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Characterization of Laccase Purified from Korean Pycnoporus cinnabarinus SCH-3
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ABSTRACT: Laccase produced by Pycnoporus cinnabarinus SCH-3 isolated from Korea was partially purified
using ultrafiltration, anion exchange chromatography and affinity chromatography. The laccase was produced as
the predominant extracellular phenoloxidase during primary metabolism. Neither lignin peroxidase nor manganese-
dependent peroxidase were detected in the culture fluid. In order to examine the effect of inducers in laccase pro-
duction, 2,5-xylidine was added in the culture of Pycnoporus cinnabarinus SCH-3. Addition of 2,5-xylidine enhanced
25-fold laccase production. Purified laccase was a single polypeptide having a molecular mass of approximately
66 kDa, as determined by SDS-polyacrylamide gel electrophoresis, and carbohydrate content of 9%. K;, and V,,,,
values for laccase with ABTS [2,2-azinobis (3-ethylbenzthiazoline 6-sulfonic acid)] as a substrate (Lineweaver-Burk
plot) was determined to be 44.4 uM and 56.0 umole, respectively. The optimal pH for laccase activity was found
to be 3.0. The enzyme was very stable for 1 hour at 60°C. Half-life (t,,) of the enzyme was about 10 min at 80°C.
Spectroscopic analysis of purified enzyme indicated that the enzyme was typical of copper-containing protein. Sub-
strate specificity and inhibitor studies for laccase also indicated to be a typical fungal laccase. The N-terminal amino
acid sequence of the P cinnabarinus SCH-3 laccase showed 94% of homology to the N-terminal sequences of lac-
cases from P. cinnabarinus PB and P. coccineus.
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272 (ligniny2 phenylpropanoid ©+1 & FAE W3 FEo0] laccaseS Akl Bl B Rl G52 AN
% o]& 53 (aromatic heteropolymenEX EA %3-S = Phanerochaete chrysosporium 435 laccaseE Ay
AXEHA sl vABES] FACERE EAE HEdt Aitie Zlo| o W Wl wel(Srinivasan et al.,
(Higuchi, 1990). °|¢} 28 gladg g5gelsls £71  1995) ade] 239 diajA WiE s #3)
E43] stetlle F2 BEA HAREFF(white rot fungi) — A7E FE laccaseo] AFE L o).
7t ABilsle B2 AXES] AHEeE 49 A EA ] 1) Laccase(benzenediol: oxygen oxidoreductase, EC 1,
ARHE 283 848lE AbAFo] E3hE H|ESold Ak} 10, 3, 2y ALY AHAE AAFEAE o]E3h=
Al (nonspecific oxidation system)”} #od 3t} (Schoemaker,  phenoloxidaseZ» &4 )2 ©9)(phenolic lignin
1990). H29E Edlshe EA] WARITFFIF B3 units)eh FHT AEAEE B3 olYl (aromatic
WS CHAER S Edlshs $Y% ol#d v 5old 4 amine)S FFHCE AH8lSI(Field e al., 1993; Thurston,
A7 BEFHow 28387 wjEoltkBarr and Aust, 1994) H)#lEA 2219 9l (nonphenolic lignin units)=
1994; Paszczynski and Crawford, 1995). #jdsk 1F  AtskslA]l Skt (Bggert er al., 1996a). 12\ laccase®
3}3HE (xenobiotics)®] #3o] TAsE EA) WARE T 2tsh gl wifAEA &8sk QlETIFolv oW AL
7o MES EAZE laccase(Thurston, 1994; Leontievsky Aol EANE Aol laccasew H|H B 2l T ¥
et al., 1997), peroxidase(Tien and Kirk, 1983; Kirk and %+ op&} 22 W= Q333 E3) AW A-331dE
Farrell, 1987; Camarero et al., 1999) 223 H,0,& A £ E3)| gtk (Bourbonnais and Paice, 1990; Eggert et al.,
Aeke AFsla A (Kersten and Kirk, 1987; Guillen et al., 1996b; Johannes and Majcherczyk, 2000; Niku-Paavola,
1990; Vol¢ et al., 1996) 522 <& o} e # and Viikari, 2000). W&} o218} laccase-mediator system

o] A4e Fad &2 #HH laccased] =38
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1992).

£ dpoM e v sk BA WyRTs
59 Pycnoporus cinnabarinus SCH-32 £2]% & 4|
2 AAujgste] vlFN O ZHE] laccaseS ¥&l, FA8}
oo A& 2ARIATY

R

Mz Uy

oF

B dAo] AME-E Pycnoporus cinnabarinus SCH-3&
1998'd 8ol A% FHolM AP FHE dFol
o} 52 BE2 potato dextrose agar(PDA, Difco. Lab.)
vixjol] FFE AF3] 30°ColA] 797 wigs F 4°C
oA BESHHOH, oF 1Ndnit Ageig st 45
9] BEL PDA ¥iA] FUo &% FARE HEEH
30°CoNA 797wk & AR PEAEERE 1om B
o]X Bl A7 6 mme] cork borerZ agar plugE Tt
£ ARS8t

HiX| ® Rz Hot

Laccase?] Aats} fe=gde] FFe A7) st
Collins(1996)2] HlR](glucose 10 g; ammonium tartrate
4 g; KH,PO, 1 g; NaH,PO, 0.026 g; MgSO,*7TH,0 0.5 g;
CuSO,*5H,0 0.01 g; CaCl,-H,0 0.0066 g; FeSO,*7H,0
0.005 g; ZnSO, - TH,O 0.0005 g; thiamine-HCI 0.00001 g;
distilled water 1000 mi, pH 5.0)Z 7]E2ul|A 2 AME-31%
I, =9 HA7l= £ 250 mi flaskol]l 50 mie] 7))
RS Y3 FFE JE3 147 vjS3 & 2,5-xylidine
€ 02mM, 223l ferulic acid, gallic acid, hydroxiqui-
none, protocatechuic acid, syringaldehyde, vanillic acid,
veratryl alcohol 52 1 mM ©| HEE 7}z A7kt
Bl 9k 30°CellAl 130 rppm(Operon-SI-130C)2. 2 Z1& 1l
&t

4 Y 23

Laccase &41-2 0.5 mMe ABTS[2,2-azinobis(3-ethyl-
benzthiazoline 6-sulfonic acid)] 712-& 100 mM sodium
tartrate $5H (pH 3.00 2.8 $FA7| 45 F7islY
A E ol ATZS 420 nm(e = 36,000 M - cm o]l
A &3 85 th(Niku-Paavola et al., 1988). Peroxidase<]
AL laccase BP9 H,0,& 0.1 mMo] HE=F
7bele] &35 tHEggert et al., 1996b). Lignin per-
oxidase(LiP)2] 42 2 mM veratryl alcoholE 100 mM
sodium tartrate $EN(pH 3.0)02 $EAF1L 0.4 mM
H,0,5 713 W 4] 93] H¥E veratraldehyde(e =
9300 M - cm ™) 310 nmoll M &4 8} tH(Tien and Kirk,
1984). Manganese-dependent peroxidase(MnP)2] &4
0.1 mM MnSOZ 100 mM sodium tartrate %<4 (pH

5002 942271 F 0.1 mM H,0, EA 3lollA] &2 9
&) A8 Mn*-tartrate B3 (e = 6,500 M~ - cm )E
238 nmolX =33} th(Paszczynski et al., 1988). Aryl
alcohol oxidase(AAO)e] 42 5 mM veratryl alcohol
100 mM sodium phosphate £+ (pH 6.0)2.2 &4ZFA|7]
3 &A7) B4 % veratraldehyde(e = 9,300 M - cm ™))
%% 310 nmel1X S8t Th(Saparrat et al., 2002).

A 49 @9 122N 187 A4E 1 umole
o] AAES 1 uit(U)E FABIATH

Laccase &%

LaccaseZ AA517] §15ted &3 2000 ml flaskell 71
WA 500 mi& B3 FFE FESI 197 A v £
laccase A2 Qo2 d#HR 2,5-xylidineS 75t
30°ColA 130 rpme2 A Bu|dsiich. B & Wl
oFelg 4°CollA 8,000 pmE 2087+ ARSI T
AS yltrafiltration(10,000 Da membrane, Amicon 8400)
sl 10 miE T3tk 2 F 5298 S/TE 95
EA18}3, 50 mM potassium phosphate 2 (KPB, pH
6.00 02 247 5o FAFAT 2 F FAAS FE @
Z oz HAFAZ] DEAE-cellulose column(1X 15 cm)
o] A3 50 mM=}+ 100 mM KPB(pH 6.0)5 TAH
o2 AL31Y 0.3 mi/ming &3 A7 F laccase®] &4
< Uil 288 Ao smiE 53T 553
2 0.02mM KPB(pH 72)8 T4l 72 &5z
3 Al17] hydroxyapatite column(2X 10 cm)?ll A 3H3L
0.02 mM KPB(pH 7.2)el & 0.5 M(NH,),SO, T
Agsle] 48 €2 AR F, @48 Jelis 88
Rol Fx3sle] AAE FAE ARSIGEU. dHATS
bovine serum albumin(BSAYS %5 EBAEZ ARSI
Lowry(1951) o2 &A3lar).

S48 §Y

F49] kineticss 100 mM sodium tartrate $5-% (pH
3.0)% 0.05~10 mM2) ABTSE 7]2Z ARgate] Bad
e 243 T o|F P EA](Lineweaver-Burk plots)3t
o ARk 480 WA 259 JFE FAle)
71 93led FAE &4HEF 100mM sodium tartrate(pH
3.0) g o7 9EA]F)5L 30°C, 50°C, 60°C, 70°C, 80°C
oA AR A7k Fk A S 1089 i) B8
Z33le] ol i g4 AFFE RARING. A
242 H7 pHE RAFsl7] A3t 100 mM glycine-HCI
(pH 1.5~3.5), 100 mM sodium tartrate(pH 2.5~4.5), 100
mM sodium acetate(pH 4.5~6.0), 728 3. 100 mM sodium
phosphate(pH 6.0~7.0) $H59-& ARS8t Laccase®]
NAEY L ZAK) $151 laccased] 71HE FH
= 2@g 712¢ 100 mM sodium tartrate £ (pH 3.0)
o Z¥z} s mMA S 93 IR FY] FLE FUkst Wk
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NZ & 2o a4 AL st EA8A6
)z e F8ke 05mM ABTS 7123 100
mM sodium tartrate &5 (pH 3.0)E AME-8l] FA}S)
At

HoIHE

AAE Ao EAES FEA(homogeneity)ys =
A7l 95le] SDS-PAGEZ Laemmli(1970) ol wkah
43819t} =, sodium dodesylsulfate polyacrylamide
gel(10%)°] ¥A¥F markers(phosphorylase b 97,000;
albumin 66,000; ovalbumin 45,000; carbonic anhydrase
30,000, Amershm pharmacia)?} FA1E laccaseZ A A 3}
3L 80 VE 2A17F F3F AN e & coomassie brilliant blue
R-250(Sigma)2.& HA4F)r}.

Copper characterization

AAE laccase®] Fv) FAHY AEE AR 938
0.3 mg9] AAE laccaseZ 100 mM sodium acetate buf-
fer(pH 5.0)%] £33l32 UV-visible spectrophotometer
(Shimadzu UV-1601)2 ©]-&3F 200 nmol|A 700 nm7}+
A EFZEE FAIAAL copper?] Y2 flame technique
& ©]&3}9 atomic absorption spectrometry(Shimadzu
AAS-6800)Z 793t

N-2Cte| ofo|imit MedEY

AAE laccased] N-Th oln|i-Ale] AMIRAM S 31
Z1ZASR AT wild AFAE F2497](Perkin
Elmer model 491A)E ARE-3ted EA4181915L Aojxl N-&
o) ofm|iake] AEL NCBI®) BLAST Search Z&21
#BE o83l FAA FAMIS AT

& % 0¥

P. cinnabarinus SCH-32| §& Mt

P cinnabarinus SCH-3E 7|28 x]o|A 1047F 2 &)
& s o Az EuEe 28 aho o 4L
ZARSE A (Fig. 1) 579 AL vl 9do Ao
ol ke i 8dofl HUighE Ve Laccase®
- v 3UFE] YeRT] AlFste] v 7l HT
e UERAE O o)Fdle g0l F43] stk
peroxidase= | 5Ll VRG] AlRMER] Bl 7H)
AUgrS JeERIYoY LiP, MoPS} AAOS] 842 ulj%
71708t velA] &9t} ofsh 22 &4 ALt AF
= Eggert(1996b) 0] 3F9] A= (Sydney) oA
¥ A% P cinnabarinus PB 4571 AL o o}
2] Jaccased} 4% peroxidaseE A4S LiP, MnP
I3l AAOE MIX 9E ALBEA gerhe Bk o
ki

1.2
0.20 T accase | 4.5
0.18 wc,_peroxidasei 4.0 10
tei To=
,g) 0.16 —-A——';:::: L 3.5 = £
5 014 [ TTECTL 3.0 % 08 g
> 012 =
= 25 £ 5
£ 0.10 £ 106 ¢
o 008 20 3 z
& [ =}
§_ 0.06 15 04 =
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Fig. 1. Time course of enzyme activities and protein in the
extracellular fluid of P. cinnabarinus SCH-3 culture
grown in the basal medium.

R H

P cinnabarinus SCH-3Z 7] EeA]ellA] 197 wf gt
3 laccase A4t FEo s FHHE 2 FdS wiA|
o z}z} A7}8le laccase 84S A8 AF(Fig. 2),
Fuek 1296 laccaseAt e &= 2.5-
xylidine > hydroquinone > syringaldehyde > vanillic acid
> protocatechuic acid > gallic acid > veratryl alcohol >
feruric acid <22 JERITH 53] 2,5-xylidineS H7Hs
Aol FAYHL 20UmE 7P =93, UET
(control)ell ®I3 258 =& A4S JERUTE Eggert
(1996b) Fol ¥& FHE P cinnabarinus PB o5
2.5-xylidines] 213} laccase AJ4te] HEEATEH o]¢
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Fig. 2. Stimulation of laccase production in cultures of P
cinnabarinus SCH-3 by addition of inducers. The
arrow indicates the time of inducer addition. con:
control, fer: ferulic acid, gal: gallic acid, hyd: hydro-
quinone, pro: protocatechuic acid, syr: syringaldehyde,
van: vanillic acid, ver: veratryl alcohol, xyl: 2,5-
xylidine.



62 THE KOREAN JOURNAL OF MYCOLOGY, 31(2), 2003

e Ade 2 439 A9t dAgr}. Haars(1981) 5
2 Fomes annosus 452 A|XE 2] laccase(extracellular
laccase)= dihydroxybenzoic acid, gallic acid, hydro-
quinone, L&} 3L protocatechuic acid 522 f=8& &
35150, Bollaget Leonowicz(1984)= o8] £/ &
a5 BSAGTH, 282 ApFERol sl 2.5-
xylidine®] laccase A4t f= EIE ZARIEH 2.5-
xylidine® AWHE 02 GxtFof et fF=ass} 3l
o ggo] xRl oIHE laccase FHEAE YA
St HaEch 2283 Coll $(1993)y2 AAF3<]
Holl A BE$t Basidiomycete PM1(CECT 2971) 45
£ laccase A4t =902 LA 2,5-xylidine, gallic
acid, toluidine, guaiacol ~ZZ}3 veratryl alcohols}t 7
2 slgtEdd 3t laccase’t A3 F & HA] 23S B
SIS o9t 28 AUAAEL FAFFEC] laccase
At el st opkeAl vheEhe Jep F
ATt

Laccase®| kinetic constants

Laccase®] A= Table 19 FAIE Ao wz} =38
kAt GAlE &4 kinetic constantse 100 mM so-
dium tartrate &5 (pH 3.0)2.2 52170 ABTSE 712
2 AREEH laccase®] EHES AT T o)TILFEA
(Lineweaver-Burk plot)st A3}, K 3+ 444uM, V.
ZH& 56 pmole - min™' - mg™ o]t}

Laccase?| #X}2F U EFrStRE

AAE laccase®] FAHH FEAAAE 1] 48k
SDS-PAGEE A8 A3 (Fig. 3), AA1E laccase= ©&
o] polypeptide® EA#FE °F 66 KDaolit}. 28|x
laccasedl X3E ©3lEe ¥ FIEFS EFEEAR
AM8-8led anthron™ (Yemm and Wills, 1954)2.2 ZX3t
A}, oF 9%2] @sES T3 Thurston(1994)y
OIF-E9] F79] laccase= FUWAZ @ GFA A £
Aol 50 KDa®} 80 KDa Alo]d] 98-8 Budich &
459 laccases= ABAQ] FF9 laccased S RoF

A

Copper characterization
P. cinnabarinus SCH-3 vk o 22E] A9 laccase

Fig. 3. SDS-PAGE of P. cinnabarinus SCH-3 laccase purified
by affinity chromatography (lane L). Molecular size
markers are shown in lane M.
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Fig. 4. Absorbance spectrum of laccase from P. cinnabarinus
SCH-3 (0.3 mg in 100 mM sodium acetate, pH 5.0) at
25°C. The arrows indicate the characteristic absorbance
peak corresponding to type I (ca. 614 nm) and HI (ca.
325 nm).

9] ZujFAe AAE ZABE] A%t laccase®] UV-
visible®] spectrume ZAFSH A (Fig. 4), 5 peak’}
614 nm H-Z(type I blue copper atom)ol|A] WEPEIL o]
7} (shoulder)”} 325 nm(type III binuclear copper)®lA 1t
bttt 28]3 copper®] 4 w1 1 mold 3.4 mold)
copperZ XE83IaL STt ol9} e FFARl AEE
B FF9 laccasedls AFAI FF9 laccase®}t 2ol

Table 1. Purification of laccase from the culture liquid of P. cinnabarinus SCH-3

Purification step Volume Total prc:tein Total activity Specific activity Recovery Purification
(ml) (mg) (U/mg) (%) (folds)
Filtrate 470 54 826.4 153 100 1
Ultra-filtrate 10 35 793.7 227 96.0 6.9
DEAE-cellulose 5 1.5 604.3 402.9 73.1 26.3
Hydroxyapatite 5 0.6 3904 623.6 472 63.2

“Protein was measured by Lowry’s method (1951).



Laccase from Korean P. cinnabarinus SCH-3 63

45 -

= 40} —o—glycine-HCI |
i

E —®—tartrate !
S 35¢ —&— gcetate |
o 30| —— phosphate |
2 251 § 8
ot e
3 20 e ; J,AD
& 15} : st
2 S 4
o 10 I~ § 3 : .
53 g
§ 5
-

0 ,

1 2 3 4 5 6 7

pH

Fig. 5. pH profile of purified P cinnabarinus SCH-3 laccase.
Using 0.5 mM ABTS (100 mM sodium tartrate buffer,
pH 3.0) as the substrate.

Cu(ll) ol&°] EAE 74¥3] AAISIL ITH(Thurston,
1994). 18 FF{7V2H Phlebia radiata(Karhunen et
al., 19902} Phellinus ribisMin et al., 2001)2} laccase
= type I} type I9] copperS Ztzt Ao3la vke B

2= Ao

3N pH

P. cinnabarinus SCH-39] laccases= pH 3.0014 7}
=2 845 JeERA, pH 6.5 ool E &4 FAo]
UERA] FthFig. 5). olek 2 A gads 2
ks 7Y vgN ez RE BT hREY laccase
7} z+= HA pH P9 Well &3tk (Thurston, 1994). 2
HU G 2F 7V Agaricus bisporus® laccases F
Mo F3e A pHB.68 5.6)F Zh= 4% I
(Wood, 1980).

=259 sk

P cinnabarinus SCH-3 dFE2RE AAE laccaseS
60°ColA 60% Bt AP 3t9e W EhE v ok H o)
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Fig. 6. Activity of purified P cinnabarinus SCH-3 laccase
after preincubation at different temperatures. One
hundred percent activity refers to 40 U/ml. Using 0.5
mM ABTS (100 mM sodium tartrat buffer, pH 3.0) as
the substrate.

o] oF Auko & 7FA3IYTHFig. 6). HIFEQ] Z4) ¥
BEARO Jaccaser 50°C njwhalA A E 848 Vel
W= (Wood, 1980; De Vries er al., 1986; Sugiura et
al., 1987) ¥F3le] B AH FF9] laccase= 60°Col|lA]
$ otdE AL et ek B Ag) AlgE 7
Z7} A28 laccases Eoll thale] theds] A E &4
gt Az

71 80|Y

Laccase®] 7|22 Azte= 22 dE 35ES AE
ZAF}(Table 2), ABTS9} hydroquinone®] 58t 712
WAL, tyrosinedl] tidIA= A3 84S JehA] &
St

fu pok

Inhibitore] 248k

Laccase &30 F3-L vjd A= FAHE ¥¥ &
aAA Q) AS|EAAE ZAM ZAZN(Table 3), copperE
¥33l3 e Atglasge] AL A 2R ¢

#& E sodium azide(0.1 mM), thioglycolic acid(0.1

Table 2. Activity of laccase from P. cinnabarinus SCH-3 assessed against various substrates”

Substrate Conc. (mM) Wavelength (nm) eM' - em™) Activity (U/ml) Relative activity (%)
ABTS 5 420 36,000 40.1 100.0
Hydroquinone 5 248 17,252 38.1 95.0
Guaiacol 5 436 6,400 15.0 375
2.6-Dimethoxyphenol 5 470 35,645 139 34.7
4-Methylcatechol 5 420 2,091 4.8 11.9
Catechol 5 450 2,211 24 5.8
Syringaldehyzine 5 525 65,000 1.3 32
Tyrosine 3 280 ND - -

*Assays were done in 100 mM sodium tartrate buffer (pH 3.0).
bND, not determined.
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Table 3. Effect of putative laccase inhibitors on oxidation of
ABTS by purified P. cinnabarinus SCH-3 laccase®

Compound Concentration (mM) Inhibition (%)
0.01 92
0.02 95
NaN; 0.05 98
0.10 100
0.01 75
b 0.10 100
TGA 1.00 100
2.00 100
¢ 1.00 77
DDC 2.00 100
. 0.50 3
L-Cysteine 1.00 86
1.00 : 0
p-Coumaric acid 2.00 0
3.00 0
1.00 0
EDTA’ 2.00 0
3.00 0

*ABTS was used at 0.5mM in 100 MM sodium tartrate buffer, pH
3.0. Zero inhibition refers to 40 U/ml of laccase activity per mil.
Using 0.5 mM ABTS in a control assay.

"TGA, thioglycolic acid.

‘DDC, Diethyldithiocarbamic acid.

EDTA, ethylenediaminetetraacetic acid.

Table 4. Comparison of N-terminal amino acid sequences of P,
cinnabarinus SCH-3 laccase and other fungal laccase

Microorganism N-terminal - amino acid sequence
P. cinnabarinus SCH-3 AIGPVADLTLTNAAVVPD.
P. cinnabarinus PB AIGPVADLTLTNAAVSPED.
P. coccineus AIGPVADLTLTNAAVSPD.
C. hirsutus AIGPTADLTISNAEVSPD.

mM), diethyldithiocarbamic acid2 mM)E= &9 A4S
243 AP} metal chelator?] p-coumaric acid®}
EDTAT E484-g A3)31A] dth

N-ZEt oto|edh M

] FAE laccase] N-ZH olu]i=At AEg 43}
o & 39 laccase} H|Z3 A3 (Table 4), P cin-
nabarinus SCH-3%] laccase== P coccineus®] laccase
(Hoshida et al., 2001)%} Eggert(1996b) 0] TF4 &
2l 533 P cinnabarinus PBY= 94%2] 4543 24
VeI, C hirsutus®) laccase(Kojima et al., 1990)$}=
83% F4E eI

§ 2

=2t AW A (Pycnoporus cinnabarinus) SCH-

32 HE viA] WE 249 laccaseE ultrafiltrations} anion
exchange chromatography, adsorption chromatography
£ olgsle By - AAlsaL FAE a4 EAHE AL
i= 8

Laccases 59 WX} tiAl oA F2 AitEE
Az HE Aslasg. FASAHAAES 7|8 vjRo|
A djekslaS w) AARe vt 9ol HhE L, laccase]
4L Mg 790 FNEAEE el vl
LiP, MnP 2832 AAOQ] 842 ZAHA &ttt

Laccase2] A4kl mlXE F=H9] d3&S FA] 9
slod vl FQ F7 MM 22 f=de U
A7, 2,5-xylidine thETo] H)3l laccased] FihE
258 =71 AATH AAE laccases SDS A H7|FF
M ik 66 kDa2l EAES 7w vl ZEHE]
Z(single polypeptide)d3, BF3E TFHE 9%RT
ABTS[2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic
acid)}E 71242 ALgslY AAE laccased] K, Vs
ZAVS A} 247} 44.4 uMF 56.0 pmole - min” - mg”
2=t} Laccase @49 & pHE 3.0019, o] &4
£ 60°ColA 1A7F Bk HBsta s o wlg- g Aol
T 80°CAlAM 1087 AEstdS W F4o Eio] vk
H AT} Laccased] #3334 SAS AN 23 TEE
¥eehe wid 2 Yelydth gibd oz d#3 laccase
o] N1AE et S-S AR A3} 5mM ABTS9
5mM hydroquinonedl ®& AL JeEpieH
tyrosined| A1 laccase®] &/do] WePA] 3ttt A 3hA)
o] Jae AIE Ay}, dutdoE FIE X¥se ©
WA 2] A)A¢l NaN,, TGA, DDCE YAFEE X%
AFPFAME Ghe] Ao SAsA JAFJLH, p-
coumaric acid®} EDTA A&7 E dxe 4] 9
AR ko). =t FASHEMA SCH-3 #F=5H
AAEE  laccase?] N-ZEe] opmjibe] AEL P
coccineus® laccase$} FFOIN  Eel - FAHE P
cinnabarinus PBY] laccase®t 94%7} Z49kth.

Ao 2
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