BB E 2 & % BUs £3n
Kor. J. Mycol. Vol. 12, No. 3, 189~194, 1986

Extracellular Wood-degradative Enzymes from
Lentinus edodes JAQL

Soon-Woo Hong, Kwang-Soo Shin, Yeup Yoon and Won-Kyu Lee*
Department of Microbiology, College of Natural Sciences, Seoul National University, Seoul 151
and National Forest Research Institute®, Seoul 182, Korea

FaL WA JAOLA A Eul =l = MRS KA
IRIESRA 3]

PEEE - HOES - F

v

AERBE ARPEAE MERER - BIIRERERS

Abstract: The aim of this study was to investigate physiological chracteristics of Lentinus

edodes in Korea. We tried to detect properties of the several wood-degradative enzymes and in

vestigate patterns of the enzyme production. A specific carbon source was used in the enzyme

induction media for each enzymes, and the crude extract was used for the enzyme solution. With

these enzyme solution, we investigated optimum temperature and pH conditions of their reactions.

Moreover we investigated transition patterns of the enzyme production of the several wood-degrad-

ative enzmes from Complex and Saw dust media for the purpose of studying the mechanisms of

the wood component degradation by this fungus. It was assumed that the order of the wood com-

ponent degradation was cellulose, xylan, and then pectic substances, and that the synergistic effects

of these substances also influenced the degradation of wood components.
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Lentinus edodes is a well-known edible mush-
room in Korea but the physiological chracteris-
tics of this fungus have been poorly investigated
among other fungi. So several wood-dgradative
enzymes were detected and compared in this
study. The mycelium of Lentinus edodes has
been cultivated mainly on the mushroom logs
of Quercus spp. and Corpinus spp. for the frui-
ting body development. So long as this mycelia
should grow and colonize the tissue on this
mushroom logs without any other nutriets, they
should Save degraded the several structural
components of this wood. It is also clear that

this fungus produce various degradative enzymes.

Oki et al.(1981) reported that the B-gluc-
opyranosidase activity was increased gradually
by the loss of total weight throughout the
growth on wood powder of this fungus. Altho-
ugh the production of the degradative enzymes
by this fungus éin vitro is not exactly correlated
with the potentiality of this fungus to produce
these enzymes in wvivo, there may be many
enzymes in relation to the- degradation of the
wood materials, but we mainly focused on the
enzymes involved in the degradation of the
cellulosic and hemicellulosic substances. The
most acceptable trend is to consider the cellulase

- system as follow according to Bisaria et al.

— 189 —



Kor. J. Mycol. Vol. 14, No. 3, 1986

(1981) (1) endo-(1-4)-glucan glucanase(the
Cx enzymes as referred to by Reese), (2) exo-
(1-4)-glucanase, and (3) cellobiase, (1-4)-8
glucosidase. In this report we used the name of
enzymes according to their reaction substrates, as
carboxymethylcellulase, avicelase and S-glucos-
idase. In case of hemicellulose degradative enz-
ymes, we detected the xylanase and pectinase.
According to Rombouts et al.(1980), pectinase
has 3 types of action, that is, pectic lyase
(pectin transeliminase), pectin hydrolase(poly-
galacturonase) and pectin esterase(pectin methyl
esterase)

In addition to the comparison of these enzymes,
we tried to investigate the process of the wood-
components degradation by using the several
media and determined the indirect order of the-

se enzyme production.

Materials and Methods

Fungal Strain and Medium Preparation

Lentinus edodes JAQ1 strain was received from
Forest Research Laboratories and stock cultures
maintained on PDA (potato dextrose agar) slant.
The inoculum was cultured at 20°C on PDA
medium as well as induction medium.

Medium Preparation

Induction medium was prepared according to
the mineral component of medium C(Mandel ez
al., 1962) and proper carbon sources were added
to induction medium. 0.5% Avicel from Merck
Chemical Company and 0.5% carboxymethyl
cellulose were used for callulase induction. 1%
Larch wood xylan and 1% Citrus-pectin from
Sigma Chemical Company were used for xylanas
and pectinase induction. Complex medium was
prepared as a modulation of the natural wood
composition by mixing CMC(carboxymethyl
cellulose), Avicel, Ligriosulfonate-Ca salt, xylan

and pectin. 0.1% saw duste were also used for

the induction of several enzymes.

Cultivation and Crude Enzyme Preparation

Initial inoculum was homogenized by Omni
Mixer(Du pont Instrument) and adjusted to the
same inoculum size by the measurment of the
fresh wet weight of mycelia. The homogenized
mycelia were grown with reciprocal shaking
(120 rpm) at 25°C for 12 days and the every
days’ culture extracts were used for the crude
enzyme solution.

Enzyme Assay

1) Reducing Sugar Analysis

Carboxymethy cellulose (CMC)-saccharifying
enzyme (CMCase), aviclase, xylanase and poly-
galacturonase (PG) activities were measured by
the reducing sugar analysis according to the
method of Somogyi(1952) and Nelson(1944).
Each reaction mixtures was composed of 0,8 ml
of the substrate(0.5% CMC, Avicel, xylan and
PGA) in 0. 05 M sodium acetate buffer (pH 5. 0)
and 0.2 ml of enzyme solution. After incubation
at 40°C for 30 min., the reducing sugar was
detected.

2) B-Glucosidase Activity

B-Glucosidase activity was assayed by measu-
ring the amounts of p-nitrophenol(PNP) liber-
ated from p-nitrophenyl-g-D-glucopyranoside
(PNPG). The reaction mixture was composed
of 0.8ml of 1mM PNPG in 0.05M sodium
acetate buffer and 0.2 ml of 1 M sodium carbo-
nate solution was added to the mixture. The
mixture was diluted with 10ml of distilled
water and the absorbance was measured (at 420
nm),

3) Pectin Transeliminase Activity

PTE (pectin iranseliminase) activity was ass-
ayed by measuring the ‘amounts of the 4,5-
unsaturated galacturonate. The reaction mixture
was composed of 0, Iml polygalacturonic acid
(PGA) and 10*M CaCl, in 0.05M Tris-HCI
buffer (pH 8.0) and 0.1 ml of enzyme solution.
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After incubation at 30°C for 1hr, 1ml of 1N
HCI and 0.01 M thiobarbituric acid was added
and boiled for 15 min. The absorbance of the

mixture was measured at 420 nm.
Results and Discussion

Effects of pH and Temperature on the Activi-
ties

The optimum pH for the enzyme activity was
determined with a buffered substrate at pH val-
ues of 3,4,5,6 and 7. The optimum pH of each
enzymes was reprséented in Fig. 1. Among
them, B-glucosidase and xylanase activities were
more affected by the pH variations. PTE activity

showed somewhat higher optimum pH at 6. 0.
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Fig. 1. Effects of pH on the extracellular wood-deg-
radative enzyme activities.
follows;
a) Avicelase (¢), CMCase (o) and f~glucos-
idase (o).
b) PG (o), PTE (o) and xylanase (o).
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Fig. 2. Effects of temperature on enzyme activities.
Symbols are the same as Fig. 1.

Optimum temperature of each enzyme activities
was shown in Fig. 2. In case of g-glucosidase,
the maximum activity was detected at 45°C and
30°C in CMCase, 35°C in avicelase, 35°C in
PG, 40°C in PTE and 25°C in xylanase. As
compared with other enzymes, xylanase was
slightly psychrophilic and stable on temperature
change. Cellulase was stable on temperature
variation in this organism.

Enzyme Activities in Induction Media

1) Cellulase Activity

CMCase activity in the culture medium was
increased over 4 days and this enzyme activity
was much decreased after 6 days. Although
avicelase activity showed slight differences in
compared to CMCase, both CMCase and avice-
lase activity seemed to be released earlier than
p-glucosidase (Fig. 3).

2) Xylanase and Pectinase Activity

Xylanase activity appeared at first and its
activity lasted for a while. PG and PTE activity
appeared between 4 and 5 days of its cultivation

and their activities were not lost rapidly. PTE
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Fig. 3. Transition pattern of cellulases in single
induction medium. Symbols are follows; Avi
celase (o), CMCase (¢) and p-glucosidase
(a).
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Fig. 4. Transition pattern of hemicellulases activities
in single induction medium. Symbols are
follows; PG (o), PTE (e) and xylanase(o).
activity was too low to detect in this fungus
(Fig. 4).

3) Transition Patterns of the Enzyme Activi-
ties

CMCase activity from saw dust medium app-
eared early within 2 or 3 days and its activity
was higher than that from complex medium.
Avicelase also showed higher enzyme activity
from saw dust medium than from complex and
single induction medium. In case of B-glucosi-
dase, the enzyme activity was much higher from
saw dust medium than from complex and single
induction medium. This results also included
some possibilities of the involvement of some
inducer materials or the ruptures of the enzymes
from cell lysis by the toxic materials that might
be produced during the degradation of lignin
substances.

Xylanase activity showed little difference bet-
ween saw dust medium and single induction
medium and little lower from complex medium,
but this enzyme might rapidly degrade the sub-
stance. PG and PTE activities from single ind-
uction medium were higher than those from

Specific activity
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Culture times (day)

Fig. 5. Transition pattern of extracellular wood-deg
radative enzyme activities in complex medi-
um. Symbols are follows; Avicelase (¢), CM
Case (o), p-glucosidase (v), PG (v), PTE
(=) and Xylanase (o).
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Fig. 6. Transition pattern of extracellular enzyme
activities in saw dust medium. Symbols are
the same as Fig. 5.

any other media (Fig.5,6). As a result, the

sequences of the wood-component degradation in

the artificial complex medium were as follows;

cellulose, xylan, pectin. and lignin at last

(unpublished data). But in case of saw dust
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medium, xylanase, cellulase and pectinase app-
peared earlier at once and also showed higher
activities than from complex medium. Although
this study does not exactly reflect the product-
ion of the enzymes in vivo, we could assume
that this fungus utilize the cellulesic and hem-
icellulosic materials and the synergistic effects
of this two substances contribute to the degra-

dation process.
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