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Abstract: Isolation and screening of new fungal strains from extreme and understudied environments,
such as caves, is a promising approach to find higher yields enzyme producers. Cellulolytic fungal strains
isolated from a Brazilian cave were evaluated for their enzymatic production after submerged (SmF) and
solid-state fermentation (SSF). After SmF, three strains were selected for their high enzymatic activities:
Aspergillus ustus for endoglucanase (4.76 U/mg), Talaromyces bruneus for B-glucosidase (11.71 U/mg)
and Aspergillus sp. (CBMAI 1926) for total cellulase (1.70 U/mg). After SSF, these strains, showed better
yields compared to the reference strain Aspergillus niger 3T5B8. Aspergillus sp. (CBMAI 1926) stood
out as a new species that expressed activity of total cellulases (0.10 U/mg) and low protein concentration
(0.44 mg/mL). In conclusion, these isolated strains have a more efficient and promising cellulolytic
enzyme complex that can be used in fermentation and saccharification processes with a lower protein
concentration and a higher enzymatic activity than the reference strain. Therefore, beside the new genetic
material characterized, our study highlights the benefits of cave extreme environments exploitation to find
new potentially valuable strains.

Key words: cellulases, fungu’s cave, solid state fermentation, submerged fermentation, subterranean
environment.

INTRODUCTION

Subterranean environments such as caves can be
considered extreme environments that provide
highly specialized niches (Engel 2007) but, so far,
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they have been overlooked regarding its potential
for new genetic resources. For this reason, there
are few reports assessing the cellulolytic potential
of microorganisms from caves (Ogorek et al. 2016,
Paula et al. 2016, Rautela et al. 2017). According to
Lynd et al. (2002) in extreme environments, such
as caves, microorganisms tend to use a broad range
of carbohydrates, probably as a consequence of the
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small amount of cellulose input combined with the
presence of few competing species in these habitats.
Pioneering study in Catdo cave (Brazil) isolated
fungal strains and carried out the screening (plaque
test) to select cellulolytic enzyme producing strains.
From this study, the authors highlighted the great
percentage of cellulolytic strains isolated from the
subterranean environment in comparison to the
surface environment (Paula et al. 2016).

Cellulose is the main constituent of plant cell
walls and the most abundant renewable material on
Earth (Lynd et al. 2002, Zhang and Lynd 2004). Its
enzymatic hydrolysis is a promising alternative for
the production of items of economic interest, such
as ethanol (Qu et al. 2006), organic acids (Shen and
Xia 2006) and other chemicals (Cao et al. 1997).
Currently, the cellulolytic enzymes are already used
in the production of food, animal feed, cleaning
products, textile industry, among others (Jahangeer
et al. 2005). Cellulolytic enzymes are produced by
a wide variety of microbes, but those performed by
aerobic fungi are characterized by high enzymatic
activity and protein synthesis (Lynd et al. 2002,
Singhania et al. 2010).

The cellulolytic complex comprises
enzymes from different classes (exoglucanases,
endoglucanases and glucosidases) acting in a
coordinated way (Chandra et al. 2007, Lynd et al.
2002). The production of these enzymes can be
carried outunder submerged fermentation (SmF)and
in solid-state fermentation (SSF) (Singhania et al.
2010, Cunha et al. 2012). The SmF is advantageous
and widely used due to the easy control of variables
during the process (Howard et al. 2003). On the
other hand, the SSF is more advantageous from the
economical point of view, since the by-products
formed can be readily used. However, the operating
parameters such as temperature, pH and moisture
are difficult to control in SSF (Singhania et al. 2010,
Singhvi et al. 2011, Cunha et al. 2012). Aiming to
lower the costs of these processes, researchers seek
microorganisms with high cellulolytic potential in
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extreme understudied environments, such as caves
(Lynd et al. 2002).

Thus, seeking for new highly efficient
cellulose degraders, we here reveal cellulolytic
activities (endoglucanases, B-glucosidases and
total cellulase) under submerged and solid-state
fermentation conditions for new fungal strains
isolated from a Brazilian cave environment.
Beside the new genetic material characterized,
our study highlights the benefits of cave extreme
environments exploitation to find new potentially
valuable strains.

MATERIALS AND METHODS

SAMPLING

The sampling was carried out at the Catao cave
(12° 22 67 S, 44° 52° 3” W), located at the
Conservation Unit of the Lagoa Azul Municipal
Park, Sao Desidério, State of Bahia, Brazil, under
the permit ICMBio / SISBIO (10215 license). A
quadrant of approximately 0.25 m® of soil was
sampled in two areas of the cave: Entrance Zone
(EZ) and Twilight Zone (TZ) in the year of 2012.
Compound sediment samples, obtained from 05
sub-samples, were collected (0-10 cm depth) in
sterile plastic containers. At the laboratory samples
were homogenized, sieved (2 mm mesh) and kept
in refrigerator at 4.0°C until the analysis. Sampling
details can be accessed at Paula et al. (2016).

FUNGAL ISOLATION AND CHARACTERIZATION

Strains isolation was carried out by serial dilution
(1:10000) of the sediment samples in physiological
saline (0.85% NaCl), with triplicates per dilution,
followed by spread plate inoculation in Malt agar
3% medium (M3%, 30.0 g L malt extract, 3.0 g
L soy peptone, 0.05 g L' Rose Bengal, 20.0 g
L" agar and pH 5.5- 6.0). Plates were incubated
for 15 days at 28.0°C. After incubation, colonies
were transferred by streaking in M3% to obtain
monosporic cultures. Preliminary identification
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was carried out based on morphological characters
of the colonies as well as by their microscopic
reproductive structures observed in wet mount
under an optical microscope. Classical taxonomic
keys were used to assess all isolates genera
(Domsch et al. 1980, Barnett and Hunter 1998).
As described by Paula et al. (2016), as one step
of their characterization, the strains were also pre-
tested to evaluate their cellulolytic activity by the
formation of a degradation zone revealed by the
addition of a Congo red solution in colonies grown
in carboxymethylcellulose plates.

SUBMERGED FERMENTATION (SmF)

The cellulolytic fungal strains were grown in
submerged fermentation using the synthetic medium
adapted from Mandels (Mandels and Weber 1969)
(Urea 0.3 g L™, KH,PO, 2.0 g L', (NH,),SO, 1.4
gL, CaClL.2H,0 0.4 g L', MgSO,.7H,0 0.3 g
L', yeast extract 0.6 g L™, FeSO,.7H,0 5.0 mg
L™, MnSO,4H,0 1.6 mg L', ZnSO,.7H,0 1.4 mg
L™, CoCl,.6H,0 2.0 mg L™, pH 5.6). To obtain a
pre-culture, 10 g L ™' of glucose was added to the
synthetic medium (50 mL) and was inoculated
with a 10°spore mL™" suspension before incubation
in a shaker (130 rpm) at 28.0°C for three days.
Then, 5.0 mL of the pre-culture was transferred
to 700 mL of Mandels medium containing 10.0
g L™ of microcrystalline cellulose and incubated
in a shaker at 28.0°C (130 rpm) for 7 days. At 24
hour intervals, an aliquot (7.0 mL) of the culture
was withdrawn and centrifuged at 3000 rpm for 20
min. The supernatant was used as crude enzymatic
extract for the analysis of cellulases expression.

SOLID-STATE FERMENTATION (SSF)

The strains that stood out in terms of enzyme
activity under submerged fermentation were
cultivated under solid-state fermentation. For solid-
state fermentation it was used, as substrate and sole
carbon source, wheat bran (WB) in ammonium
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sulfate solution ((NH,),SO,) without glucose.
The selected strains were first grown on tubes
containing Malt agar 3% tilted for seven days.
After this period, a 10" spore mL"' suspension was
prepared and inoculated into 5.0 g of WB substrate
in 250 mL Erlenmeyer flasks with humidity
adjusted to 72%. All cultivations were performed
in triplicate at 30.0°C for 48 hours without stirring.
For comparison, we used a reference fungal strain
known for its high cellulolytic enzyme production,
the mutant strain Aspergillus niger 3T5BS8
(Embrapa Collection Food Technology) (Pirota
et al. 2013). After cultivation, 50.0 mL of 0.2 M
sodium acetate (pH 4.5) were added and the flasks
shaken at 200 rpm (30.0°C) for 40 minutes. To
obtain the enzyme extract, the culture was filtered
in vacuum pump (Whatman® n.1) and the filtrate
was subsequently centrifuged for 15 minutes
at 10,000 rpm (4.0°C). The supernatant was
considered the crude enzymatic extract. For total
extracellular protein content and enzymatic activity
quantification (endoglucanase — EC; pB-glucosidase
BG and total cellulose on filter paper - FP), it
was used the same substrates and methodologies
described for submerged fermentation. We set
up a control culture (CC) which consisted only
of WB with (NH,),SO, without glucose, in order
to measure the concentration of protein released
by the substrate during the SSF. The enzymatic
activities were expressed in international units per
gram of dry substrate (U g ).

ANALYTICAL MEASUREMENTS

All the fermentation processes were performed
in triplicate. For each fermentation flask were
measured: protein concentration and cellulolytic
activities. The total extracellular protein content
of the crude extracts was determined according
to Bradford (1976). The endoglucanase activity
(EC) was determined using 30 pL of enzyme
extract (Ghose 1987) modified with 50 mL of 1%
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solution of sodium carboxymethylcellulose, as
substrate, in 20 uL of citrate buffer 0.05 mol L™
(pH 5, 0). The reaction was incubated at 50.0°C
for 15 minutes, interrupted by the addition of 300
uL of dinitrosalicilic acid (DNS). The amount
of total reducing sugars (TRS) released was
determined spectrophotometrically (Novaspec II)
at 540 nm (A). The B-glucosidase (BG) activity
was determined by a commercial kit (Kit Bio
Glucose Liquid, Laborclin, Campinas, Brazil),
following the manufacturer’s instructions, using
2% cellobiose as substrate prepared in citrate
buffer 0.05 mol L™ (pH 5, 0) with GOD (glucose
oxidase-peroxidase) as a colorimetric reagent.
The reducing sugar concentration was determined
spectrophotometrically at 505 nm (A). To determine
the enzyme activity (total cellulase or FP) we used
as substrate filter paper (Whatman® n.1, 7 mm
diameter) with 50 mL of enzyme extract solution
and 50 mL of 0.05 mol L™ (pH 5.0) citrate buffer.
The reaction was incubated for 60 minutes at 50.0°C
and then 300 L DNS were added. Reducing sugars
were measured at 540 nm wavelength (A) in the
spectrophotometer.

For all enzymatic activities, separate controls
were used to discount the absorbance values of
the enzyme extract (enzyme control) and substrate
(reaction control). The absorbance values were
converted to equivalent amounts of glucose, using
standard curve. One enzyme activity unit (U)
was defined as the amount of enzyme required to
produce 1 pmol of glucose mL™" min" under the
assay conditions (U = 1 pmol mL" min™). The
parametric t-test was used to compare means for
normal distribution data at 5% probability. For
statistical analysis we used the PAST program v.
8.2.

MOLECULAR IDENTIFICATION OF FUNGAL
STRAINS

DNA extraction was performed from mycelia of
each isolate. For that, selected strains were grown
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on Potato Dextrose Agar (PDA) at 25.0°C for 7
days in the dark. Genomic DNA was extracted
following Meirelles et al. (2015). The partial
B-tubulin gene was amplified using the primers Bt2a
(5’GGTAACCAAATCGGTGCTGCTTTC3’) and
Bt2b (5 ACCCTCAGTGTAGTGACCCTTGGC
3’) (Glass and Donaldson 1995, Samson et al.
2004). The PCR was performed in a final volume
of 25 L (4 uL of dNTPs [1.25 mM each]; 5 puL of
59 buffer; 1 pL of BSA [1 mg mL"']; 2 pL of MgCl,
[25 mM]; 1 pL of primer [10 mM]; 0.2 pL of Taq
polymerase [5 U IL"], 2 uL of diluted genomic
DNA[1:100] and 8.8 pL of sterile ultrapure water).
PCR conditions were: 94.0°C/3 min followed by 35
cycles at 94.0°C/1 min, 55.0°C/1 min and 72.0°C/2
min. Amplicons were purified using Wizard® SV
Gel and PCR Clean-Up System Kit (Promega)
following the manufacturer’s protocol. Then,
samples were quantified in NanoDrop® (Thermo
Scientific) and subjected to cycle sequencing
reaction using BigDye Terminator® v.3.1 Kit
(Life Technologies), following the manufacturer’s.
The sequencing conditions were: 95.0°C/1 min
followed by 28 cycles at 95.0°C/15 s, 50.0°C/ 45 s,
and 60.0°C/4 min. Forward and reverse sequences
were generated in ABI 3330xI sequencer (Life
Technologies) and assembled into consensus
using the program BioEdit v.7.0.5.3 (Hall 1999).
For the phylogenetic analyses sequences from
Talaromyces and Aspergillus were retrieved from
the NCBI-GenBank database. In order to know
the phylogenetic position of each isolate, three
phylogenetic trees were built (one for each isolate),
then they were merged into a unique tree that shows
the lineages in a more comprehensible way (each
sample maintained its initial phylogenetic position).
The final phylogenetic tree was performed with a
final dataset comprised by 21 B-tubulin sequences
(447bp). For that purpose, our dataset was aligned
using the program MAFFT v.7 (Katoh and Standley
2013) and the tree was built using the neighbor-
joining algorithm with Kimura-2 parameter
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substitution model. A phylogenetic tree was built
using the MEGA v.7 software (Tamura et al. 2011)
and the robustness of the tree was calculated
using 1000 bootstrap pseudo-replicates. The final
phylogenetic tree was edited manually using the
Adobe Illustrator CC v.17.1 program.

The sequences of the B-tubulin gene for
each strain were deposited in GenBank (SDC 1.2
(CBMALI 1894) - MF134411; SDC 2.7(CBMAI
1895) - MF134412 and SDC 2.8 (CBMAI 1926) -
MF134413). GenBank accession numbers for each
strain in the phylogenetic tree are included with
each taxon.

RESULTS

Previous study isolated 20 cellulolytic fungal
strains from the Entrance Zone (7) and the Twilight
Zone (13). The fungal strains were morphologically
identified (by microscopic analysis) as the following
genera: Aspergillus (50.0%), Penicillium (25.0%),
Talaromyces (10.0%), Trichoderma (5.0%),
Purpureocillium (5.0%) and Scopulariopsis (5.0%)
(Paula et al. 2016).

All cellulolytic fungal strains isolated by
Paula et al. (2016) were submitted to submerged
fermentation (data not shown). Only three fungal
strains highlighted in this procedure: SDC 1.2
(Aspergillus sp.5), SDC 2.7 (Talaromyces sp.)
and SDC 2.8 (A4spergillus sp.8) (codes defined in
Paula et al. (2016)). These three strains showed
protein content of the crude enzyme extract ranging
from 0.027 to 0.041 mg mL™" during submerged
cultivation for 168 hours (Table I). In general,
protein concentrations were higher after 96 hours
of culture. The maximum enzymatic activity of
endoglucanses (EC), B-glucosidases (BG) and
total cellulases (FP) are shown in Table 1. Due to
the dissimilarities related to protein content of the
crude enzyme extract for each strain, it was not
possible to make a direct comparison among the
volumetric values (U L™). Therefore, the enzymatic
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activities were expressed as specific activity (U
mg™), considering the protein concentration in the
culture medium (Table II).

The EC activity ranged from 0.11 to 4.76 U
mg"' (Table II). The highest enzyme activity was
found for the strain Aspergillus sp. 5 (SDC 1.2). In
general, the highest enzyme activity values of EC
were expressed after 72 hours of culture (maximum
peak in 144h). Regarding the BG activity, we
verified that this activity was more pronounced
than those for EC, with enzyme activity ranging
from 0.52 to 12.77 U mg™ (Table II). The enzymatic
activities of BG were also obtained after 72 hours,
especially for the strains Aspergillus sp. 5 (SDC
1.2) and Talaromyces sp. (SDC 2.7) that had the
highest one (12.77 and 11.71 U mg, respectively).
The total cellulase (FP) activity ranged from 0.11
to 1.70 U mg™ (Table II). Among all tested strains
the Aspergillus sp. 8 (SDC 2.8) showed the highest
activity of total cellulases (1.70 U mg™).

Analyzing the strains Aspergillus sp. 5 (SDC
1.2), Talaromyces sp. (SDC 2.7) and Aspergillus
sp. 8 (SDC 2.8) (Fig. 1), we observed that only
Aspergillus sp. 8 expressed a continuous enzymatic
activity of the three enzyme classes throughout
cultivation. We observed that the enzymatic
activities of this strain reached their peak at 48
hours (for EC and FP) and 72 hours (for BG),
reducing only slightly its enzymatic activity
during the rest of the growth. Aspergillus sp. 5
expressed the FP activity only at the beginning of
cultivation, and the BG activity showed increased
values of enzyme activity after 72 hours of culture.
Regarding the strain Talaromyces sp. the maximum
activity occurred in 48 and 72 hours (EC and FP,
respectively). Talaromyces sp. showed a peak of
BG activity after 72 hours of cultivation, decreasing
their activity after 120 hours of cultivation.

The strains Aspegillus sp. 5 (SDC 1.2),
Talaromyces sp. (SDC 2.7), Aspergillus sp. 8 (SDC
2.8) and Aspergillus niger 3T5B8 (reference strain)
were grown in a solid state fermentation (SSF),
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TABLE I
Mean and standard deviation of the maximum protein concentration and maximum volumetric activities of
endoglucanases, p-glucosidases and FP during submerged cultivation of fungal strains isolated from Catio cave (numbers
in parenthesis corresponds to the cultivation time in hours).

Strai Proteins Endoglucanases p-Glucosidases FP
rains
(mg/L) (U/L) (U/L) (U/L)
Aspergillus ustus 41.0+£2.2 (168) 109.0+£10.9 (144) 524.0 £ 63.7 (168) 4.0+83 (24)
T”;)’“mmyces 270+ 1.7  (144)  44.0+274 (72) 260063  (168)  7.9+79 (48)
runneus
Aspergillus sp.
ol 1936) 360424  (168) 118.0+ 294  (120) 16.0+3.9 (144)  42.0+65  (120)
TABLE II

Mean and standard deviation of the maximum specific activity of endoglucanases, p-glucosidases and FP during
submerged cultivation of fungal strains isolated from Catio cave (numbers in parenthesis corresponds to the cultivation
time in hours).

. Endoglucanases B-Glucosidases FP
Strains
(U/mg) (U/mg) (U/mg)
Aspergillus ustus 476 +0.47 (144) 12.77 £1.55 (168) 0.11 £0.04 (24)
T‘Z’ammyces 1.87+1.15 (72) 1171+ 0.28 (168) 0.44 +0.06 (48)
runneus
Aspergillus sp.
(CBMAL1926) 3.89 4 0.20 (48) 0.52+0.12 (72) 1.70 £ 0.12 (48)

using wheat bran as substrate and sole carbon
source. Table III shows the results obtained after
48 hours of cultivation. Comparing the enzymatic
activity of wild strains in with our reference strain,
we found that the wild strains stood out in, at
least, one of the evaluated enzyme classes. Strain
A. niger 3T5B8 showed significantly high protein
concentration in relation to wild strains; on the
other hand, there was no statistical difference on
the protein content among the wild strains. The
control culture (CC) showed a protein content of
0.38 mg mL"', demonstrating the contribution of
the wheat bran substrate on the estimated protein
content at the end of cultivation. We considered
the total protein concentration of the crude extract
to estimate the specific enzymatic activity in order
to compare the values obtained between SSF and
SmF. All cellulolytic enzymes expressed lower
values of specific enzymatic activity during SSF
cultivation as compared to SmF cultivation.

An Acad Bras Cienc (2019) 91(3)

Finally, we analyzed the amount of total
reducing sugar (TRS) in crude enzyme extracts
from the end of cultivation (Table III). We found
that the average amount of TRS of the Talaromyces
sp. was higher than the values for 4. niger 3T5B8
(reference strain). However, there was no statistical
difference on the amount of TRS estimated between
Aspergillus sp. 5 and Aspergillus sp. 8§ compared to
the reference one.

Molecular identification and phylogenetic
analysis of the fungal strains that stood out in
relation to their enzymatic activity, resulted in
Aspergillus sp. 5 (SDC 1.2) identified as Aspergillus
ustus (CBMAI 1894), Talaromyces sp. (SDC 2.7)
identified as Talaromyces brunneus (CBMAI
1895) and Aspergillus sp. 8 (SDC 2.8) identified
as Aspergillus sp. (CBMAI 1926) (Figure S1 -
Supplementary Material). Strains were deposited
in the Brazilian Collection of Microorganisms of
Environment and Industry (CBMAI).
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Figure 1 - Enzymatic kinetics of the cellulolytic complex (EC
= endoglucanase, BG = B-glucosidase and FP = cellulose total)
from the three wild type fungal strains Aspergillus ustus (SDC
1.2), Talaromyces brunneus (SDC 2.7) and Aspergillus sp.
(CBMALI 1926- SDC 2.8) grown in submerged fermentation
using microcrystalline cellulose as sole carbon source.

DISCUSSION

Caves are extreme oligotrophic environments
overlooked regarding their diversity and that have
its food chain based in the external source material
degradation. Wherefore we expected to found
fungal strains with cellulolytic activity isolated
from the studied cave. Fungal genera isolated
in this work are the most commonly isolated in
several environments and are already known to
have lytic activity (Ruegger and Tauk-Tornisielo
2004, Jahanger et al. 2005, Fernandes et al. 2008).
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Paula et al. (2016) previously noted that 90% of
the isolated fungi strains in Catdo cave expressed
cellulolytic activity. The percentage of cellulases
producing strains isolated from the cave was higher
as compared with other studied environments.
(Ruegger and Tauk-Tornisielo 2004, Jahanger et al.
2005, Delabona et al. 2012).

After cultivation in SmF, three strains stood
out for their high enzymatic activity: Aspergillus
ustus, Talaromyces brunneus, and Aspergillus sp.
(CBMALI 1926). Aspergillus ustus stood out in EC
activity, which it was 1.34 to 2.80 times higher than
the values expressed by Aspergillus sp. (CBMAI
1926) and Talaromyces brunneus, respectively.
The SSF confirmed for this strain high EC activity.
Jahangeer (2005), studying wild fungal strains,
obtained EC activity values for Aspergillus strains
similar to those reported in our study. The species
Aspergillus ustus is known to have the cellulolytic
enzyme complex, especially endoglucanases
production (Macris and Galiotou-Panayotou 1986,
Shamala and Sreekantiah 1986, Saleem et al. 2013).

The strains Aspergillus ustus and Talaromyces
brunneus showed, respectively, BG activity 38.69
and 35.48 times higher compared to Aspergillus
sp. (CBMAI 1926). When analyzing the results
obtained in the SSF, Talaromyces brunneus showed
greater BG activity in relation to Aspergillus
sp. (CBMAI 1926). However, the enzymatic
activity of BG in both strains (4pergillus ustus
and Talaromyces brunneus) increased after 120h,
reaching its maximum activity in 168 hours of
culture. On the other hand, Aspergillus sp. (CBMAI
1926) decreases the enzymatic activity of BG after
120h of culture. This decrease of BG activity in
Aspergillus sp. (CBMAI 1926) is common because
this enzyme (BQ) is inhibited by the product of
the catalyzed reaction, the glucose (Sorensen et
al. 2013). Studies with Talaromyces, known as
good producer of BG (Moloney et al. 1983, El-
Naggar et al. 2015), showed lower or similar BG
activities than those expressed by Talaromyces
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1.23%+ 0.604 5.79°+2.777 3.39" + 0.489 15.31" + 2.598 1.29°+ 0.336 5.73*+ 1.389 0.79* + 0.684
0.10°+0.017 0.09°¢ £ 0.072

0.03"*+£0.012

B-glucosidase

0.45"+0.236

0.06™ + 0014 0.11*+ 0.083

0.19°+0.121

FP
Proteins (mg/

0.45"+0.048 0.44" +0.042 0.50" + 0.044

0.46" £ 0.045

mL)
TRS (g/L)

2.67"4+0.295 2.94%+0.102
* Values followed by the same overwritten letters in the same line for each enzyme and protein, do not differ statistically (p < 0.05).

3.09" £ 0.093

3.02*£0.072
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brunneus from this study. The cellulase complex of
several fungi is limited by the low BG production,
hydrolysis inhibition by glucose and, in most cases,
by the BGs inhibition by their own substrate, the
cellobiose (Schimid and Wandrey 1987). Analyzing
enzyme kinetics of the selected fungi (Fig. 1),
the profile described above, such as substrate
inhibition, does not fit for Talaromyces brunneus,
reinforcing its potential as a good BG producer.
Few studies have evaluated the cellulolytic activity
of the Talaromyces genus. Overall, Talaromyces
emersoni is the most studied species within this
genus and it is known to have multiple BG enzymes
with high activity related to its cellulolytic complex
(McHale and Coughlan 1981, Murray et al. 2004).
This is the first report on cellulolytic activities in
Talaromyces brunneus.

The strain Aspergillus sp. (CBMAI 1926)
expressed high FP and EC activity and low BG
in SmF and SSF. During SmF, this strain showed
FP specific enzyme activity 15.45 and 3.86 times
higher than Aspergillus ustus and Talaromyces
brunneus, respectively. The FP activity of
Aspergillus sp. (CBMAI 1926) is higher than that
found by other authors in the published literature
(Ruegger and Tauk-Tornisielo 2004, Krogh et al.
2004). Berlin (2005) obtained a maximum FP
specific enzymatic activity of only 1.04 U mg’
protein of an enzyme extract produced by seven
mutant strains of 7richoderma sp. and Penicillium
sp., known as good producers of cellulolytic
enzymes, results much lower than those obtained
for Aspergillus sp. (CBMAI 1926), indicating its
high potential. Even using two genetic markers
for identification (B-tubulin), it was not possible
to identify this strain to species level. Analyzing
the phylogenetic tree (Figure S1), we suggested
that this fungus probably belong to a new species,
due to the low similarity of the gene sequence with
other copies from GenBanck database (< 97.0%)
and the low bootstrap values when building the
phylogenetic tree (being difficult to place it in the
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phylogenetic tree). Although it is an unidentified
species, there are several studies on the xylanolytic
and cellulolytic potential of the genus Aspergillus
(Carmona et al. 1997, Somera et al. 2009, Qaisar
etal. 2014).

In contrast with the literature data, all the
fungal strains studied in this work expressed a
higher specific enzymatic activity during SmF
than SSF (Saqib et al. 2010, Cunha et al. 2012).
We must emphasize that the SSF was performed
in only one temperature and pH conditions, which
may not be the best for all these fungi to synthesize
the enzymes in solid state growth. The enzymatic
activities of wild-type strains found after SSF were
higher, in comparison to the reference strain, at
least in one of the evaluated enzyme classes. Only
the protein content of the wild strains enzyme
extract was less than 4. niger 3T5B8. The wild
strains studied showed a pattern with a lower
protein synthesis and higher enzyme activity in the
raw extract in SSF. So, we can consider that despite
the fact they produce smaller amounts of enzymes,
the efficiency of their cellulolytic enzymes for
hydrolysis is higher in relation to that found for
A. niger strain 3T5B8. Chandra (2007), evaluating
different plant substrates in SSF, reported similar
EC and FP values for A. niger strain, although this
strain showed lower ones for BG, compared with
our results. Using the same growth conditions than
used in our work, Pirota et al. (2013), 4. niger
3T5B8 and Trichoderma reesei Rut-C30 strains
reached enzyme activity values for FP lower than
those expressed by Aspergillus sp. (CBMAI 1926),
proving, once again, the high cellulolytic potential
of this strain.

At the end of the SSF growth, Aspergillus
sp. (CBMAI 1926) showed the lowest TRS
concentration in the enzyme extract, compared
to the other wild and the reference strain. So,
we can conclude that even if the Aspergillus
sp. (CBMAI 1926) has a lower potential in the
saccharification process of the substrate, it can be
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used in enzyme production processes, due to its
high enzyme activity expressed more strongly in
submerged culture. On the other hand, Talaromyces
brunneus showed higher TRS concentrations than
the reference strain, highlighting a good potential
for the saccharification process. The enzyme
production at large scale is usually performed in
SmF because greater stability and control of the
culture conditions can be obtained compared to
SSF (Howard et al. 2003, Singhania et al. 2010).
Thus, such a situation favors the use of Aspergillus
sp- (CBMALI 1926) in industrial production of
cellulolytic enzymes compared to the other strains
tested in this work.

This is the first report on the growth in SmF
and SSF of filamentous fungi strains isolated from
an extreme oligotrophic subterranean environment
with genetic identification and it show a new strain
of Aspergillus sp. (CBMAI 1926) to be described. In
SmF three wild strains stood out, Aspergillus ustus
(SDC 1.2) with high EC and BG activity values,
Talaromyces brunneus (SDC 2.7) with high BG
activity and Aspergillus sp. (CBMAI 1926) (SDC
2.8) with high EC and FP activities with a clear
synergism among the three evaluated enzymes.
Considering the SSF, the wild strains exceeded the
reference strain in relation to the cellulolytic activity
and the best was Aspergillus sp. (CBMAI 1926) for
its high EC and FP values. We observed that, with a
lower protein concentration and a higher enzymatic
activity than the reference strain, these strains have
a more efficient cellulolytic enzyme complex that
can be used in biotechnological processes.
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SUPPLEMENTARY MATERIAL

Figure S1 - The neighbor-joining tree obtained based on
phylogenetic analysis of B-tubulin sequence data. Talaromyces
convolutus was chosen as out-group. Numbers above branches
are bootstrap values and in parentheses are the accession
numbers in GenBank. Only values above 50% are indicated.”
= ex type.
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