 2% and 1%). As expected, at all
the tested concentrations, glucose was the most suitable
carbon source as evident in the highest growth reached in
YPG during the experiments. In any case, the behaviour of
Z. obscura 1L.S31012019 was different from that of A. pul-
lulans ATCC 15233; from the data, it can be observed that
Z. obscura 1LS31012019 continued to grow at 5% YPG for
a longer period (peak at 240 h) compared to A. pullulans
ATCC 15233 (peak at 192 h), and similarly, the OD value
of Z. obscura 1.S31012019 was higher in 2% YPG at 288 h
in comparison to that of A. pullulans ATCC 15233. One
explanation of this behaviour could be that the excess carbon
would exhibit an inhibitory effect on cell growth, as reported
for A. pullulans (Kim et al. 2000; Sheng et al. 2016). On
the contrary, at low glucose concentration (1%), the ability
to grow was lower in Z. obscura LS31012019 compared to
A. pullulans ATCC 15233, underlying the importance of
glucose in the basic metabolic process. Indeed, glucose is
the favoured carbon and energy source in yeasts and glu-
cose repression and derepression essentially involved genes
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for oxidative metabolism and tricarboxylic acid (TCA)
cycle, metabolism of alternative carbon sources, or genes
for gluconeogenesis. In presence of glucose, it was reported
a decrease in transcription or translation at the gene level
or an increase in protein degradation at the protein level
(Weinhandl et al. 2014). Generally, monosaccharide carbon
sources are preferred to disaccharide and polysaccharide car-
bon sources, because directly available in the biochemical
process. The current findings evidenced that sucrose would
be degraded to glucose and fructose, and then fructose
would be isomerized to glucose (Sheng et al. 2016). Our
data support this thesis, and effectively among the exam-
ined sugars, sucrose resulted in efficacy support the growth
of Z. obscura 1L.S31012019 and A. pullulans ATCC 15233.
For the latter, is well known that it possesses the enzy-
matic apparatus able to use sucrose for pullulan production
(Prasongsuk et al. 2007), but also Z. obscura LS31012019
seems to have the ability to degrade sucrose to glucose
and fructose, as demonstrated by the high levels of growth
in YPS at all the tested concentrations. We can state that,
concerning the carbon source concentration, at the high-
est tested level (5%) the growth of Z. obscura LS31012019
(in terms of OD maximum value) was supported by Glu-
cose > Sucrose > Fructose > Xylose > Lactose > Glyc-
erol > Mannose while that of A. pullulans ATCC 15233 by
Glucose > Sucrose > Fructose > Xylose > Glycerol > Lac-
tose > Mannose. At 2% concentration, some differences
arose and it can be observed that the growth of Z. obscura
LS31012019 was supported by Glucose > Sucrose > Fruc-
tose > Glycerol > Mannose > Xylose > Lactose and A.
pullulans ATCC 15233 by Glucose > Sucrose > Man-
nose > Glycerol > Xylose > Fructose > Lactose. The lowest
tested concentration (1%), supported the growth similarly
to 2% concentration in the case of Z. obscura 1.S31012019,
following the scheme Glucose > Sucrose > Glycerol > Fruc-
tose > Mannose > Xylose > Lactose, but not for A. pullulans
ATCC 15233 with the sequence Glucose > Sucrose > Glyc-
erol > Mannose > Xylose and Fructose > Lactose. From the
data, we can sustain that under similar growth conditions, Z.
obscura 1LS31012019 and A. pullulans ATCC 15233 utilize
similarly the available carbon sources. Indeed, Z. obscura,
as well as A. pullulans, delayed growth in presence of sugar
alcohols at high concentrations such as Mannose and Glyc-
erol, but at lower concentrations (2% and 1%), these sub-
strates were effectively utilized to support the growth of both
the strains. It’s conceivable that Z. obscura 1L.S31012019, as
well as A. pullulans ATCC 15233, faced off a shift from a
fermentative to a nonfermentative mode of growth, with a
reprogramming in gene expression pathways (Turcotte et al.
2009).

As mentioned above, glucose and sucrose can directly
enter the glycolytic pathway in biochemical processes, but
in the absence of these sugars, the examined black yeasts can

@ Springer

utilize indifferently the available carbon source to survive,
stressing their adaptive ability to the nutritional conditions.
Also in this case, the literature reported that Aureobasidium
spp. produce extracellular enzymes for utilizing different
substrates (amylase, proteinase, lipase and estaerase) as
well as a series of enzymes specific for carbon sources such
as cellulose, lytic polysaccharides monooxygenases, xylose
transporter and xylose isomerase, -fructofuranosidases and
so on (Chi et al. 2022). Noteworthy, some of these enzymes
can be probably responsible of the observed growth of Z.
obscura 1.S31012019 in media containing different available
carbon sources, such as fructose, glycerol and xylose. The
ability to convert sugars into ethanol is specific to Ascomy-
cetous yeasts (in particular Saccaromycotina), a trait of bio-
technological relevance for human activity (Gongalves et al.
2019), but in the literature, most of the reported studies were
focused on pullulan production processes for Aureobasidium
spp- (An et al. 2017; Cheng et al. 2011; Sheng et al. 2016)
and no data are still available on the new specie Zalaria
obscura. Among the tested carbon sources, only lactose
appears to be the least suitable for supporting the growth
of both the examined strains, which have probably used the
yeast extract present in the medium (YP) to maintain their
viability. This possibility was also described by Burgstaller
et al. (2022) that reported as the growth of some oleagi-
nous yeast was observed in the respective lactose-containing
medium without any decrease in lactose levels as determined
by the analytic method. From these observations, we can
hypothesize that Z. obscura 1L.S31012019, as well as A. pul-
lulans ATCC 15233, did not possess the enzymatic appa-
ratus able to biochemically elaborate lactose for further
processing pathways. Human activities contribute to the
rapid generation of waste products that should be correctly
recycled to avoid accumulation and dispersion in the envi-
ronment. In this regard, ascomycetes can potentially play
a crucial role as biocatalysts given their ability to produce
enzymes that can break down recalcitrant structures such
as industrial and food waste materials (Pandey et al. 2015).
Nowadays, mostly filamentous fungi were considered for this
application (Ferreira et al. 2016), but the observed ability of
Z. obscura 1LS31012019 and A. pullulans ATCC 15233 to
utilize not only glucose or sucrose but also indifferently the
available carbon sources, could be useful to expand the type
of species for the treatment of food industry waste, a field
where the biological treatment occupies a relevant position.

Glutathione (GSH) is an important antioxidant in prokar-
yotes and eukaryotes that detoxifies reactive oxygen spe-
cies (ROS) and is involved in gene expression modulation,
redox signalling, and enzymatic activities regulation. It was
observed that yeast strains lacking GSH or altered in their
GSH redox state are more sensitive to oxidative and envi-
ronmental stress (Grant 2001; Zechmann et al. 2011). In the
most studied yeasts, Saccharomyces cerevisiae as well as in
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non-conventional yeasts, GSH may be involved in basilar
cellular functions, such as maintaining mitochondrial and
membrane integrity (Pécsi et al. 2004), and also assumes
pivotal roles in response to sulfur and nitrogen starvation,
detoxifying toxic metabolites, heavy metals and xenobiot-
ics, protecting against oxidative stress, and transitioning
into mycelium in Candida and Aureobasidium spp. (Pen-
ninckx 2002). From our data, the recovered GSH content
in Z. obscura 1LS31012019, as well as A. pullulans ATCC
15233 was lower than that reported for S. cerevisiae (up to
10 mM) (Penninckx 2002). This could be probably explained
considering that under normal aerobic conditions (as those
used in our experiements), glutathione is matnained in the
reduced form (GSH), while the exposure to oxidative stress
induces a reduction in GSH levels, shifting the redox balance
towards the oxidized form (Grant 2001).

Pigmentation is the peculiar characteristic of black yeasts,
in particular the one related to melanin. In addition, another
type of pigment is present in these microorganisms, known
as the carotenoids. They have several functions, such as sup-
porting light-harvesting during photosynthesis, protecting
the cell from high light exposure, survive to UV radiation,
oxidative stress, and water or salt stress. Thus, carotenoids
became interesting for industrial applications, especially
for the increasing consumer demand for high-quality and
“natural” food nutritional supplements, cosmetics, or other
health purposes (Flieger et al. 2018). The biosynthesis of
carotenoids begins with the conversion of acetyl-CoA cata-
lyzed by specific enzymes (reductases, kinases, and decar-
boxylases) to a five-carbon carotenoid precursor, isopentenyl
pyrophosphate (IPP). The addition reactions of three IPPs
lead to the formation of geranyl-geranyl pyrophosphate
(GGPP) and the condensation of two GGPP particles, cata-
lyzed by phytoene synthase, produces phytoene (C40), a pre-
cursor that, depending on the type of microorganisms, can
be next transformed into carotene, arotene, torulene, lutein,
torularhodin, zeaxanthin, and astaxanthin (Mussagy et al.
2019). Indeed, the extraction of pigments, in particular the
carotenoids, from these microorganisms can be difficult due
to their thick and rigid cell walls. Moreover, chemical and
physical parameters affecting the stability of the pigment
during extraction such as pH values, oxygen concentration,
light and temperature should be considered. Mechanical
treatment for cell lysis appears to be the preferred method
when handling black yeasts because undamaged cells are
necessary for successful pigment extraction since they are
susceptible to oxidative stress with the consequent produc-
tion of ROS. In addition, is advisable to keep the samples
at — 4 °C and protect them from light, as far as possible
(Craft and Soares 2002). In this direction, in the presented
investigation different organic solvents (ethanol and hexane,
polar and apolar respectively) coupled with a mechanical
method for the pigments extraction from lyophilized cells of

Z. obscura 1L.S31012019 and A. pullulans ATCC 15233 were
applied. The preliminary results allowed to obtain pellets
with different features and colours between the examined
black yeasts. In a particular way, the observed yellowish
oleaginous aspect of the pellets after hexane extraction may
be due to the presence of carotenoids, a large family of fat-
soluble pigments usually composed of eight isoprene units
with conjugated double bonds. These molecules can take
on yellow, orange, or reddish colours and are ubiquitous
in photosynthetic species but are frequently found also in
fungi. In some fungal species, the biochemistry and genet-
ics of biosynthesis of carotenoids are well-studied (Avalos
and Limoén 2015), especially the production of f3-carotene,
neurosporaxanthin and astaxanthin. This attention may be
related to the public demand for natural, eco-friendly and
safe pigments for human application worldwide (Lagashetti
et al. 2019), for which fungi represent a very interesting
source for their fast growth in cheap media, water-independ-
ent growth rate, adaptive abilities to many different environ-
mental conditions. Besides the fungal species already used
for pigments production (Rapoport et al. 2021), the research
is focused to seek new fungal species with specific abilities
in pigment production. For Z. obscura 1L.S31012019 will be
necessary to complete the pigments characterization using
different growth conditions and analytic methods, such as
HPLC, for a better understanding of pigments type and pos-
sible industrial application.

Overall, all the obtained results support the concept that
yeasts isolated from natural environments and hostile habi-
tats have an adaptable growth and metabolism in relation
to the encountered conditions. In this direction, Z. obscura
LS31012019, isolated from a harsh environment, owns
particular attributes, such as the ability to grow under dif-
ferent culture media and temperatures and utilize carbon
sources apart from glucose and sucrose, shifting to a non-
fermentative metabolism. Starting from our preliminary but
encouraging results, deeper studies are ongoing to verify
the applicability of new species of black yeasts in several
biotechnological processes, such as the ones for food and
industrial waste treatments.

Author contributions RC, FP designed the project. RC, FP and SM
performed the experiments. RC, FP conducted the data analysis. RC
wrote the manuscript. FP, SM contributed to the editing. All the authors
approved the final version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Urbino Carlo Bo within the CRUI-CARE Agreement. This research
did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Data availability The datasets generated and/or analyzed during the
current study are available from the corresponding author on reason-
able request.

@ Springer



229 Page 140f15

World Journal of Microbiology and Biotechnology (2022) 38:229

Declarations

Conflict of interest The authors have no conflicts of interest to declare.
Ethical approval Not applicable.

Consent for publication Not applicable.

Consent to participate Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abu Bakar N, Karsani SA, Alias SA (2020) Fungal survival under tem-
perature stress: a proteomic perspective. Peer J 8:e10423. https://
doi.org/10.7717/peerj.10423

An C, Ma SJ, Chang F, Xue WJ (2017) Efficient production of pullulan
by Aureobasidium pullulans grown on mixtures of potato starch
hydrolysate and sucrose. Braz J Microbiol 48:180-185. https://
doi.org/10.1016/j.bjm.2016.11.001

Avalos J, Limén MC (2015) Biological roles of fungal carotenoids. Curr
Genet 61:309-324. https://doi.org/10.1007/s00294-014-0454-x

Bai Y, Wang S, Zhong H, Yang Q, Zhang F, Zhuang Z, Yuan J, Nie
X, Wang S (2015) Integrative analyses reveal transcriptome—pro-
teome correlation in biological pathways and secondary metabo-
lism clusters in Aspergillus flavus in response to temperature. Sci
Rep. https://doi.org/10.1038/srep14582

Bradford M (1976) A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of pro-
tein—dye binding. Anal Biochem 72:248. https://doi.org/10.1016/
0003-2697(76)90527-3

Burgstaller L, Loffler S, De Marcellis L, Ghassemi K, Neureiter M
(2022) The influence of different carbon sources on growth and
single cell oil production in oleaginous yeasts Apiotrichum bras-
sicae and Pichia kudriavzevii. New Biotech 69:1-7. https://doi.
org/10.1016/j.nbt.2022.02.003

Cheng KC, Demirci A, Catchmark JM (2011) Evaluation of medium
composition and fermentation parameters on pullulan production
by Aureobasidium pullulans. Food Sci Technol Int 17(2):99-109.
https://doi.org/10.1177/1082013210368719

Chi Z, Kong CC, Wang ZZ, Wang Z, Liu GL, Hu Z, Chi ZM (2022)
The signaling pathways involved in metabolic regulation and
stress responses of the yeast-like fungi Aureobasidium spp. Bio-
technol Adv 55:107898. https://doi.org/10.1016/j.biotechadv.
2021.107898

Craft NE, Soares JH (2002) Relative solubility, stability, and absorptiv-
ity of lutein and beta—carotene in organic solvents. J Agric Food
Chem 40:431-434. https://doi.org/10.1021/JFO0015A013

Dos SEG, Silva RF, Do SM, SM, Batistote M, (2021) Analysis of the
fermentative profile of yeasts isolated from natural sources. Res
Soc Dev. https://doi.org/10.33448/rsd-v10i10.19127

@ Springer

Ellman GL (1959) Tissue sulthydryl groups. Arch Biochem Biophys
82:70. https://doi.org/10.1016/0003-9861(59)90090-6

Ferreira JA, Mahboubi A, Lennartsson PR, Taherzadeh MJ (2016)
Waste biorefineries using filamentous ascomycetes fungi: pre-
sent status and future prospects. Bioresour Technol 215:334-345.
https://doi.org/10.1016/j.biortech.2016.03.018

Flieger K, Knabe N, Toepel J (2018) Development of an improved
carotenoid extraction method to characterize the carotenoid com-
position under oxidative stress and cold temperature in the rock
inhabiting fungus Knufia petricola A95. J Fungi 4(4):124. https://
doi.org/10.3390/jof4040124

Gongalves C, Ferreira C, Gongalves LG, Turner DL, Leandro MJ,
Salema-Oom M, Santos H, Gongalves P (2019) A new pathway
for mannitol metabolism in yeasts suggests a link to the evolution
of alcoholic fermentation. Front Microbiol 10:2510. https://doi.
org/10.3389/fmicb.2019.02510

Goodwin TW (1980) The biochemistry of the carotenoids, 2nd edn.
Chapman and Hall, London, pp 257-290

Gow NAR, Latge JP, Munro CA (2017) The fungal cell wall: structure,
biosynthesis, and function. Microbiol Spectr 5(3):1-25. https://
doi.org/10.1128/microbiolspec. FUNK-0035-2016

Grant C (2001) Role of the glutathione/glutaredoxin and thioredoxin
systems in yeast growth and response to stress conditions. Mol
Microbiol 39(3):533-541

Hahn-Hégerdal B, Karhumaa K, Larsson CU, Gorwa-Grauslund M,
Gorgens J, van Zyl WH (2005) Role of cultivation media in the
development of yeast strains for large scale industrial use. Microb
Cell Fact 4:31. https://doi.org/10.1186/1475-2859-4-31

Humphries Z, Seifert KA, Hirooka Y, Visagie CM (2017) A new family
and genus in Dothideales for Aureobasidium-like species isolated
from house dust. Ima Fungus 8:299-315. https://doi.org/10.5598/
imafungus.2017.08.02.05

Kim JH, Kim MR, Lee JH, Lee JW, Kim SK (2000) Production of
high molecular weight pullulan by Aureobasidium pullulans using
glucosamine. Biotechnol Lett 22:987-990

Kostadinova N, Vassilev S, Spasova B, Angelova M (2011) Cold stress
in Antarctic fungi targets enzymes of the glycolytic pathway and
tricarboxylic acid cycle. Biotechnol Biotechnol Equip 25:50-57

Lagashetti AC, Dufossé L, Singh SK, Singh PN (2019) Fungal pig-
ments and their prospects in different industries. Microorganisms
7(12):604. https://doi.org/10.3390/microorganisms7120604

Moreno LF, Vicente VA, de Hoog Sybren, (2018) Black yeasts in the
omics era: achievements and challenges. Med Mycol. https://doi.
org/10.1093/mmy/myx129

Mussagy CU, Winterburn J, Santos-Ebinuma VC, Pereira JFB (2019)
Production and extraction of carotenoids produced by microorgan-
isms. Appl Microbiol Biotech 103:1095-1114

National Committee for Clinical Laboratory Standards (2008) Refer-
ence method for broth dilution antifungal susceptibility testing of
filamentous fungi. Approved standard M38-A. National Commit-
tee for Clinical Laboratory Standards, Wayne

Nosanchuk JD, Stark RE, Casadevall A (2015) Fungal melanin: what
do we know about structure? Front Microbiol 6:1463. https://doi.
org/10.3389/fmicb.2015.01463

Pandey A, Hofer R, Larroche C, Taherzadeh MJ, Nampoothiri M
(2015) Industrial biorefineries and White biotechnology. Else-
vier, Waltham

Penninckx MJ (2002) An overview on glutathione in Saccharomyces
versus non-conventional yeasts. FEMS Yeast Res 2(3):295-305.
https://doi.org/10.1016/S1567-1356(02)00081-8

Poécsi I, Prade RA, Penninckx MJ (2004) Glutathione, altruistic metab-
olite in fungi. Adv Microbial Physiol 49:1-76. https://doi.org/10.
1016/S0065-2911(04)49001-8

Prasongsuk S, Berhow MA, Dunlap CA, Weisleder D, Leathers TD,
Eveleigh DE (2007) Pullulan production by tropical isolates of
Aureobasidium pullulans. J Ind Microbiol Biotechnol 34:55-61


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7717/peerj.10423
https://doi.org/10.7717/peerj.10423
https://doi.org/10.1016/j.bjm.2016.11.001
https://doi.org/10.1016/j.bjm.2016.11.001
https://doi.org/10.1007/s00294-014-0454-x
https://doi.org/10.1038/srep14582
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.nbt.2022.02.003
https://doi.org/10.1016/j.nbt.2022.02.003
https://doi.org/10.1177/1082013210368719
https://doi.org/10.1016/j.biotechadv.2021.107898
https://doi.org/10.1016/j.biotechadv.2021.107898
https://doi.org/10.1021/JF00015A013
https://doi.org/10.33448/rsd-v10i10.19127
https://doi.org/10.1016/0003-9861(59)90090-6
https://doi.org/10.1016/j.biortech.2016.03.018
https://doi.org/10.3390/jof4040124
https://doi.org/10.3390/jof4040124
https://doi.org/10.3389/fmicb.2019.02510
https://doi.org/10.3389/fmicb.2019.02510
https://doi.org/10.1128/microbiolspec.FUNK-0035-2016
https://doi.org/10.1128/microbiolspec.FUNK-0035-2016
https://doi.org/10.1186/1475-2859-4-31
https://doi.org/10.5598/imafungus.2017.08.02.05
https://doi.org/10.5598/imafungus.2017.08.02.05
https://doi.org/10.3390/microorganisms7120604
https://doi.org/10.1093/mmy/myx129
https://doi.org/10.1093/mmy/myx129
https://doi.org/10.3389/fmicb.2015.01463
https://doi.org/10.3389/fmicb.2015.01463
https://doi.org/10.1016/S1567-1356(02)00081-8
https://doi.org/10.1016/S0065-2911(04)49001-8
https://doi.org/10.1016/S0065-2911(04)49001-8

World Journal of Microbiology and Biotechnology (2022) 38:229

Page 150f 15 229

Prasongsuk S, Lotrakul P, Ali I, Bankeeree W, Punnapayak H (2018)
The current status of Aureobasidium pullulans in biotechnol-
ogy. Folia Microbiol 63:129-140. https://doi.org/10.1007/
$12223-017-0561-4

Rapoport A, Guzhova I, Bernetti L, Buzzini P, Kieliszek M, Kot AM
(2021) Carotenoids and some other pigments from fungi and
yeasts. Metabolites 11:92. https://doi.org/10.3390/metabo1102
0092

Sabatini L, Palma F, Giorgi L, Andreazzo L, Campana R (2020) Iso-
lation and molecular identification of a strain belonging to the
new species Zalaria obscura from a deteriorated wooden art-
work. Braz J Microbiol 51:1241-1246. https://doi.org/10.1007/
s42770-020-00255-8

Sandmann G (2022) Carotenoids and their biosynthesis in fungi. Mol-
ecules 27:1431. https://doi.org/10.3390/molecules27041431

Santos EG Dos, Silva RF, Santos M Do SM, Batistote M (2021) Anal-
ysis of the fermentative profile of yeastsisolated from natural
sources. Res, Soc and Dev 10: e445101019127.https://doi.org/
10.33448/rsd-v10i10.19127

Seyedmousavi S, Netea MG, Mouton JW, Melchers WJ, Verweij PE,
de Hoog GS (2014) Black yeasts and their filamentous relatives:
principles of pathogenesis and host defense. Clin Microbiol Rev
27(3):527-542. https://doi.org/10.1128/CMR.00093-13

Sheng L, Tong Q, Ma M (2016) Why sucrose is the most suitable
substrate for pullulan fermentation by Aureobasidium pullulans
CGMCC1234? Enzyme Microb Technol 92:49-55. https://doi.
org/10.1016/j.enzmictec.2016.06.016

Sterflinger K (2006) Black yeasts and meristematic fungi: ecology,
diversity and identification. In: Peter G, Rosa C (eds) Biodiversity
and ecophysiology of yeasts. The yeast handbook, Springer, Berlin

Turcotte B, Liang XB, Robert F, Soontorngun N (2009) Transcriptional
regulation of nonfermentable carbon utilization in budding yeast.
FEMS Yeast Res 10(1):2-13. https://doi.org/10.1111/j.1567-1364.
2009.00555.x

Valadon LRG (1976) Carotenoids as additional taxonomic characters
in fungi: a review. Trans Br Mycol Soc 67:1-15

Weinhandl K, Winkler M, Glieder A, Camattari A (2014) Carbon
source dependent promoters in yeasts. Microb Cell Fact 13:5.
https://doi.org/10.1186/1475-2859-13-5

Yan Z, Zhao M, Wu X, Zhang J (2020) Metabolic response of Pleuro-
tus ostreatus to continuous heat stress. Front Microbiol 10:3148

Zechmann B, Liou LC, Koffler BE, Horvat L, TomaSi¢ A, Fulgosi H,
Zhang Z (2011) Subcellular distribution of glutathione and its
dynamic changes under oxidative stress in the yeast Saccharomy-
ces cerevisiae. FEMS Yeast Res 11(8):631-642. https://doi.org/
10.1111/.1567-1364.2011.00753.x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s12223-017-0561-4
https://doi.org/10.1007/s12223-017-0561-4
https://doi.org/10.3390/metabo11020092
https://doi.org/10.3390/metabo11020092
https://doi.org/10.1007/s42770-020-00255-8
https://doi.org/10.1007/s42770-020-00255-8
https://doi.org/10.3390/molecules27041431
https://doi.org/10.33448/rsd-v10i10.19127
https://doi.org/10.33448/rsd-v10i10.19127
https://doi.org/10.1128/CMR.00093-13
https://doi.org/10.1016/j.enzmictec.2016.06.016
https://doi.org/10.1016/j.enzmictec.2016.06.016
https://doi.org/10.1111/j.1567-1364.2009.00555.x
https://doi.org/10.1111/j.1567-1364.2009.00555.x
https://doi.org/10.1186/1475-2859-13-5
https://doi.org/10.1111/j.1567-1364.2011.00753.x
https://doi.org/10.1111/j.1567-1364.2011.00753.x

	Growth ability, carbon source utilization and biochemical features of the new specie Zalaria obscura
	Abstract
	Introduction
	Material and methods
	Fungal strains and culture conditions
	Polyacrylamide gel electrophoresis (SDS-PAGE)
	Growth ability in different liquid media and temperatures
	Growth ability in presence of different carbon sources
	GSH assay
	Extraction of fungal pigments

	Results
	Electrophoretic profile of Z. obscura LS31012019
	Growth abilities in liquid media at different temperatures
	Carbon source utilization
	GSH concentration in of Z. obscura LS31012019
	Comparative evaluation of pigments from Z. obscura LS31012019 and A. pullulans ATCC 15233

	Discussion
	References




