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ABSTRACT: Laccase produced by Trametes hirsuta S1 isolated from Korea was partially purified and charac-
terized using ultrafiltration, anion exchange chromatography and affinity chromatography. The laccase was pro-
duced as the predominant extracellular enzyme during primary metabolism. Neither lignin peroxidase nor veratryl
alcohol oxidase (VAO) were detected in the colture fluid. Addition of 25-xylidine enhanced 4-fold lacease pro-
duction. Purified lacease was a single polypeptide having a molecular mass of approximately 66 kDa, as determined
by SDS-polyacrylamide gel electrophoresis, and carbohydrate content of 12%. 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 51.2 uM and 56.8 pmole, respectively. The optimal pH for laccase activity was found to be 3.0. The enzyme
was very stable for 1 hour at 50°C. Half-life (t,,) of the enzyme was about 20 min at 70°C. Spectroscopic analysis
of purified enzyme indicated that the enzyme was typical of copper-containing protein. Substrate specificity and
inhibitor studies for laccase alse indicated to be a typical fungat laccase. The N-terminal amine acid sequence of
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the T hirsuta S1 laccase showed 100% of homology to those of laccase from C. hirsutus.
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#2dQigniny2 4JE*14] coumaryl alcohol, coniferyl
alcohol @ sinapyl alcohols} Z+-2 phenylpropanoid A7
A Zo| H,0,9 SA3}M peroxidase o )&t 4kl ®
radicalE®] FAAMSA Hh§E dlo] AME ko)
ot o] Th(Sarkanen, 1971). ©]9222 lignin® =%}
IS HEFAY 20-30%S AL Y F2 A
de] EAJEc), ligning 7432 95 @A (monomer)
o] Aghat g Alele] AL HpRart 2 S gl
C-C% C-O-C Ao oA 3/ W& 5830
2 AEeEo g Relalr] ofz]e diEeld £,
olgt e g EFHIlsly Rr82s sheve
FR A HARZ AT (white rot fungi)’} AiHEte 2
2 AlEe] e FAet AR YAE T
BAslE MAFo] ZFEHE HEe)4 248}1A) (nonspecific
oxidation system)7} ¥<gFcH(Schoemaker, 1990). &l1d-&
sk HA AR F 7 ok WS o gER S
Fallsle TR o]E3 H5eo|d szt FEAoE
Z-4-517] m#o|vh(Barr and Aust, 1994; Paszczynski and
Crawford, 1995). &]2d3} kS 017332 (xenobiotics)
o ol dojshs BA BaARFgRe AES] Fo
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+« laccase(Thurston, 1994, Leontievsky et al., 1997),
peroxidase(Tien and Kirk, 1983; Kirk and Farrell, 1987,
Camarero et al, 1999)2} H,0;& A4dsle AtglEsd
(Kersten and Kirk, 1987; Guillen er al., 1990: Volc et
al., 1996) 5-2& 4#Hz] glov) B& FFE] laccase
E Aisla glad 85 2Y 472 AM-EE Phanero-
chaete chrysosporium T55% laccaseS Mgl Ao
o eta el we(Srinivasan et al, 1995) 21
et dEad WU HibEe EiE |94 TR
laccase®l] FF= 3 e},

Laccase(benzenediol : oxygen oxidoreductase, EC 1,
10, 3, 2= WAMEe] A4S AAFEAZ ol&3e
phenoloxidase2# #HE4d )2 ¥ (phenolic lignin
units)#h FH I H=ASEES HES ol (aromatic
amine)2 F|HEHOZ 235 (Field er al., 1993; Thurston,
1994) v[#E4d 2]2d w9l (nonphenolic lignin units)=
AhebatA] 2eH(Eggert er al., 1996a). 1L} laccases
2bst E wH2A 2Eske 1E7 Aoy ofd At
AH2o] A Aol laccases HIFIEA 2lad o9 @
2k ohvEt 2R RS dFEEhest ANE AdTEdE
< Fal gtk (Bourbonnais and Paice, 1990; Eggert et al.,
1996b; Johannes and Majcherczyk, 2000, Niku-Paavola
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and Viikar, 2000). WelbA ] # 8 laccase-mediator system
o] dre Fgad 2E7] A 2 EE laccased] A&
F3A 249 % B7)S Eo|2y ¢rkBourbonnais and
Paice, 1992).

il
Fo 5 (white rot fungiyhe-dlA 8l 28 5e] 56
T2 A" SEEW A (Trameres hirsuta SIS 4
ujoksty Aujord e 2 BE accase® £, A
28] BAE ARG

M= 3 Uy

oF

B Ao A8y T2 A (Trametes hirsuta S1)1E
20009 7ERE 20029 8UTIA] AlAbAE &2lak, glelal
a3kt FE4h 535 §XM AqEst ua SEaE
7heel e Bz Eals(Nshida er al, 1988)0] 5%
TR AdE dFelth, d58 HES potaio dextrose
agar(PDA, Difco. Lab Al -5 FHE o) 28°CoN A
U7 wiekgt & o4°CellA] BEFgen], o 1dvitt
Adielek st @59 FEFE PDA viA] Fodel A%
9 FAHE FHEF] 28°Cel A 77 wiEs £
{colomy) 7FARIZRY 1 om Bol@d F9jels #
mm®] cork borer® agar plugE TS| AREstsTh

O

ol g F
o

A o FTd #H7t

Laccase®) 43} =919 9 2087 $isked
Collins(1996)2] B|=] (glucose 10 g; ammonium tartrate 4
g; KHLPO, 1 g; NaH,PO, 0.026 g: MgSQ, * 7TH,0 0.5 g;
CuS0, - 5H,0 0.01 g; CaCl, - H,0 0.0066 g; FeSO, *
TH,O 0.005 g; ZnSO, - 7TH,O 0.0005 g; thiamine-HC]
0.00001 g; distilled water 1000 mf, pH 5.008 7]En]x]
2 A, 9 ke &% 250 mi flaskel] S0
mie] 71EAAE 92 455 FEste] 297w &
2,5-xylidine 02 mM, 223 ferulic acid, tannic acid,
veratric acld, hydroquinone, protocatechuic acid, syring-
aldehyde, vanillic acid, veratryl alcohol 52 1 mM ¢]
HEE 27 Askskdnh mge 28°ColA
(Operon-SI-130C)©. = %1% wjokateich.

150 rpm

4 24 £3

Laccase 8732 0.5 mM2| ARBTS|2,2-azinobis(3-cthyl-
benzthiazoline 6-sulfonic acid)] 7122 100 mM sodium
tartrate 95N (pH 3.0)22 23472 E40F Frkshd
A48 kol & FT)ES 420 nm(e = 36,000 M - cm )
oA =3 H Th(Niku-Paavola er al., 1988). Lignin per-
oxidase(LiPy2] 42 2 mM verairyl alcohol§: 100 mM
sodium tartrate &3 (pH 3.0)2.2 &4EA7]2 0.4 mM

HO0:8 7184 of Eaof ofs] 39 veratraldehyde(e =
9300 M - e ™2 310 nmolA £33} Tien and
Kirk, [984). Manganese-dependent peroxidase(MnP)2|
42 0.1 mM MnSO,Z 100 mM sodium tartrate $H2
A (pH 5.0F ¢EA7 F 0.1 mM H,0, £4] sllA &
2ol 2)5ked A2 E Mn"-tartrate £ (e = 6,500 M -
em B 238 umeld  EA e rhPaszezynski et al,
1988). Veratryl alcohol oxidase{VAQ)S] €42 2.0 mM
veratryl aleohold 50 mM dimethylsuccinate $H5<(pH
4585 9FA72 A47F A4S veratraldehyde(e =
9300 M - e 9] 9F2 310 nmellA EAESE I Bowr-
bonnais and Paice, 1988). &4 Eo] Tl 7|d=24
Bl 157 A4 1 gmole®] AEYES 1 unit(UDE EA &

At

Laccase S|

Laccase= 44817 23ked £ 5,000 ml flasks] 7]
WA 1,000 mi& W3 aFE HEsle] 297 A wje
F Jaccase A4 Yo AT 2 Sxylidines #HrhEt
o] 28°CollA] 150 rpmeZ I Eh kst Jelek |
A aFel-S 4°Coll A 8,000 rppm® 2087 4l Feleka At
=als  glrafiliration(10,000 Da membrane, Amicon
3400)310) 6 miE FEESIT. O F FERE THTR
#d E435l32, 50 mM potassium phosphate $h3<l
(KPB, pH 6000 % 2A]7F 54t FA ettt 1 & A
L B9 gkl o2 W{¥ElA|1Z] DEAE-cellulose column
(1%15 ermyel) 2 A 3152 50 mMat 100 mM KPB(pH 6.0)
2 A H o7 ARE] 04 mlimin? £5 A F laccase
o] @4s Yehle Y2 Ak 4 miE 5538
ZRS 002 mM KPB(pH 7.2)2 FAskd 22 859
o2 B{E A% hydroxyapatite column(2X 10 cm)l] =Y
S 0.02 mM KPR(pH 7.2)01 £5H8l 0.5 MONIL).S0,
w2 Agsle] 48 48 A & @4E Usil= £
S Wo} paEsla] HAE GA0T AN Sy
& hovine serum albumin{BSANSE HE ZHZ ALE-5}
Lowry(1951) Y22 33}

off |

S48y 5y

A4 kineticss 100 mM sodium tartrate 2Hg<8 (pH
3.0)3} 0.05~10 mMe] ABTSE 7]|HA= ARg-ste] TAT
Qe Z2AE F o]Fe)rA] (double reciplocal plotyaled
ARse. a8 HAT 2xd d%S A
st AA® TAE 100 mM sodium tartrate(pH 3.0)
skpdoR A7 30°C, 40°C, 50°C, 60°C, T0°C,
R0°CHA 24 Al Tt A PE 108k 2l g
Ae 28 Gol dE S0 S ARSI,
4 349 HA pHE 2A] Yéte] 100 mM sodinm
tartrate(pH 2.5~4.5), 100 mM sodium acetate(pH 4.5~
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6.0), 281531 100 mM sodium phosphate(pH 6.0~7.0) ¢
olg ALE-5}9Th Laccase?] 7]@dEo]/dE AL 9
8] laccase?] 71AZ FAHSHE= 2% 7|dE 100 oM
sodium- tartrate &2 (pH 3.0y zZHH 5 mM & @i
dAHe] AA4E el WAl & AJLoAl 49
348 st A48 nX= FEade 9d
2 0.5 mM ABTS 7123} 100 mM sodivm tartrate 5
M (pH 3.0y AH&-8l 2=ARSIRIT).

Ho|dS

AAE &ie] ¥Ag 534 (homogeneityyS ZAL
E17) $1319) SDS-PAGES Bollag 5(1996)8) whgo) w
g} aElgie}. &, sodium dodesylsulfate polyacrylamide
gel(10%)%] EA4HZF  markers(phosphorylase b 97,000;
albumin 66,000; ovalbumin 45,000; carbonic anhydrase
30,000, Amershm pharmacia)sh AAE laccase® 478}
325 mAolAM 2417 B9 ANF F gelE coomassie
brilliant blue R-250(Sigma)o.& Ao}

Copper characterization

AAD laccase®] Fvl T HAE AT st
0.3 mge] HA¥ laccaseZ 100 mM sodium acetate buffer
(pH 5.0/ 233152 UV-visible spectophoiometer(Shimadzu
UV-1601y& o]&3ted 200 nmellA 700 nm7HR) £33 55
ZALEIE R copper?] k2 flame techniqueS ol &3t
atomnic absorption spectrometry(Shimadzu AAS-6800)=
Z339.

N-2iEto| ojo| it MEEN

AAE laccase®] NI oju|ibe] HadiMe #-=
71z AATde diE AFHE B (Perkin
Elmer model 491AYE AHE-&kd K48l 7 dejzl N-&
the] ofu|imate] ¥ NCBI®) BLAST Search ZZ71
Ae olgatel B4 fAMIS Al

wat ¥ g

T hirsuta S12| MEI S M4

T hirsuta S15 71EWA oA 10U7F ABEI9(150
pm, 28°C) & o 259 A, BHEE ¥, 4
Fo|2 Bujde 9y 49 oild oS A A3
(Fig. 1), o759 A4& vl 6474 F23] S7H89
Aol Fuuhd. w)ek ol gAvd =Hdel. 2 X
thilzl ko wjok 10871R) A& F718kelc). Laccases
Ao ik 2 8E el AlEste] wied sde H
Z4(8.89 Ufmg proteinys YUERITZ I o]Fol= 840]
F438] st Mape 248 8ok 3488 ekt
ot BAEE ol Wk Lipet VADY) &4 wickr]

~b;cld 7

f—f %L 12 760
D41 5 8 10_180_
o | D | PR .
3 Eg Q«._‘.BEQDE
m E pa O
2tz 4 g %]
S |g 14 B1203
"‘E fﬁz L [0
ER 12410
8 1

ol 21 n

o 1 2348586 78910

Incubation tme(days)

Fig. 1. Time course of enzyme activities, giucose and protein
in the extracellular fluid of T Airsuta 51 culture grown
in the basal medium. -@- : Laccase, -O- : Dry
weight (mg/mf), - M- : Protein (ug/ml), -U1- 1 Glucose
(mM}), -& - : MnP.

2 Bt A YA Qs

Toe U

T hirsurg S12 7| 2u)R)o]A 247} ujekst & laccase
A gwges FANE BE 298 WAl Tzt H
7Hte] laccase 43S 373 % A7HFig. 2), w#F% 8Y
o laccase’ At FEYS] B 2,5-xylidine > veratryl
alcohol > syringaldehyde > hydro quinone > veratric acid
> protocatechuic acid #2922 Yegth Z#1 vanillic
acid, ferulic acid 28] ¥ tannic acide control(tH&7) B

Activity(nmol/mi}
8 8 b

B

0

Incubation time{days)

Fig. 2. Stimulation of laccase production in cultures of T
hirsuta S1 by addition of inducers. The arrow
indicates the time of inducer addifion. O-: conirol,
-%- : feruric acid. -4 - : hydroguinon, -4~ : proto-
catechuic acid, -[J- : syringaldehyde, -<>- : tannic
acid, -l - : vanillic acid - - : veratric acid, -A-
veratryl alcohol, - @- @ xylidine,
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Table 1. Purification of laccase from the culture liquid of T Airsuta S1

Purification step  Volume (ml) Total protein (mg)"

Total activity (U} Specilic activity (Wmg) Fold (%) Purification (folds)

Filtrate 970 112 3125
Ultra-filtrate 4] 163 1950
DEAE-cellulose 4 1.29 1416
Hydroxyapatite 5 .85 1060

279 100 1

119.6 62.4 4.3
1097.6 453 392
1247.1 33.9 447

*Protein was measured by Lowry™s method (1931).

o} 2848 vJePAtt Haars(1981) 5~ Fomes annosus
59 ME 2] laccase(extracellular laccase)s= dihy-
droxybenzoic acid, gallic acid, hydroquinone, o =1 e
protocatechuic acid 522 =93 #asl935, Bollag
9} Leonowicz(1984y= 2] FR2| BAkd Fob 2edd
F, 282 Agesel diske] 2.5-xylidine2] laccase A
A A B8 2ARNEY 2.5-xylidine YA o F g
Aol tisted frEAst o 229 PR A
oA E laccase THEASE YAt WA 1
3 Coll 519932 AlA| el HrolA Helet Rasidio-
mycete PMI(CECT 2971) #5+ laccase A4+ e a=a
2 <7 2,5-xylidine, gallic acid, toluidine, guaiacol 7
|7 veratryl alcohol® 722 &<l EHE'»’}O# laccase”F
48 = Qx] RS BN 98 42 Bugs
D}t F 5] laccase AS Sl Sk t]'ooké]'ﬂi s
+TE ‘-Jrr/}‘-ﬂ Fa v}

Laccase2| kinetic constants
Laccase?] AA= Table 1¢) TAlgd Ao wel 8

stk AAE &9 kinetic constantss= 100 mM so-
dium tartrate S (pH 3.0)22 25471 ABTSE 712

2 AHE8Eld laccases| B4 A
(double reciplocal plot)h 23k, K, 3 51.2 uM, V,,

[o T A Ay e ey
& A F olZ

Fig. 3. SDS-PAGE of T hAirsuta S1 laccase purified by affinity
chromatography (lane L). Molecular size markers are
shown in lane M.

7k 56.8 pmole » min '+ mg '0]%c}.

Laccase2| 2Xt2F 3 Elrslad

GAE laccase?] EAHT FEAHE #UE7] sk
SDS-PAGEE 428k A3kFig. 3), A laccase™ @
2] polypeptide FAuke oF 66 KDa ol%ict. 22|
laccaseo! 2@H €rilEe] kS X3S Esd=
*}3;]’0:1 anthron' (Yemm and Wills, 1954)2.2 S7 gk

A}, ¢F 120:9] @ale 2318900 Thurston(] 994)
L g¥E 759 laccasers FHHAE R B UEAEAM E
ako] 50 KDash 80 KDa ARolel 31&-& 2385 q =
F52] laccase= AE A #F9 laccaseP L Bl

Q
24

Copper characterization

T hirsuta S1 ¥R o2 BE FAE laccase®]| F1j
ZAlel Azlg FAFET] ety laccaec-] UV-visible?]
spectrums AL A3 (Fig. 4), F5° peak?t 610 nm +
Z(type I blue copper atom)elA LERSZ )7k (shoulder)
7F 330 nm(type [l binuclear copper)l Al WEISITEH 2
2152 copper®] W2 @A | mol 3.4 mol?] copper®
Zshela uivh olg) e EREEQ Ane B Hr
[2]

2] laccaseel = A& A Q] i8] laccasest ol Cuilly @]

016
0.14
a2
610
208

306 'é‘
004 . P anay

0o e

]

orbance

Bhs

200 am 4 200 e 1] v
Wavelengthlnm)

Fig. 4. Absorbance spectrum of laccase from 7. hirsuta S1
(0.3 mg in 100 mM sodium acetate, pH 5.0) at 25°C.
The arrows indicate the characteristic absorbance peak
corresponding to type [ (ca. 610 nm} and III (ca. 330
nm).
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Fig. 5. pH profile of purified 7. hirsuta S1 laccase. Using 0.5
mM ABTS (100 mM sodium tartrate buffer, pH 3.0)
as the substrate, -@- : sodium tartrate (pH 2.5~4.5),
-l - : sodium acetate (pH 4.5-6.0), -4~ : sodium
phosphate (pH 6.0~7.0).

2-0] EAFHE Z4FF] A ASAL UK Thurston, 1994). L
gl @ 57Hed Phiebia radiota(Karhunen er al., 1990)
o} Phellinus ribis(Min et al., 2001)9] laccase= type III
o} type 18] copper2 2HF Aot Qlvpe Buw givt

A pH

T. hirsuta S12] laccase= pH 3.00014 713 Ho A
S Yebla, pH 6.5 o]l Aie &4e] Tl vehtA
HekTHFig, 5). ol9f 12 AFd= gads Rejse 7
Fol vkl o 2 RE Ha)g R laccase”} 2 F
Z pH 9] el &8} (Thurston, 1994), 22} E=xla
F 7He| Agaricus bisporus®| laccase= F 7h2] el
## 2] pH(3.65 5.6)8 3= ATE SIth(Wood, 1980).

2o A

T hirsuta S| #7258 HAAE laccaseE 50°C v
AlM 60 Bt HElElEE W) 4 AR o F ol
Suf, 70°Cel M oF 20027 M| ElEE u) go] T4ol

140.0

1200

100.0

Lacease activity(%)

Incubation timalmin)

Fig. 6. Activity of purified T hirswra S1 laccase after
preincubation at different temperamre. One hundred
percent activity refers to 30 U/lml. Using 5 mM ABTS
(100 mM sodium tartrate buffer, pH 3.0) as the
substrate. -O)- 1 30°C -@- : 40°C, -4 - : 50°C, -IB- :
60°C, -4 ; 70°C, -OJ- : BO°C.

oF gute 2 7+AaEtdthFig. 6). & AP TFE] laccaser
R B4 WAREFHS laccase7t 50°C wlTHlA]
obdE ZAg vehlce B9 dAFTHColl e al,
1993).

7[d 8014

Laccased] 7|22 Azt== 29 HE s AP
ZA¥(Table 2), ABTS?} 7} 53 7|EAR WAL,
tyrosine®l] thafal= 38 E48 JehidA] it

Inhibitor2] Y&

Laccase E4d] 9 vad 2oz == €9 &
AAEIA 2] A EHS ZA A3 Table 3), coppers
TS slE ASEAEY) TAAL Ak SRR ¢
HAA e sodium azide(0.1 mM), thioglycolic acid(0.1
mM), diethyldithiocarbamic acid(1.0 mMy= E4¢] 84
£ 243 As@ ot metal chelators]! EDTA(1.0 mM)
= A8 E AslER est

Table 2. Activity of laccase from T, hirsuta S1 assessed against different substrates®

Substrate Conc. (mM) g, (Mcm™)  Wavelength (nm)  Activity (U/mi) Relative activity (%)
ABTS 50 36,000 420 30.8 100
2,6-dimethoxyphenol 5.0 35643 470 19.9 64.6
Hydroquinone 50 17,252 248 8.8 28.6
4-methylcatechol 50 2,091 420 8.0 36.0
Guaiacol 5.0 6,400 436 31 10.1
Pyrogallol 5.0 4,400 450 1.5 49
Catechol 5.0 2,211 450 02 0.6

Ferulic acid 5.0 12,483 287 ND -

Tyrosine 30 NI 280 ND -

*Agsays were done in 100 mM sodium tartrate buffer (pH 3.0).
"ND. not determined.
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Table 3. Effect of putalive laccase inhibitors on the oxidation
of ABTS by the purified T hirsuta 81 laccase’

Compounds Concentration {mM} Inhibition (%)
NaN, 0.01 91
0.02 96
0.05 99
0.1 100
TGA 0.01 10
0.1 96
1.0 100
2.0 160
DDC 01 69
1.0 100
20 100
L-cystein 0.5 47
1.0 a7
EDTA 1.0 0

*ABTS was used at 5 mM in 100 mM sodium tartratc buffer (pH
3.0). Zero nhibiton refer to 30 U of lacease activity per mif, using 3
mM ABTS in a control assay.

TGA : Thioglycelic acid, DDC : Dicthyldithiocarbamic acid, EDTA
: Ethylenediaminetetraacctic acid.

Table 4. Comparison of N-terminal amino acid sequences of 7
hirsuta S| laccase and other fungal laccase

Microoganism N-terminal amino acid sequence
T, hirsuta S1 ATGPTADLTISNAEVSPDGF
C. hirsutus® AIGPTADLTISNAEVSPDGFA

T versicolor T AIGPVASLVVANAPVSPDG
P cinnebarinus PR ATGPVADLTLTNAAVSPDGES

"Kojima et al. (1990).
"Bourbonnais ez al. (1993),
“Bggert er al. (1996),

N-Ztt ojn| =it M

2] HAE laccase?] N-UTE ofninal A d S 2d 5
T E #59| laccase®) W2 A (Table 4), 7. hirsuta
S19] laccase= C. hirsurus?] laccase(Kojima ez al.,
1990y} 100%2] AFE4-2 VENITL P cianaburinus PB
2] laccase(Eggert ef al., 1996b)2Fe 80%, 70 versicolor
9] laccase 1= 68%2] A58 zhz Vel oh

~ o
i | a1

g=tat BT EHA U Trametes hirsuia SHESE] HlA]

2 FHE laccased anion exchange
chromatography, adsorption chromatographyS ©]-8-3}]
T,b_‘__gl . 23;({ 3}1 7@;(—]]5;] :@L}\ol _\5'}\—12 _Z)\}-al_oﬂq,
Laccase= #5-9] Uz} T—ﬂ)\]' Aol A FZ2 Atz A
29 dAy e Ak FEEA S 718 vl x]oA HH
dalde o ARe HH?:} 6377}4 48] olFold

laccase?] E/d-& wWi%F 5o Huig@AdE Jelyon “H
A M LiPet VAOS 42 23 5)R) ¢gh}. Laccase

ultrafiltration=}

2] /.(I;]}\],oﬂ
%F %9l %%Laﬂl’ﬂdl B RE

xylidine& Wz

7Ky A3, 2.5-
BFe] laceasel] APARE oRdu] £}
AT, ZAE laccaser= SDS A 79Tl 2k 66
kDa®l BEAES 7l oY EdElo]=(single poly-
peptide)3] 2, et FFe 12990, AAE laccase?]
K # V_ 5 ABTS[Z2-azino-bis(3-cthylbenzthiazo line-
6-sulfonic acid)}= 71AZ AlEsbe] AR Ay Zbzh
51.2 uM3%} 56.8 pmole < min '-mg’lj =299} Laccase
ghdel 34 pH 3.00|H, o] 54 50°C rRkolA 14]
7k Eel XMuslsle o ekdAelqly 70°CH A 2087
Aelalyl S w) &40 gAjel ¥HIE%Lh Laccase®] £
AE ZAek Aa FE 55@51*- f{l“ﬂ;éli -
Ehuth AerE e w2 YEd laccase?] Y1EES 3k o)
A}, 5 mM ABTSOIA 7H4 = 3 245 v
EIIH‘H ‘31311 tyrmmgoﬂf‘l\_ laccased] ZAdo] vlehlAl &
Ak, AsfAle] dEks ’?‘43} Az, gukd e g FEE
As)A2l NaN,, TGA, DDCE 44
iEE—r’- Aalg ”34?011*%‘\_‘ A0 ZAdol shdslA 2
1=]2le ], EDTA Ml Me Zde] o] HA|5
7~] oot gt STEuAl SI #TRAE YAdE e
laccase®] N-2hehe] ojvlibel ME-E Coriolus hirsutus
o] laccase$t 100%2] HE4-S Ve, T versicolors]
laccase I7he 68%2] 5748 el

v
L5 - B A
F37 &

T3 G el A o]

o] A 455 5 AT Mg o)A
Bkl Ao wardat 49w gabdr g ZE
1= 3 Jaccase®] N-WwHY] oAl AjES wE Il
Tra7 e AAdTa) 4 Wes dgs =9
Tl mred] A AR EEUGh

i
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