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ABSTRACT

This experiment was conducted to screen a superior wood-rotting fungi for lignin degradation and
ligninolytic enzyme production by evaluation of red colored zone width on potato-dextrose agar medi-
um and oak woodmeal medium complimented guaiacol. Relationship between the red colored zone
width on GU-WA medium and klason lignin loss on woodmeal medium showed the positive correla-
tion. Thus, the potential ligninolytic activity of wood rotting fungi which are not elucidated yet may
be estimated to some extent by the evaluation of the red colored zone width on GU~-WA medium. Of
the isolates screened from fruit bodies and decayed woods. LKY-12, LKY-7 and C. versicolor-13 iso~
lates having preferential lignin degradation and laccase activity were selected. These isolates exhib-
ited characteristics of superior wood-rotting fungi as Klason lignin loss ranged from 30% to 35%
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and ligninolytic enzyme activity of these isolates on glucose-peptone broth was higher than that of
other isolates. And then, these isolates were considered to be able to use in biological pulping and

bleaching and ligninolytic enzyme production.
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1. INTRODUCTION

Lignin-degrading microorganizms and ligni-
nolytic enzymes have possible industrial poten-
tial in pulping. bleaching pulps. modifying pulp
surface properties, treating wastes, and con-
verting byproduct lignins to useful chemicals.
It was known that the white-rot fungi. most of
which belong to the Basidiomycetes, are to the
best lignin degraders among all known microor-
ganisms, and there are several thousand species
of white-rot fungi worldwide. At present, Cori-
olus nersicolor and Phanerochaete chrysosporium
of the white-rot fungi are known as the most
lignin-degrading microorganisms (Arora & Sandu,
1986 : Blanchette. 1984 : Pasczynskietal, 1988).

However. there are a great variations in ligni-
nolyticactivity and extracellular enzymes char-
acteristics among the isolates in same fungi,
and their ligninolytic activities are insufficient
for industrial application because they degrade
the lignin porton of wood quite slowly and also
degrade the carbohydrate portion. Therefore, it
is important to select the best species and iso-
lates of white-rot fungi for industrial applica-
tion.

White-rot fungi degrade lignin by the action
of enzymes that are secreted into the medium.
Two extracellular peroxidase, lignin peroxidase
and manganese peroxidase, and a laccase have
been widely studied, and evidence that they
participate in lignin depolymerization has accu-
mulated. However, the mechanism and the
reaction of lignin degradation by these enzymes
have not been exactly elucidated yet. Only the
reasons for believing that laccase or peroxidas-

es are involved in lignin degradation were that
(1) lignin contains phenolic hydroxyl groups
which constitute a substrate, (2) white-rot
fungi which degrade lignin also produce laccase
and/or peroxidase extracellularly. (3) lignin
degradation is oxidative (Eriksson et al, 1990).

This experiment was conducted to select high
ligninolytic fungi for lignin-degrading, enzyme
production and further industrial application by
the evaluation of ligninolytic acctivity and the
quantitation of enzyme acctivity on a lignin-
degrading fungi.

2. MATERIALS & METHODS

2.1 Isolation and screening of lignin-degrad-
ing fungi

The lignin-degrading fungi were isolated from
fruit bodies of mushrooms and decayed woods
gathered in forest land of eastern area of Chon-
nam. That is, tissues cutted from fruit bodies
of mushroom and pieces of the decayed woods
were inoculated on the potato dextrose agar
medium complimented with 0.01% guaia-
col(GU-PDA). After incubation at 28C for 3
days. the potential ligninolytic activity of the
tested fungi were evaluated qualitatively by
observing colored zones appeared on GU-PDA
medium. The isolates producing higher red col-
ored zone were selected. and were inoculated
again on wood-powder agar medium(100mesh
pass oak wood powder 0.2% and agar 1.6%)
complimented with 0.01% guaiacol(GU-WA) as
described by Nishida et af(1988). After incuba-
tion at 28T for 7 days, red colored zone width
was determined, and then the selected isolates
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were maintained on PDA slant at 4C.

2.2 Ligninolytic activity and selection index
of screened fungi
The selected isolates were inoculated in 50ml
Erlenmeyer flask with woodmeal medium (mois-
ture content, 300%) . one gram of Quercus vari-
abilis or Pinus densiflora wood meal(60~ 80mesh)
which were extracted with hot water and alco-
hol-benzene successively. After incubation at
28%¢ for 30 days. dry weight and Klason lignin
content of wood meal were determined. The
selection index(SI) calculated according to
Yoshihara's equation{1985). That is, SI=holo-
cellulose content/Klason lignin content. Here,
the holocellulose content was obtained by the
following equation : holocellulose=dry weight of
sample-Klason lignin.

2.3 Preparation of crude enzyme and enzyme
assay

For extracellular lignin-degrading enzyme
assay. the screened isolates were inoculated on
glucose-peptone broth of 35mi asshown in table
1. and incubated at 28°C for 7 days. The cul-
ture medium was adjusted to pH 5.0 before
autoclaving.

The lignin-degrading enzyme assays were
performed with the extracellular fiuid. which
was collected by filtration through Whatman
no.4 filter paper. The filtrates were used as a
crude enzyme solution.

Protein contents were determined by Lowry
method, using bovine serum albumin as the
standard (Bolag & Edelstein, 1991).

Laccase activity was measured by monitoring

Table 1. Composition of culture medium.

Glucose 30g
Peptone 10g
KH2PO 41.4g
MgS0O4 - TH:0 0.5¢
Thiamine-HCl 2.0mg
CUSO4 . 5H20 ZOmg
Distilled water 1000m1l

the oxidation of syringaldazine spectrophoto-
metrically at 525nm (Bolag & Leonowicz, 1994).
The reaction mixture contained 0.18M citric
acid, 0.36M phosphate buffer (pH 6.0). 0.075
mM syringaldazine, and suitable amount of
enzyme in total volume of 3ml. Enzyme boiled
for 5 minutes was used in the control. An
increase in the activity by 0.01 unit in one
minute was taken as one unit.

Manganese peroxidase activity was deter-
mined by measuring the changes in 465 nm
with guaicol as the substrate(Pasczynski et al,
1988). The reaction mixture contained 0.1 M
sodium tartrate buffer (pH 5.0). 0.1 mM
guaicol, 0.1 mM H:O;, and 0. 1mM MnSOy. The
reaction was initiated by the addition of H;Os.
Enzyme boiled for 5 minutes was used in the
control. Since laccase can also utilize guaiacol
as a substrate, MnP activity was determined
by subtracting the HzO; and MnSO. indepen-
dent activity from total activity. An increase
in the activity by 0.01 unit in one minute was
taken as one unit.

Lignin peroxidase activity was measured by
monitoring the oxidation of veratryl alcohol to
veratraldehyde as indicated by an increase in
310nm(Tien & Kirk. 1988). The reaction mix-
ture contained 25 mM sodium tartrate buffer
(pH 2.5). 2 mM veratryl alcohol. and 0.4 mM
H:0.. The reaction was initiated by the addi-
tion of H:0.. Enzyme boiled for Smin was used
in the control

2.4 Physiological characteristics of lignin-
degrading fungi

The lignin-degrading fungi screened were
incubated on glucose-peptone broth under con-
ditions of pH 2~9 at 28T and 10~50C at pH 5.
The pH of medium was adjusted to appropriate
pH with the buffer solution: 0.1M sodium tar-
trate buffer, pH2~4: 0.1 M phosphate buffer.
pH 5~6 : 0.1 M sodium phosphate buffer, pH
7~8:0.1 M Tris-HCL. pH 9. Optimal pH and
temperature of fungi growth and enzyme pro-
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Table 2. Number of ligninolytic fungiaccording
to the colored zone width on GU-WA

medium.

Colored zone NO. of fungi Total
width(mm) ¢4t hodies decayed wood

0~10 2 20 22
11~30 6 10 16
31~50 12 8 20
51~170 6 9 15
71~90 2 1 3

Total 28 48 76

duction were determined by measuring the
mycelium weight and the laccase activity after
incubation for 7 daysunder different conditions.

3. RESULTS & DISCUSSION

3.1 Isolation and screening of lignin-degrad-
ing fungi

The Bavendam test has been used as a sim-
ple test in the detection of ligninolytic activity
of fungi. However. Nisida et ¢l(1988). demon-
strated that the correlation between the Baven-
dam test and ligninolytic activity of fungiisnot
satisfactory, and developed a new method to
detect ligninolytic activity. It isthe simple plate
test method which ligninolytic activities were
detected by evaluating colored zones on wood
meal media complimented with guaicol. To
screen a superior lignin-degrading fungi, this
methods were used.

Tissues cutted from fruit bodies and pieces of
the decayed woods were incubated on GU-PDA
medium at 28%C. In the GU-PDA medium. 105
isolates forming red colored zone were selected,
which consisted of 41 isolates from fruit bodies
and 64 isolates from the decayed woods.

The selected isolates with exception of isolates
having slower growth rate on GU-PDA medi-
umwere inoculated on GU-WA medium, and
incubated at 28C for 7 days. After incubation.
the potential ligninolytic activity of the select-
ed isolates were evaluated by observing red color
change on the GU-WA medium. As shown in
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Fig. 1. Relationship of Klason lignin loss vs.

colored zone width of the isolates
screened.

Table 2, the selected fungi were classified into
5 groups according to the red colored zone width
on GU-WA medium.

Most of the isolates from fruit bodies were
shown to high growth rate on GU-WA medium,
but approximately 40% of the isolates from the
decayed wood showed low growth rate. The
fungi having high ligninolytic avtivity in nat-
ural environment exhibit high growth rate on
the same artificial conditions such as wood-meal
medium. That is. fungi with low levels of color
change on GU-WA medium seems to have no
appreciable ligninolytic activity(Nishida et al,
1988). Therefore, 38 isolates exhibited relative-
Iy high levels of color change (31mm over) were
selected again for further examining ligni-
nolyticactivity. All of 38isolates that were pos-
itive on GU-WA medium were inoculated in a
WA medium consisting of one gram of cak wood
meal (60~80 mesh), and incubated at 28 for
30 days. The results indicated that all of the
isolates inoculated had ligninolytic activity on
WA medium, although the degrees of ligni-
nolytic activity were different among the iso-
lates.
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3.2 Ligninolytic activity and selection index

On oak woodmeal medium. the Klason lignin
loss of each selected isolates showed a trend to
increase in proportion to the colored zone width
on GU-WA medium. As shown in Fig. 1. rela-
tionship between the colored zone width and
Klason lignin loss showed the positive correla-
tion. Thislinear relationship made it possible to
use colored zone width as a basic parameter of
ligninolytic activity of screening fungi in
derived equation. Y=0.4088X+1.1791*.

From the results of lignin degradation on oak
woodmeal medium, 19 isolates having consider-
ably high ligninolytic activity(above 20% of kla-
son lignin loss) were screened, and further
inoculated on pine woodmeal medium. After
incubation at 28T for 30 days. Klason lignin
loss and selection index were determined. The

results of the colored zone width on GU-WA
medium and the Klason lignin loss and selection
index on the oak and the pine woodmeal media
of screened 19 isolates and 2 isoclates. Coriolus
versicolor (IFQ 4942) and Phanerochaete chrysospo-
rium( ATCC 34540). supplied from KCCM for
comparison were shown in Table 3. Of the 19
isolates. 8 isolates from fruit bodies were iden-
tified as 3 strains of Coriolus versicolor 2 strains
of Pycnoporus coccineus, Ganoderma lucidum and
Schizopora paradoxa. but 11isolatesfrom decayed
woods not identified yet.

The colored zone width between 38mm to
82mm were found in these screened 19 isolates,
the highest width being found in LJS-6 and the
least in LJS-5. P. chrysosporium reached a max-
imum growth of 90mm in 5 days incubation.
However, there was no significant difference in

Table 3. Colored zone width and ligninolytic activity of screened isolates.

Origi Strains CZW W.L{%) K.L(%) S.1
rien isolated (mm) Pine 0Oak Pine Oak Pine Oak
Fruit C. versicolor - 5 71 6.73 16.91 514  28.42 3.50 3.16
body - 8 68 7.84 20.43 6.31 27.73 3.51 3.06
~-13 75 5.56 17.22 7.39 32.62 3.62  3.50
G. lucidum 45 5.54 19.17 5.34 24.27 3.48 2.94
P. coccineus - 2 49 5.27 14.81 6.42 23.84 3.73 3.24
-3 55 6.53 15.49 5.93 22.81 3.67 3.06
C. hirsutus 54 5.67 12.25 7.29 25.84 3.76  3.06
8. paradoxa 65 9.34 20.15 8.18 26.37 3.57 2.95
Decayed LKY~- 4 48 3.72 13.21 5.64 25.18 3.77  3.65
wood LKY- 7 74 8.38 14.49 7.94 33.42 3.70  3.75
LKY-12 69 9.19 17.29 9.12 35.48 3.67  3.67
LSM- 1 57 4.49 15.25 6.84 27.25 3.65 3.37
LSM-12 60 9.31 18.84 10.92 26.69 3.797  3.29
LSM-13 67 4.83 15.28 8.92 26.55 3.58  3.49
LSK- 8 50 5.32 13.29 5.16 23.36 3.61 3.18
1LSK-15 41 6.02 12.77 5.78 21.15 3.56 3.02
LSK-27 51 7.28 16.22 6.17 22.81 3.62 3.17
LJS- 5 38 6.29 15.17 5.43 23.71 3.63 292
1JS- 6 82 10.21 13.68 16.72 29.34 2.95  3.56
KCCM C. versicolor 71 4.59 14.39 5.58 21.34 3.78  3.69
P. chrysosporium 90 1.23 3.76 1.58 8.15 3.717 3.81

Notes : W.L : weight losses. K.L : Klason lignin lossess. S.I : Selection index. Pine : Pinus densiflora,
Oak : Quercus variabilis, CZW : colored zone width. 3. 3 Extracellular enzymes secreted by lignin-

degrad
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the values of the colored zone width between
the isolates from fruit body and the isolates
from decayed woods. When the 21 isolates were
incubated on the woodmeal medium for 30 days,
the weight losses varied among the isolates test-
ed and the wood substrate used. In pine wood-
meal medium, the weight losses ranged from
4.5% to 10.2%, whereas losses were consider-
ably higher in oak wood meal. ranging from
12.3% t020.4% . In general, white-rot fungiare
commonly found on deciduous wood substrate in
natural environment (Blanchette. 1984). Also
in this experiment, the isolates were found to
grow better on deciduous wood substrate.

Delignification showed higher level on oak
woodmeal substrate than on pine woodmeal.
Klason lignin loss caused by 21 isolates ranged
from 5.1% to 16.7% in pine woodmeal medium,
and from 21.2% to 35.5% in oak woodmeal. The
greatest Klason lignin loss was caused by LKY-
12 isolate with 9.1% and 35.5% on pine and oak
woodmeal respectively, and followed by LKY-7
with 7.9% and 33.4%. and C. versicolor-13 with
7.4% and 32.6% . These isolatesseemed to delig-
nify to a higher degree than these of C. versicol-
or and P. chrysosporium supplied from KCCM.
Especially. Klason lignin loss of P. chrysospori-
um was found to be a low level in this experi-
ment. Exceptionally, only LJS6 strain exhibited
relatively high level of Klason lignin loss on
pine woodmeal.

Selection index which indicated delignifica-
tion selectivity of lignin-degrading fungi was
about 2.9~3.8. and there was no significant
difference among each isolates.

3.3 Extracelluiar enzymes secreted by lignin-
degrading fungi

A total of 21 isolates were analyzed for their
extracellular enzymes after incubations of 7
days on glucose-peptone broth. The most abun-
dant activity found in glucose-peptone broth
was laccase activity. The laccase activities and
the manganese peroxidase activities of extra-

cellular enzymes are shown in Table 4. Of the
21isolates, 19 isolates except for LSK-27 isolate
and P. chrysosporium exhibited laccase activity,
and the highest level of activity was found in
the LKY-12 isolate with 91.5 U/mg of protein,
followed by C. versicolor-13 with 78.1 U/mg. and
LKY-7 with 68.4 U/mg. These isolates exhibit-
ed higher levels of laccase activity than C. ver-
sicolor supplied from KCCM under same
condition. However. G. lucidum and P. coccineus
exhibited much lower levels of laccase activity
than the other isolates.

Because of the ability of laccase to utilize gua-
iacol as substrate. the manganese peroxidase
activity with guaiacol as the substrate was nec-
essary to subtract the activity which was not
dependent on the presence of Hx0; and man-
ganese (Pasczynskiet al 1988). The each isolates
exhibited much less manganese peroxidase
activity thanlaccase activity in glucese-peptone
broth. The manganese peroxidase activity of
the isolates ranged from 2.2 unit to 14.0 unit
per mg of protein. However, LSK-27 isolate
exhibited no laccase activity showed relatively
high level of manganese peroxidase (22.92
unit/mg of protein). And, although it was low
levels, the manganese peroxidase activity of the
isolates of LKY-12. LKY-7. and C. versicolor-13
which exhibited the highest level of laccase
activity was greater than that of other isolates.
In many wood-rotting fungi. the production of
laccase corresponds with the presence of ligni-
nolytic activity, thus suggesting a important
role for this enzyme in lignin biodegrada-
tion(Bolag & Leonowicz. 1994). Also in this
experiment, the three isolatesof LKY-12, LKY-
7 and C. versicolor-13 exhibited high activity of
laccase showed preferential lignin degradation
(Table 3). But this higher ligninolytic activity
is not likely to be a result of the laccase activ-
ity. since the ligninolytic activity was detected
in case of the LSK-27 isolate having no laccase
activity.

To detect lignin-peroxidase, the veratryl alco-
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Table 4. Extracellular enzyme activity of screened strains.

Origin Strains L.A P.C Sp.L Mn.P Sp.Mn
Fruit C. versicolor- 5 65.43 1.67 39.24 7.54 4.52
body -8 33.20 1.79 18.55 7.87 4.40
-13 117.22 1.50 78.14 9.26 6.17
G.lucidum T 1.65 - 3.59 2.18
P. coccineus- 2 15.18 1.81 8.37 T -
-3 10.26 1.51 6.80 T -
C. hirsutus 38.15 1.65 23.12 6.89 4.18
S. paradoxa 23.93 1.70 14.08 7.75 4.56
Decayed LKY- 4 29.19 1.51 19.33 6.34 4.20
wood LKY- 7 125.87 1.84 68.41 9.25 5.02
LKY-12 136.33 1.49 91.49 13.24 8.89
LSM- 1 35.40 1.84 22.48 8.26 4.49
LSM-12 32.66 1.75 18.66 16.31 9.32
SM- 13 29.45 1.7 17.02 7.78 4.50
LSK- 8 24.27 1.35 17.90 4.92 3.64
LSK- 15 17.80 1.57 11.33 4.32 2.75
LSK-27 - 1.64 - 22.92 13.97
LJS- 5 19.66 1.55 12.69 3.69 2.38
[JS- 6 42.19 1.74 24.25 8.03 4.61
KCCM C. versicolor 47.54 1.51 31.48 6.43 4.26
P.chrysosporium - 1.68 - T T

Notes : L. A : laccase activity(unit/ml), P.C : protein concentration{mg/ml), Sp.L : specific activity of lac-
case(unit/mg of protein), Mn.P : manganese peroxidase activity(unit/ml), Sp.Mn : specific activity of
manganese peroxidase(unit/mg of protein), T : trace.
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isolate.

hol was used as the substrate. However, it was
unable to detect LP activity in any of the iso-
lates under glucose-peptone broth used in these
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experiments. Orth and Royse(1993) demon-
strated that the potential to produce lignin-
degrading peroxidases is present in nearly all
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ligninolytic fungi. Thus. these isolates appear
to be capable of producing lignin-peroxidase
under the proper conditions.

3.4 Physiological characteristics of lignin-
degrading fungus, LKY-12

The effect of pH and temperature on growth
rate and laccase activity of LKY-12 isolate were
shown in Fig. 2 and 3. Even though absolute,
exact evaluations of physiological characteris-
tics could not be made because of effect of
buffer solution on mycelial growth, LKY~12 iso-
late was seemed to optimally grow between pH
5 to pH 6 and between 25T to 31C. This opti-
mal growth conditions of LKY-12 isolate was
similar with those of most Basidiomycetes. But
the range of optimal condition for laccase activ-
ity secreted on medium was exhibited to more
or less narrow in comparison with the mycelial
growth. This results were considered due to the
low stability of enzyme on pH and temperature.
The optimal pH and temperature for laccase
production of LKY-12 isolate was pH 5 and 31¢C
respectively.

4. CONCLUSIONS

To screen the superior wood-rotting fungi for
lignin degradation and ligninolytic enzyme pro-
duction, tissues from fruit bodies of mushrooms
and pieces of decayed woods were incubated on
potato-dextrose agar (GU-PDA) medium and
oak woodmeal agar (GU-WA) medium compli-
menting 0.01% guaicol. The isolates which may
have high potential ligninolytic activity were
selected by evaluations of red colored zone width
on GU-PDA and GU-WA medium. These results
were confirmed by determination of Klason
lignin loss on oak woodmeal(WA) medium.
Relationship between the red colored zone width
on GU-WA medium and klason lignin loss on
oak woodmeal medium showed the positive cor-
relation. Thus, the potential ligninolytic activ-
ity of wood-rotting fungi which are not elucidated

yvet may be estimated to some extent by the
evaluation of the red colored zone width on GU-
WA medium.

Exceedingly the variation of lignin degrada-
tion exists among selected isolates. The great-
est Klason lignin loss was caused by the isolate
of LKY-12 with 9.1% and 35.5% on pine and
oak woodmeal respectively, and followed by
LKY-7 with 7.9% and 33.4%, and C. versicolor-
13 with 7.4% and 32.6%. And also these 3
strains exhibited preferential laccase activity on
glucose-peptone broth as compared to the other
isolates. Generally manganese peroxidase activ-
ity was found to be a much low level in same
condition.

Based on these results. it can be considered
that the isolates of LKY-12, LKY-7, and C. ver-
sicolor-13 may be used for potential lignin degra-
dation and ligninolytic enzyme production.
Thus. production and purification of the laccase
and the manganese peroxidase, isolation of
respective genes. and identification of other
enzymes involved in lignin degradation will be
important for further characterization of the
lignin-degrading system of these isolates.
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