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ABSTRACT

This work aimed to study the stationary and pedaly mixed culture of L. edode® the production of
lignocellulolitic enzymes activity. LE 95/17, LE/2B and Leax strains were incubated in 25 g of &ytas
sawdust substrate in Erlenmeyer flasks in statipneulture at 2% C and in a bioreactor with four complete
rotations daily at 25C and 3% CQ@ The samples were collected at 8, 11, 14, 17 &nda¥s after the incubation.
Oxidative and hydrolytic enzymes analyses wereopedd. Lignin peroxidase enzyme was not found é th
lignolytic system for LE 95/17, LE 96/22 and Letaiss in the different incubation methods. The olbkioreactor
could be a practicable system to induce the laceadiwity for L22 and Leax and MnP activity for LaARd L22.
The activity of the hydrolytic enzymes was higlmethie stationary system in comparison to periodicatixed
system in the bioreactor.
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INTRODUCTION manganese peroxidase (MnP) and lignin
peroxidase (LiP) (Kirk and Farrell, 1987;
From the chemical point of view, lignin is a Boominathan and Reddy, 1992; Hatakka, 1994,
macromolecule constituted by the Thurston, 1994). Some white-rot fungi produce all
phenylpropanoid units, which are bound througtihese enzymes while others produce one or two of
several covalent bonds. Due to the types of boniem (Hatakka, 1994). The ability to synthesize
and their heterogeneity, lignin can not be broketthe MnP is found in particular taxonomic group of
by the hydrolytic enzymes as most of other naturdhe basidiomycetes (Cairney and Burke, 1998),
polymers (cellulose, starch, proteins) (Hofrichtertypical wood colonizers from Meruliaceae
2002). During the evolution, only a group of CoriolaceaeandPolyporaceadamilies, as well as
organisms, the basidiomycetes, has developed tiseil colonizers from Strophariaceae and
capacity of substantially degrading the lignin,Tricholomataceadamilies (Hofrichter, 2002).
mineralizing it to carbon dioxide (Hatakka, 1994). The fungal enzymes are shown to be useful in the
The three major groups of lignin modification degradation of a persistent variety of the
enzymes produced by the fungi are: laccasgnvironmental pollutants. A number of these
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enzymes are extra-cellular and in nature, they arehe strong relation among the incubation
probably involved with wood degradation (Mayerconditions, substrate and enzymatic activity
and Staples, 2002). Studies carried out undetefines the importance of a deeper research on
liquid culture corroborated degradation of 2, 4, 6Lentinula edodegnzymatic activity. The present
trichlorophenol by the white-rot fungPanus work aimed to study the influence of the stationary
tigrinus and Coriolus versicolor In P. tigrinus culture and bioreactor dn edodedignocellulosic
cultures, it was predominantly catalyzed by theenzymatic activities.

MnP while in C. versicolor, by the laccase,

suggesting that the regulation of these enzymes

was different in these two fungi (Leontievsky etMATERIALS AND METHODS

al., 2000). The bioremediation of industrial

effluents has also been investigated using whitg-entinula edodes strains acquisiton and

rot fungi. One study evaluated the fungi capacitgubstrate preparation

for bleaching and decontamination of effluents) E 95/17 (L17), LE 96/22 (L22) and Leax dle
The enzymes found in this case were mostlg¢dodes strains were provided byModulo de
represented by the presence of laccase, MnP athgumelos da UNESPBotucatu, SP, Brazil. This
LiP, once again corroborating these enzymesybstrate in both the incubation forms was made
potential (Mayer and Staples, 2002). with 79% of eucalyptus sawdust, 20% of rice bran,

Many studies have been directed to th@g, of CaCQ and moisture content was adjusted
development of more productive microbial straingg 60%.

while others concentrated on improving the
fermentation processes (Esterbauer et al., 199gixperiment in stationary system

Haltrich et al., 1996). _ ~ The substrate (25 g) was weighed and transferred
Among several kinds of biomass materialsio 250 mL Erlenmeyer flasks and sterilized in
lignocellulosic has been considered an optimistigutoclave at 120°C (1 atm) for 30 minutes. The
one due to its abundance, low cost and highquid inoculum was prepared with the strains
viability potential. Solid-state fermentation (SSF)previously grown in a test tube, totally covered by
offers advantages over liquid fermentation oghe mycelium and mixing it by an Ultra-Turrax
submerged (SmF). Many publications describe thgk A-werk, Darmstadt Germany) for
production viability of industrially important approximately 10 seconds. Each Erlenmeyer flasks
enzymes such as protease, cellulase, xylanasgas inoculated with 3 mL liquid inoculum and
pectinase, amylase, glucoamylase, etc. in SSgtosed with a cotton cover. Afterwards, the flasks
using agricultural byproducts (Pandey et alwere slightly mixed in a circular Erlenmeyer
1999). According to Bellon-Maurel et al. (2003), movement only once and kept in an incubation
in the last 30 years, solid-state fermentation haghamber in dark conditions at 25°C.
been studied in laboratories an pilot scale, for @ignocellulosic enzyme activity was determined at
number of applications such as silage, biomass agd 11, 14, 17 and 20 days after incubation. For
metabolites production using organic substrate anslach observation period and strain, three replicates

inert supports. The main parameters t0 Duere made. The experimental design used was
measured and controlled in the solid-statentirely randomized.

fermentation process are: temperature,
homogenous aeration, pH and water content. Thexperiment in bioreactor

design of the bioreactors posses complexity in SSFhe substrate was prepared as above with 6.396 g
due to the problems to monitor and control thgor each treatment and transferred taogatory
environmental aspects, biomass and/or metaboligum reactor(RDR) (Figure 1), with 20 L volume,
production (Bellon-Maurel et al., 2003). Theand autoclaved at 120 °C (1 atm) for 1h and 30 m.
rotary drum bioreactor{RDR) have a horizontal After cooling, each reactor received 300 mL of
or inclined cylindrical drum and agitation is donejnoculate liquid from each strain. The rotary drum
by a central axis rotation system or by the spadegactors were programmed to perform four
inside the drum. The conditions allow aseptiGotations day. Each movement was 1/6 of reactor
fermentation, soft mixture, a possible automationgotal of 24 movements a ddyin a 5.5 cm 3

and low heat removal (Han and Anderson, 1975je|ocity. Gaseous phase was monitored by an
Hesseltine, 1977; Lonsane et al., 1985).
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oxygen paramagnetic analyzer and by a carbos pl sample. DMOP oxidation was followed by the
dioxide infra-red detector (Model Beckman 860 kinetics at 30°C at 477 nmas(~= 14600 M cm‘l).

United Kingdom). C®@ concentration was kept The manganese peroxidase activity (MnP) was
constant at 3% at 25 °C. Samples of 25 g, frometermined by Waarishi et al. (1992) method. The
each reactor, were withdrawn at 8, 11, 14, 17 angkaction volume (1 mL) was composed 0.1 mM

20" days after the inoculation. MnSQy; 10 pl sample in malonate buffer (50 mM,
pH 4.5) and 75uM hydrogen peroxide. Chelate
Enzymatic extraction complex formation of Mn(lll)-malonate was

For enzyme extraction, 80 mL of sodium acetatéollowed by the kinetics at 30 °C for 1 minute,

buffer (50 mM, pH 5.0) was added to themeasuring the absorbance increase at 270 nm

Erlenmeyer which was kept in shakers with orbitale,;= 11590 Micm™).

rotation (50 rpm) for one hour. The suspensiorFor the lignin peroxidase determination (LiP),

was filtered (40-10@um) and the extract was usedveratrilaldehyde formation was used (3,4

to determine the enzymatic activity. After thedimetoxibenzaldehyde) Hatakka (1994). The

extraction, the substrate was dried at 105° C untikeaction volume (1 mL) was composed 0.4 mM of

constant weight to determine its dry weight. veratril alcohol in tartrate buffer (0.1 M, pH 3.0);
0.2 mM of HO, and the sample. The activity was

Lentinula edodes oxidative enzymes activity followed by kinetics at 30°C, measuring the

analysis absorption at 310 nneg,= 9300 M*cm™). All the

The laccase activity was spectrophotometricallyenzymatic determinations were performed with

determined by using 2,6-dimetoxiphenol (DMOP)three replications per treatment.

as substrate (Slomczynski et al.,, 1995). Total

volume of reaction (1 mL) was composed by 2

mM DMOP in acetate buffer (0.1 M, pH 4.2) and

Figure 1 —Bioreactor used for the liquid culture lofedodes

Lentinula edodes hydrolytic enzymes activity [-xylanase activity (xylanase, EC 3.2.1.8): 0.25 g
analysis of xylan in 100 mL acetate buffer. Soluble starch
The hydrolytic enzymes analysis was performedor a-amylase activity (amylase): 0.5 g in 100 mL
according to Nelson modified method (1994). Theacetate buffer. Carboxymethyl cellulose for endo-
enzymatic substrate was prepared in acetate buffer4.g-glucanase activity (carboxymethyl cellulase,
(50 mM, pH 5.0) as follows: Xylan for endo-1,4- cMCase, EC 3.2.1.4): 1g in 100 mL acetate
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buffer. Microcrystalline cellulose for exo-1@+ levels compared to Leax and L22, and off ddy,
glucanase activity (FPase, EC 3.2.1.91): 0.5 g iits activity was no longer detected.

100 mL acetate buffer. Pectin for pectinasdn Leax, laccase activity after th€ 8ay decreased
activity: 0.24 g in 100 mL acetate buffer + 0.12 Mand remained low until the end of the incubation.
NaCl + 6 mM EDTA. The equation for The Leax strain from'8to 11" day did not show
determining hydrolytic enzymes activity based orsignificant difference in the MnP activity, however

straight line was: it was significantly higher when compared to the
Cpg.mL_l = [(Abs sample — Abs white) — 0.0049] /stains L17 and L22. The Leax strain showed a
0.002 x dilution factor and Ul.mt = (CugimL — decrease in activity on the "14lay and remained
intrinsic value) / substrate molecular weight/low until the end of incubation. The strain L22
incubation minutes (10 min.) showed its maximum activity on thet"lday with

a significant decrease in activity on the"1day,
Statistical Analysis until the end of incubation. The strain L17 on the

Statistical methodology used for data evaluatiod4" day showed a significant activity decrease but
followed a non-linear regression model. For th@n the 17 day it increased again and which win

comparison of the parameters, non-parametrifi@ximum activity. It showed a significant

variance analysis with application of Kruskal-decrease by the end of incubation.

Wallis test was app“ed In cases in Wh|chThe laccase aCtiVity in the bioreactor for the strain
significant difference was present, the Student-22 showed similar characteristics as for the

Newman-Kills (SNK) test was applied with 5 9% Stationary culture system except for the end of
significance level. incubation. For the L17 this activity was lower in

the bioreactor. For the strain Leax, laccase activity

was more uniform in this system. All. edodes
RESULTS AND DISCUSSION strains showed MnP activities higher on tHed@y

of the incubation in the bioreactor system. For the
Lentinula edodes oxidative enzymes activity Leax strain after this period and until the end of
determination in Stationary System incubation MnP activity was Significantly lower.
The MnP and laccase activities where detected ihhis was not observed during incubation in the
different substrates in the stationary system. Listationary system. For the L22, a higher MnP
did not show a perceivable activity. A moreactivity was observed in the bioreactor compared
significant laccase activity was observed 8rad to the stationary system, except at the end of
14th day (Figure 2, upper graph) After theth14 incubation. Cco and Q control in the SSF for
day, the activity decreased until the end of théungi of white-rot is considered a factor that
incubation in all the strains without a significantinterferes on enzyme production for the lignin
difference. The higher activity was observed irdegradation (Reid and Seifert, 1981; White and
L17 on & day of incubation. Boddy, 1992; Giovannozzi et al., 1996).
MnP activity was maximum to L17 and Leax ofimilar to the stationary system, laccase activity in
11" day. After this period a significant decrease Re bioreactor was lower when compared to MnP
the activity occurred. However, for L22, the MnPRctivity. According to Bollag and Leontievsky

activity significantly increased from T4day until (1984) basidiomycetes generally produce low
the end of incubation. amounts of laccase. Furthermore, laccase production

may be influenced by the nitrogen concentration in
Lentinula edodes oxidative enzymes activity the culture media. Many times, high levels of
determination in bioreactor nitrogen are required to increase the laccase
For this experiment, only eucalyptus sawdust wa@velopment (Gianfreda et al., 1999). Fenice et al.
used, and distinct behavior in laccase and Mf@903) reported that the highest MnP and laccase
production was observed (Figure 2, lower grapRgtivities inP. tigrinusin RDR bioreactor occurred

Laccase activity in L17 showed statistically low&¥hen CQ concentration was 3 and 5 %
respectively
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Figure 2 - Laccase and MnP activity df. edodesstrains (L17, L22 and Leax) in
eucalyptus sawdust during growing period in stationary (upper graph) and
bioreactor (lower graph) system$ertical bars represent median standard
deviation (n=3)

L. edodes hydrolytic enzymes activity 17" day between L17 and L22. All the strains
determination in stationary system expressed maximum activity on the 17th day of
The amylase activityo-amylase) on the™day of incubation, with the highest activity showed by the
incubation did not show statistical differenceLeax on the 20day.

between the strains. On the™day, strain Leax The CMCase (carboxymethyl cellulase) activity
showed maximum activity (Figure 3). The straindoetween the strains was statistically different
did not show statistical difference for the FPaseluring the whole process of incubation, except for
activity (exo-1,4B-glucanase) until thel4day of the &' day between the Leax and L22, and on the
incubation where L22 showed the highest activityl7" day between L17 and Leax. Leax showed
On 17" day, the Leax showed a significantly lowermaximum activity of CMCase on the 1 7day
activity compared to L17 and L22 which hadcompared to the other strains.

statistically equal activities. On 2@lay, the Leax During the incubation, strains showed a
strain had a statistically similar activity to L17. statistically different pectinase activity, except on
The xylanase (endo-1Rxylanase) activity was the 14" day when activities had no significant
statistically distinct between the strains, except oflifference among them. L17 began with its
the 14" day between L17 and Leax; and on thénaximum pectinase activity and after that it
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slightly decreased, while Leax had maximumThe CMCase activity also occurred with a
activity on the 17 day. significant difference between the strains, except
on the 14 and 20' day. Leax began with the
Determination of L. edodes hydrolytic enzymes higher CMCase activity related to L17 and L22
activity in bioreactor and reached its highest peak on th® ddy.
The amylase activity between the strains duringhe pectinase activity showed a statistical
the incubation in bioreactor was statisticallydifference between the strains on thd' tay. At
different, except on the f4day when L17 and this incubation point, the Leax showed its highest
Leax showed the same activity. L17 expressed activity and remained until the end of incubation
constant higher activity in comparison to the Leawvith significantly higher activities compared to
and L22 (Figure 4). L17 and L22
The FPase activity was statistically distinct excepin the L17, the activities of all the enzymes were
on the § day between the Leax and L22. L17more stable during the whole incubation period
maintained FPase activity from"8o 17" day when incubated in bioreactor rather than in a
without statistical difference, with a decrease astationary system. The pectinase and amylase were
the end. the enzymes with the best results for this strain. In
The xylanase activity for the L17 showed athe Leax, CMCase was initially statistically equal
constant without statistical difference with theto pectinase. During the whole incubation period
strain Leax until the Mday. L17 showed a higher the CMCase activity was higher to the FPase. The
xylanase activity, from the ¥7 day of the pectinase, amylase and CMCase were the best
incubation. L22 showed low xylanase activityacting enzymes in the Leax. In the L22, pectinase
comparing to L17 and Leax, except on th€ #dy also had a constant activity, followed by amylase
when it did not differ from the Leax. activity. The FPase had rather low values
compared to the rest of the enzymes.
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Figure 4 - Hydrolytic enzymes activities of L. edodes straib$7, L22 and Leax) during growing
in bioreactor. Vertical bars represent median steshdeviation (n=3)

The results for hydrolytic enzymes activity in theof xylanase, glucanase and cellulase activities,
bioreactor showed a decrease related to valueghen substrate such as sugar cane bagasse, corn
observed in the stationary system. The factorsob and wheat straw were used.

which could be related to this decrease in th©hga and Royse (2001) observed a low cellulase
activity, among others, would possibly be: aeratioractivity related to laccase during. edodes
and mixing rate. Techapun et al. (2003) verifiednycelium growth in eucalypt sawdust but this
this fact in a study performed withtreptomyces relation reversed after the substrate formed the
sp., incubated with a constant mixing rate andanycelium cover and the first beginnings appeared.
variation of aeration rate. The authors conclude®bekker et al. (2001), in their studies on
that increased aeration rate significantly lowered®otryosphaeria sp., observed that xylanase
the xylanase activity. When aeration and mixingshowed a higher enzymatic activity, compared to
rates varied, there was a reduction in xylanaspectinase, FPase, CMCase and amylase. The
activity due to high aeration and mixing rates. cellulose source used did not influence the
Changes in the fungi morphology with the mixing,CMCase activity but low rates of FPase activity
could be an explanation for results obtained in thevere found.

present study which has been suggested by othaigatanabe (2002) suggested that molecular
also based on the microscopic analysis imechanisms which regulated the genetic
Penicillium janthinellum and Paecilomyces expression of the enzymes during the incubation
sinclairii subjected to the effects of differentunder solid state could be rather complicated.
agitation rates (Palma et al.,, 1996; Cho et alAccording to the author, genes of expression
2002). isolation and changes in cytoarchitecture and
In the present study, each movement done by tleecretion mechanisms of fibrous fungi are
bioreactor (24 movements, 5.5 cihdia’) would necessary conditions to control the production of
generate a mycelium disorganization. Aeratiorspecific enzymes in SSF. Furthermore, Fenice et
rate used (3%) may also contributed to the result. (2003) observed different values of enzymatic
found. Possibly, if the incubation period wasactivity during the incubation of. tigrinus in
longer, would have been observed a highedifferent types of the bioreactors. The authors
hydrolytic enzymes activity concluded, among several things, that incubation
Adverse results were noted by Abd El-Nasser anodel alter the enzymatic system.

al.(1997) studyind?hanerochaetae chrysosporium

incubation in a liqguid medium, performed in

stationary system and under agitation. The

incubation under agitation results a slight increase
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In the experiment with hydrolytic enzymes, thelL22. The cultivation under the stationary system
difference of the enzymatic activity was muchallowed a higher hydrolytic enzyme activity
more significant compared to the stationaryrelated to the bioreactor.

system, while in the experiment with the laccase

and MnP activities there were different points

depending on the studied lineage and incubatioACKNOWLEDGMENTS

model.

According to Raghavarao et al. (2003), theM.R. thanks CNPg and CAPES for award
bioreactor is the heart of fermentation processcholarship

where raw material, under suitable conditions, is

converted into the desired product. The

maximization rate of the product formation andRESUMO

yield in the bioreactor is part of the production

optimization process. Many factors may affect the entinula edodespertence ao grupo de fungos
bioreactor performance such as the amount qfausadores da podriddo branca, conhecidos pela
substrate, moisture content in the substratgapacidade efetiva de degradar compostos
aeration and temperature regulation, among otherggnoceluldsicos. No cultivo deste fungo o método
Another aspect that although has not been the aide incubacao, substratos e caracteristicas genéticas
of this study, but deserves to be highlighted, is theeterminam o comportamento enzimético. Este
substrate recovering time by the myceliumtrabalho teve como objetivo verificar a influéncia
observed during the experiment in the bioreactoio cultivo estacionario e em bioreator na atividade
With incubation during 15 days, 6.396 kg ofde enzimas lignoceluloliticas db. edodes As
substrate was evenly colonized after beinginhagens LE 95/17, LE 96/22 e Leax foram
withdrawn from the bioreactor, substrate wasultivadas em 25 g de substrato composto de
placed in plastic bags and mycelium covering waserragem de eucalipto em frascos de Erlenmeyer,
formed in seven days. em cultura estacionaria, sob de temperatura
The enzymatic activity in the bioreactor was nofcontrolada a 25° C e em bioreator com quatro
higher to the one observed in the stationaryotacGes diarias e completas, a 25° C e 3% de CO
system, with some exceptions. Them, the faftoram coletados dados aos 8, 11, 14, 17 e 20 dias
substrate covering was probably due to factordepois da incubacdo para atividade de enzimas
such as the agitation and aeration. oxidativas e hidroliticas. A enzima lignina
The development of a simpler bioreactor, with lowperoxidase n&o foi encontrada em nenhum dos
cost, higher substrate usage capacity and theatamentos. O uso de bioreator pode ser visto
selection of more adapted strains to this kind ofomo um sistema praticavel para induzir atividade
incubation could increase the mushroonde laccase para L22 e Leax e atividade de MnP
production in the country. Furthermore, thepara L17 e L22. A atividade de enzimas
production uniformization and a shorter cultivationhidroliticas foi maior no sistema estacionario em
period would be essential for mushroomcomparacdo com o sistema  misturado
commercialization. periodicamente em bioreator.
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