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ABSTRACT

Laccase was applied to improve the drying speed of urushi lacquer to confirm a potential use of laccase as an
enzyme additive. As a result of applying laccase of lacquer and white-rot fungi, drying times for both Korean and
Chinese specimens were reduced. All of the specimens to which laccase was applied were dried(set to touch) within
60 minutes from the start of the drying, and the drying rate was improved as the content ratio of laccase increased.
In addition, although there were differences in hardening drying time between Korean and Chinese lacquers, it was
confirmed that hardening drying took place even at room with temperature of 20 + 2 °C and humidity of 55-60%.
As a result of lacquer layer analysis of the dried specimens, the drying speed was improved when the content ratio
of laccase to urushiol was 5:1, and there were no differences in chromaticity and adhesion, confirmed that the layers
were stable. It was observed that the gloss of both Korean and Chinese lacquers were reduced when laccase was applied.
However, according to the analysis of FT-IR and Py-GC/MS, the changes in components were not as sufficient to

affect the physical properties. Thus, its applicability as an additive was confirmed.
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1. INTRODUCTION and Muryeong Royal Tombs, Gongju (Lee, 2010). As

the lacquer culture has been succeeded and devel-

Lacquer has been widely used as a paint for wood
products since it is durable, waterproof and mois-
ture-proof. Although it is not clear exactly when the
lacquer was started to be used in Korea, it seems that
lacquer culture has been around since ancient times
since various lacquerware artifacts have been exca-
vated from the ruins of Namseong-ri, Asan, Chung-

nam, Sinchang-dong, Gwangju, Daho-ri, Changwon

oped since ancient times, various materials and man-
ufacturing techniques were used. And the lacquer-
ware cultural properties which were produced as such
well indicate the life and culture from that era (Kim,
2007).

The conservation of cultural properties relies on
the conservation of their prototypes in principle, and

the restoration materials shall also be the same with
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those used for the original properties (Lee, 2017).
Thus, a natural material of lacquer shall be used for
the conservation of the lacqeurware cultural pro-
perties. However, since the ratio of materials in lac-
quer collected from the lacquer tree varies depending
on manufacturing locations, harvesting times, and
processing methods (Song and Han, 2001), there are
differences in quality and drying patterns of lacquer,
and drying conditions are complicated. Therefore, it
has a limitation in conserving lacqeurware cultural
properties.

Lacquer is a natural material that forms three-
dimensional polymers via urushiol oxidation, consist-
ing of urushiol, moisture, rubber, nitrogenous mate-
rials and enzymes (Do and Lee, 1999). As the main
component of lacquer, urushiol gets hardened and
dried when contacted by oxygen, forming layers (Park
and Ahn, 2018). Since the activation of enzymes oc-
curs only under the presence of moisture, high humid-
ity conditions are needed for drying lacquer (Shin,
2008). In addition, since enzyme is also not activated
at a temperature above 50 °C, a lower temperature
condition is required. Various materials used for lac-
querware such as wood, metal, and leather, could
cause secondary damages when exposed to high hu-
midity conditions for hardening and drying lacquer,
limiting the accessibility of using lacquer for the
conservation.

Therefore, this study aims to apply laccase as an
enzyme additive, supplements the differences in com-
position by region and improves the drying speed in
order to enhance the accessibility of using the natural

material of lacquer. In addition, it also aims to inves-

tigate the stability of additives through the analysis of
lacquer layers, so that it could be used in conserving

the lacquerware cultural properties.

2. MATERIALS and METHODS

2.1. Materials

2.1.1. Lacquer

Korean and Chinese unrefined lacquers were used
to compare the ratio of components of lacquer by
region. The unrefined lacquer refers to a lacquer
whose impurities were removed without going through
a refinement process after collecting lacquer from a
part of a lacquer tree by scratching it with a scythe
(Son, 2006). Korean unrefined lacquer was manufac-
tured in Wonju, and Chinese unrefined lacquer was

purchased from the market.

2.1.2. Wood specimen

In this study, specimens for lacquer were produced
by using pine trees which are relatively easy to obtain
and process. Wooden boards having the dimension of
5.8 cm x 20 cm X 1.2 cm were cut out, and those
without knots or defects were selected and used as

specimens.

2.1.3. Strains and medium

The strains were cultured and refined by obtained
from korean mushroom resource bank(KMRB) for
pleurotus ostreatus, coriolus versicolor, and lentinula
edodes, among the white-rot fungi that secrete laccase

enzyme (Jung, 2019). The strains were inoculated into

Table 1. Composition proportion of lacquer by place of production

Lacquer Urushiol Water Nitrogenated material Gum and Laccase
Korean 72% 20% 1% 7%
Chinese 55% 16% 7% 22%
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Potato dextrose agar slant, incubated at 22 °C, stored
at 4 °C, and subcultured in PDA medium every 4
weeks (Park et al., 1993). For the liquid medium for
enzyme refinement, 20 g of malt extract, 5 g of yeast
extract, 10 g of dextrose, and 5 g of peptone at pH
5.5 per liter were used (Jeong et al, 1992).

2.1.4. Enzyme refinement

To apply the laccase as an additive, it was refined
in lacquer and white-rot fungi. The lacquer was
separated into its main components, urushiol, water,
glycoprotein, rubber, and enzyme, using acetone
and water in accordance with the lacquer separation
method suggested by ‘Standardization, Diversification
and Mass Production Process Development of Tradi-
tional Lacquer’ (Han, 2013).

After unrefined lacquers by region were dissolved
in acetone and centrifuged, the supernatant separation
process was repeated 3 to 4 times. Then only urushiol
was refined, and the acetone was evaporated. After ur-
ushiol is separated, the remaining acetone powder is
dried by a filter paper. The dried acetone powder is
then dissolved in distilled water to filter out insoluble
nitrogen content. Then, the soluble rubber content and
laccase content were separated, concentrated and stor-
ed in a refrigerator.

Three types of strains sub-cultured in PDA medium
every 4 weeks were inoculated into the liquid medium
and shake-cultured in a 25 °C incubator (Kim et al.,

1987). After 7 days of the shake-culturing, it was put

—

| ]

Acetone insol
(Polysaccharide, Glycoprotein)

‘ Urushiol ‘

Water insol. ‘ Water sol.

(Nitrogen compound) (Gum, Laccase)

Acetone Powder

Fig. 1. Process of separating components of lacquer.

in the filtrate, from which the mycelium was removed
with a filter paper, to put 80% ammonium sulfate and
then it was centrifuged for 20 minutes at 4 °C and
12,000 x g. The precipitate of the centrifuged filtrate
was dissolved in a 0.02M phosphate buffer solution,
dialyzed with the same buffer solution for 24 hours,
and vacuum freeze-drying was performed (Won et al.,
2004).

2.1.5. Specimen production

The proportion of the enzyme to urushiol was ad-
justed, and specimens were produced by adding lac-
case of lacquer into the unrefined lacquers by region.
At the same time, in order to examine the possibility
of applying laccase of white-rot fungi, it was applied
using the most suitable content ratio among the results
of applying laccase to lacquer (Table 2).

For lacquering, the concentration is adjusted by
using volatile terepine oil as a diluent for ease of
painting (Hwang, 2018). In order to assimilate the

work with the actual working conditions, application

Table 2. List of samples by proportion of Urushiol
to Laccase

Proportion

Samples (Urushiol : Laccase) Samples Fungi
A Original
g Xp Pleurotus
B 5:1 ostreatus
C 45 :1 1
XC Cor.lolus
D 4 1 versicolor
E 35:1 i
XL Lentinula
F 3:1 edodes
G 251
H 2:1

20cm

1.2cm

Fig. 2. A process of making samples.
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was done with 10:1 ratio between lacquer specimen
and terpene oil. Korean and Chinese lacquer added by
laccase of lacquer and white-rot fungi was applied
to wood specimens 3 times in the order of initial
(Chochil), medium (Jungchil), and last coating
(Sangchil) according to region. Then, the samples

were put into a drying room and dried (Fig. 2).

2.2. Methods

2.2.1. Drying time

The lacquer specimens produced by adjusting pro-
portion of laccase to urushiol were dried under con-
ditions with temperature of 25 + 1C and humidity of
85-90% in a drying room. The drying patterns of lac-
quer specimens by region were observed every 30 mi-
nutes with respect to the content ratio of the enzyme
to urushiol and number of applications, and the time
at which hardening drying of the lacquer completed
was measured. In addition, the specimens prepared in
the same way were exposed to a room with temper-
ature of 20 = 2°C and humidity of 55-60% to confirm
the possibility of drying at room temperature
condition.

To identify the status of dry condition, set-to touch
drying and hardening drying were first confirmed in
accordance with 'Test Method 2511 for Drying Time
of Application (varnish, lacquer, enamel and wa-
ter-based paints) among the 'Test Methods for KS M
5000 Paints and Related Raw Materials', followed by

measuring the drying time.

2.2.2. Chromaticity and gloss

Chromaticity and gloss were measured 3 times re-
peatedly on the specimen surface for each condition
by using a spectrophotometer (CR-400, KONICA
MINOLTA) and a spectrophotometer (A-6800, BYK).
The chromaticity measurement values are L*, a*, b*

values, and the gloss as a G values.

Based on the L*, a*, and b* values of the original
lacquer (A), and using Eq. (1), the measured values
for each specimen were substituted in L'*, a'*, and b'*
to obtain the chromaticity difference value (AE*)
(Hidayat et al., 2017). In general, the chromaticity
differences below AE 3 are not recognized, and
those below AE 6 are assumed to have the same c-

hromaticity.

AB = (D= L) + (a*—a/*)2 + (b*—b'*)2 1)

L* : Degree of lightness (white 100 ~ 0 dark)
a* : Degree of redness (red +50 ~ -50 green)
b* : Degree of yellowness (yellow +50 ~ -50 blue)

2.2.3. Observation of surface

In order to examine the drying patterns of the lac-
quer surface following the enzyme addition, the
dried lacquer specimens surface were observed with
a portable microscope (Lite plus AM313, DINO).
The specimen surface was observed at a 60x magni-
fication, and the surfaces of the medium layers and
last layers among the dried lacquer specimens were

photographed.

2.2.4. Observation of cross section

From the dried lacquer specimens, sections of the
three times coatings were collected to prepare thin
slices. After placing the slices on a slide glass, 50%
glycerin aqueous solution was dropped, and the slices
were covered with a cover glass to produce micro-
scopic observations. The cross sections of the layers
on the preparat was observed by using an optical mi-
croscope (Eclipse Lv 100, Nikon, Japan) (Kim e? al.,
2010).

2.2.5. Adhesion
The adhesion of the dried specimens were evaluated
by using ‘KS M ISO 2409, paint and varnish-paint
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adhesion test method’. Using a scalpel, 6 horizontal
lines and 4 vertical lines were cut in a grid pattern
on the specimens to make 30 scales with a 5 mm gap.
First, a transparent adhesive tape was attached on the
specimen with the grid formed, and peeled off to allow
for the calculation of the separated area (Roh and Kim,
2008). The adhesion was evaluated on the twice and

three times coated lacquer layers.

2.2.6. Infrared spectroscopic analysis

Infrared spectroscopy analysis was carried out to
observe the changes in the composition of lacquer by
each region following the laccase addition. The infra-
red spectroscopy analysis was performed by using the
Cary620 Microscope (Agilent, USA) FT-IR equipment
on the specimens that were prepared by drying only
lacquer on a glass plate (Kim, 2016). With the analysis
condition set to ATR mode, scanning was performed
32 times repeatedly at the resolution of 4 cm™ and
measurement range of 400 to 4,000 cm™” (Lee and
Kim, 1990).

2.2.7. Pyrolysis gas chromatography mass
spectrometry

The pyrolysis gas chromatography mass spectrom-
etry was performed to confirm the changes in lacquer
composition based on adding the laccase. Using a py-
rolysis device (Py-3030D, Frontier Lab, JPN), the
dried only lacquer specimen was injected into its in-
let without pretreatment and analyzed. 250 °C was
set as the inlet temperature, and 600 °C as the py-
rolytic temperature.

The analysis was performed with a DB-5ms column
(Agilent, USA) by using a gas chromatography/mass
spectrometer (6890A, Agilent, USA / 5975C, Agilent,
USA). The temperature of the oven was set to main-
tain at 40 °C for 5 minutes, and to increase at a rate
of 20 °C per minute up to 300 °C, and maintain the

temperature for 10 minutes for the analysis. In split

mode, helium was used as the gas at the mobile phase
with the flow rate of 1.0 mL/min. The ion source of
the mass spectrometer was EI 70eV (Choi and Kim,
2018).

3. RESULTS and DISCUSSION

3.1. Drying time

In the case of applying laccase of lacquer and white-
rot fungi, drying time was shorter than in a case of
not applying the laccase to lacquer in both Korean and
Chinese specimens. In addition, all the specimens to
which laccase was applied were dried (set to touch)
within the 60 minutes from the start of the drying,
and the drying speed was improved with the increase
in the content ratio of laccase (Table 4).

As a result of applying laccase of the lacquer, it
was confirmed that the drying rate was improved and
no changes in the surface was observed with the naked
eyes when the proportion of laccase to urushiol was
5:1. Therefore, the proportion of laccase to urushiol
at 5:1 was judged to be the most stable condition.
Then, the laccase of the refined white-rot fungi was
applied with the same ratio and tested.

When laccase of the white-rot fungi was applied,
it was found that drying time of initial coating was
reduced only for the Korean specimens, and drying

rate of the Chinese specimens were slowed down

Table 3. Hardening drying time of samples applied
on laccase of lacquer (room temperature condition)

Number of  Type of Ha'rdem.ng
Sample i drying time
times lacquer ]
(min)
First Korean 240
" Chinese 180
OB Second Korean 360
(5:1) Chinese 2,160
; Korean 180
Third Chinese 1,440
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Table 4. Hardening drying time of samples on the proportion of urushiol and laccase (min)

Samples Proportion Type of lacquer First Second Third
P (Urushiol : Laccase) P 4 (Chochil) (Jungchil) (Sangchil)
A Original Korean 240 120 120

Lacquer Chinese 300 120 150
Korean 120 120 90
B 5:1
Chinese 210 120 120
Korean 120 120 90
C 45 :1
Chinese 210 120 120
Korean 120 120 90
D 41
Chinese 180 120 120
Korean 120 120 90
E 351 .
Chinese 180 120 120
Korean 90 90 90
F 3:1
Chinese 180 120 120
Korean 90 90 90
G 251
Chinese 180 120 120
Korean 90 90 90
H 21
Chinese 120 120 120
Korean 150 120 90
XP Pleurotus ostreatus .
Chinese 360 150 120
Korean 150 90 90
XC Coriolus versicolor .
Chinese 360 120 120
Korean 150 90 90
XL Lentinula edodes .
Chinese 360 120 120

than that of the Original lacquer. In the case of me-
dium and last coatings, drying speed was improved
in a pattern similar to that of the specimen with the
laccase of the lacquer applied regardless of the
regions.

The results of the room temperature condition dry-
ing experiment showed that although there was a dif-
ference in hardening drying time between the Korean
and Chinese spceimens, it was confirmed that harden-
ing drying performed even in the room with temper-
ature of 20 £ 2 °C and humidity of 55-60% (Table
3). In contrast to original lacquer not dried in room
temperature condition, when laccase added as an ad-
ditive, drying rate not only improved but also ex-
pected to improve the drying conditions requiring
high humidity.

3.2. Chromaticity and gloss

Based on the chromaticity of original specimen A,
the AE* values of specimens with second coatings of
laccase of the lacquer and those values of the speci-
mens with third coatings were both less than 3, which
were not significant enough to be recognized as a dif-
ference in color (Table 5). Since the largest AE* value
of the XL specimen was 6, which was within the range
of values that are regarded as no changes in color
(Table 6), the changes in color of lacquer due to the
laccase addition were not as significant.

In the case of second coatings, the gloss of all the
specimens with the laccase of the lacquer and white-
rot fungi applied was lower than that of the original

lacquer. In addition, it was revealed that the higher
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Table 5. Color differences (AE*) and degree of gloss (G) after drying of sample applied to the laccase of
lacquer (Third)

Sample Korean AE* G Chinese AE* G

L* 27.92 L* 26.22

A a* -0.22 - 28.10 a* -0.20 - 29.67
b* -0.07 b* -0.49
L* 27.55 L* 26.44

B a* 0.43 0.85 8.93 a* 1.37 1.60 37.63
b* -0.47 b* -0.26
L* 27.74 L* 26.32

C a* 0.07 0.62 7.86 a* -0.06 0.33 34.70
b* -0.59 b* -0.77
L* 28.07 L* 26.19

D a* 0.89 1.19 7.60 a* 0.01 0.31 37.43
b* -0.47 b* -0.72
L* 27.33 L* 25.72

E a* 0.60 1.05 9.23 a* -0.03 0.58 33.83
b* -0.34 b* -0.73
L* 28.08 L* 25.59

F a* 0.10 0.36 14.50 a* 0.05 0.72 19.76
b* -0.01 b* -0.72
L* 27.76 L* 25.28

G a* 1.05 1.60 2.93 a* 0.24 1.04 18.46
b* 0.89 b* -0.57
L* 27.04 L* 25.43

H a* 0.36 1.15 11.60 a* 0.18 0.92 17.26
b* 0.39 b* -0.76

content ratio of laccase results in the smaller gloss. interference causing the light to scatter on the lacquer
It was assumed that as the drying rate of lacquer im- surface.

proves, a rapid oxidation reaction occurs to have an
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Table 6. Color differences (AE*) and degree of gloss (G) after drying of sample applied to the laccase of

white-rot fungi (Third)

Sample Korean AE* Chinese AE* G

L* 27.81 L* 26.25

XP a* 1.43 2.02 15.16 a* -0.09 0.33 17.23
b* 1.09 b* -0.18
L* 27.16 L* 26.55

XC a* 1.37 2.07 14.80 a* -0.08 0.35 20.80
b* 1.01 b* -0.44
L* 28.39 L* 26.20

XL a* 2.79 3.88 21.49 a* -0.18 0.11 13.70
b* 2.33 b* -0.38

3.3. Observation of surface

Observation of the surface of the dried lacquer
specimen showed that lacquer was more evenly ap-
plied, and as the number of applications increased, the
solid color of the lacquer was observed instead of the
wood color of the specimen.

As the laccase content ratio increased in both
Korean and Chinese lacquer specimens with laccase
of lacquer applied, fine cracks were observed on sur-
faces just as in G and H (Table 7). As the number
of applications was increased, wrinkles such as rum-
pling on the surface of the lacquer were observed on
the specimens with laccase of white-rot fungi applied
(Table 8).

The thickness of lacquer layers was 30-40 pm for
each layer, which suggests that relatively similar
amounts were applied for each application. However,
as the content ratio of laccase increased, It is esti-
mated that when the laccase of white-rot fungi was
added in the process of hardening last layer, drying
time got relatively longer than when laccase of the

lacquer was added, and resulting in fine cracks or

wrinkles. A further study is needed on this aspect.

3.4, Observation of cross section

In case of initial coating, patterns of lacquer smudged
into the wood and layers being formed on top were
confirmed in both specimens with laccase of lacquer
and white-rot fungi. The observations revealed that the
thickness of the layers in the Korean lacquer at ap-
proximately 25 um to 45 pm for first layer, approx-
imately 20 pm to 40 um of second layer, and approx-
imately 25 um to 45 um of third layer. Considering
that the layers were achieved in conforming to the
number of applications, it could be assumed that
hardening drying was formed in all the specimens
with laccase applied.

However, as the content ratio of laccase to urushiol
increased, fine cracks were observed on the layers of
cross section, as can be seen in Korean and Chinese
E ~ H (Table 9). It is presumed that as drying speed
is rapidly increased, the layer-forming process is af-
fected by the difference in shrinkage rate on the

lacquer in initial drying stage.
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Table 7. Photomicrographs dried sample of surface (laccase of lacquer)

Korean Chinese

Second (x60) Third (x60) Second (x60) Third (x60)
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Table 8. Photomicrographs dried sample of surface (laccase of white-rot fungi)

Korean Chinese

Second (x60) Third (x60) Second (x60) Third (x60)

XP

XC

XL

Table 9. Photomicrographs of cross section of film samples coated with laccase of lacquer

Korean (%200) Korean (%200) Chinese (x200)
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Table 10. Photographs before and after adhesion test

Korean

Chinese

Before After

Before After

B - -
. . - -
3.5. Adhesion proportion of 5:1, there was a difference in absorb-

Both specimens with laccase of lacquer and lac-
case of white-rot fungi applied were confirmed to
have peeling off rates of less than 0.5%, since all
the surfaces were adhered except for the fine peeling by
the scalpel (Table 10). In addition, since the changes in
adhesion of lacquer based on the laccase content ra-
tio were not observed, all adhesions of specimens
were determined to be stable after hardening drying

of the specimens.

3.6. Infrared spectroscopy

The similar peaks of spectra had been observed
from both Korean and Chinese lacquers, and specific
peaks found on original lacquers were observed in the
FT-IR spectra of all specimens (Park er al., 2017,
Yeon et al., 2019).

As a result of analyzing the magnified fingerprint
region of 1,500 cm™ or less, there was a difference
in absorbance observed in the 1,270 to 1,190 cm™ re-
gion where a C-O stretching vibration peak appeared
depending on the ratio of laccase addition (Fig. 3).

When the laccase of white-rot fungi was applied at

ance observed in the same region for both Korean
and Chinese spectra, and little difference between lac-
quers by region (Fig. 4).

This difference seems to be emerged by the struc-
tural changes taking place in alcohol or phenol corre-
sponding to this region as the degree of oxidation
reaction changed due to the amount of laccase added.
Although there were differences in intensity of the
the FT-IR spectrum peaks but the peaks did not dis-
appear, so it is consider that it doesn’t have a sig-

nificant effect on physical properties.

3.7. Pyrolysis gas chromatography mass
spectrometry

In Korean specimens, Benzene-based compounds
such as Styrene, Benzene, Propyl-, Benzealdehyde,
Benzene, and butyl-, and Phenol-based compounds
such as Phenol and 2-propyl- were observed. These
components appear when urushiol, the main compo-
nent of original lacquer, was hardened by an oxida-
tion reaction, and biphenyl-type dimers generated dur-
ing drying were also identified. In addition, un-

decane, dodecane, etc. coming from the alkyl chain
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Fig. 4. Total FT-IR spectrum of Chinese sample in fingerprint area (laccase of white-rot fungi).

were detected.

In Chinese specimens, benzene-based compounds
such as ethylbenzene, benzene, 1,3-dimethyl-, ben-
zene, propyl-, benzene, 1-methyl-4-propyl, and Phenol-
based compounds such as phenol, 2-methyl-, phenol,
4-ethyl- were observed. In addition, components such

as decane, undecane, dodecane, tetradecane, and pen-

tadecane coming from the alkyl chain were also de-
tected.

The components detected in the lacquer specimen
following the laccase addition were mainly those that
are detected in the process in which the main compo-
nent urushiol is oxidized by the hardening and drying

process followed by the laccase activation. No differ-
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ences were observed between lacquers by each region.
In addition, it is considered that even if laccase is
added with 5:1 proportion of laccase to urushiol, no
changes occur to the extent that it affects the proper-
ties of lacquer while acting as a catalyst for the oxi-

dation reaction of urushiol.

4, CONCLUSION

In this study, laccases of lacquer and white-rot fungi
were applied to confirm the possibility of its usage
as an enzyme additive for improve the drying speed
of lacquer. When laccase was applied to both Korean
and Chinese lacquers, the drying time of the specimen
with laccase applied was shorter than that of the speci-
men without laccase addition. Also all the specimens
with the laccase applied were dried(set to touch) in
less than 60 minutes from the start of the drying, and
drying speed was improved with increase in the lac-
case content ratio.

In addition, although there were differences in
hardening drying time between Korean and Chinese
lacquers, it was confirmed that hardening drying
was achieved even at room with temperature of 20
+ 2 °C and humidity of 55-60%. In contrast to origi-
nal lacquer not dried in room temperature condition,
when laccase added as an additive, drying rate not
only improved but also expected to improve the dry-
ing conditions requiring high humidity.

As a result of lacquer layer analysis of the dried
specimens, it was confirmed that the drying speed was
improved when the content ratio of laccase to urushiol
was 5:1, with no difference in chromaticity and adhe-
sion, suggesting that the layers were stable. It was ob-
served that gloss of both Korean and Chinese lacquers
reduced when the lacquer was applied. However, ac-
cording to the results of FT-IR and Py-GC/MS analy-
sis, the changes in components were not as sufficient

to affect the physical properties, suggesting that it can

be applied as an additive. Thus, the results of this
study suggest that the accessibility of laccase as an
additive was confirmed and using lacquer for the con-
servation of lacquerware cultural properties could be
increased, and an authentic conservation could be

achieved.
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APPENDIX

(Korean Version)

239 AZSE P AT AWM HE AT

28 : 2ol A2 P I Lcsasos 25t0] AL s Iy stk 220
Laccase®t 55749 LaccaseS &-93t A9 dAkal 224 B 7ARA|I7Fo] &E Qi) LaccaseE #4351 A|dH 2E
AAI% 603 o] X1571:27) o] o{ 0.0, Laccsed] 18] ol 747 SAHIgich £ Uit 28

a4t 270) ﬂﬁmiwu Aol A LT 20 +2 °C, HE 5560 %] AL E ARAET} olFoiA
splEiole), A%H APR) EoEY Ak SRAE o] Laccase Frlo] 519 ) AxSws} GpEeon, A
waelo] Ao]7h i wopo] PH AL BASAT. LaccaseS 2§39 FUAT} F3H £20| Pelwrh B hast
oAl TN o]9] FI-IRT Py-GOMSS] #4 23 B4jo] ek u]x|is Amo] Auish thehtd] oot H7AIZH
o #g 7Hs4e Slsherh

o

LME

AL o g Wt i A e

ZHAAL Qlol EAIES Er 2 de AR Stk fEjuEiolA £ol

AREE7] AARE A7) AEelA] o S ofih EAdE 4, B AR 1A, A bEY 14, 35 FEYEE £
SolAl theftt ArIEeAE0] SEE AoR Hop A7|Eok= ARE olojA e AR o= QlthLee, 2010). 7151t
LT RE AlsE Al gl whe et At AlA7IH o] ARE e ofFA Zﬂ;‘—}% é‘ﬂtﬂxﬂ%% i) e
F3HARS & YER AL QItH(Kim, 2007).

w3 Y] HES dPEES d2or s, BANE JA| 3] AMRE AY T RS ARESHof FTH(Lee,
2017). wp2tA 7153 BES faiAs HAMREA 2ol AREEojof dir}. deuf Ul g 28-S YAk,
iﬁﬂ*m 7Fe Aol whet AdH]eo] thE27](Song and Han, 2001) wiiZoll 29 23} 2ol Abol7t e dzxzd

= 7IhEA sto] waA HEAR Y A& FAE HxiTh

2L SRAE AERES ol o3f 32k 28] LRAE FActe HAEARA IA $RAIE, 8, 174, e
42 FAECHDo and Lee, 1999). 229 A E Q] 24180 A4} HE5HH Laccase—J Absir-g-of o3| 7 5hE]HA|
AZE AL Zdfo] T}‘“QE}(Park and Ahn, 2018). Laccase o= —’ﬁ-‘?‘— 27 st Aak Ao dojubr] wEof 23 o]
AzE7| .,/]oH/\i‘— =0 2w z7)0] W alcHShin, 2008). E3F TAL 50 °C o]4be] = Lmo|AE B4 9
dhgol ol e} ke SRR 0] AR ANEIAY £} A BA, 34, 715 5O G ARES 229 43
9 A2} olol 7] et e FEZAC] RFEW 24 Hel £4S U 4 o] BEAT A £ ALl HIAL
AT

webA 2 AolAE Laccases AAF7IAIE #G8ko] AR 2RO Aol5 =
HAA R 8 AR ATAS ol gie). B A7HIE 283 24 B4% 53 719 S 2elsto]

A7) 2o Bz ZgEiA gk

i
E

np« rL mlo

2, Mz 3 U

2.1, A8

2.1.1. B4

A 220 RAAFE UL v|asly] Y8 SliAb SA RS ARSI A SURA F7HeE &5
ol AFet 2HE Ewivt de] AAEE Pobx] o2 2 DEth(Son, 2006). =4l HH-2 Apal 28-S AESE9 L

FIE AR AFol SEHE LAFSANS FYste] AT,
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2 1.2. 24 AH
£ ATl BLA F1Fo] BoISIT FHlol 4 ToH] 418 AUEE A8t 2L YT AR AT AR
A7) 742 58 om x Al 20 em x £7] 12 em®] A B AR, Soltk Aol gl AT Alstel AMgsieich

2.1.3. 75 2 HjF|

T3F= Laccase 47| B8| x| WA RS = 2 Ployrotus ostreatus, Coriolus versicolor, Lentinula edodesS WAl A-AY-2-3)
o A Eofutol uljoF W AA5} thJung, 2019). HoFH-e #3= Potato dextrose agar slanto]] F£3}o] 22 °Coj|A] Hljokst
T 4 °Co] Hasiglon, 45 744 0 2 PDAHIR| o]l A 74]"413H°ot°H‘iEKPark et al., 1993). AAAAS I8t AAERA] = Literd:
malt extract 20 g, yeast extract 5 g dextrose 10 g, peptone 5 g-& pll 5.52 ZAEd}o] AME-35t%thJeong et al., 1992).

2.14. 54 A

Laccase A48 F7HARE 48517] Hol] 223} RS Fo]A] LaccaseAAE AA|5IATE L2 oA ER & o]&5}o]

ZaXBo QBAL 4B gkl 1R §4Z Halslglon], ‘115£z1,] A3}, troksl 9 bl Al #xg Ak ol 4
AAgE Ao e A]—%—B‘}?;E}(Han 2013).

OpAlEo| AR S BoA1A RS & AFTHS BeElohs S 3~43] BHESE T o[BS ZHAIA S-FAIZT
AT, S-FAEo] BelEal E-2 oA ETE = TEHo|HE Holgles olES XA ﬁi oA ET-T E
Tl 5o Bl 52 Y= AatiEe 2gyal S == 1783} Laccase Adw-S S5t 553 & W Hasiglth

AR G722 PDA|Z o] 457 7HH 02 ﬁlﬁﬂﬂ%bﬁ Al 572 FF5 AR F3to] 25 °C uljFrlol KeghueFstsict
(Kim et al., 1987) AR 79 F AR R FAAE AASH okl o] FARTEES 80 %A 3o 4 °C, 12,000%go] 4]
205 59T YAlEatglnh iR o] o5t ojulole] AHE-L 0.02 MY QA EHo]| 0] & Fol3} 9h=ao o 2447}
Zot EQAA AL 54 ARG Won ef al., 2004).

215 Al Az
SRAL u] EA FrereS 2t om, FAE 239| LaccaseS AAE o] Hrlsto] AHS Zﬂﬂ;}dr’}
olsh U ) Laccase 218 7Hs A% AERHLA 249 Lucease® 490 42 5 73 00 B Slolo
F3t9] LaccaseS 2]-8-3l1itH(Table 2).
278 Aol Fol4S 93 Fugol 1L BjAUGE HHAR ADto] FES 2P cHHwang, 2018). A7) B

A3 GAASH] 919 A4S B/l A 223} 0SS 10:19] W82 oo Asksick £219] Laccasod} -722)
Laccase 483 717t0] 2& AAH2 7018 e BANTO] 27, 52, 420 £A2 % 33 £x3t 5 U3l Yol
ZAz3} 3 thFig. 2).

2.2, A+
221 AzA7
S2A1E tju] Laccase?] T#FE 2A3t0] A& AXE 2HAHL A2 Drying room)& o439 &% 25 + 1 °C,
~E 8590 % ZA0NA AXE AASIALE $-FAIE tiu] m40 Shgu &t A Slgof w2 AR 230 AlHE AZPALS
0& 7HAC 2 PFstG o, -9 ARV} ARE= AHE P50 B 22 o R A AHSE 2% 20 £2
°C, HFE 5560 %2 Ao] E2AA AAx] 7sAS Bl
Azl RS 215l AFWHE KS M 5000 =3 9 ¥ A= AdgH 3 ]
(HHI AL, @A, oud 9 =4 Z8)y 9 g8 AE Az A3 Az AHE ot ARAE SA5Hh

f
o

222 Mz 9 Zeie
A9} Sl = EL= A (CR-400, KONICA MINOLTA)S} H53-=27|(A-6800, BYK)E ARgalo] 2A4d 23 FHS
38 W 2eglon AE ZHZe LY, of, b gioR, FHEE GELoR ey,
WARS] L%, a%, b3k 71202 A ()& olgafe] AR Z47hS L, a*, ol fls) AAHAEHE 7
(Hidayat ef al,, 2017). U¥FAOZ AE 30U AR}l IAIsHA] 2Hil AE 60]Uh 42402 FA A0 Hetat
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ABF= (¥ L)+ (a*—a'*)? + (05— b'*)? (1)
L* : Degree of lightness (white 100 ~0 dark)

a* : Degree of redness (red +50 ~-50 green)
b* : Degree of yellowness (yellow +50 ~-50 blue)

223 Etﬂiﬂ-ﬂ
A0l 7(Lite plus AM313, DINO)E o[ §5j0f 7128l LT WL
W, A28 LAY F FA3 4A9| mHs Fgsiqc

il

AzxE £ AGHAA AFH] ARG AFsto] BrES AA st Leto|=Fets flof BhEE &9 & A 8
50 % "olmE| 1 AuGEAE Yol ZeuetES AZSioict. AZtE ZH|uetEs Fshdn|H(Eclipse Lv 100, Nikon,
Japan)& o]g-oto] muke] TS IS CHKIm ef al., 2010).

A28 2209 9HAS 5] glslo] 'K M IS0 2409, £5sh AL wsel WA ARl Slstof 1 452
B7pRlch. 228 SN B AT AHESIol ANFUR J12 6%, A 458 ok 11200] S mmel 30709] S E
28 W A 9le] TR AaEolnE UAA F olulel velsl BAS AsHIcRoh and Kim, 2009). A
F =oe 3917 EAsH: U3 AU o ue Brisg,

l'U_i

2.2.6. A oA EFEA

Laccase®| H7}o] W AHAH £2 9 JEUSHE Baotaa A EEAS ATt AYAEFEALS Cary620
Microscope(Agilent, USA) FT-IRFH|E AREsIRoH, G283 $of] 28T AZXAA A2 A RS Atz EAsqich
(Kim, 2016). E42AL ATREEZ AAste] Bl 4 cm’, 242 400~4000 cm' o] 4] 323] A705}tHLee and Kim,
1990).

22.7. Q& tAazotE | n AgkEA

Laccase®] F7}o wg £ A&9] W3lE lstaar gie 7taaznte defu] Agidss
(Py-3030D, Frontier Lab, JPN)Z o]-8sto] AA ] glo] 21xd &3 AldS Fedtol Fedste] E45131
250 °Coln] PEFeEL 600 °C2 Atk

7tAA 2o e T u)/A A 7] (6890A, Agilent, USA/5975C, Agilent, USA)E A-8-51¢] DB-5ms column(Agilent, USA)
OF EME AAEIGTE. QB9 2= 40 °CollA] SEZF FAIF & 300 °C7HA] £ 20 °CO| 8 =5 ”ﬁﬁ}ii
AAstglon, 300 °ColA 1027t frAsto] BAStGIT). Split RERZ 0|52 7|A= He ARS8t 1.0 mL/min. f-40.2
A5t AEFEA719] Ton sourcew EI 70eVO]THChoi and Kim, 2018).

=
=

w

Znt

3.1 ZA=RAZE

29| Laccase@} H-3-19] LaccaseS 283 749 =tfala} F=t4t 23 BE LaccaseS 2-8514] ok AIEH B} R4
Zro] &= SiTh E LaccaseE 283 A[FH HF X 27] 608 ¢l A&7%7} o] F0]% 01, Laccase?] FHaFH|&0]
EoldeE AR&E7} 4SS T Table 4).

29| Laccases 2-8-5F A3, $-ZA1& tfv] Laccase] THful&o] 5:1YU of ARLGE7} FATHA S04 W] Wapr}
TR ok AS Flshict weka] SFAIE tiH] Laccase TEH|&0] 5:19 W7} 7Hg 2l 20 R Hrtsto]
A F39 Laccases 2> HIER 2gsto] AxsIGc)

BB LaccaseS 483 A}, 29] 79 Uit - MTE ARAITb] BEE| T Sk 222 M H 2oy ARG

%2
)
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AT FHT A0 A9 A9 T glo] 23] LaccaseS 443 AHUT} Ak piom
1:}
Aot 2 Sio] wjo} £20] AN
= Foro ool ) ST 3 A2

LaccaseE H7HA|2 ALt o a2 AREEO AtE = ZAmul o
T AL Aoz HrtEc)

1o

5‘} & YARE &5 20 £ 2 °C, FE 55-60 %9 -2 A]
9 R SEAANAL Ho| Az gt A3t vlwstol
o e SEe] a7s: 20 AxEA AHE

Ao}
Ao

Eo}&

3.2, A= gl ez

WA AW AL MEZHE /12OR 2A9 Laccased 43 F8 ABE) MBI 48 ABUE] MEFGS WF 3
O ApgAolE QIAsH ok FER W vlolskgikTable 5). AE*gro] 7P 27| Selel XL AlR2) ARk
6 ol 22k 0% St Mo ekE| OB R (Table 6), Laccase H712 2let 29 Mahishe 27 e AoR
Bt

AL S A9 29| Lascased) #780) Laocse 438 0 N19] Fa 4iluct v sheleigion,
Laccase®] el o] ol e} 4sigih ol £A9] A%&wst 8ol et Ashikgol F4sh dofuiw
A 3 mule] W] AlekslA] Bl b advh Lt Aoz 2AH

ru>4'
1o |

3.3 EW w3
AE LANWO BAS VA Ak, 20| vid FAA £xHo] Yolon] Wt 34 LebSE AU B
B 230 AskMo] FE I
27| Laccase® S8 TN FT4E LANT T Lacease Tul0] V845 Go} HAT Fwlo] vlAg by
o] BAIE|9 O vi(Table 7), $F-#9) Laccase A8 AHS Aokt 547} claiol wet Flof 2o 9= A3} g
50| BHE YT Table 8).
W niet Amnpe] £r7k 3040 m w|wd Qo] Ho] B0 Laceased] eulgol obdel uret
A7) ABEE BN B2 LaccaseS H7FI9E 1) 279 LaceaseS A7Het Anek ArjH o= AzATo0] o
AREWA DA Zebolt 2552) o] et A0 FAHch o] it #7442 A7k Bag A= Bk

3.4, ¥ #2

243} B9t LaccaseS 283 AW B 20] A9 B4 Uiz Avls Fejoh 1 9|z =] FA4E Fo] lFS
o Sulah 240 E=upe] FAe 2 oF 25 im ~ 45 m, S F 20 m ~ 40 m, A OF 25 m ~ 45 mo|], TR
24, 4, A 25 o 25 m ~ 45 m= Bt oF 40 mT FAEGIE BE o g SpukE =oro] YAH Ao Kot
Laccase?] B45 @%UJ Al B AR xrt 2 oojRe] A AeR —&%%EP.

et $-FA1E thH] Laccase §afH]&o] o5 Table 99| Uikt F=i4t E~HOA A ERo] 23 R FoA
n|AgE Zepo] BIF AT o= Ax&wrt G& R st Az 270 A HolA #5589 Apol7h WA et
EoFIgel RS nAle AeR FAHh

3.5, ul;‘d-a

24T ROt LaccaseS 283 AlH 2T v 2of o5t wAgh vhe] Qo] Awo] BT WtEo] glo] HE]& 0.5%
ol HUEIATable 10) T3 Laccase T} 2o] T £09] Wele] Wake e o} AAE ABHE] ASHIZ
F UgYe ut ogHel AoE wusyn

3.6. A R4
SUKE 23} Faiit 20 AHER ] 037} A2 FARBH] TAEOH, 24 BT = B 3 E0] BE AJHY
FT-IR 29 EHoA EEIch(Park ef al., 2017; Yeon et al, 2019).
1500 em™ 0]3}2] A& I BHjslo] HAGH A}, Laccase®] H7hu|&o] what C-09] A1%4% w57} e 1270~
1190 em™ G ol A FF= 2| o7} BaE IthFig. 3). 5:19) H[&E R579] LaccaseS 243t 49 ufjakal FAbo]
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s¥EY BE e Qoo FHE] Aol7h LhEpkon], A £21 ko] Aol Ao] WHEA] UYTHFig. 4).

o= Laccase® 710l uhe} A0 A7l SeR|uA o] Glo] el Alooholo|L} Phenolo] Fzms}e] o]}
ekt A0 gk, FTR A9Eg 5129] 47]9] Aol 9lott 5a7h Al b Ao Mol 4ol 2 dgke
WAAE e Ao AR,

3.7, @R&7tAaRvtE T AR

A A|H-L Styrene, Benzene, Propyl-, Benzealdehyde, Benzene, butyl- 53} 722 Benzene#| 313z 4 Phenol,2-propyl-
59| Phonol ] S| BHE, ol £0] el $2AG] AsERSol oo HST A ek A5,
ole} 7 AZTHoIA WASH= Biphenyl Fefe] ofgHE T SRIFICE. £k FUARET oA 2% Undecane,
Dodecane 50| A<E Itk

oA A H-2 Ethylbenzene, Benzene, 1,3-dimethyl-, Benzene, Propyl-, Benzene,1-methyl-4- propyl, 5} Z-2 Benzene7|
3}sHE 9 Phenol,2-methyl-, Phenol,4-ethyl- 52| Phenol#| 3}gtEo] TaE et E3F dAA &g oA 2% Decane,
Undecane, Dodecane, Tetradecane, Pentadecane 52| AJHS0] AZ&Ech

Laccase #7}e] w2 LHAHA HEH JEES T8 $-FA]&0] Laccase2] Edof o3l ARS8l A3 2 E
£ o ERIE= dEE0] F2 AEEeH, A £2 719 Aol WAEA Fokth &S $FAE& o] Laccase
FgH|&o] 5:10] EA| LaccaseE H7bstole SFA &9 AFSEE-S] S dhs: shA 249 E40 3 £ ALY
e goluhAl g Ao R wetEr

rE oo

4. 7=

O — ==

A3 IR TR Lacease 8 3}e] U] ARSES A S8 RARMZA THsa S Selska 5t
ok Laccase 483 23, SUAF $A} B £3 B Laccase 4451 952 A9 Rtk Lacoase W71 A HH
AZAZI] B B3 Laccase 2183 AW BT AZAZ 608 olo] 527k o] 20| 5O, Laceased] Tl
o] oldhE AzgEs GABH

S S ST FAF 20 Ao RAIZE] Aol QAT £ 20 £ 2 °C, S 55-60 %] ALl AE Aokazrt
olof At Zo] Blsiich A ABS] A9 e SELANNE LHo] AxHA G 3t |5t Lacease H7HI2
g RN AR&ES P AW ohle £ FEA0] ATHE 2AY AREAS AT 5 9 RO BehE

Az AR S A3, $2AS the] Laccase &0 5190 v ARSES} GREIRIAL kit Warele] Aot
W 9w Eofo] QM Aol SRISHATE Laccased A8 A9 A 34 £ B e|mr} gant ool
B9 O} o]¢] FTIRY Py-GOMSS] B2, B40] G w2 Fmo] JEwsh tehiba] glol H7HA|= A
Ago] /5T AOE BHET. B B ATAUE Fo) B/ RobY HES 1% £3 AHGe] RS Folu] AFHEY
A3 Gk BEQ} olFo] A £ e AOE F|rhal
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