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ABSTRACT

Aims: Screening different filamentous fungi for thermostable xylanases and cellulases
that would not be inhibited by xylose and glucose, respectively.

Methodology: Samples of fungi collected in the Atlantic forest region, Minas Gerais,
Brazil, and some fungi from our Culture Collection were used in this screening. All fungi
were grown in liquid media containing 1% sugar cane bagasse (SCB). After that, an
aliquot of the crude broth was incubated at different temperatures (from 4 to 60 °C) in
carboxymethyl cellulose (CMC) or xylan-media plates, for 12 hours. After this period, the
plates were stained with Congo Red. Fungi that presented the best results (larger halos)
were tested for the effect of adding xylose and glucose in the xylanase and cellulases
activities, respectively. Crude extracts obtained from fungi grown in SCB were used for
laccase and lichenase assay.

Results: The screening on agar plates with CMC/xylan presented halos of different sizes.
From all tested fungi, the best cellulase producer was Malbranchea pulchella, which also
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presented the most thermostable xylanase. Penicillium griseofulvum presented bigger
halos at all temperatures tested, but the xylanase lost almost 14% of its stability in higher
temperatures. The effect of xylose and glucose on the enzymatic activities recorded dose-
dependent. It was observed that 20% activation of the enzymes produced by M. pulchella
with 30 mM glucose or 20 mM xylose to cellulase and xylanase, respectively. It was
observed a loss of less than 20% for P. griseofulvum xylolytic activity using 50 mM xylose.
Lichenase was detected in some fungi prospected but laccase was not detected.
Conclusion: Malbranchea pulchella was a good producer of xylanase and cellulase
tolerant to xylose and glucose, respectively. Other studies must be performed with this
fungus so that it can be used in the future for biotechnological purposes.

Keywords: Malbranchea pulchella; xylanase; cellulases; xylose inhibition; glucose inhibition.
1. INTRODUCTION

Microbial enzymes have been commercially exploited and successfully used on industrial
scale to catalyze several chemical processes [1]. In this context, filamentous fungi that are
good enzyme producers are particularly interesting due to their easy cultivation and high
production of extracellular enzymes with large industrial potential [2]. These enzymes may
be applied in detergent, drinks and food, textile, animal feed, barking, pulp and paper,
chemical and biomedical product industries [3,4].

Plant cell wall is a complex structure that surrounds and protects the cell. Its major structural
components are cellulose, hemicelluloses and lignin. The degradation of this complex
structure requires a complete enzymatic system that includes cellulases, xylanases
ligninases and laccase [5]. Cellulolytic enzymes, which hydrolyze cellulose releasing
glucose, can be divided into three categories: endoglucanase (endo-1, 4-B-D-glucanase,
EG, EC 3.2.1.4); cellobiohydrolase or exoglucanase (exo-1, 4-B-D-glucanase, CBH, EC
3.2.1.91) and B-glucosidase (1, 4-B-D-glucosidase, BG, EC 3.2.1.21) [6,7]. Lichenase, a
cellulolytic enzyme, endo-1,3-1,4-B-glucanase, hydrolyzes the internal 1,4-B-glucosyl
linkages when the glucosyl residue is linked at the O-3 position [8]. Xylanases degrade plant
fibers made of xylan hemicellulose releasing xylose monomers or oligomers [3]. They
comprise an enzymatic complex composed by endo-B-1,4-xylanase (1,4-B-D-xylan
xylanohydrolase, E.C. 3.2.1.8), B-D-xylosidase (1,4-B-xylan xylanohydrolase, EC 3.2.1.37),
and acting together with debranching enzymes (esterases) [2]. Laccase (p-diphenol:oxygen
oxidoreductase, EC 1.10.3.2) is a copper-containing oxidase that catalyzes the reduction of
molecular oxygen to water, bypassing a stage of hydrogen peroxide production [9].

Cellulases and xylanases have great potential for industrial application, like bioconversion of
lignocelluloses into fermentable sugar that may be used by yeasts to produce ethanol
[10,11]. Laccase is an interesting enzyme in this context because it may fragment the lignin,
releasing cellulose and hemicelluloses, easing the action of cellulases and xylanases [12].

Brazil has a large diversity of microorganisms due to the fact it comprises a vast physical
territory where there are large areas of forests and vegetal diversity. There is a possibility of
the existence of some fungi that are excellent producers of cellulases, xylanases and
laccases that remain unknown. The aim of this work was to select filamentous fungi from
nature in the region of Uberlandia-MG and from the mycoteca of our laboratory that are good
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producers of xylanases, cellulases and laccases that are thermostable and not inhibited by
their products.

2. MATERIALS AND METHODS
2.1 Microorganism

Filamentous fungi were isolated from decomposing trees in Atlantic forest region, Minas
Gerais, Brazil. Fungal identification was performed at Departamento de Micologia da
Universidade Federal de Pernambuco, Brazil. Stock cultures were maintained at 4°C in oat
extract agar media and constant replications were performed at regular intervals

2.2 Screening on Agar Medium

Filamentous fungi were cultivated for 72 hours at optimum temperature of each fungus in
modified SR [13] liquid medium. Ten milligrams yeast extract and 10 mg of peptone were
added for 100 mL medium. The medium was modified to make a not so rich medium, so the
fungus could grow using mainly the sugarcane bagasse as the carbon source and not yeast
extract. Media were filtrated and used as enzymatic extract. A volume of 10 pL of extracts
was placed inside a cavity of 7 mm diameter made in an agar medium. This medium
contained the same salt solution used for SR medium added with 0.5% (w/v) xylan
Birchwood (SIGMA) or 0.5% (w/v) carboxymethylcellulose sodium salt (CMC) with low
viscosity (SIGMA). The cavity was filled on its base with agar 1% (w/v). These plates (90 mm
x 15 mm) containing about 0.5 cm of agar layer depth were incubated at 30, 40 and 50 °C
for 15 hours and stained with Congo Red [14].

2.3 Xylose and Glucose Effect on Xylanase and Cellulose Activities

Enzymatic assays were done by adding xylose or glucose in different concentrations (0 to 70
mM) in the reaction mixture. The substrate for xylanase was 0.2 % Remazol Brilliant Blue R-
D-Xylan and for cellulose was 0.2 % Remazol Brilliant Blue Carboxymethylicellulose [15].
Both reactions were carried out with 100 mM sodium acetate buffer pH 5.0 and incubated at
50°C for 5 and 30 minutes, respectively. The reaction was stopped with the addition of 2
volumes of ethanol absolute. After centrifugation at 4000 x g for 5 minutes, the absorbance
of the supernatant was read at 595 nm.

2.4 Quantitative Assay for Xylanase Activity

The amount of xylanase produced was measured by using 1% xylan Birchwood, SIGMA, as
substrate [16]. Xylanase activity was assayed in 200 yL of a reaction mixture containing 50
pL of crude broth, 100 pyL of 1% xylan from Birchwood (prepared in 0.1 M sodium acetate
buffer, pH 5.0) and 50 pL of 0.1 M sodium acetate buffer, pH 5.0. The mixture was
incubated at 50°C for 5 min. The reaction was stopped by the addition of 200 yL of 3,
5-dinitrosalicylic acid (DNS) and the contents were boiled for 5 min [17]. The absorbance at
540 nm was read and the amount of reducing sugars released was quantified using xylose
as standard. One unit of enzyme activity is defined as the amount of enzyme that releases 1
pmol of xylose in 1 min under the assay conditions.
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2.5 Quantitative Assay for Cellulase Activity

Cellulase (CMCase) activity was determined by mixing 100 pL of 1% (w/v) Carboxymethyl
cellulose sodium salt, medium viscosity, SIGMA with 0.7 degree of substitution, (prepared in
0.1 M sodium acetate buffer pH 5.0) with 150 yL of crude broth and 50 pyL 0.1M sodium
acetate buffer. The reaction mixture was incubated at 50°C for 30 min. The reaction was
stopped by the addition of 300 pL of 3, 5-dinitrosalicylic acid (DNS) and the contents were
boiled for 5 min. The absorbance at 540 nm was read and the amount of reducing sugars
released was quantified using glucose as standard. One unit of enzyme activity is
defined as the amount of enzyme thatreleases 1 pmol of glucose in 1 min under the
assay conditions.

2.6 Quantitative Assay for Lichenase Activity

B-1,3—1,4-Glucanase activity was assayed by the determination of reducing sugars released
from lichenan substrate (MP Biomedical — Solon, USA) using the 3,5-dinitrosalicylic acid
(DNS) method [17]. The assay mixture (0.5% (w/v) lichenan, 50 mM MES - 2-(N-morpholino)
ethanesulfonic buffer, pH 6.0) was incubated with the crude broth for 10 min and the reaction
was stopped by the addition of DNS reagent. The absorbance at 540 nm was read and the
amount of reducing sugars released was quantified using glucose as standard. One unit of
enzyme activity is defined as the amount of enzyme that releases 1 pymol of glucose
in 1 min under the assay conditions.

2.7 Quantitative Assay for Laccase Activity

Laccase activity was determined by the rate of oxidation of 2,2’-azinobis-(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS), which was monitored at 420 nm ( € = 36000 M~
'em™) [18]. The assay mixture contained crude broth, 1 mM ABTS and 50 mM acetate
buffer, pH 4.5.

2.8 Soluble Protein Assay

Protein content of the culture supernatant was determined according to the method
described by Bradford [19] using bovine serum albumin (BSA) as standard.

2.9 Analysis of Reaction Products by TLC — Thin Layer Chromatography

Xylan and CMC degradation products were qualitatively determined by thin-layer
chromatography (TLC) on precoated TLC sheets (silica gel; DC-Alufolien Kieselgel 60,
Merck) revealed with n-butanol-ethanol-water (5:3:2, vol/vol/vol). The products were
visualized by spraying the layers with a 1:1 (vol/vol) mixture of 0.2% methanolic orcinol and
20% sulfuric acid [20].

3. RESULTS AND DISCUSSION

The screening on agar plates with CMC or xylan media presented many halos with different
sizes (Table 1). This experiment was done to select the fungus that produced enzymes with
the best activities and higher thermostability. From all the tested fungi, the best cellulolytic
enzyme producers were Malbranchea pulchella and Penicillium griseofulvum. Among those,
M. pulchella presented the higher stability at 50°C (Fig. 1 and Table 1), which can be
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indirectly measured by the size of the halo. Since this fungus is classified as a thermophilic
mold [21], this result was expected. The best producer of xylolytic enzymes was Aspergillus
clavatus, that presented bigger halos at all the temperatures tested, but it lost almost 14% of
its stability in higher temperatures (50°C).

Table 1. Diameter of halos produced by the hydrolysis of CMC or xylan from

Birchwood

Specie Halo diameter in CMC (cm) Halo diameter in xylan (cm)

4°C 30°C 40°C 50°C 4°C 30°C 40°C 50°C
M. pulchella 00 1.30+0.1 1.63+0.1 1.82+0.1 010 1.80+0.1 1.94+0.0 2.2210.1
T. longibrachiatum 0 0 1.22+0.1 1.41+0.0 1.01+0.0 010 1.82+0.0 2.05+0.1 2.0310.1
A. clavatus 00 00 1.13£0.1 1.340.1 1.2120.0 2.89+0.1 2.610.0 2.51+0.0
A. terreus albino 0 +0 1.30+0.0 1.50+0.0 1.61+0.0 010 147 +0.0 1.731#0.0 1.7210.0
F. oxysporum 0 +0 1.2 £0.1 1.42+0.1 1.400.1 010 1.01+0.1 1.28+0.1 010
P. griseofulvum 1.0£0.0 1.61%0.1 1.78+0.1 1.61%0.1 0z0 1.62+0.0 1.83+0.0 1.60z0.0
Aspergillus sp 0 +0 1.22+0.1 1.39+0.0 1.0+0.1 010 1.31+0.0 1.51+0.1 1.52+0.1

The experiment was conducted in triplicate.

30°C 40°C 50°C

0000
A A 4

Fig. 1. M. pulchella halos in xylan (A) and CMC (B) after the incubation at different
temperatures. Plates were incubated at the temperatures for 15 hours

The halo detection generated by the enzymatic hydrolysis is an easy and valuable way to do
this screening. There is still a resistance in using methods of screening for filamentous fungi.
Some authors use this technique by inoculating the fungus directly on the plate and
measuring the generated halo [22,23], but this assay is not always straight forward because
depending on the fungus, it may sporulate too much and the spores may spread over the
plate as previously seen in our results (not shown). If this happens, more than a unique
colony will grow on the plate, making it confusing to interpret the results.

Another advantage of our screening method is that it was possible to qualitatively analyze
the thermostability by incubating the plates at different temperatures. It saves time and work
because for the usual screening method it is necessary to incubate a certain amount of
crude broth at different temperatures and only after that the enzymatic activity is measured
[24]. When the value of cellulase activity is low, it will be even more difficult to observe
differences concerning the thermostability.
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3.1 Glucose and Xylose Can Enhance Glycosyl Hydrolase Activities

Another parameter that was interesting to investigate with M. pulchella and P. griseofulvum
was the effect of monosaccharides, the end products of the action of the xylolytic and
cellulolytic complexes. So, those activities were measured with different concentrations of
xylose and glucose, respectively. As M. pulchella was stable at the highest temperature
tested (50 °C, Table 1) and P. griseofulvum presented good results for xylanase and
cellulose activities (Table 1), they were selected to test the effect of monosaccharides
amendment to the reaction mixture. A. clavatus was discarded despite having the highest
activity in xylan but it showed low activity in CMC (Table 1).

The results obtained showed that it seems to exist an activation of the enzymes produced by
M. pulchella (Fig. 2, A). This activation was dose dependent, but on the other hand the
inhibition of these enzymes by their end products (Figs. 2, A and B) was not observed. For
the xylolytic activity of P. griseofulvum and for both enzymatic activities (xylolytic and
cellulolytic) of M. pulchella, it was observed a loss of less than 20% from 20 mM and 40 mM
of the monosaccharides concentration, respectively (Figs. 2, A and B) and from this on their
activities remained constant. However, P. griseofulvum cellulases were inhibited by glucose.
Xiros et al. [25] observed that for Fusarium oxysporum the presence of xylose in
concentrations varying from 1 g/L up to 10 g/L did not inhibited xylanase activity, as it has
been seen for P. griseofulvum in this work (Fig. 2 B).

—=— Xylanase B —a&— Xylanase
140 - —0— Cellulase 140 - —o— Cellulase

120 120
100+ 100
80 80

60 60

Activity (%)
Activity (%)

404 40

204 204

T T T 1
T T T J

0 20 40 60 80 2 an 75 as )
Xylose or Glucose (mM
Y (mM) Xylose or Glucose (mM)

Fig. 2. Xylose or glucose effect on xylolytic and cellulolytic activities, respectively.
This assay was carried out with Remazol Brilliante Blue Xylan or CMC. A -
Malbranchea pulchella; B — Penicillium griseofulvum

3.2 Elucidating the End Products of Xylanases and Cellulases

In order to investigate the hydrolysis products released by the enzymes and to better
understand the effect of monosaccharides on xylolytic and cellulolytic activities, an enzyme
assay using xylan or CMC as substrates was done. After a period of up to 12 hours of
incubation at 50°C, the crude broths were examined by TLC (Fig. 3). The results revealed
that for M. pulchella, xylose was not released even after 12 hours of incubation. However,
glucose was detected with incubation of 12 hours, but not before this time. This may be the
reason that there were not strong negative effects of those sugars over xylanases and
cellulases activities (Fig. 2). Those enzymes are usually inhibited by their direct products
[26], but it was not observed in this work. In order to Penicillium griseofulvum, it was not
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possible to observe the presence of both monosaccharides even after 12 hours of incubation
(Fig. 3). Also, the effect of these sugars over the enzymatic activity did not present a high
inhibition (Fig. 2 B), moreover cellulolytic activity showed a discrete activation with 30 mM
glucose (Fig. 2 B).

A B
e 1G 1X 4% :'-f:'.,l‘.
2X .- S 2X . _;;\1?":"
3X 2G-. 3X R
4x e JKTCR 4X |
sr . 09 il
‘ » ' 5G ' " G . 5 it ) ‘-.} ¥ .[ f(
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M 0 10’ 30'1h 12h M0 10'30'th 12h M 0 10' 30'1h 12h M 0 10' 30'1h 12h

Fig. 3. TLC of xylolytic and cellulolytic enzymes, respectively. A — Malbranchea
pulchella; B - Penicillium griseofulvum. 1 to 4 X represent the monomer xylose and
the oligosaccharides containing 2 to 4 residues of xylose. The same for 1 to 5 G,
except that it is for glucose. M — pattern of the mono and some oligosaccharides. 0 to
12h - time of incubation of the crude broth with the substrate (xylan or CMC)

3.3 Investigation of Lichenase and Laccase Activities

All seven fungi (Table 1) were grown in liquid medium containing sugar cane bagasse as
carbon source because it is a complex source that could allow the screening of xylanases,
cellulases and maybe ligninases. Therefore, screening for lichenase and laccase was also
carried out (Table 2). Results of the xylanase, cellulase, lichenase and laccase activities are
shown in Table 2. A. clavatus presented the highest lichenase activity (an endoglucanase
that hydrolyzes specifically $1-4 linkages followed by B1-3 bonds), followed by A. terreus
albino, F. oxysporum and P. griseofulvum, that presented lichenase activity higher 3 U/mL.
These results are very useful because there is a scarcity of data in the literature regarding
filamentous fungi that secrete lichenases. Laccase was not detected in any fungi, although it
is mainly produced by filamentous fungi [27]. This enzyme was assayed in an attempt to
make a relation between hemicellulosic activities with the degradation of lignin. In this way,
the aim of this experiment was to check if a fungus that possesses laccase activity would be
a better producer for xylolytic and cellulolytic enzymes. Unfortunately it was not possible to
do this kind of comparison since laccase activity was not detected.

As it can be seen in the Table 2, all the fungi analyzed presented high values of xylanase
activity when grown in sugarcane bagasse as the carbon source (Table 2). Souza et al. [28]
found much reduced xylanase activity (smaller than 1 U/mL) when they grew A. niveus in
sugarcane bagasse as carbon source [28], however, Mahamud and Gomes recorded it over
9 U/mL for Trichoderma sp grown with 2% sugarcane bagasse [29]. In order to A. niger it
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was about 3 U/mL, smaller than the values obtained in this work in which the xylanase
activity varied from 6.81 to 19.93 U/mL (Table 2).

The results for CMCase activity were very poor in comparison to the earlier reports in
literature. The activity obtained in this work were lower than 0.2 U/mL (Table 2), while the
literature shows activities varying from close to 0.25 U/mL [28] for A. niger until less than 0.3
U/mL for Trichoderma viride when the fungi were grown in sugarcane bagasse [30]. So it
seems that the fungi tested are not good producers of cellulolytic enzymes when grown in
sugarcane bagasse.

Table 2. Screening of lignocellulolytic enzymes for fungi grown in liquid medium
containing sugar cane bagasse as carbon source

Sample Specie Enzyme Activity (U/mL)
Cellulase Xylanase Lichenase Laccase
M. pulchella  Malbranchea pulchella 0.049 +0.008 9.2 0.3 1.2 £0.09 ND
LF212 Trichoderma ND 11.8 £0.8 2.00.2 ND
longibrachiatum
Acla Aspergillus clavatus ND 19.93 £1.28 5.45 +0.41 ND
Ateralb Aspergillus terreus 0.162 +0.025 10.18 +0.71 3.47 +0.23 ND
albino
FusRosa Fusarium oxysporum 0.070 +0.011 11.78 +0.58 3.64 +0.27 ND
V4 Penicillium griseofulvum  0.032 £0.009 6.81 +0.16 4.44 £0.27 ND
LF32 Aspergillus sp. 0.041 +0.005 9.57 £0.57 2.15+0.11 ND

ND - Not Detected.
4. CONCLUSION

It is important to find good producers of lignocellulolytic enzymes, because of its wide
application. These enzymes may be used in paper and pulp industries, bioethanol
production, animal feed industry, etc. From all tested fungi, Malbranchea pulchella exhibited
the best set of results. It presented pronounced halos in CMC and in xylan, as well as high
thermostability and it was not inhibited by glucose or xylose. Actually, it presented a little
activation in low concentrations of monosaccharides, both for cellulase and xylanase
activities, but did not present inhibition by both sugars. This result is interesting because
Malbranchea pulchella can be used in biorefineries aiming the production of second
generation ethanol.
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