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Yeasts have wide applicability in the industrial field, as in the production of enzymes used in biocatalysts.
Biocatalysts are more efficient when compared to chemical catalysts, with emphasis on hydrolytic
enzymes, such as amylase, cellulase and protease. Here we focused on prospecting yeasts, with a high
capacity to synthesize hydrolytic enzymes, from a continental lotic ecosystem environment in Brazil. 75
yeasts were grown in Yeast Extract-Peptone-Dextrose (YPD) medium supplemented with antibacterial
and their capacity for enzymatic production was tested in specific media. Accordingly, 64 yeasts showed
enzyme production capacity. From those, six showed good enzyme indexes, 3 for amylase, 2 for cellulase
and 1 for protease. All showed at least one hydrolytic enzyme activity for the tested enzymes (amylase,
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Cellznlase cellulase and protease), which suggested that the yeasts are metabolically active. By sequencing the 26S
Protease gene, we identified Naganishia diffluens and Apiotrichum mycotoxinivorans as the species with highest

enzyme production activities. Those species showed potential for application as biological catalysts in the
biotechnological scope, collaborating in a sustainable way for the development of industrial products.
© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In industrial microbiology, microorganisms are commonly used
in the large scale production of compounds with high added value
[16,23]. Not only these microorganisms are cultivated to obtain
cells, but also cellular components and their final products, are
being used directly (using the microorganism itself) in the
production of food, animal ration, cosmetics, biofuel, beverages,
drugs, paper, cellulose and in the textile industry, etc. [33,32].
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Among those microorganisms, fungi naturally produce a
large number of enzymes that decompose organic matter for
their growth [20,23]. Enzymes are proteins that catalyze a
chemical or biological reaction. They are classified according to
the catalysis reactions in: oxidoreductases (oxide-reduction),
transferases (transfer of groups of molecules), hydrolases
(hydrolysis), lyases (breaking bonds), isomerases (intramolec-
ular change) and ligases (forming a covalent bond between two
molecules with high energy consumption) [10]. Among these,
we can highlight that hydrolases are widely used in the
industrial scope [5].

In fact, the global enzymes market is divided into three main
segments: technical enzymes (detergents, paper and cellulose,
leather and pharmaceuticals), enzymes used in the food industry
and enzymes used for animal ration production [46]. It is estimated
that industrial applications using enzymes will generate more than
6 billion dollars in 2021 [5]. That being said, there is an urgent need
for discovering and testing microbial species, including those from
natural environments, which may have a high capacity to produce
and secrete enzymes.

2215-017X/© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Yeasts have great biotechnological potential in extracellular
enzymatic activities, which makes it important to study species
mainly from environmental sources [9]. Indeed, enzymes-derived
from yeast tend to be eco-friendly and economically relevant than
animal or plant-derived enzymes. Yeasts are easy to obtain, have
simple nutritional requirements, short fermentation cycles,
greater thermal stability and diversity in catalytic activities.
Furthermore, they show seasonal independence and can be
obtained in large concentrations through genetic manipulation
[48], being considered as an ideal biocatalyst.

As a matter of fact, the use of biocatalysts became a viable
option for several reasons, as low cost, enantioselectivity and
regioselectivity capacities [26,19], enhanced biodegradability and
applicability in milder conditions, capacity of being recovered for
turnover use, etc [13,21,42].

With the great increase in the applicability of enzymes of
microbial origin, we focused on prospecting yeasts with the
ability to synthesize amylase, cellulase and protease. Here, we
collected water samples from two points of a continental lotic
ecosystem in Brazil and tested their enzyme production capaci-
ties. We observed that the big majority of yeasts produced at least
one enzyme, but only few showed good enzymatic activities.
Specifically, Naganishia diffluens showed the best protease activity
and Apiotrichum mycotoxinivorans showed the best amylase and
cellulase production. Our results suggest the importance of more
in-depth studies in N. diffluens and A. mycotoxinivorans and their
possible application in biotechnology, due to their high enzyme
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indexes. Manuscripts dealing with prospecting tests that includes
proteolytic activities were already published [8,9,11,12,40].
However, we have found only few articles in the literature
regarding the species characterized here. Therefore, our work
collaborates with advances in biotechnology following the
principle of green chemistry, seeking sustainable alternatives
for the production of catalysts.

2. Materials and methods
2.1. Collection and isolation of microorganisms

The yeasts were obtained from water samples collected in the
Toledo River, located in Toledo, Parana (PR), Brazil. 200 mL
sterilized bottles were used for collection, in duplicates, at each
point. Point 1 is located at the geographical coordinates
24°45'10.86"S 53°45’3.52"W in the urban perimeter of the city
of Toledo, close to the bridge of the southern contour of the city
(area characterized with little agricultural activity and with
preserved forest). Point 2 is located 300 m from the river mouth
in an urban perimeter and close to a quarry, with geographical
coordinates 24°45'14.35"S 53°46'33.91"W (Fig. 1).

Aliquots of 250 L of the water samples were shown by surface
spreading method in autoclaved Petridishes filled with YPD medium
(1% of yeast extract, 2% of glucose, 2% of peptone and 2% agar)
supplemented with 0.05 % chloramphenicol and 0.05 % tetracycline
hydrochloride. The plates were incubated at 28 °C for 48 h.

._.\,Z .........L.f...,.;'

Fig. 1. Geographical location of the water collection points in the Toledo River - PR. (Source: Google Earth).
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2.2. Physico-chemical water analysis

PH and temperature were measured at the time of collection
using the protocol of Apha [1], with slight modifications.
Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) were evaluated later on laboratory. For BDO, the
5210-B method (5 days at 20 °C) were monitored and the 5220-D
method (reflux closed) were used for COD.

2.3. Screening to identify amylolytic activity

To identify amylase activity, nutrient agar (NA) was used (0.5 %
NacCl, 0.5 % peptone, 0.2 % yeast extract, 0.3 % meat extract, 1%
glucose and 2% agar) supplemented with 0.5 % soluble and
autoclaved starch for 20 min at 121 °C [45]. After point
inoculation, the samples were incubated for 96 h at 28 °C
followed by aqueous iodine solution staining for 5 min. After
discharding the solution, amylase-producing yeasts were identi-
fied by the presence of a clear halo around them, indicating starch
degradation.

2.4. Screening to identify cellulolytic activity

To identify the cellulase production activity, the methodology of
Ruegger and Tauk-Tornisielo [36] with modifications were
followed, using a base medium (0.02 % MgS04, 0.01 % NadCl,
0.04 % yeast extract, 0.04 % KH2PO4 and 0.01 % K2HPOA4)
supplemented with 1% carboxymethylcellulose and autoclaved
for 20 min at 121 °C. After point inoculation, the samples were
incubated for 96 h at 28 °C. For staining, 0.01 % Congo red dye was
used for 30 min before discharging the excess. After another 30
min, cellulase-secreting yeasts were identified by the presence of a
pale red color around the colonies [36].

2.5. Screening to identify proteolytic activity

To identify protease-producing yeasts, NA medium (0.5 % NaCl,
0.5 % peptone, 0.2 % yeast extract, 0.3 % meat extract, 1% glucose
and 2% agar) were supplemented with 2% skimmed-milk powder.
NA was autoclaved for 20 min at 121 °C, while the powdered milk
was autoclaved separated for 5 min at 121 °C, to prevent casein
denaturation. After point inoculation, the samples were incubated
for 96 h at 28 °C. For identification, clear areas were observed
around the positive yeasts [6].

2.6. Enzyme index calculation

The enzyme index (EI) of the yeasts was estimated using the
equation between the diameter of the hydrolysis halo and the
diameter of the colony (Eq. (1)), according to the methodology of
Hankin and Anagnostakis [24].

DIAMETER OF THE DEGRADATION HALO

Er= AVERAGE DIAMETER OF THE COLONY GROWTH 1)

2.7. Molecular identification of selected yeasts

For genetic indentification of the selected yeasts, we performed
the following molecular analysis (Fig. 2).

DNA were extracted in house, following the procedure
described by Brandao et al., [8], with modifications. Samples
were grouped based on enzyme production capacities (itens
2.2-2.6). Subsequently, yeasts were characterized by DNA
fingerprints, obtained by the PCR (Polymerase Chain Reaction)
methodology wusing the microsatellite primer (GTG)s
(5’-GTGGTGGTGGTGGTG-3').
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Fig. 2. Flowchart of the steps of the molecular analyzes carried out for the genetic
identification of the yeasts selected as good producers of amylase, cellulase and
protease.

Identification of the yeasts were confirmed by amplification
with the primers NL1 (5’ GCATATCAATAAGCGGAGGAAAAG’3) and
NL4 (5'GGTCCGTGTTTCAAGACGG’3), that ring in the D1-D2
domains in the 26S region, which is a conserved gene used to
identify species [8]. PCR purification products were used for
sequencing (used in the purification process: 47.0 w.L of amplicon,
11.75 L of EDTA (125 mM), 141 pL of absolute ethanol) using a
MegaBACE ™ 1000 automatic sequencer (Amersham Biosciences,
USA). The DNA sequences were compared with those available in
the GenBank database using a basic local alignment search tool
(BLAST available at: http://www.ncbi.nlm.nih.gov) [28]. The FASTA
sequences were added in Supplemental Material 1.

2.8. Phylogenetic analysis

Phylogenetic analyses were conducted using MEGAX software
[27]. Sequences deposited as Supplemental Material 1 were
aligned using the ClustalW algorithm. The phylogenetic tree was
constructed with the Neighbour-joining algorithm [38] using the
Kimura w-parameter method [25] as the DNA substitution model.

3. Results and discussion
3.1. Isolation of the yeasts

First of all, 75 yeasts were obtained from the two collection
points. Point 1 showed a higher incidence of isolated yeasts
compared to point 2 (Table 1).

No significant differences were observed in the the quantity of
yeasts [ mL between points 1 and 2 (48 yeasts/mL for point 1; 54
yeasts/mL for point 2). Indeed, the two points are located in the
urban perimeter and have a distance of approximately 3.5 km
between them. According to Morais et al., [29], the distribution and
specificity of yeasts depend on the characteristics present in the
substrate, enabling their feeding and reproduction, whereas
different substrates may show different types of colonies. Thus,
the distance between the points proved to be irrelevant because
they are relatively close, not drastically changing the character-
istics of the substrates, nor the amount of yeasts /| ml isolated.

3.2. Physicochemical characteristics of water

The data of the physical-chemical characterization of the water
samples are shown in Table 2.

Table 1
Number of isolated yeasts per collection point in the Toledo River located in Toledo,
Parand, Brazil.

Collection points Quantity of isolated yeasts

Point 1 48
Point 2 27
Total 75
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Table 2
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Results of physical-chemical analyzes of water samples collected at two points on the Toledo River, Parand, Brazil.

Physiochemical aspects

Point 1 (24°45'10.86"S 53°45'3.52”0)

Point 2 (24°45'14.35"S 53°46/33.91”0)

pH 6,96
Temperature (°C) 22,3
BOD (mg.L™") 4,26
COD (mg.L™") 34,80

6,93
229
3,32
38,50

The pH remained constant along the two collection points, with
values between 6.93 and 6.96. The water temperature also did not show
significant variation between the points. According to Hankin and
Anagnostakis [24], lotic continental environments that have a pH
between 4.0 and 7.0 are the most suitable for finding enzyme-producing
microorganisms. Also, authors suggested that pH 6.0 enhances the
growth of microorganisms that produce most of the enzymes,
corroborating our results. Regarding temperature, aquatic micro-
organisms can adapt in a range of 4 °C-30 °C, which vary seasonally.
However, they have an ideal temperature that favors their growth and
survival (in the range of 30 °C). Given this context, we observed that the
temperature during collection was in accordance with the ideal
described in literature, with no significant variation between them.

Following CONAMA resolution 357/05 [14], BOD values at 20 °C
of upto 3 mg.L~! 02 are considered class I freshwater; 3.1-5 mg.L ™!
02 applies to class Il freshwater; and up to 10 mg.L~! 02 freshwater
class IIl. As shown in Table 2, both collection points of this study
can be classified as BOD class II. Also, according to the CONAMA
Resolution 357/05 [14], COD values >50 mg.L! of 02 apply to
polluted and effluent waters (industrial and domestic) and COD <
50 mg.L™! of 02 to unpolluted waters. Our results for the 2 points of
the Toledo River did not exceed 50 mg.L™! and did not show major
variation, characterizing unpolluted waters.

3.3. Screening of cellulase, amylase and protease

Of the 75 isolated yeasts, 83 % of them demonstrated the ability
to produce and secrete amylase, cellulase and protease. Further-
more, 62 % were collected in Point 1 and 38 % were collected in
Point 2 (Supplemental Material 2). Many yeasts produced more
than one enzyme (Supplemental Material 2). Fig. 3A represents the
amount of yeasts capable of producing and synthesizing the
enzymes mentioned above, taking into consideration that 35 %
yeasts produced two or three enzymes (Fig. 3B).

The enzymatic activity was estimated by the relationship
between the diameter of the hydrolysis halo and the diameter of
the colony. The diameter of the hydrolysis halo is considered a faster

A

N W A O
o O o O

Yeast quantity

N
(@]

o

Amylase
Cellulase
Protease

and simpler parameter to qualitatively assist in the selection of
strains with the highest rate of degradation. According to Hankin and
Anagnostakis [24], yeasts with EI > 2.0 are considered good enzyme
producers for industrial application. Here we consider some
individuals with close values once exogenous factors as temperature
and incubation time may cause a slight variation in the halo
measurement. In sum, this first stage is a qualitative way of selecting
individuals to later confirm their enzymatic potential through
quantitative tests, so we included individuals with sub-optimal EI.

Table 3 shows the average growth diameters of microorganisms
in the plates, as well as the average of their degradation halos and
the values found for the enzyme activity indexes of amylase,
cellulase and protease.

Table 3 shows the best-individuals for enzyme production
capacity. Among these, 3 were isolated from point 1 (JC072, JC074,
JC079) and produced amylase, and 3 were isolated from point 2 and
produced cellulase (JC032 and JC033) and protease (JCO08).

3.4. Molecular identification of isolated yeasts

Through the characterization of the bands by fingerprint, we
classified the individuals in 6 groups, and 5 groups presented
identical DNA band patterns. A representative of each group was
selected for genetic sequencing of the 26S gene (JC008, JC032,
JC074, JC079). Table 4 shows the obtained species.

First, JCO08, in which a protease enzyme index of 3.50 was
obtained, was identified as Naganishia diffluens. This species
belonged to the genus Cryptococcus and is currently classified in
the genus Naganishia [17], being an organism commonly found in
colder environments such as Antarctica [41,43,4,7] and polluted
water or air [17]. Indeed, finding this species in the evaluated lotic
environment suggests high adaptative capacities of this species.
The enzyme index of the aforementioned species proved to be
expressive, which corroborates previous studies of aquatic yeasts
with capacity in the production and proteolytic synthesis [31,8]. In
this context, the synthesis of the protease enzyme, mainly coming
from less-studied species as N. Diffluens becomes necessary, as this

Cellulase Amylase
9 24
7 6
1
6
Protease

Fig. 3. Yeast quantity isolated from the Toledo River producing amylase, cellulase and/or protease. (A) Yeast quantity separated by produced enzyme. (B) Venn diagram of

number of individuals producing one or more enzymes.
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Table 3
Index of enzymatic activity of yeasts that showed better production of amylase, cellulase and protease.
Enzyme Yeast code Colony diameter (mm) Halo diameter (mm) Enzymatic index
Amylase Jco72 11 6 1,85
Jjco74 10 5 2,00
Jco79 11 6 1,85
Cellulase Jco32 12 6 2,00
Jco33 1 6 1,85
Protease Jjcoos 14 4 3,50
Table 4
Identification of selected yeasts with better enzyme indexes.
Yeast code Species Produced enzyme (Enzyme index) Collection Point
Jcoos Naganishia diffluens Protease (3.50) Point 1
JCo32 Apiotrichum mycotoxinivorans Cellulase (2.00) Point 1
Jjcos3 Apiotrichum mycotoxinivorans Cellulase (1.85) Point 1
Jjco72 Apiotrichum mycotoxinivorans Amylase (1.85) Point 2
JC074 Apiotrichum mycotoxinivorans Amylase (2.00) Point 2
Jco79 Apiotrichum mycotoxinivorans Amylase (1.85) Point 2

enzyme is one of the three most important in the industrial sector
[22,30]. Its biotechnological applicability occurs in the feed, textile,
pharmaceutical industries, in leather treatment [44], detergent
manufacturing [39], in food industries [42] and bioremediation of
industrial effluents [42,49].

Based on sequencing of the 26S gene and DNA fingerprint, all
other samples were identified as Apiotrichum mycotoxinivorans and
showed cellulase and amylase production capacities. This micro-
organism was classified in the genus Trichosporon and was first

described in 2004 [3]. Although the 5 yeasts were identified as the
same species and showed similar phenotypes and fingerprint band
profiles, they showed different behavior for amylase and cellulase
production. In fact, samples JC032 and JC033 were considered good
producers for cellulase and also produced amylase, but with a low
enzyme index (> 0.1 for both), while JC072, JC074 and JC079 did not
show production for cellulase, only for amylase. These results
corroborates [18], who performed the tests with A. mycotoxinivor-
ans for the cellulase enzyme and obtained positive results for the

73 JC032

72 | L Apiotrichum mycotoxinivorans strain GMU1709 (MK450342.1)

% {1Jcore

# JCo74

Apiotrichum loubieri strain TEMOS16 (KY275495.1)

Apiotrichum laibachii strain SA6S03 (EF653931.1)

Trichosporon montevideense strain WIN (KP676895.1)
%
8 Apiotrichum scarabaeorum strain CBS 5601 (AF444710.1)

Apiotrichum gamsii strain CBS 8245 (AF444708.1)

_’— Apiotrichum dehoogii strain CBS 8686 (AF444718.1)
Apiotrichum porosum (AB037544.2)

I ishia bhutanensis strain UCDFST:11-200 (MH595136.1)
Naganishia friedmannii isolate IWW65 (MF448303.1)
l:

laganishia onofrii strain DBVPG 5303 (KC433831.1)

Naganishia vaughanmartiniae strain DBVPG 5146 (GQ911503.1)

Naganishia uzbekistanensis strain UCDFST:09-551.1 (MH595142.1)

0.020

P Naganishia albida strain DBVPG 10064 (KC433826.1)

Naganishia albidosimilis isolate IWWW59 (MF448297.1)

JCoos

i
K Naganishia diffluens strain DBVPG 5735 (KC433770.1)

Fig. 4. Phylogenetic analysis using the 26S ribosomal RNA sequence from our individuals vs related species.
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species. Corroborating the aforementioned work, [47], isolated six
strains of A. mycotoxinivorans from a natural environment and
obtained individuals with good enzymatic capacity for cellulose.
Thus, yeasts JC032 and JC033 identified as Apiotrichum mycotox-
inivorans showed cellulolytic production capacities and represent a
major importance in the biotechnology industry, due to its thermal
stability and potential to develop sustainable products [35]

Regarding amylolytic activity, Pretscher et al. [34] tested two A.
mycotoxinivorans individuals and observed high EI (> 10) for amylase
production. No detectable activity was observed in the cellulase
enzyme tests. This can be explained due to the expression of the
phenotype that varies from each individual, depending on nutrients
availability in the environment. Indeed, we observed 3 individuals
identified as A. mycotoxinivorans as showing best amylolytic
activity. Strains of A. mycotoxinivorans have already been isolated
by other authors in the Iguagu National Park, a region also located in
western Parand, aiming at the production of xylanolitic enzymes for
the synthesis of ethanol [29]. Others described the use of this
species as bioemulsifiers, accelerating the degradation process in
the treatment of oily wastewater [15,37]. Therefore, this species has
biotechnological interest in the use of the biodegradation of drugs
such as tetracycline [2], in addition to its use in biocontrol,
degrading mycotoxins, using it as a probiotic food additive [34], etc.

Nevertheless, we performed a phylogenetic analysis comparing
JC008, JC032, JC074 and JCO79 with available data. Indeed, JC032,
JC079 and JCO074 were clustered together with Apiotrichum
mycotoxinivorans strain GMU1709, while JCO08 was clustered in
the other extremity of the tree with Naganishia diffluens strain
DBVPG 5735 (Fig. 4). These results confirm the identification of the
individuals presented in this work.

Boostrap values were made by 1000 replicate runs (shown as %,
greater than 70 % are listed). The optimal tree is shown and
GenBank accession numbers are listed after species name

4. Conclusion

The method used in this work sought alternatives that included
the use of natural resources to isolate good producers of amylase,
cellulase and protease. As result, the best producers were
identified as Apiotrichum mycotoxinivorans and Naganishia dif-
fluens. It is interesting to speculate the potential biotechnological
interest of these findings in the environmental and industrial
areas. For example, biodegradability and turn over capacity
reduces operational costs and might be highlighted as advantages
over chemical catalysts, combining sustainability with enhancer
development in the industrial scope.
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