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Abstract

Issues such as fossil fuels and oil supplies have stimulated the search for renewable alternatives
such as biofuels. Agricultural crop residues represent an abundant renewable resource for the fu-
ture of bioethanol. For it to be a viable alternative, the second-generation ethanol which ought to
provide a net energy gain, environmental benefits, should be economically viable, and also be pro-
duced in large quantities without reducing food supplies. The current difficulty of lignocellulosic
biofuel production is the hydrolysis of biomass into sugar. This is a work in which the white-rot
Lentinula edodes fungus secretes substantial amounts of hydrolytic enzymes and is useful for deg-
radation of lignocellulosic biomass which have not been described yet. The objective of this inves-
tigation was to evaluate the pH effect (5, 6 and 7), agitation (0, 100 rpm and 200 rpm) and also the
cultivation time (6, 9 and 12 days). The culture medium was supplemented with agro-industrial
residue and the EF 52 strain of the fungus Lentinula edodes was used as a processing agent. A fac-
torial design 22 repeating the central point was performed. Submerged cultivation was conducted
in a synthetic medium and was incubated at 25°C. The total protein content was determined as
well as the activity of xylanase and cellulase (endoglucanase, exoglucanase and S-glucosidase). By
Pareto diagram, the agitation and pH variables were significant for enzymatic activities. The high-
est enzyme expression occurred at pH values between 5.0 and 6.0 and above 100 rpm agitation.
The exoglucanase was the enzyme which showed the highest activity in terms of cellulases, despite
the cultivation time. Regarding the production of other enzymes and proteins, the most significant
cultivation time was 12 days.

Keywords

Bioethanol, Cellulase, Xylanase, Enzymatic Hydrolysis, Basidiomycetes

How to cite this paper: Chicatto, J.A., et al. (2014) Optimization of the Production Process of Enzymatic Activity of Lentinula
edodes (Berk.) Pegler in Holocelulases. Natural Resources, 5, 241-255. http://dx.doi.org/10.4236/nr.2014.56023



http://www.scirp.org/journal/nr
http://dx.doi.org/10.4236/nr.2014.56023
http://dx.doi.org/10.4236/nr.2014.56023
http://www.scirp.org/
mailto:julianechicatto@hotmail.com
http://creativecommons.org/licenses/by/4.0/

J. A. Chicatto et al.

1. Introduction

Agricultural residues represent great potential in biotechnological resources, mainly due to its low cost, accessi-
bility and compositions of nutrients like carbon, nitrogen and mineral processes. It has been of economic interest
to countries with abundant biomass and agro-industrial residues [1]. If appropriate technology is employed, this
material can be converted into commercial products or raw materials for secondary processes [2].

The lignocellulosic residues are the most abundant in the world and such biomass is huge potential for ob-
taining products of industrial interest such as glucose, ethanol and protein biomass [3].

The production of bioethanol processing of raw material in alcohol therefore called second generation ethanol
process, is made by micro-organisms through anaerobic fermentation of sugar, producing ethanol and CO, as
waste products [4].

The second generation bioethanol produced from lignocellulosic materials is one of the most promising re-
newable energy resources. Bagasse is specifically a raw material of particular interest since it represents a waste
in large quantities in Brazil for being readily available and for having low agricultural value. Current costs of
enzymatic saccharification are among the largest contributors to the total production cost of lignocellulosic
ethanol. A major challenge is to develop efficient and economically viable step [5].

For the bioconversion of lignocellulose biomass to ethanol there is the necessity of enzymes being those pro-
duced by fungi or bacteria [6]. The conversion processes are currently based on empirical knowledge, requiring
further studies on the factors involved in the enzymatic hydrolysis of cellulose, such as: biomass characteristics,
the optimization of pre-treatment as well as enzymatic activity and their mechanisms of action [7].

Filamentous fungi are particularly interesting due to the production of extracellular enzymes, which are of
great technological potential [8]. Thus, the fungus Lentinula edodes (Figure 1) has recognized economic impor-
tance. However, as a white rot fungus, they are also capable of degrading plant material rich in lignin and cellu-
lose, shared with other white rot fungi, which is of great interest to the paper industry and biofuel future.

The cellulase secreted by these fungi is formed by three main components: exoglucanases or cellobiohy-
drolases, endoglucanases or celodextrinases, and celobiases or -glucosidases, being the last one not considered
legitimate cellulases, but playing an important role in the hydrolysis of cellulose. For the hydrolysis of cellulose,
the joint action of endo-exo enzymes occurs as follows: exoglucanases work as exoenzymes that act at the end
of the chains and release cellobiose as the main product; endoglucanases act randomly along the chain and pro-
duce new sites for action of exoglucanases, and f-glucosidases complete the process by the hydrolysis of cello-
biose and other short oligosaccharides glucose [9].

The xylanases have a major role in the hydrolysis of sugarcane bagasse by hydrolyzing xylan, polysaccharide
composed of xylose monomer units, which is a major constituent of hemicellulose [10] [11]. Hemicellulases are
glycosides which catalyze the hydrolysis of polysaccharides in a synergistic action and cellulases promote the
hydrolysis of sugarcane bagasse more efficiently than classes of enzymes alone [12].

The use of bagasse of sugarcane can become viable and reduce the cost of cellulase and xylanase production.

Figure 1. Lentinula edodes EF lineage.
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However, the operating conditions for the fermentation need to be optimized for maximum production in indus-
trial technology.

The classic method of optimization is to change a particular variable and fixed to maintain the other, which is
cumbersome, time consuming, especially when one considers a large number of variables, it may lead to unreli-
able results and inaccurate conclusions. These limitations can be overcome with the use of factorial design,
which allows the simultaneous consideration of the factors’ effects, which optimizes the enzyme activity and al-
lows the achievement of a minimum number of experiments [13] [14].

Thus, factorial designs have been used as reliable for the study of the influence of multiple factors in the pro-
duction of enzymes techniques [15].

The objective of this study was to determine variables which influence the simultaneous production of cellu-
lase and xylanase by Lentinula edodes strain EF 52 using bagasse sugarcane as a substrate by means of factorial
design and submerged cultivation medium.

2. Material and Methods
2.1. Microorganism

The microorganism used in the experiment was the basidiomycete fungus Lentinula edodes (isolated EF 52)
Collection of Work Technology Laboratory Non-timber Forest Products of the Brazilian Agricultural Research
Corporation—National Research Center of Forestry—EMBRAPA (Colombo, PR, Brazil). The experiment was
conducted at the Laboratory of Biochemical Engineering at the Universidade Regional de Blumenau (FURB),
SC, Brazil, where the isolates were grown and maintained in Petri dishes containing Potato Dextrose Agar (PDA)
for seven days in an environmental chamber at 25°C in the absence light and after growth, stored at 4°C.

2.2. Enzyme Production

For the production of enzymes by submerged fermentation, the proposed synthetic medium [16] composed of
0.68 g-L* potassium phosphate (KH,PO,), 0.87 g-L™*, potassium phosphate (K,HPO,), 0.2 g-L™* of magnesium
sulphate (MgSO,-7H,0), 0.2 g-L™* of calcium chloride (CaCl,), 2 x 10~ g-L ™! of zinc sulphate (ZnSQ,), 2 x
102 g-L " of ferrous sulfate (FeSO,), 2 x 10~ g-L ™ of manganese sulfate (MnSO,) were used.

In synthetic medium supplementation with a nitrogen source, ammonium sulfate 0.1 g'L™* and a carbon
source was performed. Was also used agroindustrial residue of sugarcane bagasse to an amount of 30 g-L™* [17].
The residue was washed several times with distilled water, dried in an oven at 60°C for 40 hours and chopped in
a wiley mill to a particle size of 2 mm. The experimental design was a factorial analysis to 22 with the center
point replicated as shown in Table 1. Response variables as the amount of protein, the activity of xylanase, en-
doglucanase, exoglucanase and S-glucosidase were determined by response surface methodology (RSM) by Sta-
tistic software 7.0.

In the independent variables, samples were collected on days 6, 9 and 12.

The submerged fermentations were performed in 250 ml Erlenmeyer flasks containing 150 ml of culture me-
dium. The flasks were closed with cotton gauze wrapped and autoclaved at 121°C for 15 minutes. The culture
medium with five L. edodes pellets remained at 25°C, with different pH and agitation until the twelfth day.

2.3. Enzymatic Activities
The extraction of the enzyme complex was performed by vacuum filtration. The extracts were centrifuged and
stored at 4°C. The xylanase activities were determined by the amount of reducing sugars released from xylan

Table 1. Independent variables, levels and actual values used in the factorial design to study the production of enzymes and
proteins.

Levels
Independent variables
-1 0 1
pH 5 6 7
Agitation (rpm) 0 100 200
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from birchwood [18]. The enzymatic assay was performed using 0.9 ml of 1% xylan and 0.1 ml enzyme extract,
after 5 minutes of reaction the reducing sugars were determined using 3.5 dinitrosalicylic (DNS) [19].

The activities of endoglucanase and exoglucanase were determined according to the method described by Ta-
naka [20]. This method consists in conducting the hydrolysis of a 0.44% solution of carboxymethylcellulose in
sodium acetate buffer 0.05 M pH 5.0 to carboxymethylcellulase activity of the fraction, and a 1.1% suspension
in the same buffer, microcrystalline cellulose (Avicel) to avicelase fraction. The reaction was initiated by adding
0.9 ml enzyme extract in 1 mL of Avicel solution to determine the exoglucanase and 1 mL of the CMC solution
to determine the endoglucanase. The amount of reducing sugars was determined by the DNS method [19].

The activity of S-glucosidase or cellobiose was determined according to Wood and Garcia-Campayo [21].
Where 1 mL of cellobiose, 0.53% (diluted in sodium acetate pH 5.0) was added to 1 mL enzyme and incubated
at 50°C for 30 minutes extract. The reaction was stopped by immersing the tubes in boiling water for 5 minutes.
After transfer to cold water bath, the glucose produced was determined based on the reaction of glucose oxidase-
peroxidase kit using God-Pod.

For all of the enzymatic assays one unit of enzyme activity (U) was defined as the amount of enzyme which
will liberate one pmol reducing sugars (glucose or xylose) per minute at 50°C and the enzyme activity expressed
in UL (U = pmol-mL *minY). The level of significance for studies of protein production and the study of
culture conditions showed a 95% confidence. To validate models analysis of variance was used, checking the
coefficient of determination (R?).

2.4. Total Protein

A volume of 20 pL of each extracts in a test tube and 1 mL of Bradford reagent was added [22]. After two min-
utes the reading was done in a spectrophotometer (Shimadzu UV-1650). The blank was made with 20 pL of wa-
ter and 1 mL of Bradford reagent. To determine the protein concentration of the extracts, the same procedures
were made selecting the standard curve used. The result is given in mg-mL ™.

3. Results and Discussion

According to the experimental data of Table 2, the exoglucanase showed the highest enzyme activities, com-
pared to certain other enzymes. This enzyme variation between values of enzyme activity was 52% (7.97 UI-L™*
to 4.17 UI'L ™), however, the values of enzyme activity were similar for all three periods (5.7 UI'L™), not con-
sidering the process variables (pH and agitation).

The same was observed for A-glucosidase (0.074 UI-L ™) and endoglucanase (0.43 UI-L ), except for the pe-
riod, which was reduced by over 60% with nine days. For xylanase, the average values of the activities were
gradually increasing with time (6 days = 0.15 UI'L™, 9 days = 0.19 UI'L ™ and 12 days = 0.28 UI-L™).

Table 3 shows the effect of the variables on the production of enzymes and proteins. All factors; pH, agitation
and the interaction between them were statistically significant in the enzyme production somehow. The negative
effect indicates an increase of this variable would lead to a decreased production of enzymes.

It was found employing the response surface methodology that with 12 days of cultivation, had the highest
production of xylanase enzyme, 0.90 UI-L™* (Figure 2). However, this was a really isolated situation, indicating
a possible experimental problem because all other treatments showed that agitation is positive for increased en-
zyme activity, particularly at pH values between 5.0 and 6.0 and agitation between 100 and 200 rpm.

Other works with Acremonium sp. EAO810 fungus [23] also found the xylanase as a basic protein as there
was substantial activity in the pH range 4.5 - 8.0, with a maximum activity obtained at pH 6.4. Nevertheless,
some other studies [24] found higher values (0.30 UI-L ) at the highest level of variable agitation (180 rpm).

The change of pH and temperature can improve the production of xylanase considerably [25].

The endoglucanase had higher enzyme activity at pH values above 6.0 and with no stirring, at 12 days of cul-
tivation. The values of pH and agitation showed wide range of reaction (Figure 3). On the other hand, with 9
days of cultivation the enzyme activity was still below the expected value (Figure 4).

The highest activity was 1.01 UL *. Conversely, [24] found values of 0.006 UI-L * in higher levels of agita-
tion, 180 rpm and culturing for 7 days.

Working with L. edodes [26] on solid state fermentation with substrate of wheat straw, the authors found low
production values of endoglucanase enzyme, 0.8 U-g * and [27] [28] in medium supplemented with eucalyptus

residues also found low values.
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Table 2. Experimental results in terms of enzymatic activities and proteins in relation to different values of pH and agitation.

Cultivation time: 6 days

Essay Agitation pH ﬁ-glucos_i?ase Endog Iuc_a}nase Exog Iuc.'itpase Xylanise Protei n_'s1

(rpm) (UI-L™) (UI-L™) (UI-L™) (UI-L™) (mg-mL™)
1 -1(0) -1 (5) 0.06 0.75 5.12 0.08 1.61
2 -1(0) 0 (6) 0.08 0.38 4.99 0.23 157
3 -1(0) +1(7) 0.26 0.45 6.11 0.03 1.65
4 0 (100) -1(5) 0.08 0.55 6.16 0.11 1.72
5 0 (100) 0 (6) 0.02 0.42 5.68 0.35 1.70
6 0 (100) 0 (6) 0.06 0.38 6.01 0.11 1.83
7 0 (100) 0 (6) 0.07 0.36 6.23 0.11 1.74
8 0 (100) +1(7) 0.06 0.53 6.01 0.15 1.75
9 +1 (200) -1(5) 0.12 0.27 5.65 0.12 1.72
10 +1 (200) 0 (6) 0.09 0.28 6.18 0.39 1.81
11 +1 (200) +1(7) 0.04 051 5.36 0.07 1.78

Cultivation time: 9 days

Essay Agitation pH ﬁ-glucos_i?ase Endog Iuc_a}nase Exog Iuc.'itpase Xylanise Protei n_'s1

(rpm) (UI-L™) (UI-L™) (UI-L™) (UI-L™) (mg-mL™)
1 -1(0) -1 (5) 0.08 0.26 5.32 0.24 1.92
2 -1(0) 0 (6) 0.07 0.45 5.77 0.19 1.85
3 -1(0) +1(7) 0.04 0.23 5.74 0.15 1.82
4 0 (100) -1(5) 0.05 0.37 498 0.16 1.80
5 0 (100) 0 (6) 0.06 0.35 6.65 0.14 1.80
6 0 (100) 0 (6) 0.05 0.31 5.69 0.39 1.81
7 0 (100) 0 (6) 0.04 0.29 2.39 0.22 1.73
8 0 (100) +1(7) 0.09 0.31 4.80 0.21 1.83
9 +1 (200) -1(5) 0.09 0.11 7.97 0.33 1.84
10 +1 (200) 0 (6) 0.10 0.29 6.02 0.04 1.82
11 +1 (200) +1(7) 0.07 0.17 5.95 0.08 1.90

Cultivation time: 12 days

Essay Agitation pH ﬁ-glucos_i?ase Endog Iuc_a}nase Exog Iuc.'itpase Xylanise Protei n_'s1

(rpm) (UI-L™) (UI-L™) (UI-L™) (UI-L™) (mg-mL™)
1 -1(0) -1 (5) 0.11 0.29 5.70 0.34 1.92
2 -1(0) 0 (6) 0.07 0.31 5.72 0.00 1.88
3 -1(0) +1(7) 0.06 1.01 6.40 0.90 1.94
4 0 (100) -1(5) 0.09 0.29 5.89 0.23 1.86
5 0 (100) 0 (6) 0.09 0.31 5.71 0.07 1.93
6 0 (100) 0 (6) 0.05 0.38 6.26 0.17 1.93
7 0 (100) 0 (6) 0.07 0.22 6.53 0.16 2.05
8 0 (100) +1(7) 0.09 0.54 6.00 0.10 2.01
9 +1 (200) -1(5) 0.07 0.43 417 0.50 2.00
10 +1 (200) 0 (6) 0.07 0.46 6.25 0.42 2.00
11 +1 (200) +1(7) 0.01 0.46 4.23 0.27 1.93

Elisashvilli et al., [29] cite it is already known that the type and composition of the lignocellulosic substrate
appears to determine the amount of enzyme produced by white rot Basidiomycetes fungi.
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Table 3. Estimated effects of the independent variables in the production of enzymes and proteins.

Days Enzymes Parameters Effects  Standard error t(2) p Ifni?f(lggg;i ) m’mgg;e, )
Media 0.382 0.015 25.698 0.002 0.318 0.446
G Agitation (L) -0.172 0.024 —7.281 0.018 —0.274 -0.071
pH (Q) 0.320 0.036 8.787 0.013 0.163 0.477
6 lLby2L 0.276 0.029 9.508 0.011 0.151 0.401
EX Media 6.004 0.145 41.541 0.001 5.382 6.626
p-G lLby2L —0.140 0.028 —4.962 0.038 —0.260 —0.019
P Media 1.754 0.036 48.828 0.000 1.599 1.908
EG Media 0.357 0.017 21.390 0.002 0.285 0.428
Agitation (L) -0.122 0.027 —4.595 0.044 —-0.236 —0.008
’ p-G Media 0.060 0.006 9.702 0.010 0.033 0.087
P Media 1.781 0.023 78.668 0.000 1.684 1.878
Agitation (Q) 0.426 0.065 6.581 0.022 0.148 0.705
X pH (Q) 0.340 0.065 5.242 0.035 0.061 0.618
lLby2L —0.395 0.052 —7.661 0.017 —-0.617 -0.173
Media 0.293 0.041 7.100 0.019 0.115 0.470
12 EG pH (L) 0.333 0.066 5.076 0.037 0.051 0.616
lLby2L —-0.351 0.080 —4.370 0.049 —0.698 —-0.005
EX Media 6.301 0.214 29.478 0.001 5.381 7.221
p-G Media 0.079 0.008 9.846 0.010 0.044 0.113
P Media 1.962 0.036 55.112 0.000 1.809 2.115
1.2
1.0
‘é 0.8
2 0.6
E 0.4
0.2

Figure 2. Response surface for purposes of agitation and different pH on the xylanase
production at 12 days of cultivation on L. edodes.
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Figure 3. Response surface for purposes of agitation and different pH on the
production of endoglucanase with 12 days of cultivation, EF for 52 strain of L.
edodes.

Figure 4. Response surface for purposes of agitation and different pH on the
production of endoglucanase with 9 days of cultivation, EF for 52 strain of L.

edodes.



J. A. Chicatto et al.

Differently from the endoglucanase, exoglucanase to the 9th day of culture produced higher enzyme activities
as shown in Figure 5. For this enzyme, values closer to pH 5.0 and agitation above 150 rpm were the values of
process variables which stood out.

For exoglucanase enzymethere happened an increase in the production, 7.97 UI-L™* that gave the lowest pH
(5). Sales et al., [24] obtained the highest exoglucanase activity of 0.0017 UI-L * in the low pH in the experi-
ment (6).

Almeida, [23] produced and characterized cellulases and hemicellulases of the fungus Acremonium sp. in
submerged culture using bagasse and obtained a higher cellulase activity at pH 6 corroborating data from the
present study.

In the study by Rodrigues [30], total cellulase showed better results at pH 4.0, using the fungus Aspergillus
niger and as a carbon source Brachiaria Brizantha.

For the enzyme f-glucosidase, activity values were very low ranging from 0.01 to 0.26 UI-L™, as shown in
Table 2. In Figure 6, it is observed that the higher the pH and agitatiothe bigger the enzyme activity. On the
12th day of culture, the activity had virtually no variation independently of treatment, and the higher the pH and
stirring, the lower the activity (Figure 7).

The highest results of the enzyme p-glucosidase, 0.12 UI'L™ were obtained in the shortest period of cultiva-
tion (6 days) and lower pH (5), [30] also found higher enzyme activity for g-glucosidase at pH 5.

Comparing the results with the fungus Aspergillus [24] grown on sugarcane bagasse obtained 0.64 UI'L™,
also with the lowest pH (6) and shorter cultivation (3 days).

Various strains and species of micro-organisms have been studied for the production of cellulases on different
sources of carbon, nitrogen, pH and agitation. The Trichoderma reesei, one of the most studied species for the
production of cellulolytic enzymes, was important for increased production of g-glucosidase. Yet, this species
does not produce great quantities of g-glucosidase, which justifies the use of mixed cultures for the most effi-
cient cellulase production [15].

For proteins, agitation and pH were very important variables. But the amounts of proteins had little variation
(1.57 mg'mL " to 2.05 mg-mL ™), regardless of the treatment and the time of culture, as seen in Table 2. The pH

(. T10) oseueon[Soxyg

Figure 5. Response surface for purposes of agitation and different pH on the
production of exoglucanase with 9 days of cultivation, EF for 52 strain of L.

edodes.
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Figure 6. Response surface for the effects of agitation and different pH on the
production of g-glucosidase with 6 days of cultivation at EF 52 strain of L.
edodes.
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Figure 7. Response surface for the effects of different agitations and pH on
the production of g-glucosidase, with 12 days of cultivation in the EF 52
strain of L. edodes.

did not influence the production of proteins in the sixth day of culture, unlike agitation (Figure 8). Still, the in-
fluence of pH was manifested after 12 days of culture (Figure 9).
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Figure 8. Response surface for purposes of agitation and different pH on protein
production at 6 days of cultivation at EF 52 strain of L. edodes.
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Figure 9. Response surface for purposes of agitation and different pH on the produc-
tion of proteins with 12 days of culture at EF 52 strain of L. edodes.
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In studies with the L. edodes fungus [31] in solid-state fermentation, the medium had an initial pH close to 5.0,
a statistically significant decrease occurring at that value after the start of growth of Lentinula. Tests used for
quantification of enzyme buffer at pH 4.5, which led to believe that pH values near that assist in the stability of
the enzymes. Although the pH of the medium has fluctuated throughout the growth of the fungi was maintained
between 3.6 and 4.6.

Santos et al., [32] reports that some species of basidiomycetes have a self-regulating feature of pH with a
tendency to stabilize the value of the optimal pH for growth, regardless of the initial value.

The Pareto diagram demonstrates the significant effect of the variables that are highly dependent enzymes and
which are being studied. In culturing for 6 days, in addition to agitation, and pH, the linear pH with agitation
were significant for the production of endoglucanase enzyme, Figure 10. Although the cultivation of 6 days, the
linear effect of pH along with the agitation also showed significant effects on the production of the S-glucosi-
dase enzyme (Figure 11).

At 9 days cultivation, the agitation was only significant for any purpose in this case to produce endoglucanase
(Figure 12).

For the cultivation time of 12 days, the pH and the pH along the linear agitation were significant for the en-
doglucanase enzyme production (Figure 13). Regarding the production of xylanase where the pH, agitation and
interaction between these variables were also significant for the production of this enzyme (Figure 14).

4. Conclusions

The pH and agitation are important variables in the production process of enzymes. However, the pH values
tested are within a very narrow range, compromising obtaining responses that effectively indicate the best proc-
ess condition.

The pH is a determinant variable for the performance of enzymatic activity and, given the studied condition,
the responses of enzyme activity were limited.

(1) Agitation (L)

Agitation (Q)

(2)pH@L) |

p=0.05

Figure 10. Pareto factorial design for the influence of stirring and pH on enzyme production by endoglucanase L.

edodes with 6 days of cultivation.
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