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ABSTRACT

The Quercus mongolica has a high utilization value in industrial economic sector. The species is distributed throughout
Korea, however, the damage caused by deterioration such as discoloration and decay is severe. For this reason, the
deterioration of Q. mongolica is an obstacle to its use as wood, but research on deterioration factors is insufficient.
In this study, we focused on fungi as a factor influencing the deterioration of Q. mongolica, and isolated and identified
the fungi from the deteriorated Q. mongolica. In additions, in order to confirm whether the identified fungi actually
affects wood deterioration, enzyme activities of the identified fungi were evaluated and related mass loss of wood
treated with the fungi was measured by wood decay test. As a result of sequencing analysis using the ITS region
of the genomic DNA of the fungi isolated from Q. mongolica, Mucor circinelloides, Cunninghamella elegans, and Umbelopsis
isabellina 3 species belonging to Mucoromycota phylum, and Ophiostoma piceae and Aureobasidium melanogenum 2 species
belonging to Ascomycota phylum were identified. These five fungi had enzyme (i.e. cellulase, laccase) activities related
to wood decay and reduced the mass of heartwood and sapwood of Q. mongolica in practice. In particular, O. piceae
and A. melanogenum, which have both cellulase and laccase activities, showed 6.9% and 1.5% mass loss, respectively.
These results indicated that five fungi identified in this study influence the deterioration of Q. mongolica and are wood
decaying fungi for Q. mongolica potentially.
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1. INTRODUCTION

The oak genus, a deciduous broad-leaved tree, pro-
vides important ecological services to the forest eco-
system (Plomion and Fievet, 2013) and supplies re-
sources such as wood and biochemicals that are im-
portant to humans (Li ef al., 2010; Chang ef al., 2017).

Out of the 1,372 species of them, Quercus mongolica

has 308 trees as a dominant species that accounts for
about 28.4%, and it has been reported that they are
distributed throughout Korea (Lam et al., 2015; Lee
et al., 2018) with the area of 229,821 ha (Korea Forest
Service, 2018). The fruit of the Q. mongolica is edible,
and its wood has been used economically and in-
dustrially as a raw material for building materials and

equipment (Son et al., 2004). It contains biologically
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active substances with antibacterial, anti-inflammatory,
and antioxidant properties, and is known as a species
with high utilization values (Eo et al., 2019; Kong et
al., 2001; Yin et al., 2019; Jung et al., 2017; Jung
et al., 2017).

However, Q. mongolica is easily exposed to ex-
ternal wounds and microbial invasion because the cork
later devolopment is relatively insufficient and the in-
cidence of sprout is high. Therefore it has been re-
ported as a species with a high motality rate by decay.
(Lee et al., 2017; Jeon et al., 2020). According to pre-
vious reports, the decay rate of the 2,504 Q. mongolica
harvested from nationwide in Korea was 66.1%, and
most of them were in the stage of tissue death and
discoloration. Also, it has been reported that the decay
rate increases as the diameter and age of the tree in-
crease (Kang et al., 2020). Q. mongolica with decay
changes the color of inside to brown and dark brown
color or formation of cavities resulting in the decrease
in the quality of wood, so serious economic damage
is caused. Despite these obstacles for economic uses,
no clear cause of the decay has been elucidated. It
is necessary to identify the cause of these phenomena
and to find a method to control the decay for the in-
crease in added value for Q. mongolica.

The deterioration of wood, including decay, is a
phenomenon that physical and chemical properties de-
composed or degenerated and is generally divided into
two types: biological deterioration caused by micro-
organisms or insects and non-biological deterioration
caused by other causes (Brischke et al., 2006;
Brischke and Rapp, 2010; Teodorescu et al., 2017).
Fungi, which are wood decay microorganism, are a
major cause of biodegradation, which weakens the
trunk, branches, and roots of wood (Brischke et al.,
2006; White, 2004). The wood decay by fungi changes
the color or strength of heartwood or sapwood, and

such timbers have less value for use and cause eco-

nomic loss (Schwarze, 2007). Generally, natural bio-
logical deterioration is a complex process involved
with diverse environmental conditions and types of
fungi. Fungi related to decay are confirmed differently
the type of species or enzyme activities such as cellu-
lase and laccase depending on the type of wood.
Therefore, it is necessary to study decay fungi related
to specific wood (Clausen, 1996; Hildén and Makels,
2018; White, 2004).

Studies for fungi-related decay have been pre-
viously reported in Korea and Japan to prevent and
diagnose the damage by wood-decaying fungi for
larch which is a main economic species (Kim, 1996;
Kim, 1997). Similar to the decay damages in larches,
the decay of Q. mongolica is expected to be related
to microorganisms. Therefore, in this study, the fungi
from the decayed area of Q. mongolica were isolated
and identified to confirm the fungi-related decay and
discoloration. Also, we evaluated the identified cellu-
lase and laccase enzyme activity and wood-decaying
ability to confirm whether they can directly affect the

decay of Q. mongolica.

2. MATERIALS and METHODS

2.1. Test specimens

The Q. mongolica used in this study were collected
from Hongcheon, Gangwon-do, Korea. The harvested
timbers with decay or discoloration in the heartwood
in the cross-section were selected (Fig. 1). They were
transferred to the laboratory as slices and crushed into
sawdust forms using a freeze-grinder (SPEX™
SamplePrep 6870 Freezer/Mill™, LLC, Metuchen, NI,
USA). During this process, samples for the isolation
of fungi were prepared, and it took 1 week after

harvesting.
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2.2. Isolation of fungi

Two independent experiments were performed to
isolate fungi among microorganisms in the sawdust.
As one experiment, 10 g of sawdust was put in the
center of PD agar plate (Difco™ potato dextrose agar,
catalog number: 213400, Becton, Dickinson and
Company, Franklin Lakes, NJ, USA), and the growth
of microorganisms around it was monitored. As for
the other experiment, 10 g of sawdust was vigorously
mixed in 100 mL of 0.7% NaCl, and 10x serial dilu-
tions were performed. 100 uL of each dilution was dis-
pensed on PD agar plate and evenly spread using a
glass spreader. PD agar plates prepared by these two
methods were cultured at 25°C and a single fungus

was separated depending on the growth rate.

2.3. Extraction and identification of
genomic DNA from fungi

Genomic DNA was extracted from the isolated and
cultured fungi from the previously described method
(Umesha et al., 2016). After transferring the fungi to
a 1.5 mL Eppendorf tube, they were strongly ground
with a sterilized stainless steel rod. 300 uL of ex-
traction buffer (200 mM Tris-HCI (pH 8.0), 250 mM
NaCl, 25 mM EDTA (pH 8.0), 0.5% SDS) was added
to them and mixed by vigorous vortex. Samples were
centrifuged at 4°C, at 13,000 rpm for 15 minutes using
5417R Refrigerated Centrifuge (Product number: 5407
14618, Eppendorf Scientific, Germany). 250 uL of the
supernatants were transferred to fresh Eppendorf tubes
and 250 uL of phenol-chloroform-isoamyl alcohol
(25:24:1 Phenol:Chloroform:Isoamyl alcohol, Catalog
number: C-9017, Bioneer, Korea) was added. After
gentle mixing by converting, they were centrifuged at
4°C and 13,000 rpm for 5 minutes. 500 pL of the su-
pernatants and 500 pL of cold ethanol diluted with
95% (99.5%, Catalog number: 056-03341, Wako,

Japan) were added and mixed gently. After centrifug-

ing them at 4°C, at 13,000 rpm for 20 minutes, ethanol
was removed. After 1 mL of cold 70% ethanol was
added and slowly mixed, samples were centrifuged at
4°C and 13,000 rpm for 10 minutes. After ethanol was
completely removed, samples were dried with a cap
left opened at room temperature for 1 hour. Samples
were re-suspended with 30 uL of sterilized distilled
water containing 10 ug/mL RNase (RNase A Powder
for K-3030, Catalog number: KB-0101, Bioneer,
Korea) and reacted at 37°C for 30 minutes to obtain
genomic DNA.

To amplify Internal Transcribed Spacer (ITS) region
from extracted genomic DNA, AccuPower™ PCR PreMix
(Catalog number: K-2016, Bioneer, Korea) was used,
and reaction conditions were followed by the manual. Two
primers (ITS1: 5’-TCCGTAGGTGAACCTGCGG-3’,
and ITS4: 5’-TCCTCCGCTTATTGATATGC-3") were
used. The amplified PCR products were purified using
AccuPrep® PCR/Gel DNA Purification Kit (Catalog
number: K-3037, Bioneer, Korea) according to the
manual. The sequencing of purified DNA was performed
at National Instrumentation Center for Environmental
Management (NICEM, Seoul, Korea) using ABI 3730x1
DNA analyzer (Catalog number: A41046, Thermo
Fisher Scientific Korea Ltd., Korea). Homology analy-
ses were performed on the produced sequence using
nucleotide BLAST search at National Center for
Biotechnology Information (NCBI).

2.4. Phylogenetic tree analysis

Among homology search results of five fungi
through nucleotide BLAST using nucleotide sequence
obtained from PCR with their ITS regions as primers,
the one with the highest homology was selected for
each. Multiple sequence alignment for the selected nu-
cleotide sequences was performed using ClustalW of
the MEGA4 program. Neighbor-Joining (NJ) method
was used for phylogenetic tree analysis of aligned nu-

cleotide sequences, and bootstrap (1,000 replications)
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was applied for the reliability of the results.

2.5. Monitoring the growth of selected fungi

The pH and temperature-dependent growth of fungi
was monitored in PD agar plates with 90 mm
diameter. Fungi were inoculated at the center of each
PD agar plate with controlled pH conditions for 4 pH
values (4.5, 5.0, 5.5, and 6.0) and cultured at 3 temper-
ature conditions (25, 28, and 30°C) for each. All ex-
perimental results were calculated using IBM® SPSS
software (Ver. 25.0; SPSS Inc., Chicago, Illinois,
USA) for means and standard deviations. Results were
analyzed by Duncan test method of One-way analysis
at the 95% confidence level. The culture period of
each fungi was determined as 80% of the plate area
was covered by mycelium and the diameter of the ring
at this time was measured to compare the growth rate

of each fungus according to the culture conditions.

Formula: Growth rate (cm/day)

= mycelium diameter (cm) / culture period (day)

Where, the diameter of a mycelium and culture period are
based on when about 80% of the plate is filled with fungi.
Also, the average mycelium diameter formed under all
culture conditions is used.

2.6. Measurement of fungal extracellular
enzyme activity

Among the extracellular enzymes secreted by the
fungus, the activities of cellulase and laccase were
measured (Jeon and Ka, 2014). An inoculum of 6 mm
diameter size was isolated and prepared from the
strains cultured at 25°C on a PD agar plate.
Carboxymethylcellulose sodium salt (CMC, Product
number: C5678, Sigma, Korea) was selected as a sub-
strate for the cellulase activity measurements. An in-
oculum with 6 mm diameter was inoculated on the

center of each 50 mm diameter CMC agar (0.2%

NaNO;, 0.1% K,HPO,, 0.05% MgSO,, 0.05% KCI,
0.2% carboxymethylcellulose sodium salt, 0.02% pep-
tone, 1.5% agar, w/v) plate and cultured at 25°C in
the darkness for 2 days. Then, 1-2 mL of Gram’s io-
dine solution (0.67% KI, 0.003% I, w/v) was poured
onto each plate and reacted at room temperature in
the darkness for 2 hours. After 2 hours, the diameter
of the zone showing cellulase activity was measured.
2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
diammonium salt (ABTS, Product number: A1888,
Sigma, Korea) was used as a substrate for the laccase
activity measurements. An inoculum with 6 mm diam-
eter was inoculated on the center of each 90 mm diam-
eter ABTS agar (0.2% K,HPO., 0.2% KCI, 0.2%
MgSO4-7H,0, 1.5% agar, pH 5.0, w/v) plate and cul-
tured at 25°C in the darkness for 5 days. Five days
later, the size of the turquoise blue ring formed around

the inoculum was measured.

2.7. Evaluation of wood—decaying ability
by fungi

The wood-decaying ability by fungi on Q. mongol-
ica was evaluated following KS F 2213 : 2004
standard. A testing strain for broad-leaved trees,
Trametes versicolor was used as a control group (Won
et al., 2018). About 250 g of quartz sand dried after
washing with water was filled in a 500 mL glass
bottle. 80 mL of culture medium (2.5% glucose, 1%
malt extract, 0.5% peptone, 0.3% KH,PO4, 0.2%
MgSO,-7TH,0O) was evenly absorbed and sealed, and
then sterilized at 121°C for 30 minutes. Heartwood
and sapwood of Q. mongolica were prepared in a size
of 20 x 20 x 20 mm, respectively. The prepared sam-
ples were dried at 60°C for 48 hours, then allowed to
cool down in a desiccator for 30 minutes (conditioning),
and their weight (W,) values were measured. Five
strains of fungi were cultured for 5 days in PD (Difco™
potato dextrose broth, catalog number: 254920, DB,
USA) broth at 25°C and 150 rpm conditions, and 3
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mL of culture were evenly applied to the surface of
the quartz sand. Three prepared samples were put in
each bottle, and then decayed at 25°C and a humidity
of 70% or more, for about 40 days. The fungi adhering
to the sample surface were removed thoroughly with
a soft brush in flowing water and air-dried for about
20 hours. Then, they were dried at 60°C temperature
condition for 48 hours, and then allowed to cool down
in a desiccator for 30 minutes (conditioning), and their
weight (W,) values were measured. The weight reduc-
tion rate was calculated by the formula below, and the

decay ability of five fungi strains was evaluated.

Formula: Weight reduction rate (%)
= (W, — W)/W, x 100

Wi: weight of the sample before fungal inoculation
Wa: weight of the sample after fungal inoculation

3. RESULTS and DISCUSSION

3.1. Identification and phylogenetic tree
analysis by nucleotide sequencing
of fungi

The nucleotide sequences were obtained by PCR
amplification of the ITS1 and ITS4 regions of ge-
nomic DNA extracted from the fungi. Obtained nu-

cleotide sequences were compared to pre-existing da-

Fig. 1. The cut surface of the deteriorated Q. mongolica.

tabases using NCBI, nucleotide BLAST search. As a
result (Table 1) of analyzing the nucleotide sequence
homology of the fungi isolated from the decaying
wood shown in Fig. 1(A), Fungal sp. was ranked at
the top, followed by Umbelopsis isabellina. The nu-
cleotide sequence of fungi isolated from the decaying
wood illustrated in Fig. 1(B) confirmed them to be
fungi belonging to Ophiostoma species and
Ophiostoma piceae accounted for 100% in query cov-
erage and identities. Three morphologically distinct
three fungi were isolated from the decaying wood
shown in Fig. 1(C). The homology comparison from
one of them showed that all of the top five were iden-
tified as Aureobasidium melanogenum, and query cov-
erage and identities were 99%. Another was confirmed
to be Mucor circinelloides, and query coverage and
identities were 99%. The third also showed that all
of the top 5 were identified as Cunninghamella ele-
gans, and the top result showed 99% in query cover-
age and 100% identities. Based on these results, the
isolated fungi were suggested to be O. piceae and A.
melanogenum which belong to Ascomycota phylum,
and M. circinelloides, U. isabellina and C. elegans,
three species that belong to Mucoromycota phylum.

Phylogenetic tree analysis was performed by select-
ing one each with the highest max/total score and
query coverage/identities from the homology search
results using the nucleotide sequences of the five fungi
obtained (Fig. 2). As a result, O. piceae (KF531618.1)
and 4. melanogenum (KY659501.1) were grouped into
one group, M. circinelloides (IN561250.1), U. isabelli-
na (KC489502.1), and C. elegans (JN205887.1) formed
another group. These two groups were separated in the
early stage, and it was confirmed that the similarity
between these two lines was quite distant. In one
group, M. circinelloides and U. isabellina were bound
to the same branch, but C. elegans initially formed
different branches, meaning that C. elegans had a dis-

tance in lineage from the other two species. On the
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Phylum
i'j Mucor circinelloides (IN561250.1)
Umbelopsis isabellina (KC489502.1) }~ Mucoromycota

Cunninghamella elegans (IN205887.1)

—— Aureobasidium melanogenum (KY659501.1)
X X |~ Ascomycota
100 Ophiostoma piceae (KF531618.1)

[T—
01

Fig. 2. Phylogenetic analysis of five fungi nucleotide from a BLAST search at the National Center for Biotechnology
Information. A neighbor-joining method with a bootstrap of 1,000 replications was used.

Table 1. Identification results of fungi isolated from deteriorated Q. mongolica

Query coverage /

Origin Description Max / Total score Identities (%) E-value Accession
Fig. 1(A) Fungal sp. 3.12.4D 1109 / 1109 99 / 99 0.0 KMO068430.1
Umbelopsis isabellina 1083 / 1083 99 / 98 0.0 KC489502.1

Umbelopsis isabellina 1083 / 1083 99 / 98 0.0 AJ876493.1

Umbelopsis isabellina 1077 / 1077 99 / 98 0.0 KJ028792.1

Fungal endophyte sp. P14060 1077 / 1077 98 /99 0.0 EU977237.1

Fig. 1(B) Ophiostoma piceae 1188 / 1188 100 / 100 0.0 KF531618.1
Ophiostoma quercus 1179 / 1179 99 / 100 0.0 KM100571.1

Ophiostoma piliferum 1175 / 1175 100 / 99 0.0 KU756609.1

Ophiostoma querci 1175 / 1175 100 / 99 0.0 AF493243.1

Ophiostoma quercus 1173 / 1173 99 / 99 0.0 MHO055670.1

Fig. I(C)  Aureobasidium melanogenum 1068 / 1068 99 / 99 0.0 KY659501.1
Aureobasidium melanogenum 1068 / 1068 99 / 99 0.0 KY294711.1
Aureobasidium melanogenum 1068 / 1068 99 / 99 0.0 KY294710.1
Aureobasidium melanogenum 1068 / 1068 99 / 99 0.0 KY294709.1
Aureobasidium melanogenum 1068 / 1068 99 / 99 0.0 KY294708.1

Fig. 1(C) Mucor circinelloides 1177 / 1177 99 / 99 0.0 IN561250.1
Mucor circinelloides 1170 / 1170 99 /99 0.0 DQ118987.1

Mucor circinelloides 1168 / 1168 99 / 99 0.0 KP132465.1

Mucor circinelloides 1166 / 1166 99 / 99 0.0 KY933391.1

Mucor circinelloides 1164 / 1164 99 / 99 0.0 GU966516.1

Fig. 1(C) Cunninghamella elegans 1245 / 1245 99 / 100 0.0 IN205887.1
Cunninghamella elegans 1240 / 1240 99 / 100 0.0 IN205882.1
Cunninghamella elegans 1240 / 1240 99 / 99 0.0 FJ1792589.1
Cunninghamella elegans 1234 / 1234 99 / 99 0.0 JF439470.1
Cunninghamella elegans 1232 / 1232 99 / 99 0.0 JN205884.1
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other hand, A. melanogenum and O. piceae showed
a value of 100, which was considered to have high

similarity in their nucleotide sequences.

3.2. Morphological characteristics of fungi
isolated from deteriorated @ mongolica

Five morphological distinct fungi were isolated and
cultured from deteriorated Q. mongolica at 25°C tem-
perature condition using PD agar as a nutrient source
(Fig. 3). After observation of mycelia from 5 fungi,
the surface texture of M. circinelloides and C. elegans
was downy surface texture (Fig. 3(A) and 3(B)). Also,
in the case of U. isabellina (Fig. 3(C)), the surface

I Scale bar; 1em

Fig. 3. Morphological characteristics of mycelial colonies
isolated from deteriorated Q. mongolica. All fungi were
inoculated on 90 mm diamter PD agar plate and cultured
at 25°C. (A) M. circinelloides, (B) C. elegans, (C) U.
isabellina, (D) O. piceae, (E) A. melanogenum.

of the formed mycelium showed a rough texture. On
the other hand, the mycelium of O. piceae and A. mela-
nogenum has a relatively flat surface, smooth texture,
and glossy (Fig. 3(D) and 3(E)). Also, M. circi-
nelloides, C. elegans and U. isabellina had unclear
boundaries of their mycelia, but O. piceae formed dark
circular bands like annual ring around the inoculum,
as the mycelium spread. In addition, 4. melanogenum
showed bright color in early stage mycelium but
showed a tendency to darken over time forming dark
brown color around the inoculum. In summarizing the
morphological characteristics, it was confirmed that M.
circinellodes, C. elegans, and U. isabellina formed one
group, and O. piceae and A. melanogenum formed the
other group. This result of being divided into two
groups supported well the result of phylogenetic tree
analysis using nucleotide sequences (Fig. 2), which
were classified into Mucoromycota phylum and
Ascomycota phylum. If the characteristics of fungi are
investigated through the unique morphological analysis,
it is considered that it will be useful for the initial
classification of strains before a genetic identification

process.

3.3. Observation of growth characteristics
of identified fungi

In order to observe the growth characteristics of the
five fungi strains isolated and identified from Q. mon-
golica depending on the culture conditions, fungi were
inoculated into PD agar plates adjusted to various pH
values (pH 4.5, pH 5.0, pH. 5.5, and pH 6.0) and in-
cubated at temperature conditions of 25°C, 28°C, and
30°C. The inoculated fungi were incubated until the
surface of a plate was more than 80% covered, and
the incubation period was varied according to the
growth rate of each strain. Also, the diameter of their
mycelia was measured to calculate the growth rate ac-

cording to the cultivation period to compare the
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growth rate among fungi (Table 2).

After checking the growth rate for each species, it
took 3 days until 80% of the plate surface was covered
with mycelium by M. circinellodes and C. elegans,
and the growth rate were confirmed to be 2.4 cm/day
and 2.1 cm/day, respectively. Also, U. isabellina was
required 9 days of the culture period, and its growth
rate was confirmed to be 0.8 cm/day. O. piceae and
A. melanogenum needed 17 days and 14 days to form
sufficient mycelia, respectively, and the determined
growth rate was confirmed to be 0.4 cm/day and 0.5
cm/day. From these results, the growth rates of M. cir-
cinelloides, C. elegans, and U. isabellina belonging to
Mucoromycota phylum isolated and identified through
this study were found to be 2 — 6 times faster than

those of O. piceae and A. melanogenum belonging to

Ascomycota phylum.

Growth changes depending on pH and temperature
conditions were examined for each species, and basic
physiological characteristics of each strain were inves-
tigated by observing a significant difference in growth
with respect to the size of the mycelium measured un-
der each condition. As a result, no significant pH/tem-
perature dependence was observed from M. circi-
nelloides and C. elegans. In contrast, U. isabellina
formed a wider mycelium cultured at pH 6.0 than
pH 4.5, at both 25°C and 30°C culture temperatures
(p < 0.05). Based on these results, it is suggested that
pH is a more important factor for the growth of U.
isabellina than temperature. In the case of O. piceae,
a wider mycelium was formed when cultured at pH
5.5 and 25°C than pH 5.5 and 30°C within the same

Table 2. Comparisons of mycelial growth according to pH and temperature conditions

Species Mycelial growth on PD agar plate (cm)’ Time™  Growth rate
pH 4.5 pH 5.0  pH 55 pH 6.0 (day) (cm/day)

25°C 7.1+£0.5 6.9+0.4 7.0+0.1 7.2+0.2

Mucor circinelloides 28°C 7.2+0.2 7.3+0.2  7.740.6 7.5+£0.3 3 2.4
30°C 7.2+0.5 7.8+0.9 7.3+0.2 7.6+0.2
25°C 6.1+£0.2 6.0+0.4 6.3+0.4 5.8+0.6

Cunninghamella elegans 28°C 6.9+0.4 6.7£0.5  6.8+0.0 6.2+0.2 3 2.1
30°C 6.4+0.1 6.2+0.3 6.7+0.2 6.4+0.8
25°C 7.0+0.3 7.2+0.2 7.5+0.1 7.6+0.1

Umbelopsis isabellina 28°C 7.3£0.3 7.5402  7.5+0.3 7.8+0.3 9 0.8
30C 6.7+0.2%"  7.5:0.1  7.5:0.2 7.9+0.2
25°C 7.5+0.2 7.0+0.8 7.4+0.7 7.0+0.1

Ophiostoma piceae 28°C 6.7+0.6 6.9+0.4 7.0+0.1 6.8+0.1 17 0.4
30°C 6.10.1 6.120.3  5.7+0.1° 5.9+0.2°
25°C 7.5+0.3 7.1£0.1 7.5+0.1 7.3+0.1

Aureobasidium melanogenum  28°C 7.4+0.2 7.3+0.1 7.2+0.1 7.0+0.2 14 0.5

30°C 6.6+0.1%%9%0 67402 6.6£0.2°  6.4+03%Dcdele

* The sizes of mycelium formed under various culture conditions were compared for each fungi at a 95% confidence level.

** The day when 80% of the surface of the plate is covered.
*** Average fungi growth rate under all culture conditions.

ap < 0.05 vs. 25°C, pH 4.5; b p < 0.05 vs. 25°C, pH 5.0; ¢ p < 0.05 vs. 25°C, pH 5.5; d p < 0.05 vs. 25°C, pH 6.0;
¢ p < 0.05 vs. 28°C, pH 4.5; fp < 0.05 vs. 28°C, pH 5.0; # p < 0.05 vs. 28°C, pH 5.5; h p < 0.05 vs. 28°C, pH 6.0;

' p < 0.05 vs. 30°C, pH 4.5
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period (p < 0.05). It is considered that relatively low
temperature is suitable for the formation of O. piceae
mycelium. The growth of 4. melanogenum generally
formed a wider mycelium when cultured at 25°C than
30°C (p < 0.05). From these results, it is suggested
that relatively low temperatures are suitable for the
growth of A. melanogenum.

Despite some differences in the culture period, all
strains showed active growth enough to cover all the
plates surface regardless of the culture conditions. This
phenomenon is suggested that glucose, which is the
main constituent of PD agar used for culture in this
study, is the preferred energy source by most micro-
organisms, and therefore optimal culture conditions
have not been derived. It is considered that further in-
vestigations will be necessary to observe the nutrient
sources favored by the five fungi and the morpho-
logical characteristics expressed at that moment, by
varying the medium conditions depending on carbon

and nitrogen sources.

3.4. Extracellular enzyme activity of fungi

Woods have complex layered structures composed of
polymer compounds of cellulose, hemicellulose, and
lignin. Wood decaying fungi and other wood-harming
microorganisms must have a system which is capable
of decomposing these chemical structures to effec-
tively decompose woods and obtain nutrients (Bidlack
et al., 1992; Bréandstrom, 2001; Yoon et al., 2018). Since
the five fungi strains obtained in this study were iso-
lated from deteriorated Q. mongolica, with decay and
discoloration, it was expected that they would be able
to decompose wood biomass. So, the presence or ab-
sence of enzymes that degrade cellulose and lignin
were confirmed by using CMC and ABTS as sub-
strates, respectively.

CMC is one of the cellulose derivatives (Hankin

and Anagnostakis, 1977), and its  -1,4-glucosidic

bond is hydrolyzed by cellulase to form glucose
(Percival Zhang et al., 2006; Yoon et al., 2019). By
inoculating 5 types of fungi on a 5.0 cm diameter agar
plate containing CMC and incubating at 25°C, a ring
was formed by cellulase activity around all inocula
(Fig. 4(A)). Especially, M. circinelloides and C. ele-
gans formed the biggest rings with the size of 4.3 and
4.0 cm, respectively. In contrast, U. isabellina, O. pi-
ceae, and A. melanogenum formed relatively small
rings, 2.0, 1.9, and 1.8 cm, respectively. M. circi-
nelloides and C. elegans, which formed big rings, be-
long to Mucoromycota phylum, and O. piceae and A.
melanogenum, which formed relatively small rings,
are classified as Ascomycota phylum. Laccase is an
extracellular enzyme produced by most fungi and has
been reported to break down lignin in wood (Baldrian,
2006; Giardina et al., 2010). By confirming the secre-
tion of laccase, a lignin-degrading (ligninolytic) en-
zyme, with ABTS assay, the possibility of lignin de-
composition capability of five fungi strains was
confirmed. After inoculating strains on the agar plate
containing ABTS and incubating for 5 days, the secre-
tion of laccase was confirmed by the presence or ab-
sence of a turquoise ring (Fig. 4(B)). As a results, tur-
quoise rings of 3.2 cm and 2.1 cm were formed around
the inoculum of O. piceae and A. melanogenum,
respectively. On the other hand, M. circienlloides, C.
elegans, and U. isabellina did not form a ring induced
by laccase decomposition. Interestingly, the two fungi
strains, O. piceae and A. melanogenum, which their
laccase secretion was confirmed by the formation of
turquoise rings, belong to Ascomycota phylum, and
the other three strains that do not secrete laccase be-
long to Mucoromycota phylum.

M. circinelloides, which is commonly found in soil,
plants, and decayed fruits (Carvalho ef al., 2015; Lee et
al., 2014), has the nucleotide sequence of 3 -glucosidase,
a type of cellulase, and it has been reported to show

enzymatic activities (Huang ef al., 2014). The M. cir-
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Fig. 4. Cellulase (A) and laccase (B) activities of five fungi isolated in this study. The cellulase and laccase
activities of fungi were measured using CMC and ABTS, respectively, as substrates. All culture conditions were
25°C, and each activity was measured after two days for cellulase and five days for laccase. CMC assay was
performed on a 50 mm plate, and ABTS assay was performed on a 90 mm plate. A. M. circinelloides, B.
C. elegans, C. U. isabellina, D. O. piceae, E. A. melanogenum. N.D is an abbreviation for not detected, meaning

that no enzyme activity was observed.

cinelloides strain isolated and identified in this study
also exhibited cellulase activity, and it is presumed to
be a fungus involved with the deterioration of Q.
mongolica. C. elegans has lignin peroxidase enzyme,
and it has been reported to show the maximum en-
zyme activity at 30°C temperature and pH 6.0 con-
ditions (Roushdy et al., 2011). However, the C. ele-
gans strain obtained in this study did not show lig-
ninolytic activity, and it might be explained to be
caused by the difference in conditions for measuring

the enzyme activity. Thus, it was considered that it

is necessary to perform different temperature and pH
conditions in the screening process to evaluate the
presence or absence of enzyme activity as well. O. pi-
ceae, in which cellulase and laccase activities were ob-
served, is a soft-rot fungus and has been reported to
cause discoloration as well as decay of woods
(Abraham et al., 2011). On the other hand, U. isabelli-
na and A. melanogenum have not been reported on
wood-degrading enzymes. However, in this study, cel-
lulase activity of U. isabellina and cellulase and lac-

case activity of 4. melanogenum were observed, so
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they would be related to the wood decay. Based on
these results, among 5 fungi strains isolated from Q.
mongolica in this study, it is expected that O. piceae
and A. melanogenum, which belong to Ascomycota
phylum, secrete both cellulase and laccase enzymes,
involving with degrading cellulose and lignin of Q.
mongolica.

In addition, it is considered that M. circinellodes,
C. elegans, and U. isabellina, belonging to the Mucoro-
mycota phylum, secrete cellulase and affect cellulose

decomposition in Q. mongolica.

3.5. Evaluation of the decaying ability of
fungi on Q. mongolica

All of the five fungi isolated from the deteriorated
0. mongolica possessed cellulase activity. O. piceae
and A. melanogenum among them showed laccase
activity as well as cellulase activity. Based on these
results, the 5 fungi identified in this study are expected
to be related to the deterioration of Q. mongolica, so
their decaying ability was experimentally examined on
Q. mongolica. Because fungi with enzyme activity de-
compose the constituents of wood and use them as a nu-
trient source, the weight of woods decayed by them

should be reduced. Therefore, the weight reduction rates
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of five strains of fungi were measured for heartwood and
sapwood of Q. mongolica, and used as a criterion for
evaluating the wood-decaying ability (Fig. 5). Results
showed that the weight reduction rate of Q. mongolica
heartwood by O. piceae was about 3.9% and sapwood
was about 3.0%. On the other hand, the rest of the strains
had insignificant effects on weight reduction rate which
were showing less than 1% reduction for both heartwood
and sapwood. When comparing the weight reduction rate
by each fungus for the heartwood and sapwood, O. pi-
ceae and A. melanogenum, belonging to Ascomycota
phylum, showed 6.9% and 1.4%, respectively, which
were relatively higher than strains belonging
Mucoromycota phylum: M. circinelloides (0.7%), C. el-
egans (1.3%), and U. isabellina (1.0%). Fungi belong-
ing to Ascomycota phylum are also called soft-rot fungi,
and they are found in both softwoods and hardwoods,
but found more in hardwoods and are known to cause
more damages. It has been reported that wood con-
taminated with soft-rot fungi undergo damages including
softening surface and discoloration to dark brown
(Nilsson and Daniel, 1989; Song et al., 2010).

As previously described, all 5 fungi strains showed
cellulase activity confirmed by CMC assay and ABTS
assay, and two fungi belonging to Ascomycota phy-

lum were found to possess laccase activity as well as
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Fig. 5. Deterioration test on heartwood (A) and sapwood (B) of five fungi isolated in this study. The wood decay
test was carried out for forty days at 25°C and 70% humidity conditions. N.C: negative control (No fungi inoculation)
P.O: positive control (Trametes versicolor) A. M. circinelloides, B. C. elegans, C. U. isabellina, D. O. piceae,
E. A. melanogenum. N.D is an abbreviation for not detected, meaning that no weight loss was observed.
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cellulase activity. Lignin surrounds cellulose, and
hemicellulose acts as a bridge between the two bonds
(Carrier et al., 2017; Zhang et al., 2015). This tightly
bonded lignin maintains the shape of a wood or pro-
tects cellulose from external invasion (Xie et al.,
2018). So, the decomposition of lignin by the laccase
enzyme activity helps the decaying microorganisms
with enzymatic activity including cellulase to pene-
trate into the wood, suggesting the possibility that the
decay of woods can proceed more effectively. Therefore,
it is considered that the decomposition of lignin by
laccase activity as well as cellulase activity acts as an
important factor in the decaying of Q. mongolica, and
it is suggested that O. piceae and A. melanogenum,
belonging to Ascomycota phylum, which possess both

enzyme activities, play a more important role in it.

4., CONCLUSION

From this study, overall five fungi strains were iso-
lated and identified from Q. mongolica with dis-
coloration, decay, and deterioration damages. The
identified fungi were confirmed to be three species
that belong to Mucoromycota phylum including M.
circinelloides C. elegans and U. isabellina, and two
species that belong to Ascomytoca phylum including
O. piceae and A. melanogenum. By evaluating the en-
zyme activity that affects wood decay, cellulase activ-
ity involved in cellulose degradation was observed in
all fungi. Also, unlike the other fungi, O. piceae and
A. melanogenum showed cellulase activity as well as
laccase activity that degrades lignin. The weight re-
duction effect was also observed by all five fungi in
the evaluation of wood decaying performed on the
heartwood and sapwood of Q. mongolica. Based on
these results, it is considered that the five fungi iso-
lated from the deterioration of Q. mongolica have en-
zymes that degrade cellulose and lignin, which are ma-

jor components of wood, and thus can affect wood

decaying. Therefore, the identified fungi are considered
to be directly involved with the decay of Q. mongolica,
but in order to control the decay, further studies on
the pathways and mechanisms by which these fungi

are infected in living Q. monoglica will be needed.
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APPENDIX

(Korean Version)
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PD agar(Difco™ potato dextrose agar, catalog number: 213400, Becton, Dickinson and Company, Franklin Lakes, NJ, USA)
plate®] ool il FHOZ Aeh= wAES AU o shuhe A9 A1, S5 10 g2 100 mLe] 0.7% NaClet
A E9t B, o & 1014 1% |43l 2 84E5& PD agar platec]] 100 uLA 55111, glass spreader: ]85}
L2 =EZST 7 7] SR 28)E PD agar plate= 25°C 5= 2704 Hjefstg o, A &iof upehA 24749
o Fgol& FeEfstgrt.

2.3. FB°]¢ genomic DNA & % 573

Ay WS zharste] Ba) v 3o 525 E genomic DNAE 343} tHUmesha et al., 2016). 1.5 mL Eppendorf
tubeo]| FFo|E 71 T, EE AH QYA w2 7351 2okt 300 uLQ] extraction buffer (200 mM Tris-HCl (pH8.0),
250 mM NaCl, 25 mM EDTA (pH 8.0), 0.5% SDS)E d7}510] 71517 vortexsto] Eats9ith. 415e]7](5417R Refrigerated
Centrifuge, Product number: 5407 14618, Eppendorf Scientific, Germany)E ©]-83}¢] 4°C, 13,000 rpm X2 158
=0t YA Bttt M2 e-tubeo] AN 250 uLg %A E 1, 250 uL phenol-chloroform-isoamyl alcohol (25:24:1
Phenol:Chloroform:Isoamyl alcohol, Catalog number: C-9017, Bioneer, Korea)E 7}5}3th F-=HA| convertingdlo] &3t
3, 4°C, 13,000 rpm 2702 SH Eob YAR eItk Aol 500 ULt 95%2 3]41E Z7FS ethanol (99.5%, Catalog
number: 056-03341, Wako, Japan) 500 uLE #7}5}te], 2E7] &5tk 4°C, 13,000 rpm 2402 208 ok YA ETH
&, ethanol& A|ASFTE 1 mLe 2712 70% ethanolS A7}ste] REHA &§3t &, 4°C, 13,000 rppm A2 108
52 Y eskeiet Ethanold S SHA A|ATT &, £ A FHl2 F20A 1A 58 A2AIF T 10 ug/mL RNase
(RNase A Powder for K-3030, Catalog number: KB-0101, Bioneer, Korea)7} 3£¢He Hats 54 30 ULZ resuspendd}o]
37°Cof|A] 308 FoF Hh-g-3}¢] genomic DNAE &1 3}%cth

2215 genomic DNAZYE| Internal Transcribed Spacer (ITS) regiond ZZ3}7] $J3]] AccuPower® PCR PreMix (Catalog
number: K-2016, Bioneer, Korea)g o|-&3}¢on, w3 AL ujrde osith o uf T/ primer (ITSI:
5 -TCCGTAGGTGAACCTGCGG-3", ITS4: 5’-TCCTCCGCTTATTGATATGC-3")E o] &3}ith. ZZ8 PCR product'=
AccuPrep® PCR/Gel DNA Purification Kit (Catalog number: K-3037, Bioneer, Korea)2] uj+<2 ule2} AA|stAct A=
DNA product®] g7]44¥ E4-2 National Instrumentation Center for Environmental Management (NICEM, Seoul, Korea)o]
A $3f51 on, ABI 3730x1 DNA analyzer (Catalog number: A41046, Thermo Fisher Scientific Korea Ltd., Korea)S
o] &35ttt EAE F7|A Y-S 0]-835}e] National Center for Biotechnology Information (NCBI)2] nucleotide BLAST search
S %o 454 w42 SasEh

2.4, A% E4 (Phylogenetic tree analysis)

5% #%0]9 ITS region= primer® 3t] PCRE 53 817 &7] A €< nucleotide BLASTE 53 homology search
A3 olN, 217 AEA0] 4 B S IS AEsigieh. AME 7] A9S MEGAS Z2199] Clustal W o]-5}0]
A5 AT B4 $13) Neighbor-Joining (NJ) - AH8-81%

R

multiple sequence alignmentE A8} ). Align¥l &7
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om, Ao AFAHS 3f bootstrap (1,000 replications)S Z-8-5}%ict.

2.5, A8E FFo|9 A Bz

90 mm 2|73 9] PD agar plateo 4] 2%=9} pHoll w2 2} F30]9] S WaAstYch 455745, 5.0, 5.5, 6.0)¢] pHZ
%44 PD agar plate®] %ol 6 mm 2749 HEHS it FEokL, 35725, 28, 300)9] 2= 2702 vjoysigint
HE A3 Ante ggal 22 BE AAalslr] YaljA] IBM® SPSS software (Ver. 25.0; SPSS Inc., Chicago, Tllinois, USA)E
o] g-3lo] AtE|gich Ak AAu)x] BARELA(One-way analysis)2] Duncan 774 BP0 & 423|901, 95% Alg] 4220
A o= ¢ick. Plate] 80% H=7t AR YRS WE 2F +9 vk 7Ixke® sfar, o] f¢] ko] A& S sto] wjY
Z20] @ 7} F30]9 AFES vyt

ARA: AAGE (cm/day) = A 2] 27 (cm) / WjF 717F (day)

2.6, TBolY #AQ 54 Y EF

THo|7} Eulehe= A|E @) a4 F cellulase®} laccase?] 43S =751 tHJeon and Ka, 2014). PD agar plateof| 4] 25°C
2% 270 wigE FFERE 6 mm A9 FFTUS Eolcte] FH|siGirt. Cellulased] B4& S5 9dl
carboxymethylcellulose sodium salt (CMC, Product number: C5678, Sigma, Korea)S 7|22 A &5}tk 50 mm 279
CMC agar (0.2% NaNOs, 0.1% K,HPO,, 0.05% MgSOs, 0.05% KCI, 0.2% carboxymethylcellulose sodium salt, 0.02%
peptone, 1.5% agar, w/v) plate®] Sl 6 mm 27 9] FFAE 1704 HF3k 5, Wo| AehE 25°C Hjg7]ofA o] & ¢t
HjoFsldth 1 3, plate?] %99 Gram’s iodine solution (0.67% KI, 0.003% I, w/v)2 1 -2 mLA "oj=g] & dZ2ujE
TUR Ylg Apgsto] 247t Feb 2ol WSSkt 24 & cellulase] 2o Uehts zoned] A& S45H3ith
Laccase®] &-A41-2 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) diammonium salt (ABTS, Product number: A1888,
Sigma, Korea) 7| &= ARESto] S7313Ich &0|E 6 mm 27 9] 30| A& 90 mm 27 €] ABTS agar (0.2% K.HPO,,
0.2% KCI, 0.2% MgSO,-7H,0, 1.5% agar, pH 5.0, wv) plate®] Zo}o] AEalo] o] Aichel Abg|s 25°Co|A] 5 EoF

il

slofstolc. 59 F HEAS FHOE FHHL 3B o] 2712 2t

2.7, FFolo o3 EA B AlY

KS F 2213 : 2004 -7 wpg} Aol tigh 3330]9) HoeE @rleigiey. 22 S48 T4 42 Trametes
versicolorS A8 tHWon et al., 2018). 500 mL -1 9] glass bottled] Eof oA AxE AGnE oF 250 g )
80 mL 9] H[joFH(2.5% glucose, 1% malt extract, 0.5% peptone, 0.3% KH,PO4, 0.2% MgSO, 7TH,0)& 1LE2A F4A|7]1L
W53, 121°Co| A 3087 Hatokgley. ARl MAel AAE 247 20 x 20 x 20 mm 27| & A|Zskglct. A2
AlF= 60°C 2= 271004 48A17F 59t Ax3 &, dlAAIolEloll A 30+ 53T Hdstoi(conditioning) FA(W)E 45kt
5%9] #iol PD (Difco™ potato dextrose broth, catalog number: 254920, DB, USA) brothol|A] 25°C &%, 150 rpm
27102 59 52 jestgon, Hojndel Ee] 3 mLa 12 SES L, 2uE AIRE 2 botles) Y HE 3,
25°C 2%, 0% o 4% £ oF 4097t Fo] R ARY| EHle] RHY FAE SRk B HEGe
HYAIF o]-g-sto] 73to] grohfiar, oF 2047 54 vhgtel] 12X FTh 1L %, 60°C 2% 271oflA] 4847 59t ARAI7 AL,
glXAolElo A 304 F<F Hgstoi(conditioning) FA(W)E SSHATE AlRY $8 Faed o] AR et AitE
Aom, ol 7|E LR 5% Fol9 Fuo] HItE

ARRA: e A48 (%) = (W) - Wa) /W, x 100

. 3Lig]
Wi B0
al
=

4% A AR 7
Wz: %—

F Aze 7

- 250 -



Isolation and Identification of Fungi Associated with Decay of Quercus mongolica

3 i

5.1 BRole] 9] AE BHS Be 54 9 ABS 24

HHo|2HE FZ% genomic DNAQ] ITS13} ITS4 region PCR FEZL 53l 97] A o] EREQUT SRE 97|

A1 98- NCBI9] nucleotide BLAST searchE 0]-85}0] 7]£ 9] database®} H| W E| %It} Fig. 1(A)9] 1 & Exjziyg Eajg
F3o]o 7] Ad AASAL B43% ZAITable 1), Fungal sp. 7} 7P Aol ¢Xet¥ L, 1 t}2 0 2= Umbelopsis
isabellinaz°] 1%t Fig. 1(B)S] 39 HA=RE Ee)d 0|9 |7] AF-2 Ophiostoma Fof| &3l= F50]50]
ol %] 9l o1, Ophiostoma piceae?} query coverage®} identities”} 212} 100%2 LFEFGETE Fig. 1(C)9] 3% B4+
FHEH R FEEE 37HA9 wEol7F EeEh 1 F sk s Bl A3, A9l S7WF 5 Aureobasidium
melanogenum 2. 2 Q1 E] Q) 0™, query coverage®} identities”} 99%E LERHTE E ThE F30l= 25 Mucor circinelloides
7} EolE|QleH, query coverage?} identities7} 99%E UEMWNTE YA slUe E3F A 5717} % Cunninghamella
elegans 2 Q1% 9] 01, 7]- Ar9lof ¢ |8t Axto) query coverage= 99%, identitiest= 100%E UElYT) o]t A&

Higto g Haw Z3o]52 Ascomycota phylumo] 43= O. pzceaeSL} A. melanogenum, “12]11 Mucoromycota phylumo]|
&3= M. circinelloides, U. isabellina 2 C. elegans 33522 % %It}

SR 5% F3o]9 g7] AE& ©]83t homology search Z1}o] 4 max / total score®} query coverage / identities 4>%]7}
7 =2 S 2 170 AAste] Al BAS s th(Fig. 2). 1 Ad, O. piceae (KF531618.1)2} A. melanogenum
(KY659501.1)0] 3lL}o] T1Fo & Fom, M circinelloides (IN561250.1), U. isabellina (KC489502.1), L83 C. elegans
(IN205887.1)0] & T2 152 PASHAL o] 7 1E2 279 £ ACRE AT 719 fAHE7 H AR gel= ik
sl Eo) A M circinelloides®} U. isabellina'= 77-& 7}A & £o] Qlou, C elegans= %7)ol| b2 712 & FA51oH,
o= C elegans7} & Z£3} AE 7o) A7} k= AL ou|steh. ¥bHol|, 4. melanogenumi} O. piceae= 1009] +X&
etgozal o7l A2 719] SARErt B8 Ao Az,

3.2, €3td AZUR=ERY o€ 30| JHEE E4

PD agar® PO AGSHL 25°CS] £ A4 QokE AZURRYE FHAe R FREL 559 Az e
F3ol7} Ba ujofE IchFig. 3). 55 #30]9 dAE st Ak, M circinelloides®} C. elegans+w= 31 A7}o| &1}
ke vi(Fig. 3(A)2} 3(B)), U. isabellina (Fig. 3(C)) 3+ FAH FARS To] A A7he ekt uhdo] O. piceae}
A. melanogenum (Fig. 3(D)¢} 3(E)= Ao g2 EHo| Heksl A7o| wj&slal gedo] itk 3k M circinelloides,
C. elegans, 18)1 U. isabellinab A7 HAU = BA7E F35HA] GAR, O. piceae= #AA|7F HAUZATE HAEUS
FH02 olelsh 2ol 1 Mol AFY| 17 FHEE o] WAL, A melanogemum EF, AT FHEE AL
25 A2 A A1e] A4 o QI B L) HENE SO o TS denics 3
ANE vgo g 39S u|, M circinellodes, C. elegans, 12]1 U. isabellina?} 31e] 18, 12|11 O. piceae?} A.
melanogenum©] F s+0] 1EAY BREE Ao] BIHTE ol WA A7) DG o|43t Al 4] AuFig. 2)9}
543 Mucoromycota phylum®} Ascomycota phylum & 1550 2 LHE= Aitolt}, o|AY FH-E50|9 1113t FeshA
B4 B9 1 543 2AUTE $H8 $4 190] 24 AAEoz 229 BF 240 0] © Aolet A=EL

33 EAE a;_rou NAFEA

o

AZE B B9l Bel BAE 5% Fo|o] ¥k 200l tHE Y SHS BAs) 93 chRl pH goE 28
PD agar plte (pH 4.5, pH 5.0, . 55, pH 60)0] 33fel, 220 25°C, 26°, 30°Ce] L 2ol oaisick 934
9012 pltes] ol 80% o4 51 71l sl dato] 44 4ol whek wlop 10 T Bl T,

PP
o) u FAAE AL 2ol Wk s1do] mE WRES Adelol Fuo] 7he AFES ek 5ockTable 2).
7t 458 BAES RIS A}, M circinellodes$} C. elegansi 13 plate2] 80%7} AR E3|7|7HA] AQH HjoF
71202 390l om, A A7 ] AES ALk Adl 247 2.4 evday@t 2.1 envday 2 SIRIE|QIth 3L UL isabellina®)
£ 949 uljoF 7|7to] @ EQlow, MAEL 0.8 cvday = EUE| Ak O. piceaet A melanogenum-S- ZYZ} 1797} 144&
HjoFetlS o - A FAE Ueti o, o|2RE AAE AFES 27 0.4 cm/day®} 0.5 cm/day 2 2915 Qi)
o3t Avtg ujFo] HLS u, B A1E 53| £ 5= Mucoromycota phylumol| £31= M circinelloides, C. elegans,
83 U isabellina® Y& A2 02 Ascomycota phylumol| £31= O. piceae®} A. melanogenum=th 2F 2 - 64|
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w2 Roz sl
7 35 pHol £& 20 T2 A UskE Zgsheon, 242e) 2ol ZAE AR 7)o tste] felnlg
WY Aol BEGO A 2 275 /1B Ae] SAS shelstuat skt 7 Az, M circinelloidessh C. eleganst= 712t

7!
% 2
pHO} &= 2] W3lo] w2 fou|gt AAFe] Wslrl IztE|R] Akete). ¥bH, U isabellinaw= 25°C2} 30°C =2 pH 4.5 8j%F
5‘-@ Stoll A FAdEe dAHAIS) 271Ee FY %9 pH 6.0 2704 v FAAZE B 8A A= ATHp < 0.05). o] gt
FAFO 2 u|fo] BFS |, U isabellina®] YA o= LR} pH7F $835F Q010 & 2F8sl= Ao AlRECh O. piceae?)
49 25°C £.29] pH 55904 WeEISke W, 30°C 29 pH 55 20T 59 7|2e] B We 2AAE FAstelct
(p < 0.05). °]= O. piceae —TH\]-iﬂ o= A Fog e iE7]— Aeket Ao 7 AR A melanogenum®) AA-L,
AREA o2 30°CoA] vieF E ol mET), 25°ColA vl H3E o WS FAE FASATHp < 0.05). o3t A=
n|2o] HokS |, A. melanogenquI A o= AR o 2 ‘;l% Lw7t Aest Aog AlgEch

e 712k0] Aol SR, E 7t Wlef 2T AR 0] plate B S8 HER Sueh 4TS eRAT, ofefet
AL & AFollA wigE fIol AHERE PD agard] = 444 A& iR nldEEC] A3k YA UL R M-Sl
glucose, |2 <13 HA] Hjf 2Ao] EEEA e A0 ARETh 2T AT Ba) S A490] $Ro] v}
iz 24 gEste] BolE 529 FHo7 AEsts gordyl, 1w WEEE Pz EXS BEY davt 9k
PEEEY

3.4, F%0lY w#AY BLEA

2= cellulose, hemicellulose, “12] 1 lignin®] 1182} 3letE0| Bs1A o] F0]R SAF 25 o|f 1 9tk B4 H3 S
w|Seo] BA) 7kl DIAEES olo} 2L et T o & Gl AAHE /AT ojo BAE AFHOR Ha
gorle S 4~ QrhkBidlack ef al., 1992; Brindstrom, 2001; Yoon et al., 2018). & HTLoj|A] ZtH ¥ 5%0] Z3o]=
5, A 5 gt AU REE E2E9l7] wize] 54 vl oA Bl S Haekal gls Aol 25H Atk
olo] CMC2} ABTSE Z+Z} 7|3 &2 ARE5}o] cellulose?} ligning £3l5hH= G4 &4 575 gelshsh

CMC+ cellulose =4 % 32 (Hankin and Anagnostakis, 1977), cellulaseo]] 2J3}| 3-1,4-glucosidic bond”7} 7}=5-3 =]
o] glucose”} A4 E th(Percival Zhang et al., 2006; Yoon et al., 2019). ]2} 72 CMC7} 33 5.0 em 2]7 9] agar plateo]]
559 FHolE HEdto] 25°Co)|A vjoket At BE HEUS FHOZ cellulase E4dof 93t 3to] FAJEATHFig. 4(A)).
E53], M. circinelloides®} C. elegans+= 247} 4.3, 4.0 cm®] 7} |2 -3 AT whdol, U isabellina, O. piceae,
12)3 A melanogenum= 217+ 2.0, 1.9, 1.8 cm Z7|2] AjA o2 2Re 315 %‘*5"8]—3& . H8 3Le A M circinelloides2}
C. elegans+= Mucoromycota phylumo] <3}= E-O]Uﬂ], Aoz £o 3% YelH O. piceae?t A. melanogenum--
Ascomycota phylum©. & LEEICE Laccaser= TjHE9] 30|27} AJAksH= /\ﬂ:.’: Q] 842, Z29] ligning E3llsl= Aoz
1 1% 9l ti(Baldrian, 2006; Giardina et al., 2010). ABTS assay S S| A] lignin E3f 5491 laccased] HH| o] 15 30]3}o],
5% 50l lignin &3] 742 —i}‘?ﬁi}“"% ABTS7} 223HH agar plateol] oS FEste] 5Y ¢ Wi o &, F44
AEA 3lo] SR F laccased] HH|E IS tHFig. 4(B)). 7L 21, O. piceae} A. melanogenum®| {EHL %/SP_E
AE3Io] JAEQloH, 0] A7)+= 22} 3.2, 2.1 em&E YERTE HHHl, M circienlloides, C. elegans, 18]l U. isabellina=
laccase &ofgloll o5t o] FAEA oIotrr. FulEAE, HEEo] FAH o laccase HH|7} FRIE O. piceaed} A.
melanogenum 2%2] 130]= Ascomycota phylumo]] £3}11, laccase”} EH|E|Z] 982 3%2] #30]+= Mucoromycota phylum
o i,

Eoko|u} A&, BajjE y}alo /\i B351A) WAL= M circinelloides’™=(Carvalho et al., 2015; Lee et al., 2014), cellulase2]
3} £39] B-glucosidase P71 ES A3kl Qlom, a4 EAL yepdc B % vl Qlti(Huang et al.,, 2014). H o104
Ba) ZAE M circinelloides Eﬁl- cellulase E4Jo] EelE|Qlom, o]g|gt AutE n|Fo] HFS uj, AlZh}Eo] &3lo) Hofst

= 152 F=Hth C elegans+ lignin peroxidase 45 BG4l §loH, 30°C 2%, pH 6.0 A4 1 EA4o] gz
yepdttn 215 vl 9iciRoushdy ef al., 2011). 1} 2 Ao|A] BRE C elegansi= lignin 23] o] THE 7]
Aok, ole A4l B Aot 219 AololA o1 AR AtrHETh 22EE, 849 B4 fRE et
screening oA = 2529} pH 24 dalste] =3 vt 9l 7o AdET) Cellulase?} laccase EH4go] I
O. piceaer= ARTHO 2, B0 B Mu} olyz} HA L of7|sl= Ao g KE vl QltiAbraham et al., 2011). HFHO,
U. isabellina®} A. melanogenum-2- ZA) 2-a|adof tfgt A= By vf glck 23y & Ao|A U isabellina+= cellulase
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DS, A melanogenum-E cellulase®} laccase Bgo] WG] ol A9 F3of Ayte] gl& AL AlrHr) o]t
A2 v} B U, £ A7 B 2T AZUROA Hel¥l 559 BHo| %, Ascomycota phylumo] £} O
piceae®} A. melanogenum-2- cellulase®} laccase A 45 WF EH|$HO 24 AIZUTE 22 9] cellulose?} ligning: H-3)|5]=t]
T Aoz AtrE] E3F Mucoromycota phylumol| £81s= M. circinellodes, C. elegans, 12)1. U. isabellinax= cellulaseS
FHIFO 2 AR B9 cellulose w3fjo]l & & AR wehHT

3.5, AlZhtRe] gt Fgold] Ko Hr}

kA ALE E3f g3t AIZAUREEEE E2E 5% F3o|= BE cellulase 84S 851901, o] 24 O. piceae?}
A. melanogenum-2- cellulase ¥4+ o g} laccase S = YERILE o] & F3f & A4 FAHE 559 FFol= A]”L}-‘%PJ
Fstol Toldt A 07 AlREGlom, AA| AZUF FAHE ofgste] B3 HrLE FAsIGirt. a4 DS Ad FolE
A} 4 RS Fafste] Jddor o] §57] wiioll, o]5ol s §57t XFE EAle ol 7;}_3;} olof 4 Q‘Jr—r
At Aol tisto] 5 Fgolol ovt T AAES S e, olF HFolY SA4 59 WUt 71ESE siglthFig. 5).
I A3}, O. piceaed]| 8] AZUT A= oF 3.9%, HA L= oF 3.0%2) 71 =& F2F 74488 Ueith dhdof, U
FrES AR} Ao dhsto] TE]: @ % ] 1% migtog 11 anz} wjejsiglh A2 Al WRjol] jsto] 2 Fgole]
oot Z8F 4SS £35ke] H| w52 ul, Ascomycota phylumo]] £351= O. piceae®} A. melanogenum-2- Z}Z} 6.9%%}

1.4%9] $2& el o, Mucoromycota phylum®|| &31= M circinelloides (0.7%), C. elegans (1.3%), U. isabellina (1.0%)
Hop AH o g & A]o|th Ascomycota phylumo| &sH= T30l AF-Tatolgtils Seju, G, SgAfolAl
L= UehdAel, Aol A o wol draEm 1 ool Aot & AR dEA lrk ARFatol] LEH Y= 1 ¥
Bz M7zto] oA o 7 Hal= HE nlg)E W= Aoz H 1% Hf QltkNilsson and Daniel, 1989; Song et al.,
2010).

QrA, CMC assay?} ABTS assayS S3f| 559 30| 25 cellulase E4Jo] BEE 1 21, Ascomycota phylumo] £3}=
2% 9] HHol:= cellulase ML ol 2} laccase B E H{-35F Ao 31 QIth Ligning cellulose?] FH-E o4t
Q1o ™, hemicellulose”} o] & A9 7l &S StcK(Carrier et al., 2017; Zhang et al., 2015). o|Z2A] dots| AgE
lignin& U40] FEE FA317L, 2152 Aoz celluloseS B33 TS hi(Xie ef al., 2018). Z1%7] o]
laccase &4 E/dof ot ligning] E3l= cellulaseE &3 B4 FAE Ad 5 vE50] 54 YHE HFs= AL
9w, olof meh Ao B3t Mok anpAo g APH ¢ Qe e ARRITh 2Bg, AR Ree o
cellulase®] 2 #at ofLfe} laccase L/ol J3t lignin®] #3723k a9lo 2 Agsl= Aoz HHtEju, & a4 B4
RE B85 Ascomycota phylum®] £31= O. piceae®} A. melanogenum©] Rttt o FQ3 IS 3= oz AlgH

S
ol

m]o

4,

2 TS Ba) WA, BT 5 dsle] 3)E Qe AAURRRE F 5] Bol} Hel, BT FHE Bl
Mucoromycota phylumo]| <3}+= M. circinelloides, C. elegans, Z1&) 1L U. isabellina 3%} Ascomytoca phylumo] -"‘—3}3
O. piceae®} A. melanogenum 2522 TQIE| QU] A9 230 Fsh= a4 AL HrI5H 23 nE FZ3oloA AERE
A Bajjof Todsh= cellulase EAJo] WEEITE 3, O. piceae®t A. melanogenume- ThE F30]2l= T2 cellulase
24 Wt ofet 2l 1ue %@Ha laccase®] T4 SeIE|ch AIZ RO Aol HAE po R Fae B 5
WIAE 5% Fo]7l B FUe IS Wtk o|2ie ATT B u, AR 2 Reloly el 4 © 559
FFole HAEES Eafdhe 35‘_ % AU §lo] ] 22 FEQ AERZAE EafstAY Ex AEE A0} 2OdS
oo B 0] G2 B 4 S ACE Hatk hehd S4E v)BEL AnfRel 2] AR Hojsol
12 A0 AREY, AU B35 Alojay] ffeii= 4ot Sl AU o]edl nlEEo] e AEY 713
3149 997} 4as Aow A,

IHH

_ﬂuio
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