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The effect of different agriculture waste polysaccharides as an only carbon source in culture medium
of wood-degrading basidiomycete Cerrena unicolor C-139 were investigated. The maximal growth and
laccase synthesis in shaken flask was observed in mineral salts broth containing potato starch as the carbon
source and asparagine as the nitrogen source (11,000 nkat/L.). When an optimized medium was stimulated
by addition of 10 2M Cu*" to the culture medium on days 3-5 the maximal activity 24,000 nkt/L was obtained.
Next the influence of the stabilization of the medium pH after 48-h incubation on laccase activity in fermen-
tor cultures had to be estimated. The obtained data show that use of an automatic pH control set at pH 5.0
increased laccase productivity significantly (by 12 times) as compared to that obtained in the fermentor cul-
ture with a non—stabilized pH-value. Under the new conditions, the highest enzyme activity of 290,000 nkat/L

was reached after 13—day incubation.
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INTRODUCTION

The lignin is one of the most abundant polymer in
the nature. The best characterized and most extensively
studied lignin degrading organisms are the white rot
fungi (Leonowicz et al., 2001). The ligninolytic enzymes
of white rot fungi known so far can be divided into three
groups. The first one attack directly the wood constitu-
ents; this group includes enzymes acting on carbohy-
drate components (cellulose, hemicellulose) and lignin.
The second of three above mentioned groups includes
enzymes cooperates with the first one but they neither
attack wood nor contribute to it. The third, very impor-
tant group so called feedback type enzymes play a key
role in combining the metabolic chains during biodeteri-
oration of the wood polymer (Leonowicz et al., 1999).

Laccases (EC 1.10.3.2, p—diphenol: oxygen oxidore-
ductase) are multi copper—containing oxidases, catalyzing
the oxidation of ortho— and para— diphenols, polyphe-
nols, arylamines, aminophenols and some inorganic ions,
while simultaneously reducing molecular dioxygen to
water (Solomon et al., 1996; Shleev et al., 2005;
Viswanath et al., 2008).

Laccases are classified into two groups in accordance
with their source: plant and fungal (Mayer and Staples,
2002). However, diphenol oxidases have also been iden-
tified in bacteria (Givuadan et al., 1993) and insects
(Barrett, 1991). In the fungi belongs to the most effec-
tive producers of this biocatalyser were discovered three
forms of laccases so called blue (Gochev and Krastanov,
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2007), yellow (Leontievsky et al., 1999) and white ones
(Palmieri et al., 1997). Because of their broad substrate
specificity, native or immobilized laccases can be poten-
tially used in textile dye bleaching, pulp delignification,
effluent detoxification, washing of powder components,
removal of phenolics from effluents, must, wine and fruit
juices, transformations of steroids and antibiotics as well
as in biosensors (Duran et al., 2002; Mayer and Staples,
2002; Minusi et al., 2002; Widsten and Kandelbauer,
2008; Giardina et al., 2010). The production of fungal lac-
cases is associated with secondary metabolism, the main
drawback of which is the limited yield of the enzyme
obtained under growth-limiting conditions (Moreira et
al., 2000). To utilize laccases more efficiently for diverse
bioprocesses, large amounts of enzyme are required
(Gianfreda et al., 1999). At present, research and appli-
cation are sometimes hindered by the rather low yields
of the enzyme formed by used producers as well as by
the difficulties in efficiently overexpressing laccases in
active form heterologously (Jonsson et al., 1997). The
problem of increasing the yield of ligninolytic enzymes in
cultures of the fungal producers is a subject of constant
interest (Kantelinen et al., 1989), since the wild strains
give extremely low concentrations of these biocatalysts
when non-optimized media and culture conditions are
used (Tien and Kirk, 1989).

Recently, C. unicolor was determined as a new fun-
gal source of extracellular laccase, excreting the enzyme
under non—induced conditions with a rate similar to the
best laccase producers. Several attempts to increase its
production as well a scale up process were undertaken,
including optimization of the mediums composition and
the physical parameters of the culture (Leonowicz et al.,
1997; Janusz et al., 2007; Rogalski and Janusz, 2010; Rola
et al., 2013). Reducing the costs of laccase production
by optimising the fermentation process in finding effi-
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cient and cheap carbon source in the media is the basic
research for the industrial applications (Fenice et al.,
2003; Kachlishvilli et al., 2014).

For these reasons the present study was conducted
in order to find the best cultural conditions for the over-
production of laccase by C. unicolor in shaken flasks
and aerated fermentor cultures, and to search for the
most effective inducers of enzyme synthesis in the media
containing the agricultural waste substances. The infor-
mation provided by this study will add to the scarce infor-
mation currently available on the production of laccase
by C. unzicolor.

MATERIALS AND METHODS

Organism

Cerrena unicolor C-139 was obtained from the cul-
ture collection of the Regensburg University and depos-
ited in the fungal collection at the Department of
Biochemistry (Maria Curie-Sktodowska University,
Poland) under the strain number 139. Stock cultures of
the fungus were stored at 4°C on malt agar slants. For
inoculations, pieces of mycelium overgrowing agar were
grown using Lindeberg and Holm (1952) medium (pH
5.5) in stationary conical flasks for 7 days at 28°C. The
mycelial mats were subsequently collected, broken in a
Waring blender (three times for 15s at 10,000 rpm), and
homogenates were used as inoculum in shaking and aer-
ated bioreactor cultures.

Culture Conditions

For the development of a laboratory scale inoculum
the bioreactor—scale cultivations were performed at 28°C
in a 3.5L glass fermentor (BioFlo I, New Brunswick
Scientific, Edison, NY, USA) containing 2.0 L of the opti-
mized Lindeberg—Holm medium (Rola et al., 2013). The
fermentor equipped with pH, temperature and CO, sen-
sors was sterilized (121°C, 40 min) and seeded with myc-
elial suspension (10% of total volume). The fungal cul-
ture was run for 14 days at the aeration rate of 1L air
min™ with air and stirrer speed of 150 rpm. Antifoam B
emulsion (Sigma—Aldrich Fine Chemicals, St. Louis, MO,
USA) was used periodically to break the foam and the pH
was not regulated. The laboratory scale fermentation
was done in the 7L fermentor BioFlow type 115 (New
Brunswick Scientific, Edison, NY, USA) The fermentor
vessel contained 4 L of the optimized Lindeberg—Holm
medium and sterilized at 121°C by 45 min. For the inoc-
ulation the mycelial suspension from BioFlo Il fermentor
(0.5L) was added into the vessel via sterilized port.
The fungal culture was run for 14 days at the aeration
rate of 2L air min”, 28°C and stirrer speed of 200 rpm.
Antifoam B emulsion, used to break the foam, as well the
samples of the medium was taken via sterilized ports.
The fermentor was equipped with pH-, temperature and
dissolved O, sensors.

The effect of different carbon sources on laccase
synthesis
To study the different waste carbon sources on lac-

case production, C. unzcolor was grown in 50 ml wide—
mouth Erlenmeyer flasks with 15ml optimized earlier
Lindenberg Holm medium (Janusz et al., 2007) contain-
ing 10 g/l: Avicell cellulose (Sigma, St.Louis, USA), oat
and barley brans (SANTE sp.j.; Warsov, Poland), wheat
bran — starch free (Helsingin Mylly Oy, Helsinki), potato
starch (POCH, Gliwice Poland), wheat flour (Lubella sp.
7 o.0., Lublin, Poland), corn flour (BioPlanet sp. z o.0.,
Leszno, Poland), oat flour (Symbio s.a., Warsov, Poland),
barley flour (Melvit s.a., Warsov, Poland), rice flour
(BEZGLUTEN s.a., Koniusza, Poland) 10 kDa dextrane
(Polfa, Kutno, Poland), cane molasse (PRO NATURA,
Walcz, Poland), sugar beet molasse (Horizon
Natuurvoerding BV, IJsselstein, Holland), or whey
(Mogador s.r.o., Otrkovice, Czech Republic) instead glu-
cose. The flasks were incubated on orbital rotary shaker
Multitron (Inforce HT, Bottmingen/Basel, Switzerland)
at 28°C and 160 rev/min for a period of 14 days.

The biomass determination

In order to determine the dynamics of mycelium
growth, the after culture fluids were centrifuged at
10,000 x g by 10min and washed two times by MilliQ
water (Millipore, Bedford, USA). Next the mycelia were
suspended in 15 ml MilliQ water, disrupted three times
during 60 s in an ultrasonic disintegrator (Sonics Vibra—
cell, Newtown, USA) and the homogenates were centri-
fuged at 10,000 x g for 10 min (Okunev et al., 1981). In
cell-less extracts the content of protein was determined
(Bradford, 1976), which was used as a rough index of
mycelium growth. The results presented are the mean of
mycelium growth obtained in two separate cultivations.

Enzyme Purification

The after culture liquid was centrifuged at 10,000 x g
on CEPA LE Benchtop centrifuge (New Brunswick
Scientific, Edison, NY, USA) with the flow rate 15 L/h.
The supernatant was next concentrated about 25 times
on the ultrafiltration system Prep/Scale TFF-6 (0.54 m*)
cartridges (Millipore, Bedford, USA) with PT polyether-
sulfone membrane (10 kDa cut off), desalted on Sephadex
G-25 column, distributed into lyophilisation vials and
lyophilised in Labconco FreeZone 12 (Labconco, Kansas,
MO, USA).

Laccase Activity and Protein Measurement

Laccase activity in culture supernatant was measured
spectrophotometrically at 525 nm in Shimadzu UV-Vis
160A spectrophotometer (Tokyo, Japan) or at BioTek
ELx800 Absorbance Microplate Reader (Winooski, USA)
controlled by KC-Junior (v. 1.41.8) software using syrin-
galdazine as a substrate (Leonowicz and Grzywnowicz
1981). One nano katal (nkat) of laccase activity was
defined as the amount of enzyme catalyzing the produc-
tion of one nano mol of coloured product (quinone, " =
65,000 M'ecm™) per second at 25°C and pH 5.5, and
expressed as nano katals per litre of culture (nkat/L).
The protein concentration was determined using the
Bio—Rad Protein Assay Reagent using bovine serum albu-
min (BSA) as standard (Bradford, 1974) or fluorometri-
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caly on Qubit 2 with Qubit Protein Assay Kit (Ahnert et
al., 2007).

RESULTS AND DISCUSSION

The white rot fungus C. unicolor belong to the one
of the most effective extracellular laccase producers in
not inductive conditions (Leonowicz et al., 2001, Janusz
et al., 2007; Rola et al., 2013). This fungus can use dif-
ferent carbon sources as monosaccharides (glucose,
fructose, galactose) as well disaccharides (maltose, fruc-
tose, cellobiose, lactose) in cultivation processes. It can
suggest the possibility of them the production of
B —fructofuranosidase, S—galactosidase, S-glucosidase
and a—glucosidase the enzymes acting on a@— and 5-
glicosidic bonds (Rola et al., 2013). The starting point
of these studies was the selection of different carbon
sources as the @ —and B —-glucans be located in different
waste agriculture materials as well as molasses instead
glucose in Lindenberg-Holm medium for effective pro-
duction of extracellular laccase by C. unicolor. Titres
of laccase were measured for 14 days in shaken flask cul-
tures. The results (Table 1) indicated that the enzyme
activity reached its maximum (over 11,000 nkat/l on day
10) in the medium containing potato starch. The high lac-
case activities according to the control condition (medium
with glucose) were also observed for rye bran (10,800
nkat/l; 10 day), outs bran (7,060 nkat/l; 7 day) and cane
and sugar beet molasses (6,800 nkat/l at 6 and 10 day
respectively). The best carbon source (potato starch)
concentration in the medium was next optimized. The
concentration of carbon (added as potato starch) varied

Table 1. Laccase synthesis during C. unicolor growth on differ-
ent 1% carbon sources

SHLA Time of Incre.ase
Carbon source [nkat/1] HLA according to

[day] glucose
[fold]
Maize flour 8560 14 1.57
Rice flour 2410 14 0.44
Rye flour 5660 14 1.03
Out flour 4280 14 0.78
Wheat flour 5400 7 0.98
Potato starch 11040 10 2.00
Oats bran 7060 7 1.28
Rye bran 10800 10 1.96
Wheat bran 1000 12 0.18
Cellulose 1290 10 0.23
Dextran 2060 11 0.36
Cane molasses 6800 6 1.23
Sugar beet molasses 6800 10 1.23
Whey 3500 8 0.64
Wheat straw 2306 11 0.42

*HLA — highest laccase activity

from 1 to 50g/1 while that of nitrogen (added as
L—asparagine) was 1.5 g/L as in (Janusz et al., 2007; Rola
et al., 2013). The results indicated that the enzyme
activity reached its maximum (over 25,000 nkat/l on day
14) in cultures containing 50 g/L potato starch as a car-
bon source (Fig. 1). The lowest starch concentration in
the medium affect lowest laccase activities but obtained
much faster.

In the next stage of experiments optimization of the
laccase production of C. wumnicolor growing in the
medium with potato starch (5%) as a carbon source in
3.5 L fermentor at 200 rpm was done. For the inocula-
tion of a 3.5 L fermentor the obtained earlier mycelium
from early (5d) expotential growth phase, were used
according to (Rola et al., 2013). The highest laccase
activity was observed in the 6th day of cultivation where
the pH drop down to the about 4.0 level (Fig. 2A).
Parallel to the control conditions the cultivation with the
sequential addition of 10 M cupric ions doses from 3 to
5 day of growth was made (Fig. 2B). Obtained there
activities were 1.5 times higher as in control fermentor
and 2.2 times higher as in shaking conditions.

Cupric ions had been reported as the strong stimu-
lants of laccase activity by Giardina et al. (1999) and
Galhaup et al. (2002), in whose experiments up to 50
times higher levels of the enzyme were obtained in
induced, compared to non-induced, cultures. The opti-
mal copper dose for the enzyme production by C. uni-
color C-139 in shaken flask as well fermentor cultures
was found to be 10 M (Janusz et al., 2007; Rola et al.,
2013). The optimal Cu*" dose was significantly lower than
that (2.0 mM, added after 4 days of incubation) reported
by Galhaup and Haltrich (2001) for submerged cultures
of T. pubescens, but was still within the range of 2 to
600 «M used in typical cultivation media for the produc-
tion of laccase both in wild-type and recombinant strains
of different basidiomycete fungi (Palmieri et al., 2000;
Chen et al., 2003). It had also been reported (Palmieri
et al., 2000) that the induction of laccase in P. ostreatus
occurred when the fungus was cultivated in a nutrient—
rich medium supplemented with 150 uM CuSO, at the
time of inoculation.

It is significant that in all shaken flasks and aerated
fermentor cultures carried out without pH-regulation
(self—control of medium pH by the fungus took place) in

H 3,26
g e
., PH7.45
- 7% ey 100
X . pH825
% hﬂsoo
050% [y co00
H 8,2
0,10% huoo

Potato starch concentration

mpH

Fig. 1. The relationship between extracellular laccase synthesis
and potato starch concentration in the C. unicolor cultiva-
tion media.

*HLA — highest laccase activity
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Fig. 3. Effect of stabilisation of medium pH on laccase produc-

tion by C. unicolor in fermenter cultures on Lindenberg—
Holm medium. The pH was automatically maintained at
avalue of 3.0 (/\ ; &), 4.0 (] ; ), 5.0 (O ; @) and 6.0
(< ; #) after 48 h incubation (marked in the chart as
horizontal dash lines). Cupric ions (10 M) were added
to the medium after 3, 4 and 5 days of cultivation (arrows
show addition of Cu®" into the medium). Cultures con-
ditions: stirrer speed, 200 rev/min; aeration rate, 2 L/min.
Open symbols: pH; filled symbols: laccase activities.

media containing mono and disaccharides as the only car-
bon sources, the fungus alkalized the medium during cul-
tivation, resulting in a pH rise from 5.5 to about 8.0
(Janusz et al., 2007; Rola et al., 2013). In the case where
potato starch was used as the only carbon source it was
observed opposite tendency. Grow up of C. unicolor
laccase activities in the medium were connected with
decrease of medium pH to about 4.0 (Fig. 2). Given this,
the influence of the stabilization of the medium pH after
48-h incubation on laccase activity in fermentor cultures
had to be estimated (Fig. 3) The obtained data show that
use of an automatic pH control set at pH 5.0 increased
laccase productivity significantly (by 12 times) as com-
pared to that obtained in the fermentor culture with a
non-stabilized pH-value. Under the new conditions, the
highest enzyme activity of 290,000 nkat/L. was reached
after 13—-day incubation. The maintenance of medium
pH on the level of 3.0 was completely unfavorable (no
laccase activity was obtained) and that of 4.0 gave a
smaller effect (65,000 nkat/L of enzyme was produced)
as well as at pH 6.0 than the laccase activity reached
40,000 nkat/L. These different effect of pH stabilization
on extracellular laccase activity can be resulted by dif-
ferential responses to abiotic stress. Moreira et al.
(2000) using a fermentor with pH fixed at 5.5 during the
whole period of incubation obtained the highest effective
production of this enzyme in Bjerkandera sp. Also,
Niske et al. (2002) using a cyclic batch system for MnP
production (by Nematoloma frowardii and Clitocybula
dusenit) as well as Koroleva et al. (2002) in the Coriolus
hirsutus cultivation obtained the similar results.

Next the right moment of pH stabilization was deter-
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2 ~>
= i \
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Fig. 4. Time course of laccase production (@, Il &) during
fermentor cultures of C. unicolor in the Lindeberg—
Holm medium. The medium pH was automatically main-
tained at a value of 5.0 (marked in the chart as a solid
line) after 48 (O), 72 () and 96h (A\) of incubation
(dashed lines show the days on which the medium pH
was adjusted to the adequate value). Cupric ions
(10 uM) were added to the medium after 3-5 days of
cultivation (arrows show addition of Cu*" into the medi-
um). Culture conditions: stirrer speed, 200 rev/min; aera-
tion rate 2 L/min.
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mined (Fig. 4). As discussed above, the best laccase pro-
ductivity (290,000 nkat/L) was recorded when the main-
tenance of medium pH on the level of 5.0 was performed
on the second day of cultivation. The obtained laccase
activity was 10 times higher that when C. unicolor had
been grown in the original non optimised conditions
(Rogalski et al., 1999). The maximal laccase activities
are connected with reaching the stationary growing
phase. The after culture fluid showing the highest lac-
case activities were taken out from the fermentor and
centrifuged for removing the mycelium. The superna-
tants containing laccase were next concentrated by ultra-
filtaration, purified by ion—exchange chromatography on
DEAE-Sepharose (fast flow) and liophylized to obtain
the enzyme preparation.

CONCLUSION

Summarizing, the data presented here imply that the
tested C. umnicolor strain can synthesis the high active
preparation in submerged and fermentor cultures con-
taining potato starch as only carbon source. The study
also shows that an appropriate combination of culture
conditions (z.e. a C— and N- sufficient medium) combined
with supplementation with an adequate dose of Cu*" ions
supply on a yield of laccase production. In fermentor cul-
tures, the maintance of medium pH at the optimized level
increase laccase productivity 12 times.
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