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Laccase (benzenediol:oxygen oxidoreductase,
EC 1.103.2)= 72 5B} Fiel 4] s
multi-copper. blue oxidase®] dEo g #&Ao
A 1718 AR o)&AlA Al elrlze 3
Aatel, g4 02 4709 2AE 00 Hdshis sta
A7bEE 7P ol He® okeld o) (25).
Laccasess 2]1d-S & F-affsly= W B2 gof 2]
2] EAehzd (13) 22704 laccaser) &2l )%
Aol HFES Coriolus versicolor (23), Neurospora
crassa (6). Podospora anserina (22). Agaricus bisporus
(30), Aspergilfus nidulans (18), Rigidosporus lignosus
(7). Pleurotus ostrearus (10.26), Phlebia radiata (24)
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7‘())0{] »‘n;—oq 24&]/}‘1;01- Lolgt kaﬁoﬂqlq EH,(]
% freeze dryer (Labconco MSIFYE AxA)|A
—60°Cefl 4 B.gaigic).

(2) DEAE-Sephadex A-50 0|2
2H .

0.02M <likghg8o) (pH 7.0)0 el A& 50
m/& DEAE Sephadex A-30 (Pharmacia) o]-& w3}
2R E sk 54 g )
A #Hy 38X20cm)ol] A= 9 1.000 m/g)
Y g A HE g d(l 0~0.7M2] 4
TE 71272 S $£3455E Omlh o
Qa1 Smiy HEsldc)

(3) Con A-Sepharose %3t 3 20jE T2

Con A-Sepharose (Pharmacia)® A% (14X 15
cm)ell Fx18ke] 0.02M Tris-HCI (pH 7.0)3+58 o
o8 AL % ARE oo £ 200 m/&) =9l
sHegoleo 858 9 g-methylmannose 0~02

o oy FRA1ET)RE $EA7Y 2E4Es |0
m//h o)Al 5 miY B35 o)

{(4) Sephadex G-150 ! ofx} AZolE Jejn)

Sephadex G-150 (Phdrmaua)-‘% 23 (22X120
cm)ol] F== 16}011 2 M <likstE&ol (pH 70002

WE 20D

A

-1
AHala 2= gs oo & FULE R o7
'?F*]’i‘:]' EEFEN= §mi/h o) S m/H %)
atodch

4. Sodium dodecyl sulfate (SDS)-linear poly-
acrylamide gradient gel FZ|¥E
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gradient slab gel-& A1-4-8}eic} A| 8= 10% sucrosc.

Laccase of Lentinus edodes 253
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anthranillic acid, p-coumaric acid, trans-cinnamic
acid, 2.6-dichlorophenol indophenol, 2.2'-dihyd-
roxybiphenol. o-dianisidine, L-$-3.4-dihydroxy-
phenylalanine, ferulic acid, p-hydroxybenzoic
acid, pyrogallol, protocatechuic acid. syringic acid.
sulfanilamide, syringaldazine. N.N,N’.N’-tetra-
methylbenzidine, NNN’N'-tetramethyl-p-phenyl-
enediamine, vanillic acid (e]4 Sigma), 24-
dichlorophenol. 34-dimethoxybenzyl alcohol, hy-
droquinone. o-phenylenediamine (©]4 Aldrich),
gallic acid, e-naphthyl aminc, I-naphthol, p-
nitrophenol, L-phenylalanine (14 Kanto), cate-
chol. 24.-dinitrophenol, 24-dinitrophenylhydra-
zine, tyrosine (¢}4 Wako), p-aminobenzoic acid,
diphenylamine, orcinol (¢]4 Katayama)., 4-
dimethyl aminobenzaldehyde (Fluka). vanillin
(Fisher). sinapic acid (Carl Roth), sulfanilic acid
(Junsei), 8-hydroxyquinoline (Hayashi)% A}-8-8}%)
t}.
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AlZPH . G 5HS-S TLC plateol] #&}alo] uhke
AEe] WA wustelrk AR 1ol
-2 UV-transilluminator (Ultra-Violet Product INC.

> O o wd
v 32 B
R
3L o -Jl)i' tn

o

(pH 4.8)° 7]2& 10 mM

L [0 mid =FEelE laccase

KOR. JOUR. MICROBIOL.

Model C-62)%. #alslgith A Lu) 8% benzene
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aluminium sheet (silica gel 60 F.., Merck)E A}

3hsie}.
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%8l -&ofl specific activity} 1,100 27} sboict
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15
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Table 1. Punfication step of laccase from Lenunus edodes ATCC 48085

Total Enzyme Spec:fic Recovery Purification
Purification Step Protein Activity Activity (%) Fold
(mg) {unit) (unit/mg)
Culture Filtrate 1.110.00 112.000 100 100 1.0
Ammonium Sulfate 189.00 103,000 245 92 5.5
Precipitation
DEAE-Sephadex A-50 12.00 46,000 3.800 41 17.0
Chromatography
Con A-Scpharose 1.90 35,000 18,000 R) 180.0
Chromatography
Sephadex G-150 0.18 20.000 110,600 18 1.100.0

Chromatography
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Fig. 1. SDS-linear polyacrylamide gradient gel electrophoresis of laccase
5-10% tinear gradient gel(2.7% bis-acrylamide) was used.

Lanc A:Laccase, Lane B:Molecular Weight Markers, 1.

@>-Macroglobulin (170 KDa:reduced); 2.

Phosphorylase b(97.4 KDa): 3. Glutamate Dehydroge nase(55.4 KDa): 4. Lactate Dehydrogenase(36.5
KDa}. S Trypsin Inhibitor (20.1 KDa). The inscrt shows a culibration standard curve. Symbols,

®: Laccase.

—-

Fungi Sequence and Sequence homology

e, o [__
ALGP|IVTIDL|QII VNOQIF I

ALGISAGNTYIVNQ[DYV

Lent inus edodes ATTC 48085

Pleurotus ostreatus strain 3004

ATGPITGNMY]IV

AIGPTAEJTJSNAEV

GGGGG(TT\SPTNRD}C'

Pleurotus ostreatus NFFA 4501

Coriolus hirsutus 1FO 4317

Neurospora crassa

Molecular Weight Markers.

Fig. 2. N-Terminal sequence for the first 15 amino
acids of laccase Jisolated from L. cdodes
cultures grown on a malt extract media and
homology with amino acid sequences for the
faccase from other fungi Boxed areas show
regions of sequence identity.

o] 7% olw] whel Al v} 559 laccase ] N-ube)
oAt Med3) wlwalw  2pgiel Newurospora
crassa?) laccase (R)Bch 218l Plourorus ostreatus
(26)2k Coriolus hirsutus (16)2} 1 -2}t (Fig.2).
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Fig. 3. Arrhenius plot of laccase from Lentinus edodes
ATCC 48086.
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A st xl = 20~25°Coll A 14 keal/mol, 25~
°Cell 4 5.2 keal/mol, 35~40°Cell 4] 1.9 keal/mol
QI A0°C o] el & 47} FA8 Hadslys
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Fig. 4. Optimal pH of laccase.

Citrate-phosphate buffer was used as reaction
used as

buffer and
substrate.

syringaldazine

Table 2. Oxidation of various substrates by Lentinus

edodes laccase.
A. Phenol compounds

vvvvvvvvvvvvvvvvvvvvvvv

was

60 65
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1/{v]{6A530/min)

5 10
1/[s) (X 20/uM)

Fig. 5. Lineweaver-Burk Flot of laccase for syring-

aldazine.

Citrate-phosphate buffer(pH 4.8)
reaction buffer.

B. Aminobenzene compounds

was used as

Functional
group on Substrates Oxidation
para position
Acrylic group p-Coumaric acid +
Ferulic acid +
Sinapic acid +
Carboxylic Vanillic acid +
group
Syringic acid +
Gallic acid +
Protocatechuic acid +
p-Hydroxybenzoic acid —
Hydroxyl Hydroxyquinone +
group
Aldehyde Vanillin =
group
Nitro group 24-Dinitrophenol —
p-Nitrophenol -
Methoxyl 34-Dimethoxybenzyl —
group alcohol
Other group Pyrogallol +
L-DOPA +
2.6-Dihydrophenol +
indophenol
1-Naphthol +
2.2"-Dihydroxybiphenol +
8-Hydroxyquinoline +

2.4-Dichlorophenol
Orcinot

Catechol

Tyrosine

Phenol red
Phenolphthalein
Hydrindantin

o-Dianisidine +
N.N.N"N'-Tctramethyl benzidine -
N.N.N'.N'-Tetramethyl-p-phenvlene -+
diamine

a-Naphthylamine +
Diphenylamine +
o-Phenylene diamine +
Syringaldazin: +
4-Dimethyl amino-benzaldehyde
2.4-Dinitrophenyl hydrazine —
Anthranillic acid -
Sulfanilic acid -
Sulfanilamide -
C. Other benzene compounds
L-Phenylalanine +

34-Dimethoxybenzaldehyde
34-Dimethoxy cinnamic acid
Chloramphenicol

rrans-Cinnamic acid
3-Phenoxy-1.2-propandiol
3-(4-methoxyphenoxy)-1.2-propandiol
p-Toluic acid

p-Cl-Cinnamic acid

Guaiacol glyceryl ether
p-Nitrophenyl-g-D-Glucopyranoside

a+: UV-visible spectral change was observed
—: UV-visible spectral change was not observed
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Fig. 6. Seperation of reaction products  of Jaccase
according to the reaction time by thin-layer
chromatography.  Ferulic  acid was used as
substrate.

syringaldazine &
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5. Syringaldazineoi| i3t steady-state kinetic para-
meter2| ZHH

= Aol #HAEA AlLs 7| ™al syringalda-
zineoll A3} steady-state kinctic parameter2 [
Steleh 718 1~20 uM Abolol| 4] ub-g-4]7)m 4]
HHEARER) AAIEIEZ UVivisible spectropho-
tometeriz. ##slo], 1 A Lineweaver-Burk
plote.s Z25ic} (Fig. 5). # &322 syringaldazineol
HEF Ky 04 uM oldi k., & 77 sec ! o]l
6. 71& So|o

= B V) BolAs W R 98] ofelslx
S shgbE ) kA7) A spectrophotomcter &
P B ) wskE ghabsldin) o) A ET
TR MRS E b std i) (Table 2),
HE A M E o) uhesle sl se
H7HA AL Rk AA. wlAl e PA L}
obrllevlh Hel oluk £ Aldela] A& 50097}
Ao B gEFol Earel ubed sgrmse phen-

ylalanine & A 2)a} 3 2.5 gl ire]of] 2417t o)
Ue7)7) o] Qlrk iAo shglRel Ao para
Aol acrylic acidi} carboxyl”] Hi= F4l7)7) &2
of a7k vl Wl ne) Fobe adw slay

ok Para 2]l aldechyde?|u} nitro7] mei=
methoxyl7]17F #-& 7 $-1= B oo)e] wreo #ate)

=

Laccase of Lentinus edodes 257

1200 120 30 0

Incubation time(min)
Fig. 7. Seperation of reaction products of taccase
according to the reaction time by thin-layer

chromatography.  Sinapic acid was used as
substrate

Ttk AL A YR A4S 212 omho
#12]ell methoxy 1717} B4 5247]7} 2o slew
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syringic acid. gallic acid%-& &49} wle-g 39
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el vhebwtizdl (Fig. 6). R, 0.619)
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ABSTRACT: Characterization of Laccase Excreted from Lentinus edodes
Jeong, In-Beom, Hong-Duk Youn, Jin-Soo Maeng, Sa-Ouk Kang, Yung-Chil Hah,
Gajin Jeong, Hyoung Tae Choi' and Jae-Heon Kim? (Department of Micro-
biology. College of Natural Sciences. Seoul National University, Seoul 151-742,
Korea, 'Department of Microbiology, College of Natural Sciences, Kangwon
National University. Chuncheon 200-701. Korea, *Department of Microbiology,
College of Natural Sciences, Dankook University, Cheonan 330-714, Korea)

Extracellular laccase excreted from Lentinus edodes ATCC 48085 was purified through
a series of DEAE Sephadex A-50. Con A-Sepharose and Sephadex G-150 chromatography.
Extracellular enzyme. which consists of a single polypeptide, has a molecular mass of 87.000
daltons and contains 12.0% carbohydrate. The N-terminal amino acid sequence (15 residues)
of the purified cnzyme was similar to that of laccases of Pleurctus osirearus and Coriolus
hirsutus. The enzyme showed optimal activity at near pH 4.8 and 40 °C. The enzyme was
stable at pH 7~9 and below 30°C. Ky and k. values for syringaldazine were estimated
to be 0.4 uM and 77 sec . respectively. The developed patterns of reaction products of the
enzyme on thin layer chromatography were similar to those of laccase of Pleurotus ostreatus.



