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Abstract: This study provides a detailed analysis of the lignocellulolytic activity
of a new isolate Stereum gausapatum F28, a Serbian autochthonous fungi, on
beechwood sawdust supplemented with cheap waste, sugar beet molasses still-
age. Advanced multiple response optimization techniques were applied to imp-
rove ligninolytic and reduce hydrolytic activity as a requirement for potential
biorefinery use. The applied techniques were supposed to select cultivation
conditions that would give manganese peroxidase and laccase activities above
0.84 and 0.12 U g'! substrate, respectively, and cellulase and xylanase activities
below 1.12 and 1.4 U g'! substrate. The optimal cultivation conditions that met
the set requirements included molasses stillage concentration of 10 %, substrate
moisture content of 53 %, incubation temperature of 23.5 °C, and pH 5.2. The
research showed that the addition of molasses stillage had a positive effect on
enzyme production and that the optimal stillage concentration differed depend-
ing on the enzyme type (for laccase it was <5 %, manganese peroxidase ~12 %,
cellulase =21 % and xylanase =16 %), which should be taken into consider-
ation when optimizing the desired process.

Keywords: response surface method; genetic algorithm; fungi; biomass; enz-
ymes.

INTRODUCTION

The growth of enzyme usage in industry has increased the demand for novel
microbial strains that could be used for the productions of various enzymes to
meet the current requirements.! Wood-decay fungi are recognized as organisms
suitable for the production of the industrially valuable enzymes laccase (EC
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1.10.3.2), manganese-dependent peroxidase (MnP; EC 1.11.1.13), versatile per-
oxidase (VP; EC 1.11.1.16), lignin peroxidase (LiP; EC 1.11.1.14), cellulase (EC
3.2.1.4), xylanase (EC 3.2.1.8), and other hemicellulases. These fungi have been
extensively examined for application in wastewater treatment, in the pretreatment
of biomass to facilitate its conversion to value-added chemicals, and production
of lignocellulose-degrading enzymes, which can be used in various processes in
the pulp and paper industry, food and beverage, personal care, healthcare, phar-
maceutical and other industries.?3

The application of fungi in the production of enzymes and other industrially
and commercially valuable products from lignocellulosic waste and by-products
from various industries has been emphasized in recent years. Lignocellulose has
attracted attention as it is a renewable and inedible material that is generated in
large amounts every year; the agro-industry alone produces about 5 billion metric
tons of lignocellulosic waste per year.! By-products from various industries pose
a danger to the environment; the demands for proper management of this waste
have increased, thus enforcing the development of new technologies based on
natural systems or processes to remove, purify, or convert this material into
value-added products. However, for some agents, such as molasses stillage (MS)
— a by-product of the alcohol industry that generates 8—15 L of MS per L of
produced alcohol — adequate applications and disposal are still being sought.
The potential solutions include its use as a substrate or a supplement in a lingo-
cellulosic substrate for enhancement of fungal enzyme production (laccase, amyl-
ase, xylanase).>~7 Still, to recommend the use of this agent in the industry, new
fungal isolates have to be examined, and particularly the influence of this agent
on their enzyme production/activity.

Enzyme production and product quality can be improved using proper opti-
mization techniques in the production process or system. Biological processes
contain a large number of natural variations.® Different parts of a complex net-
work of microbial reactions are affected by various environmental/cultivation
factors and factor interactions, making the formulation of appropriate conditions
difficult. Increased knowledge about the examined system or process and the reli-
ability of experimental data are prerequisites for overcoming the mentioned dif-
ficulties, which can be accomplished by appropriate experimental design and
statistical evaluation of the collected results.8 The optimization methods can be
divided into traditional (one factor at a time) and advanced (statistical/mathemat-
ical).® Traditional methods are still used in the initial research to determine the
composition of the appropriate medium for the production of a new metabolite or
when a new organism is used in the production of an already known metabolite.
Advanced methods involve the application of experimental design, in which the
experimental phase enables determination of potentially influential factors and
development of a predictive model that can be used to optimize factor settings
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that give the best value of the response variable.” The advanced methods can be
used for the optimization of single or multiple responses. Optimization of a
single response usually involves the application of response surface methods
(RSM), such as central composite design (CCD) or Box—Behnken design (BBD),
while for multiple response optimization, often used methods include desirability
function and/or evolutionary algorithms (among which genetic algorithm (GA) is
the most often used), or artificial neural networks.!0 This research used CCD of
RSM, desirability function, and GA to evaluate the influence of factors and factor
interactions on the laccase, manganese peroxidase (MnP), cellulase, and xylanase
activity of a fungal isolate, create predictive models, and optimize the cultivation
conditions.

The aim of the present research was a detailed analysis of the lignocellulo-
lytic activity of S. gausapatum F28, a novel Serbian autochthonous fungal iso-
late, with the purpose of application in various biotechnological processes — from
enzyme production to the pretreatment of lignocellulose. The study examined the
effect of MS on the lignocellulolytic activity of this fungus to assess the possi-
bility of using this agent as a supplement to improve the production of lignino-
lytic or hydrolytic enzymes. The research also examined the possibility of steer-
ing the lignocellulolytic activity of this isolate into the desired direction using
advanced optimization methods.

EXPERIMENTAL
Organism and substrate

This research examined an isolate Stereum gausapatum F28 collected in southern Serbia
(previously identified using molecular methods,!! its DNA sequence was deposited in the
NCBI GenBank database under the accession number KY264753!1). The lignocellulosic sub-
strate was beechwood sawdust obtained from a local sawmill. Sugar beet molasses stillage
(MS) was a waste obtained from the local alcohol industry.

Inoculum preparation and cultivation conditions

The active culture was maintained at 30 °C on malt extract agar and every 2—3 weeks
transferred to a fresh agar. The inoculum was prepared on an inoculum agar medium (the pre-
cise composition was given in a previous research®). Three mycelial discs, approximately 10
mm in diameter each, were taken from the edge of 7-day-old inoculum culture and transferred
to 100-mL Erlenmeyer flasks containing 4.5 g dry substrate mass of the lignocellulosic sub-
strate. The dry substrate mass was determined using the NREL/TP-510-42621 protocol.!2 The
substrate moisture was adjusted using diluted MS (MS concentrations and moisture content
are given in Table S-I of the Supplementary material to this paper) or distilled water. The sub-
strate was autoclaved for 30 min before inoculation.

Enzyme extraction and assays

The enzymes were extracted with 50 mL of distilled water, which was added to Erlen-
meyer flasks and subsequently shaken for 40 min at 220 rpm and 25 °C, and then filtered
through a Whatman No. 1 filter paper and centrifuged at 4185g using a Z-206-A high cap-
acity, compact centrifuge (Hermle Labortechnik GmbH, Wehingen, Germany). The extracts

Available on line at www.shd.org.rs/JSCS/

(CC) 2022 SCS.



440 JOVIC, HAO and MOJOVIC

were stored at 4 °C until use. Enzyme activity assays were conducted within 24 h of the
extraction on a Ultrospec 3300 pro spectrophotometer, Amersham Biosciences Ltd., Little
Chalfont, UK. The laccase activity was determined using the guaiacol assay, the MnP and VP
activities using the Phenol Red assay and the LiP activity using Azure B. These assays were
performed according to the procedures provided in the research of Jovié at al.'! Cellulase
(CMCase) and xylanase activity were measured using a modified dinitrosalicylic acid (DNS)
reagent method proposed by Miller following the procedure described in detail in the research
by Jovi¢ at al.’

Experimental design and optimization

Response surface method. A central composite design (CCD) of the response surface
method (RSM) was used to examine the influence of four factors (MS concentration, substrate
moisture, temperature and pH) and factor interactions on the ligninolytic and hydrolytic acti-
vity of S. gausapatum F28. The factors were selected using fractional factorial design before
RSM. The CCD of RSM had two blocks, i.e., a factorial block that contained 24 full factorial
design (16 star points) and four replicates in the center point, and an axial block with eight
axial points and three replicates in the center point. The response values were obtained in 31
experimental runs. The studied system was described using a second-order polynomial equat-
ion (Eq. (1)) for each examined response:

Y= By + TP + hipeip; + Eip (D
where i =1,2,....,kandj=1,2,....,k.

In Eq. (1), Y is a response, x;/x; are coded value of the i factor, k is the number of
examined factors, and fy, B, f; and f; are the second order regression coefficients. Each
factor was examined at five different levels (-2.098, —1, 0, 1, 2.098). The actual and coded
values of the examined factors are given in Table S-1.

Linear regression analysis and diagnostics (R? value and diagnostic plots), ANOVA, and

“adequate precision” (AP, calculated by Eq. (2)) were used to examine the model quality:

AP = (max(Y) — min(Y))/(N(pa*/n)) )
where Y is prediction at the run settings, p is the number of terms in the model, 2 is the mean
square of residuals, and # is the number of runs in the design.

Optimization using desirability function and genetic algorithm. A combination of desir-
ability function and GA was used for the optimization of the lignocellulolytic activity of S.
gausapatum F28. Two types of individual desirability functions were used, i.e., the trans-
formation of maximization for ligninolytic activities and transformation of minimization for
hydrolytic activities.

Software and statistical analysis. The software used for the design analysis was R studio
version 1.3.959, and R language version 3.6.3,'3 and R packages RSM,'# desirability!> and
GA.!6 The values were expressed as mean + standard deviation. ANOVA was used for com-
parison of the mean values. Differences were considered significant at p < 0.05.

RESULTS AND DISCUSSION
S. gausapatum is the primary colonizer of oak,!” capable of producing vari-
ous lignocellulose degrading enzymes. The enzymes of its lignocellulolytic sys-
tem have been largely identified to date. Still, changes in its lignocellulolytic sys-
tem have been insufficiently studied, both under different cultivation conditions
and different incubation durations, and the information about the utilization of
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waste material in lignocellulolytic enzyme production is limited. Understanding
these changes could facilitate as well as improve the precision of the application
of S. gausapatum in specific industrial processes, such as biomass conversion or
enzyme production. This research examined the MnP, laccase, cellulase and
xylanase activity on beechwood sawdust supplemented with MS. The LiP and
VP activities were excluded as less relevant components of the lignocellulolytic
system of S. gausapatum F28 for lignin degradation based on the screening ana-
lysis (fractional factor design), which showed that these activities were at the sta-
tistical error level, or under certain conditions completely undetectable.

Response surface method, model design, and model quality analysis

The influences of the examined factors and factor interactions on the activity
of laccase, MnP, cellulase and xylanase were investigated using CCD of RSM.
The CCD matrix and the predicted and measured response values of general lac-
case, MnP, cellulase, and xylanase activities and activities per dry substrate mass
are given in Tables S-II, S-IIA, S-III and S-IIIA of the Supplementary material.
To explain the correlation between the response variables and factors, second-
-order polynomial equations were created (Eqs. (S1)—(S4) in the Supplementary
material) — laccase activity model (Eq. (S1)), MnP activity model (Eq. (S2)),
cellulase activity model (Eq. (S3)), and xylanase activity model (Eq. (S4)).

The applied analysis of regression coefficients and model quality revealed
that the generated models needed improvements, and that the effect of blocking
was statistically significant in the case of the hydrolytic activities, but not in the
case of ligninolytic activities. Statistically insignificant terms were removed gra-
dually until the minimal adequate models with an improved quality and predict-
ability were gained (Eqs. (S1)—(S4)). After each term removal, a model quality
check was performed. A particular statistically-not-significant term would be ret-
ained in the equation only if the analysis revealed that its removal impaired the
model quality and predictability (Tables S-IV-S-VII of the Supplementary mate-
rial). The term removal reduced the R2-value of the models to some extent (Table
S-VIII) and lowered the difference between the R2? and the adjusted R? of the
obtained minimal models (Table S-I1X). Diagnostic plots confirmed the assump-
tions of the regression (linearity, normal distribution, homoscedasticity and pre-
sence/absence of influential data points). The plots are presented in Figs. S-1-S-4
of the Supplementary material, while the calculated 4P-values confirmed good
signal (Table S-1X), which indicated a good quality of all four minimal adequate
models.

Influence of the examined factors on the ligninolytic and hydrolytic activity

The influence of factors and factor interactions on the ligninolytic and hyd-
rolytic activities of the fungal isolate was examined and visualized using contour
plots. The contour plots were created by plotting the response values against any
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two independent variables while keeping the other variables at their central (0)
level. It was revealed that the MS concentration and substrate moisture had the
greatest influence on the ligninolytic and hydrolytic activity.

The laccase model is a min—max function with stationary points at an MS
concentration of 16.6 %, a substrate moisture of 67.9 %, a temperature of 24.5
°C, and a pH of 6.4. The contour plots show that high laccase activity could be
obtained at higher temperature (above 25 °C), low MS concentration (below 5
%), pH around 5.5, and substrate moisture between 70 and 80 % (Figs. S-6a and
c and S-7 of the Supplementary material). Stationary points obtained for the MnP
activity — an MS concentration of 12.62 %, a substrate moisture of 70 %, a tem-
perature of 27.5 °C, and a pH of 5.6 — are points of maximum; hence, they
represent the optimal cultivation conditions for MnP activity (Figs. S-6b and d
and S-8). In general, lower values of temperature and substrate moisture are exp-
ected for MnP production.’ However, the optimal temperature depends on the
fungal species or strain, and it can vary from 25 (recorded for some species such
as Trametes hirsuta>-18) to 35 °C (for species such as Trametella trogiil®).
According to the studies conducted by Humphrey and Siggers, and Herrick,!9-20
S. gausapatum is a species that grows at lower temperatures. Its optimal growth
temperature is around 24-25 °C, but it can grow at temperatures between 5 and
33 °C, although at maximum or minimum values of this range, it grows very
little, while at 38 °C, its growth is completely inhibited. In this research, S. gaus-
apatum F28 grew poorly at 33 °C, while at 37 °C, its growth was completely
inhibited. Therefore, the optimal temperature for laccase production could be
expected at temperatures up to 30 °C.

The optimal substrate moisture for the production of ligninolytic enzymes
also depends on the fungal species. Different studies reported good ligninolytic
enzyme production at a substrate moisture content between 65 to 90 %,21.22
while the optimal moisture content for fungal growth and biomass utilization can
range from 3022 to 90 %.2! The level of the initial substrate moisture influences
the production of ligninolytic enzyme, more specifically, the type of ligninolytic
enzyme. A higher moisture level (80—90 %) is often reported as more suitable for
laccase production,>-11.21 while a lower moisture level (50-65 %) for MnP pro-
duction.>21 A good production of ligninolytic enzymes is often reported at pH
5.22 MS is not extensively examined as a supplement for the production of lig-
ninolytic enzymes. A previous study with Trametes hirsuta F13 showed that a
high concentration of this agent (above 20 %)° was required for laccase pro-
duction. In the case of S. gausapatum F28, examined in the current research, the
laccase production requires a low concentration of this agent (below 5 %), while
the optimal MS concentration for MnP production obtained for S. gausapatum
F28 (12.62 %) was close to that obtained for T. hirsuta F13 (14.36 %).5 The
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optimal concentration of MS required for the production of laccase may depend
on the fungal species.

According to the performed RSM analysis, only two factors had a statis-
tically significant influence on the cellulase activity, i.e., the MS concentration
and the substrate moisture. The stationary points obtained for the cellulase acti-
vity model — MS concentration of 21.58 % and substrate moisture of 82.76 % —
were the points of maximum and represent the optimal conditions for cellulase
production (Fig. S-5d). Three factors had a statistically significant influence on
the xylanase activity, i.e., the MS concentration, the substrate moisture, and pH
(Fig. S-5a—c). The stationary points obtained for the xylanase model were also
the points of maximum, which indicates optimal cultivation conditions. These
conditions included an MS concentration of 16.26 %, a substrate moisture of 70
%, and a pH of 5.6. The moisture content is a critical parameter for the pro-
duction of cellulases and xylanases, and depending on the fungal species and
origin of the lignocellulosic substrate, the optimal moisture content could vary
from 60 to 80 %.23 The optimal pH value also depends on the fungal species; pH
values between 4 and 6.5 are often reported as optimal for the production of
hydrolytic enzymes.23-24 Studies that examined the use of stillage in the product-
ion of fungal cellulase or xylanase are still rare. In a study conducted by Acharya
et al.,” an increase in the concentration of anaerobically treated distillery spent
wash improved cellulase production by Aspergillus ellipticus. In the study con-
ducted by Shahryari,® the addition of tin stillage from a residual stream of the
whole-wheat ethanol process positively affected the production of xylanase by
Neurospora intermedia. The influence of MS on the fungal production of xyl-
anase has not hitherto been reported. According to the results obtained in the cur-
rent research with S. gausapatum F28, the addition of the appropriate MS con-
centration can improve the production of xylanase and cellulase. However, a
higher MS concentration is required for the production of cellulase (=21 %) than
for xylanase production (=16 %).

Optimization of the lignocellulolytic activity

The optimization process took into consideration changes in the enzyme
content under different cultivation conditions and the role and importance of cer-
tain lignocellulolytic enzymes in biomass degradation. The aim was to determine
cultivation conditions that would promote ligninolytic and reduce hydrolytic act-
ivities, bearing in mind the potential application in the pretreatment of lingocel-
lulosic biomass. Variations that exist among lignocellulose of different origins
and the complex structure of this material make selection and optimization of a
proper pretreatment method difficult. However, some requirements, such as effi-
cient lignin removal and recovery of a high percentage of holocellulose, apply to
all pretreatment methods.25 In the case of the biological process, the production
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organism would need a certain amount of consumable carbohydrates to survive
during the pretreatment, which further complicates process optimization.

The dominant ligninolytic activity of S. gausapatum F28 on beechwood saw-
dust supplemented with MS was MnP activity. This enzyme is crucial for the ini-
tial lignin degradation.2® The optimization goal was to improve ligninolytic acti-
vity; yet, the research showed that different cultivation conditions promoted lac-
case or MnP activity, but not both simultaneously. However, the differences obs-
erved with S. gausapatum F28 were less extreme than in a previous study with 7.
hirsuta F13.5

The optimization took the next best approach by prioritizing MnP production
and adjusting laccase production accordingly. The laccase activity values varied
between 0.04 and 0.24 U g! of dry substrate, but the most common activity
values ranged between 0.11 and 0.17 U g-l. Under the conditions that yielded
moderate laccase activity (0.12-0.17 U g-1), a fairly high MnP activity was obs-
erved (>0.84 U g!). The cultivation conditions that yielded laccase activity
below 0.06 U g1 were hostile for ligninolytic and hydrolytic enzymes. It was
also noticed that, under the conditions that yielded laccase activity above 0.17 U
g1, the recorded MnP activity was extremely low (the values were below 0.34 U
g1, see Table S-II). Laccase and MnP activity values of 0.12 and 0.84 U g1,
respectively, were chosen as the desired minimum activities and set as lower
limits in the function of maximization. The values were selected based on the
obtained results, observations, and the enzyme importance for lignin degrad-
ation.26 The chosen upper limits of MnP and laccase activities were the values
that, when transformed by the function of maximization, gave the highest pos-
sible value below 1 to enable the selection of a single and objective solution. The
scale factor for the laccase model was set at 0.1 to slow growth toward 0.17 U g1,
The scale factor for the MnP model was set at 3 to enable rapid achievement of
high MnP activities.

The function of minimization was used to lower the cellulase and xylanase
activity. A cellulase activity of 1.12 U g~! and a xylanase activity of 1.4 U g!
were set as the upper limits. Each of them makes about 40 % of the highest
achieved corresponding activity value (Table S-II). These values were selected
based on the RSM analysis as the values that would not jeopardize achieving an
MnP activity above 0.84 U g-!. The lower limits were chosen as values that,
when transformed by the function of minimization, give the highest possible
value below 1. As the production organism requires some sugar from the sub-
strate to survive, the fast achievement of too low activity values could be
counterproductive, therefore, the scale factors were set at 0.1.

The cultivation conditions selected using a GA were an MS concentration of
10 %, a substrate moisture of 53 %, a temperature of 23.5 °C, and a pH of 5.2.
These conditions were expected to yield a laccase activity of 0.13 U g~1, an MnP
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of 1.28 U g1, a cellulase value of 0.93 U g, and an xylanase value of 1.27 U g1
The overall desirability value was 0.568 (Fig. S-9 of the Supplementary mate-
rial).

Validation of the predicted optimum and importance of molasses stillage

The optimal cultivation conditions gave the following activity values: lac-
case 0.17+0.01, MnP 1.05+0.05, cellulase 1.11+0.05 and xylanase 1.40+0.12 U
g1, The differences between experimental and predicted values were not sta-
tistically significant (p > 0.05; Fig. 1).

15 p=0512
p=0.755

o p=0.126
]
> 1.0
=
E . Experimental
] Predicted
E os L]
c
- p=0244

Cellulase Laccase MnP Xylanase
Enzyme activity type

Fig. 1. Data validation, comparison of the experimental and predicted laccase, MnP, cellulase,
and xylanase activity values after seven days of incubation under the optimal cultivation
conditions.

The same optimal conditions, but without the addition of MS, were applied
to examine the contribution of MS to the enzyme production. The results showed
that the addition of MS improved laccase activity by about 18 % and MnP acti-
vity by about 55 %, which confirmed that MS could be used as a supplement for
improved production of ligninolytic enzymes of S. gausapatum F28.

The improvement in the laccase activity was not statistically significant (p =
= 0.811 > 0.05), while the improvement in the MnP activity, which was prior-
itized in the optimization, was significant (p = 0.022 < 0.05). The achieved hyd-
rolytic activities were low and in accordance with the set optimization condit-
ions; although, the activity values produced in the presence of MS were similar to
those obtained in its absence (Fig. 2).

Cultivation conditions change over time, which directly affects the product-
ion of enzymes of the fungal lignocellulolytic system and indirectly affects the
processes in which these enzymes participate, such as biomass decomposition. In
previous research, S. gausapatum F28 showed high efficiency in biomass decom-
position but low selectivity in comparison to T. hirsuta F13.11 That research did
not investigate fluctuations and profile of lignocellulolytic activities involved in a
more than 30-day long biomass treatment. However, current research examined
changes in the lignocellulolytic system of S. gausapatum F28 to provide more
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insights for a better understanding of previous results, which could help to
develop methods to improve a process during an extended course of cultivation.
The laccase and MnP activities decreased drastically after 18 and 33 days of
incubation (Fig. 2). The laccase activities measured in the absence of MS were
similar to those obtained in the presence of MS (the values were below 0.03 U g~!
in both cases). By the 18th day of incubation, in the presence of MS, the MnP
activity dropped to 0.39+0.02 U g1, and then, by the 33td day, it had increased to
0.68+0.01 U g1. These activities were higher than the corresponding activities
obtained without MS supplementation by =44 and ~66 %, respectively. The cel-
lulase activity increased after 18 days of incubation to 1.58+0.11 U g! on a sub-
strate supplemented with MS, and by the 334 day, it had decreased by 12 % to
the value of 1.41+0.22 U g~!. Without MS supplementation, the cellulase activity
changed only slightly, it first rose to 1.15 U g1 (18th day) and then decreased to
1.11 U g~! (331 day). After 18 days of cultivation on the substrate supplemented
with MS, the xylanase activity decreased only slightly (=6 %), and by the 33rd
day, it had dropped by an additional 19 % to 1.05 U g~!. After 18 days of incub-
ation, without MS supplementation, the xylanase activity decreased by ~42 %,
and by the 33" day by an additional 3 % to the final value of 0.71 U g1.

Activity
154 e T T T —— type
Ot i F i
.. e T — - Cellulase
=" b
- . dant LA LL T PO — Laccase

o
’

<=+ MnP

==+ Xylanase

Activity, U g
s
1
1’
7
7
17
7
¢
—o—

05 ‘1;‘ _________ S N Substrate
--------- ‘I"""""""""'"""""""""{’ o H;0
Ms
00 h * *
10 15 20 25 30
Time, day

Fig. 2. Influence of MS and changes in lignocellulolytic activity during 33 days of incubation.

Potential for industrial use

Fungi that are capable to produce highly active enzymes and to withstand
harsh conditions are targeted for industrial use. Most of the fungi already used in
industry have been genetically modified to meet these requirements, but new org-
anisms able to produce enzymes in higher amounts or with new characteristics
are still being sought. Fungi often examined for industrial use belong to genera
Pleurotus, Daedaleopsis, Ganoderma, Irpex, Polyporus, Pycnoporus, Bjerkan-
dera, Lentinus, etc. They are examined for the production of industrial enzymes
or other industrial applications such as biomass conversion to valuable chem-
icals, dye removal and for degradation of organic phenolic and non-phenolic
compounds, or wastewater treatment. For example, Tripathi ef al.27 examined the
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production of ligninolytic enzymes by Bjerkandera adusta and Lentinus squar-
rosulus and reported laccase activities of =5.5 and 64 U L1, and MnP activities
of =215 and 370 U L1, respectively. A study conducted by Eichlerovd and
Baldrian.?® examined potential candidates for industrial use that belong to the
genera Pleurotus, Daedaleopsis, Ganoderma, Irpex, Polyporus, Pycnoporus, etc.
This study was focused on laccase and MnP enzyme production and fungal
application in dye degradation. The enzyme activities differed depending on the
fungal species and ranged from 0.04-106 U L-! for laccase, and 0.09-20.36 U L-!
for MnP enzymes with the best laccase activity values obtained with P. ostreatus
(=106 U L), Cyclocybe erebia (=114 U L-1), and Abortiporus biennis (<103 U
L-1), and the best MnP values were recorded for Omphalina mutila (=20 U L-1),
Hericium erinaceus (<17 U L), and Mycetinis alliaceus, Phellinus robustus,
Inonotus obliquus and Fomitiporia mediterranea each with an activity of about
16 U L-L. S. gausapatum used in the current research showed the maximum
laccase activity of 0.23 U g1 (20.1 U L) and maximum MnP activity of 1.38 U
g1 (123.3 U L!; see Table S-IIA) which puts this isolate in the group of good
MnP and laccase producers, and as a candidate for industrial application.

Production of enzymes depends on the substrate type and fungal isolate.
Substrates with a lower amount of lignin and a higher amount of polysaccharides
are more suitable for the production of hydrolytic enzymes than substrates with a
higher share of lignin, such as beechwood sawdust. A study conducted by Nam-
nuch et al.2% examined CMCase and xylanase production by 4. flavus KUB2 on
various substrates. The best activity was obtained on sugarcane bagasse
(CMCase 1.04 U mL-! and xylanase 258.38 U mL~!) while the lowest values
were reported for production on sawdust (CMCase 0.06 U mL~! and xylanase
14.07 U mL-1). The maximum CMC and xylanase activities obtained with S.
gausapatum F28 used in the current research were 1.87 U g1 (166.54 L-1) and
1.66 U g1 (148.09 U L), respectively, showing potential for CMC production;
however, more investigation of various substrates to find the most suitable sub-
strate for hydrolytic enzyme production is needed.

CONCLUSIONS

This research examined and optimized the lignocellulolytic system of Ser-
bian autochthonous isolate S. gausapatum F28 on beechwood sawdust supple-
mented with MS. Advanced multiple response optimization methods were used
to enhance ligninolytic and reduce hydrolytic activity. Based on the results, S.
gausapatum F28 can grow and produce enzymes laccase, MnP, cellulase and xyl-
anase on waste biomass (beechwood sawdust), while cheap waste, MS, can be
used to improve the production of these enzymes. The optimal MS concentration
is different for the production of each enzyme type. Another important culti-
vation factor, substrate moisture content, also differed depending on the enzyme
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type. Variations in the optimal pH and temperature were less distinct and there-
fore less influential. S. gausapatum is an insufficiently researched species, but
based on the results obtained for the isolate F28, its characteristics are promising
for use in biorefinery or enzyme production.

SUPPLEMENTARY MATERIAL

Additional data and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/10808, or from the corres-
ponding author on request.
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U3BOJ
NCIIUTUBALE U OTIITUMHU3ALIUIA IMTHOLENYJIOTUTUYKE AKTUBHOCTHU S.
GAUSAPATUM F28 HA TTMJbEBUHU BYKBE CA IOJATKOM MEJIACHE IIUEPE

JEJIEHA JOBUR', JIAN HAO? u JbUJbAHA MOJOBUR'

1YHueep3uu7.em y Beoipagy, Texnonowxo-memanypwxu paxynitend, Kattiegpa 3a SuoXeMUjcKo uHmeHEPCiso
u duotmexnonoiufy, Kapneiujesa 4, 11000 Beoipag u “Laboratory of Biorefinery, Shanghai Advanced Research
Institute,Chinese Academy of Sciences, Pudong, Shanghai 201210, People’s Republic of China

OBO HUCTpaKMBame AeTabHO aHA/IU3Wpa JIMTHOLETYIOIUTHYKY akTUBHOCT H3osara S.
gausapatum F28, ayroxToHe ribuBe Cpduje, Ha NUbEBUHHU OyKkBe CylieMeHTHCaHe jeTUHUM
OTHajloM — MeJacHOM HUOpoM nopexnom of mwehepHe pene. [IpuMemeHe Cy HanpenHe Tex-
HHUKE ONTHUMH3alllje BUILIECTPYKUX OJTOBOpa pagH yHanpehewa JTUTHUHOMUTHYKE U CMabermha
XUIPOJUTUYKE aKTUBHOCTH (DyHraHOT H3071aTa Kao yC/IOBa 3a MOTEeHIHjaJIHy NPUMEHY Y OHo-
paduHepHjckuM moctynuuma. [IpuMemeHoM TexHHKama Tpebano je ma ce opmabepy ycioBH
KyJITUBallMje KOju OU Iany akTHBHOCTH €H3WMa MaHTaH MepoKkcuiasa u yjakasa usHag 0,84 U
g"1, onHocHo 0,12 U g'1 CyICcTpaTa, ¥ aKTUBHOCTH Lieaysa3a M kcwia”asa ucnog 1,12 U g"1,
omHocHo 1,4 U g cyncrpara. ONTHMa/HK YCIOBH KOjUMA CY MCIYHEHH TOCTAaB/beHH 3aXTeBH
YKJbYy4yjy KOHUeHTpauujy uudpe on 10 %, BraxHOCT cyncrpara of 53 %, TeMnepaTypy UHKY-
Hauuje ox 23,5 °C u pH 5,2. HcTpaxuBame je mokasaao Ja je fofaTak MenacHe [udpe mos3u-
THBHO YTHIIA0 Ha MPOU3BOJIY €H3UMa, aJTd U Jla Ce ONTHMasHa KOHIeHTpaLuja nudpe pasiu-
Kyje 3a pa3TH4uTy BPCTY eH3uMa (7akasa <5 %, MaHTaH nepokcrzaasa ~12 %, nemynasa ~21 %,
KcwaHasa ~16 %), Ha wra Tpeda odpaTUTH MaXkiby NPUIMKOM ONTHMH3aLHUje XKEbEHOT MpOo-
neca.

(ITpumsbeHo 1. jyHa, peBupupaHo 26. aBrycra, npuxsaheno 16. centemdpa 2021)
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