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SUMMARY

I. Investigation of lignin—-degrading system of 7.
rubrum LKY-7 and development of laccase-

and xylanase—producing Bacillus sp.

1. Enzymatic activities of 7. rubrum LKY-7 related to lignin-

degradation

Production of lignin-degrading enzymes in 7. rubrum LKY-7 was
dependent on composition of medium and aeration. When wood power was
added into the medium, laccase activity was 20-times higher than the
control, while activities of manganese peroxidase, lignin peroxidase,
cellulase, and xylanase were very low. It might be concluded that T.
rubrum LKY-7 produce a major laccase and a minor laccase based on the
results of native-PAGE, SDS-PAGE, purification patter, and Western
blotting. The purified laccase showed the highest affinity toward ABTS
and the highest catalytic activity toward NHA.

2. Structural and functional analysis of 7. rubrum LKY-7 laccase

gene

T. rubrum LKY-7 laccase showed 5 conserved regions from its amino
acid sequence deduced from the nucleotide sequence and were different
from other 20 fungal laccase sequences published. The 5th domain of the
enzyme was deleted by PCR method using the laccase cDNA and the
overlapped DNA was coned into the pGEM-T vector. Among 25
transformants, a clone showing highest laccase actvity was selected. The

activity was low, only 31% compared to the control.
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3. Development of laccase- and xylanase-producing Bacillus sp. for

bio-bleaching

Laccase gene of T. rubrum LKY-7 was cloned using pWB705 and
pETLAC into competent cell of Bacillus subtilis WB 700 and WB 800,
protease—deficient strains. Transformants WB700 (pES83) and WB 800
(pES8R) were selected and those produced an active laccase in the culture
medium upto 32 U/ml. The plasmid pJX33 was constructed from xylanase
gene of Clostridium thermocellum and transformed into the strains. B.
subtilis WB 700 (pJX33) showed three active bands smaller than the intact
size due to the internal proteolytic cleavages. B. subtilis 800 (pJX33)
showed a largest band corresponding its intact size and two bands. It could
be concluded that WB800 strain is suitable for production of foreign
proteins and the products WB 800 (pES88) and 800 (pJX33) can be used
for bio—bleaching.

II. Cloning and characteristics of a laccase gene
from T. rubrum LKY-7, and its expression Iin

Pichia pastoris

1. Cloning of a laccase gene from 7. rubrum LKY-7

Total RNAs of 7. rubrum LKY-7 were synthesized into polyA RNA
and cDNA, and then constructed in ZAP expression vector. The antisera
were obtained from the mouse injected with purified laccase. The amplified
phages were plated on NZY medium and hybridized by the
laccase-antibody. The 23 plaques were selected from about 2,500,000
plaques by the plaque hybridization. The 2 plaques produced laccase in the

amplified culture solution. When the selected phages were transfected into
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E. coli XLOLR, laccase activity was detected in periplasmic and
cytoplasmic fractions, but not detected in culture supernatants. The
nucleotide sequence of the phage was determined. An open reading frame
was consist of 1839 base pairs, which coded for a mature protein of 612
amino acids. The mature protein showed a predicted molecular mass of
66,180 Da and a theoretical pl of 5.72. The nucleotide sequence of the gene
showed less than 50% identity, but 5 regions were highly conserved with

those of other fungal laccase.

2. Relationship between redox potential and ligninolytic activity of a
T. rubrum LKY-7 laccase

In the 5 regions of laccase gene from 7. rubrum LKY-7 conserved
highly with those of other fungal laccase, the amino acids conserved or
non conserved with those of other genes were substituted into another
amino acids by site-directed mutagenesis. The E. coli harboring laccase
gene did not secrete the laccase. The laccase activity of the cytoplasmic
fraction was better in TB than in LB and showed the highest activity in
the 12 hours cutlure. When the conserved amino acids were substituted
into another amino acids ; D38A, D99W, W130D, E278A and H556A, the
laccase activity was not detected although the protein concentration was
similar to that of parental gene. When the non conserved amino acids were
substituted into another amino acids ; I35V, N105T, V1481, S259L, T561A,
the laccase activity was detected but reduced in comparison with that of
parental gene. The parental and modified genes were constructed in
pET-36 vector and transformed in E. coli. Their laccase were purified by
one-step and digested with enterokinase. Kinetic properties of the purified
laccase showed that laccase from modified genes were similar to those of

parental gene in the Km values but decrease in Kcat values.
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3. Introduction and expression of a laccase gene into Pichia pastoris

The laccase gene was constructed in pGAPZ@ and transformed in
Pichia pastoris. Some transgenic Pichia pastoris, which harbored a laccase
gene in the genomic DNA, were selected by PCR. Southern blot analysis
showed that transgenic Pichia pastoris have one to four laccase genes in
the chromosomal DNA according to the strains. When the transgenic Pichia
pastoris were cultured at 30°C, laccase activity of their culture supernatants
reached at the maximum after 3-4 days culture ; 3 days culture in strains
showing high laccase activity and after 4 days culture in strains showing
low laccase activity. The laccase activity was differed with strains but was
specifically high in T8 strain. Their laccase activity showed higher trends
in the strains with more copy numbers but their relationship was not

completely correspond.

III. Laccase production by 7. rubrum LKY-7 and
development of bio-bleaching process with

laccase/mediator system

1. Production and purification of laccase from T. rubrum LKY-7

A new wood-degrading fungus 7T. rubrum LKY-7 secretes a high level
of laccase in a glucose—peptone liquid medium. The production of laccase
was strongly induced by addition of oak-wood meal. The laccase was
purified to homogeneity through three chromatography steps in an overall
yield of 40%. The molecular mass of the purified laccase was about 65
kDa by sodium dodecyl sulfate polyacrylamide gel electrophoresis (PAGE).
The purified laccase had the distinct blue color and the basic spectroscopic

features of a typical blue laccase : two absorption maxima at 278 and 610

_15_



nm and a shoulder at 338 nm. The enzyme had a low reox potential of ~
0.5 V, yet it was one of the most active laccases in oxidizing a series of
representative substrates/mediators. The laccase had the isoelectric point of
4.0 and had very acidic optimal pH values (3-4), although it was more
stable at neutral pH than at acidic pH. The laccase was strongly inhibited

by sodium azide and sodium fluoride.

2. Selection of mediator for the TrL-based chemical pulp bleaching

NHA, one of the best laccase-mediators reported so far, 1-HBT, VA,
N-hydroxypyrazinone analogues and N-hydroxy-2-pyridone analogues were
evaluated as laccase-mediators to select useful mediator for the TrL-based
chemical pulp bleaching. TrL for pulp bleaching was used after one step
purification with Q-sepharose column.

Of the laccase-mediators reported so far, NHA had the highest
brightness and the lowest kappa number : the brightenss increased from
35.8 to 45.7% ISO, and the kappa number decreased from 235 to 23.7. It
was demonstrated that NHP.1 of N-hydroxy-2-pyridone analogues was as
effective as NHA in pulp bleaching : the brightness increased from 35.8 to
44.6%IS0O, and the kappa number decreased from 23.5 to 20.7. The effect of
substitution of N-hydroxypyrazinone analogues and N-hydroxy-2-pyridone
analogues on pulp bleaching was not observed. Pulp bleaching with
TrL/NHA and TrL/HHP.1 respectively showed that the 2-4 hours was the

optimal incubation time for TrL-based pulp bleaching effect.

3. Pulp bleaching with Xylanase and TrL/mediater system

To increase pulp bleaching effect with TrL/mediator system, a

combination of xylanase and TrL/NHP.1 were used for hardwood and

softwood kraft pulp bleaching. Pulp bleaching were performed in the
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presence of xylanase (15 U/g pulp) or TrL (15 U/g pulp). In xylanase
treatment of hardwood pulp, xylanase worked at 60C, increasing the
brightness from 47.3 to 52% ISO and decreasing the kappa number from
11.2 to 10. However, the effect of xylanase treatemnt of softwood pulp was
not high, compared with hardwood pulp. When the hard wood and
softwood pulp were treated with TrL, the pulp bleaching effect was much
lower than xylanase treatment effects. Especially the optimal temperature
for TrL treatment was lower than that of xylanase, with the level of 40-50
T.

To evaluate the synergistic effect of xylanase and TrL/mediator, pulps
were treated with xylanase and TrL/mediator simultaneously or
sequentially. Pulp bleaching with xylanase and TrL/mediator simultaneously
gave significantly higher pulp brightness than that obtained after the
treatment of pulp with xylanase and TrL/mediator sequentially. This
indicated that xylanase and TrL/mediator exhibit synergistic effect on pulp
bleaching. The combination of xylanase and TrL/mediator followed by an
alkaline/H2O: treatment increased the hardwood pulp brightness from 47.3
to 58.6% ISO and decreased the kappa number from 11.5 to 85. In case of
softwood pulp, the brightness increased from 36.6 to 45.6% ISO and kappa
number decreased from 17.0 to 14.2. This results were almost identical to

those obtained with the treatment of TrL/NHP.1.
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- Xylanase A A& Bacillus sp. expression vectore| T+
- Z Az G ~v=E Bacillus sp.oll A A

- ¥ AA3 Bacillus sp.7} B4 xylanase$} laccasee] &4 %W EA
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3) TrL-+A A2 Pichia pastorisdl =%}, 23
- Laccase cDNAZE yeast expression vector o T+
- Q%% S22~ =Z2 Pichia pastorisol] &2 A3k
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- ook W EAE A 25E laccase inducer 7344

- 1A3E T rubrum LKY-7 ¥ F 25 H laccase?] &A%

_23_



- TrLe] 2ok AA 2 54 %

Sl i

2) Laccase®l ©|gt s}etdx ywwlo] v A3tetal 943 mediatord] 71
- TrL3} 71¥€9] &332 <l mediatore] NHA, 1-HBT 2 VA<l 93 H

v vl =
z xy 54 4E

L

- TrL¥ N-hydroxypyrazinone analogues® X ZtA|o] o3 = FwE
dHE

- TrL¥} N-hydroxy-2-pyridone analogues X|ZA|o] o3t HZ FTwE
qHE

- TrLol Agstn 43 Hx xS Ad mediator Ag

3) Xylanase % laccase/mediatore] H-&xglo] o3 H=x FuwlAA g
- Xylanase$} laccase A 2ol ¢gt Bx gulyg HE
- Xylanase®} laccase/mediator system®] &% gjo} AL <3k
ststd = gy HE

A 24 ATV oA
1. 714 &4
gade] AESHEH A3 AGE WAREIF (white rot fungi) <

Phanerochate chrysosphorium ©°l 2ajA F=2 o]Fo]x £th(24, 30, 45 47,

75). °] T gad #3%2 lignin peroxidase (LiP) ¢} manganese
peroxidase (MnP) <] &1} B AA7E & Aoz HusEAA T e,

i
]
e

44
AAE LiP 22 MnP7} gla2dS 2AH %’3117‘5&5}% A7 = gloh
b, FH2 g2 wgRFase] LiPgle] Blads aaHem Eajsha(re,
73) -] MR SIS A LiP9t MnP ZFETH MnP9 laccased] =
o] xR AwkHolw(7, 14, 16, 22, 29, 37, 57, 63, 66), Pycnoporus
cinnabarinus ¢ 7-5-°l+= LiP Y4 MnP §lo] 24 laccase¥t #H|ste] 214
& Edllehe Aoz gt (4, 20, 21 23).
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gSol, 54 AEAEe] 77]388E (mediator) o] &A1 A Foll = &
g, FAE laccase?t g1 HHEAAFE2E AtsiAZ Bk ofyg} ] )
HE 2 gy adA7E Aow HugoZM laccases o] 83k HESHA

st 2 e @e Aol FJFHa Aduk (5, 6, 7). 53], 54 Cal #
Mucke 5(9) €& F 3% <l mediator, 1-hydroxybenzotriazole (1-HBT) =
ZAdto] laccase/1-HBT systemol] 93t HZgwlS HEX= pilot plantiF 2 &2
g A Atk o]&F  laccase/mediator systemo] 3FSHEZ Fulo] glojx A=xb
FaE AT & A= 7P EHRA o R wolS oA a

I3y laccase/mediator system©] FEZ Fulo] 3 FAHo 7 HELE 4
dslE 7] A= 1) laccase2] Wiz AAF AA, 2) B yguwle] 43t
mediator?] 7N, 3) ©f A0 Fx yweo] FA Fo| gy oo st &
A laccaseS HH|EtE #FE wWol HayEo] AW 159 RS laccase
0]9l9] oyl T4AE EHF Yv} wEbA wld oJRo 7 EHE laccaseW d7|
3N A = laccasefr AAE WA HL o4 =
HES sfjof & Aoty w3k Ag7tA] d=Z o] 3 mediators 7HT
stele AT 7SS fUIstEEClA oy kAl
o FAHAIE M Eo] FAdste]l $-43 mediators o
g FHxo|= xylano] I H o] AaEMA glad AAd Fejrt ¥H=
g oju] EMAAYZA xylansaex] &l &3te] A4
7b vk weEld  &aFel AR HIZguwialA~Elo 74 xylanase%}
laccase/mediators A H= AL Ao FWEIE FIATE AT
oty T3 FAIA A ZWERTE FolttH olE ¢

A =

EAE AN
F e AxY FFE VEA GEANT S A AAE Y AT

A, A AAHeZ 1del 150 x 106tone] e H7l AAbE 3 9l of
5o o 8007 BeFEEAE, of W Aol setetEe v Al
o ¢ 50 x 106ton®] FAHEE WARL gtk (3). 53 BE HUA AHgEE
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A2y =U-2 7lsHE 3

Al 1 A  Laccaseo] 93t gl1d E3] EX

Loelade) 2 9 23 54
gadel setrat g msEdPER PREG Ay Pae
LR Ay FAE TP 4A BANAT $AF BAE A
EoEad TR o 90%E AAsE waAEgTRe st BEHol

Panus tigrinus®] “yellow” laccase® H|#H =4 7+ Z%2] [i-1 model compound=
Ax AEAZITHE Bl (48)7F YA Rk UHkA 0 2 Jaccase HEO R E BT =
A gadTdze B B7lse Ador e Aok (4, 10, 74, 81). laccase
o 93t HwA Tlad RAdstER= Higuchisol 9sle] TdXoz
At (10). laccase= Co-CpZ2 3ol @& FHulstal o]lojA] f-o-4 o HZE
A%e] gz Aee dAsdeitrlaae] 44HW 1 gl A alkyl-phenyl
ZAste] @& minor reaction® 2 BWEEF ] At} laccases alkyl aryle] @
U Coiz AFSHAIZIARE B-5, [, 5-5, 4-0-59] dieh #alle o2 ®mad vh gl
o}

2. Laccase®] A3}e4 EA

Laccase™= & B2 ¥, tdst AE 25 2 AT 5o AAsE= blue
multi-copper oxidases %<2 stuolt} (26, 27, 28). HF-H2] laccase= 3%k &
A 4709] copper, =, 3 WA copper (T1), F WA copper (T2) ¥ =]
F 09 copper (T3) & o]Fo]# Ut} Laccase catalysisi Figure 194 ¢}t
ol 3 GAR o|FofZY. =, T1, T2, T3 copper site?] A2 UHh B
% laccase?] redox potentlal% 400-800mV H¢olw 7] HZFE TI1 copper®
Axpol 52 7183 laccasertol 9] redox potential xFololl 7]Q1E = Ao =
d=3ta dr}d (25 52, 54, 65, 71). HAA 71" 3 laccase binding
pocket T-$ gkol ok 10AZ o]l FHe=w HUHJT (25 52, 65), T2, T3

Lo
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copper site®] oxygen-binding pocketS kA o] 9]¢ AEtA| o] HZE& A Fhst
= Ao=w B Hrh

Inhibitor
OH (F7, OH")

H
@ HO H l H,0
(MILIF) H @ H
o H c e H
W N 02
H

J

Al 2 A Laccase/mediator®] <3+ g1 E3] A]~H=

Type-1 Type-2 Type-3

Fig. 1. Laccase catalysis.

1. Laccase/mediator system (LMS)¢ 7Ry

Laccase-mediator#t=  7lg 19841 Sariaslanis ©] laccase”}t
chlorpromazine® & 3ol Hl#=4d WeE383E2] rotenones AHsA]ZITh
I RASHA ALoeR A7|FH A3 Fol Kawais©l syringaldehydel 7
polymethoxylated benzylalcohols AtshA|ZIthal Haistg o o] = A s}skat
U 54 stegaEe] A4S Hojur EeAth 28y, 1990% Bourbonnais 9}
Paice + laccase/ABTS {2,2'-azinobis- (3-ethylbenzthiazoline-6sulfonate)}”}
veratryl alcohol® #& HlHEA T2 URPdsSES HEajsh Byt ol &
Z 9] kappa numberE ZAAIZIttar B (7) 3 o], Call¥t Mucke:=
mediator=4] 1-hydroxybenzotriazole (1-HBT) & W73l Hxyxuwl s 93t
laccase/1-HBT system& 22 =2 pilot plantF+2 2 &390t (14). 1
o]%  Anann (1)2 laccase mediator®A] violuric acid (VA), N-hydroxy-
acetanilide (NHA), 3-nitrosochinolin-2,4-diol (NC)¢} Z<& N-OHZ %3+

=55 Halsrh
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3 =73

M

2. Laccase/mediatorel] 9|3 219

Laccase®ll ©]%F mediator®] 4Fs}e} AFshE o]zl mediatorol] o] g 2] 119
sk 5 7HA wEgo] AEA o w gt gads Eago (Fig. 2).
Al detd glad qkskE 9% &
71 & o] Hojof sfal g 4hslE o

H

BA el laccase mediators A% laccased
mediator= 22U S &340 2 A3}A|

zl
2 4 9looF st} e o5 wkS F o] o] rate-limiting step$l A of
2 g A A ek
0 Laccase Mediator ox Lignin
Laccase ox Mediator Lignin ox

Fig. 2. A proposal mechanism for the oxidation of lignin by a

laccase/mediator system

Al 3 A  Laccase/mediatore]] ] gk E > g ul A] A~ =

1. Laccase-mediator

A

AG7HA Bag b4 58 mediatorsS 72 o] N-OH1H S &
3 gEEEQdd, I olf+ laccaseo] 93] A - O-N radicale] A4 T
1 radical SHAstaL BolstA BEZAH{ Ho=m FFato] W 5 Q7
Fog Aztdn. 53], NHAE A2F7hA Ri¥ mediatorsol A 7 ¢4
s Ut A T9 stdE AHIL Y (49). Hol= NHAS 319
A oy AR FHol2dA FEdh= mediators ol #E A7F By

\‘J:[o

% £

=

F7+A &332 ¢l laccase-mediator® 3 X N-OH groups E3sle
S natural cyclic hydroxamic acid (1, 7% 3 ; R'=-CH.CH(CHs)s,
R’=H, R*=-CH(CH3)C:Hs)oll A &3t Aspergillus flavus=5-E A Loz &
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AT (B). 1 T2 HZ uFRE Zte g cyclic hydroxamic
acid7} ©+&e v A E =5 e 8 5ok N-hydroxypyridone (2, =¥ 3)¥ 2
2 J|EHQ FFXE ztE= %2 cyclic hydroxamic acid’} "AEZFEH &

HbH N-hydroxy-1,4-benzoxazin-3-one (3, 13 3)¢ FAAELS A&

(Gramineae) 2 H¥ EHY, T3 ZnFEAE X F7HA g 713
&4l laccase mediator® B3 % N-hydroxy-acetanilide (NHA) (4, 1&
35 R=R=H)& EIHF5E9 243 AEAE2RH 42 F v ®Huy

Aok (90, 91). =& 39 YEA natural cyclic hydroxamic acidZ ol A
N-hydroxypyrazinone(l, =298 3)3} N-hydroxypyridone (2, 19 3)& H3X3
WS 93 Jaccase-mediator2A o} AEI  HZA fFgrownm kIl
N-hydroxy-1,4-benzoxazine-3-one +AM] (3, ¥ 3) 5% N-OH groupd
No| WaFagle Agso] 9ol NHA® w§ fAe +x24 54S e

=
22 §342 mediatorZ Z&3 7teAdo]l IS AR oSS §

NOH OH
N o o NO
N
N~ HN NH No _
\“/ ’i‘ N~ oH
OH

1-HBT VA NHA NC

=]

p47}

Fig. 3. Chemical structures of laccase-mediators
A 4 A  Laccase AR F7y 9 EA

1. 2494 laccase 4=}

Laccase FAA= gladEs]) FFol<l Agaricus bisporus (63),
Coriolus hirsutus (46), Phlebia radiata (69, 70), Coriolus versicolor (33),
Trametes versicolor (36), Trametes villosa (83), Pycnoporus cinnabarinus
(19, 56) ¢} ligning® E3stA &%+ fungi®l Neurospora crassa (28),
Cryphonectria parasitica (17), Aspergillus nidulans (17) & HH 224 T
Rz, Tl A= = Aol #atel A laccasefr A &bl thdk A7}t o
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2. Laccase A A} EA

Laccase F+dAZ X33+ blue copper oxidased RESFolA], 3-Zkd
copper-binding domain®] &3}, cysteinotlZE  10HA  ofn]=Ako]
methionine, leucin, phenylalanine®] 371HF S 2 ®FH=dH, ol ofv it
cupric ion9 redox potentiald]l 83 GIL HXE Aoz HIHYTH
(85). 19983 Eggerts (19) 2 laccaseE ©|5 ofn|=Ato] welr 325, &,
Lacl(Met), Lac2(Leu), Lac3(Phe), o2 ®JF3A11 ALsdd=d, P

cinnabarinus 2| laccase= Lac3, T. villosa 9 laccase = Lacl ©] %t}

3. Laccase f+3#Fe] Wy o3t g4 A4

)

CERE

FrAzre] Wygo] g% zAEAH 9 549 ®WEtd diaiA= blue
multi-copper oxidases% 2] 3}1}9l ascorbate oxidaseol X & AF7} o] Fof
Z kit laccase? Ao+ Xu 5 (83, 85) o 9siA FHHJY. 152
site-directed mutagenesis®] ¢&| A, T1 copper site®] cysteino}#iZ 10 A
ol =4bS WSt 1 ofw]:=4te]  phenylalanined 7§
potantial®] wl-$- =3 methionine¥ 4 $ol& w$ $ox Ry, 714

Sold 2 a4 kA el Wstel tiaiM e Barskldh

o= redox

4. Laccase FHAE & vAEZ =4, &4

Laccase +AAE Aspergillus oryzae (12), Saccharomeces cerevisae,
Trichoderma ressei (69), Pichia pastoris (35, 56)%5 2 &+3Fo] @ JFHo =
A, BHANA 1 EAo] HuHUAT Bacillus spp.ol =%, HdA7 B
)

S

>~
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A 1A T rubrum LKY-79] gladEHA| 28 1

2 laccase®} xylanase A4t Bacillus sp.o] 71

gade] AESH Falee AEA wt o8 FH 7|Fez doji}
(white rot fungi) Phanerochate chrysosphorium® @1

AR
S

ofr

fo 4

lignin peroxidase (LiP)?} manganese peroxidase (MnP)e] #H]

1
of BHs AV A= AR HAuHJAT B2 HAH LiP &2 MnPr}

gads Ay Zaldvs Raus @A7bA gl v A g R e
Eo] LiP §lo] #lads axdos et (72, 73), 2o R st
SolA LiP¢ MnP Z%HEth MnP9 laccase?] Zgto] B4 Awtdoln (7,

14, 16, 22, 29, 37, 57, 63, 66), Pycnoporus cinnabarinus® 7-$-ol+ LiPY
MnP §lo] 232 laccaseRt Hste] #1dS F3lete A= Wt (4
20, 21 23).

tso], 549 Ao F718FE (mediator) o] EAE 4= &
2], AAE laccase’} #]1d e v =25 AsA A B ofyel W )
Az s dad A7) Ade® RaEi
systeme| 3}stHz Fulo] glojA a4
o g wholEoxa gltd, 28U laccase/mediator systemS ©]-&3% HX
gl A F¥ s EFol7] dalAE VIS AE EY 9 53 laccase
2 mediatorg 7|&ekE 3o FQsho)

Laccase/mediator system ©] X Ewo] & FHo7 AHEH 1 APy
7] 9 A = laccases WAL = Qlojof st 7]EQ] AlsHl B O
TRl Hx guiAxwlo] gylEojxfol gt i—4 ol FA S fungiX

i)

Atk (5, 6, 7). ©] laccase/mediator

a2 WAE = e M 23

o 25U Aol o go]dtt. wElA| laccaser HAAE AR Aol =
Q, WA A AT = JdE AAS FHae A7 D st
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B AFEHoAE 954 chip piled A 7]&9] WAR S o H]sle] g1

3 gElad Meldoe] Hold adEsS|T Trichopyton
75 st (37). o] #FE glucose—peptone mediumol A
F2 laccase"t AASIG a1, NEHE mediatorgol] Wsle] 53 7]E EolA
= e (38).

2 AFEIANA = a4 gad Fa 2 Hxgw AxgS s
7] flste] o] #FEHEH AiEHE fad BEs FRE G, RS
of 2% A =% laccase 7R, Aol = pepes)
© =2 3stth

rubrum LK

2. s 2 U

b Fgad Eeasd
A BFA el &4 chip pileR5E 23 Trichopyton rubrum
LKY-7 (TrLKY-7)& #ad Zsags i #F2 ARgssdr. o&
potato-dextrose agar (PDA) platedl]l 4] 29TColA 59 %<¢F uj%dsle] plates?
ZFAA e el 05 em A7 9 agar blocks wWolW spore Ay HEQo R

AFg-3he)

Y. Laccase A& A& ®A =4

Laccase A4S 918 wix|i= basal medium (Kirk’s medium)2}
glucose—peptone mediums ©]€3FA . basal liquid medium® TAL
glucose 10 g, 20 mM sodium tartrate (pH 4.5), KH.POs, 05 g, MgSO; -
TH-0 0.5 g, CaCls - 2H20O 0.1 g, thiamine HCI 1 mg, Tween 20 0.5 g, trace
element solution 70 ml (per liter)°]3l trace element solution< nitriloacetic
acid 1.5 g, MgSO, - TH.O 3.0 g, NaCl 1.0 g, FeSOy4 - TH:O 0.1 g, CoSO4
0.1 g, CaCly-2H0 01 g, ZnSO4-7H.O 0.1 g, CuSOs:5H.0 001 g,
AIK(SO4)2 - 12H20 0.01 g, H3BO3 0.01 g, Na:MoO;, - 2H:0 0.01 g (per liter)
olt}. Glucose-peptone medium (pH 4.5)2 glucose 20 g, peptone 10 g,
KH2PO4 1.5 g, MgSOy - 7TH2O 0.5 g, CuSO4 - 5bH2O 20 mg, thiamine HCI 2

mg (per liter) & T4 % At}
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50 miel HlA o] 1.0x10°%mlZ Z A3 spore suspension 1.0 ml® HE31
29ColA 10 &<t A 2 wyk (150 rpm) ]38t Th 7o s ¢ sk
309 Fot AEwid= Wastdrh =3 TrLKY-72 ®lY3g Potato dextrose
agar (PDA) plate24%8 27 05 cm=7]19] block 271& dWolwW 50 mle]
glucose—peptone medium F ol = HFXuwj %3t 3L, block 271E 50 mle
glucose-peptone medium¥} T LA vtaste] 150 rpmoll A 10€7F uHE wj
otk wigo]l #d culture mediume TAAIE AAS RS laccase
activity 5788 ZaarHo=w ARGt wigdS 20 mM ABTSE 74 =

420 nmol A laccase activityS =3 st}

t}. Lignin peroxidase, manganese peroxidase, cellulase ¥ xylanase
2

TrLKY-72.25¥ lignin peroxidase (LiP), maganese peroxidase (MnP),
cellulase?} xylanase B2S ¢35t basal liquid medium¥ glucose-peptone

medium< ©| &3}

2}, Activity staining

o] &4E native gelE o]&3dte] SR 2 FHE LolH Ik,
SDS-PAGE €3t denaturating gel® EA#EHS ZAstgon, 2% thd

FANS S4B A £EANE ultrafiltrations 3Fe] 10¥] &3t
t}. Native gel< 50 mM sodium acetate (pH 4.5)2} 1.0 mM guaiacolS ©]-&
3}o]  stainingge S AT SDS-PAGEC 93+ denaturating gel& 20%
isopropanol® 3¥ o] SDSE #|A sz, 50 mM sodium citrate (pH 55)% 3
H o Hlo]Fo] laccases: AABAIZ F HFHSZ 50 mM sodium acetate

(pH4.5)¢} 1.0 mM guaiacol S ©] &3} stainings 433+t

32

v}, laccase A A+ domain® T+
Laccase Fd#+e] 7] €S Motif¢] BLOCKS programel A searchd}o]
EBI (European Bioinformatics Institution)®] FASTA programel 23}

homology search §+ Th<, 2 domain® $1% % olu| =AM E & ZALSH
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A,

v}, laccase A A} domain9] deletion
Domain®| deletione ExSiteTM PCR-Based Site-Directed Mutagenesis
Kit (Stratagene, USA)E ©] &3} 3t}

D Zganz=e &% ¢ QXY E coliRFE  Alkaline-Lysis/PEG
Precipitation Procedure (ABI User Bulletin #18) ° olajA E2], AA|5
}.

2) Domain®] deletions $13 PCR 4] : AAH Zg2v|= 1 ug/mle
10x mutagenesis buffer 25 ul, 25 mM dNTP 1 ul, primer #1 % #2 (15
pmol) Z}Z} 2 ul, ExSite DNA polymerase blend (5 U/ul) 1 ul& X

ul®]l PCR ®WFg-&Eo| #H71= =4, Primer #1 ¥ #2 & domain® 3 uwhz}
A= A PCRS 94T 434, 50T 2%, 72T 2% &< 1 cycles AR &
94T 1%, 55C 2%, 72C 189 10 cycles AA|sta, 72T A 5
o] AAshsd, 9k DNAS WeEsE oA s 4

7 A A A et

s

A

e

Lo = cycleFE

3) PCR 2FE= 9] ligation @ ¥ 243 : PCR A& template DNAS A3}
7] #9138t Dpn I8 7bshar, 3-2 59| extended basesE A AsH7] $ 3o
cloned Pfu DNA polymerase blend & #7}sle] 37Col|A 30% ToF w-g
AZL %, ZaE A7) fske] 72TColA 308 © WHEAIATE o

it

= 9}

i
¢

=]
=

< ligation* 7171 9138kl T4 DNA ligaseE 7} & 37ColA 1A 7F wt
AA E. coli XL1-Blue supercompetent cellsell & 2 & g4 Z o},

oo oo

v}, Domain©] deletion®d ETHAVEE AW FAASEF9 A
1% DNA<Q 7|4 ¥EE& primerZ ©]€3t colony PCRol| &34 12 A
Wy, Zepaneg 2 gAste] AFdass dust s WAy s ¢

J
A 22 Awkslgdth. 2 &, DNAY d71449S AAste] deletionF91& &
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HET

v}, Domain©] deletion® FZAFFTE9] laccase 84 2 54
1) laccase®] &4 : pET expression vector?] protocol (Invitrogen) HH <
2 PAdAFFEY] 2ELHE FE5IY 05 mM ABTS9F §H&AIA 420

nmol A laccase &S =43}

2) laccase®] &4 : native ¥ SDS-PAGE®] 2]3F active staining©l] <] 3] A]

PFAAFEo] A4S laccase?] EAFS v, EA 5

Ab. Laccase cDNAE Bacillus sp.°ol 2@

1) Bacillus subtilis competent cell Az : 938 <3 Bacillus subtilis
WB7002 WB800 @¥dis] g EdMo]+E TBAB Ao 1of wF
A 30T viFetATh the E obF, o] #FE 2 ml o SP1 wiAel A
Fsto]l 37T 3A7F 458 wigst F o] wigd 05 mls "l "
45 mle] SP2 wjAlel] & 37CelA 1AZF 30 wigFatth. o] wi g
0.1 M EGTA &9 50 ulE H7Fgt & 37CoA 1085 wdste] competent
cell& THESQITH

2) Laccase cDNA recombinant "8 Az : WM Z = pWB705% AF-&
3tk EcoRIC 2 H-R-ddsle] SacB SP ¢t&o| A dekd #WE ] laccase
cDNA7} A4S 39 th Insertd] laccase cDNAT A 24 F-pA o A A
Ztel pETLAC Zet=v =S ARSshslth. #WE St insertS endfilling 8o
ligation & $olA W= Bacillus subtilis WB7002 WB800 competent cell
of & dSAF

3) Laccase cDNA & A3t 9 A3 &2 : Bacillus subtilis WB700

I} WBR00 competent cellS 7FF wiFel 05 mlol laccase cDNAES zZt+=

Edt=H= DNAE Yo 90&zks o 7I8ith AEs dA8A7E Eode
s

TBAB Hj#ll 025 mle] FAALF §HS =dsto] 37CAA s Fstdnt
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o}, XylanaseE Bacillus sp.ol &d

1) Xylanase recombinant &l A% : QA xylanase:= B 2% o] 73t
M+t Clostridium thermocellum 8] xylanase (XynX)& 3}t o] 4
Z}Z secretion/expression shuttle vector pJH323¢l ¥ o] pJX33& adt}

2) Xylanase @@ A% 2 FAHAF &<l : Bacillus subtilis WB7002}
WB800 competent cellS 71z vkl 05 mlol xylanaseE zt+= Z#=n=
DNAE o] ¢ laccase cDNA dZ A3y e WHow JAHEFE o

At

3. 43 % u#

7F. T. rubrum® dad EIdas &4 9
1) LiP¢} MnP
7V T. rubrum LKY-7& MnP¢ LiP A4S 93 mediumo 2 RHE o]

&3t ool mediumol A 7-30€%F wjgE] Eekou # dFolA =

MnP¥ trace A%, LiPE A&% A &yt

s

Culture Medium

a. Basal medium 100 ml @ autoclaved

KH>PO, 20 g

MgS04.7H20 05 g

CaCl2.2H20 01¢g

Ammonium tartrate 02 g
b. 10% Glucose 100 ml : autoclaved
c. 0.1 M 2,2-dimethylsuccinate 100 ml : autoclaved

d. Thiamine-HCI] (100 mg/liter stock) 10 ml : filter sterilized
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e. Trace element solution 70 ml : filter sterilized
g. Veraltryl alcohol (0.4 M stock) 100 ml : filter sterilized
f. distilled water 520 ml

* Trace element solution (per Liter, filter sterilized)

MgSO,.7H.0 30 g
MnSO.H-0 05-25 g (for MnP production)
NaCl 10 g
FeS0O,.7H-0O 01g
CoCls 01 g
ZnS04.7H20 01¢g
CuS0Oq 01g
AIK(SO4)2.12H20 10 mg
H3BO3 10 mg
NaxMoOy4 10 mg
Nitrilotriacetate 15 ¢

* Disolve nitrilotriacetic acid in 800 ml distilled water, adjust pH to -
6.5 with 1 N NaOH, add each component, and then bring the volume to
1 liter.

) 7Hd ARk QL WA RSt o] syl Trametes versicolor=4-E MnP
AALS 93k A uf x| E Mycological broth (10 g/L soytone, 10 g/L
glucose, 1 ml trace metals, 0.2 mM MnSO, pH 5 with acetic acid)E&
Ab&ete] T rubrum LKY-7°] LiP¢ MnPo AG& Sl ov &7
A=A

o) UFERZS o8 A AHA gaHe FHEHE A7
rubrum LKY-79 7% tiZFLol] v|3te] oF 50% HA=7F ¢ #TAyHE

< Fdskdn (& 1.

=
=

o
&

N

e
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Table 1. Weight loss of pine wood blocks caused by LSK-27 and LKY-7

after 3-month respective incubation at 30C

LSK-27 LKY-7 Control

Weight loss (%) 20.8£1.5 3.1£0.7 2.310.5

2 T, rubrum LKY-7& o] &3 A& o gade Fxo WHIES 3
g group XA W3tz BA3 A3} aliphatic -OHE #4330 e
-COOH + ¥ W37 gldth (£ 2). phenolic -OH¥= °FiF 3HA3S
condensed ~-OH & tiZ&ol H|&te] <F 28] 7t S718ldc).

>.R

ur

of

Table 2. Aliphatic, phenolic, and carboxylic hydroxyl groups (mmol/g)

before and after biodegradation

Phenolic-OH

Aliphatic b hydroxy . COOH
- OH Condensed Guaiacyl Total
- phenyl

Control 4.07 0.21 1.22 0.04 1.47 0.10
LSK-27 3.78 0.39 0.81 0.06 1.28 0.16
LKY-7 3.43 0.45 0.79 0.05 1.30 0.09

ub) T, rubrum LKY-77} 284 F59 wjA A= 1 A =] vn]g

o] ERS o]gsdle] yadwWdy Fho AAHS FHIAY. AF Ay

LiP+= 300 mloll Al 450-1300 U P+ 260-270 UE AAste= Aoz g

A=A} (£ 3). =, o] ¥ LiPQ} MnPE 4% AT + e o=
ZARE AT A Yol ol EAE A= HA wiA FYo] 7}t
F Ta% FAoRE oo g HIS st gk g, o] xxi
A laccase®™ °F 2200 UZ th#F A= Aoz oy

w \;]_E' quoﬂ}q E.H‘i_

o
i)
N
)
ol
o
N,
§2
ftlo
=
1o
o
o
147]
=R
8
o
o
c
8
=2
o
|
2
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A A F Agols =" AR

activity= 719 Ho|x] &k

o

HolFa, MnP¢ LiP9

at

Table 3. Lignin modifying enzmes of LSK-27 and LKY-7 during

degradation of pine extracted with 300 ml of malonate buffer

(pH 4.5)
LiP (U) MnP (U) Laccase (U)
LSK-27 848.4 T 262.5
3589 236.1 82.3
LKY-7 12935 257.3 2300.0
452.4 270.8 2183.3
2) Laccase activity
Laccase activity« x| vlFo] Heujef B} uf§- vk FFo|glrt, whd
o] glucose-peptone medium “d-9-°l+ basal medium¥ #o] MnPe LiP<¢]
activity:= FX vl et T A9 25 A9 Holx gkom Hjg 5¢

Aol = oFZke] laccase activity’} R.GTh HEe] FHIJFEHSS w, basal
medium X U= glucose-peptone medium©l 4] laccase activity”} 208 =4 ot
Eluton e AR AEgolA] o ¥ activity’b RAC (19
1. kA% MnP¢F LiP®] activity= 7] RolA ¢Foktt.

3) Xylanase2} cellulase

T. rubrum LKY-75 ¢1¢] wj#A] Ao wiatlont, o] 25H ity

+ cellulase$} xylanase®] &Ado] wl-¢ ww| &}
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(A) (B)

laccase activity (incubation) laccase activity (shaking)
18 18
16 16
14 14
12 2 2
z =)
= 10 2
z &
B s b
] 9
8 g
g 6 S 6
g
3
4 4
2 2
0 0 <
3 8 13 18 23 28 33 3 8 13 18 23 28 33
culture time (day) culture time (day)
laccase activity (incubation, wood) laccase activity (shaking, wood)
18 %
—E&—G/P, 2min ar o
—6— Mn/Li.2min 2 in
16 |- 0 || —o—Mu/LiT 2min
—a— Mu/Lill 2min
o 70
z 12 .
E = 60
> 5
= A
2 F &
= 10 B 50
3 2
b 8
P L
& 8 2 40
g g
-1 g
g g
- er = 30
4 b
2
a L
10
_ o—o——
0
0
3 H 13 18 23 28 33

culture time (day) culture time (day)

Fig. 1. Laccase production by 7. rubrum LKY-7 grown in a
glucose—peptone medium and  basal medium at the following culture
conditions. (A) starting with the fungal mycelia at a incubation condition,
(B) starting with the fungal mycelia at a shaking condition. (c) starting
with the fungal mycelia at a incubation condition in the presence of wood,

(D) starting with the fungal mycelia at a shaking condition in the presence
of wood.

4) Activity staining
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Native gel electrophoreist 10%2] gelS Ab&3}o] =33}t Sample
enzyme A7 WS &4US sample buffer (x5)9F E3H3k & FZolA] ¢k
218t t}l. Native gel®] 79 activity stainingS F3sAqvly, 2-471¢ &
d band7} EAth (1% 2). o] laccase H/7F F 7 o3 7t BE

3 =79 laccase’} oligomer HE]E o] Fi dut= AS o n] s},

Fig. 2. Native gel and activity staining of 7. rubrum LKY-7 laccase

o] native gel¥toZE laccase?] EATHS FJdd £ gyl Wi

SDS-PAGEZ 33 gel& AF-&3}9] activity stainings stgth. &4 9 49
AR ARES A fdstel ARE 45%, 60%, T5E, 90x Fe DA

gs st 249N & dAY oS 24 band7t sl Bl
(29 3). =3 &4 AAe] e 2315 A & E Y, band7t ¥ AR st
A BT o= laccaseZt Aol el wiztsiAl whedth= AS AlA sk,

T2 band®| Aol °F 65 kDao] At

N3

A Baok HEe 7 Ae= fek H=d A3dE yEhiy (19
4). 18 49 lane 1, 4, 55 AA 9 laccaseo] 1, lane 25 Eio] H7lex &
< BE AA" F=F laccase, lane 53 82 ZZ} 5ufl, 10u] 38143 laccase
olH, lane 3& 3%01 A71E v EE AA" 5= laccase, lane 63 9+ 7+
7 5ufl, 108) 8143 laccaseolth. A A ¥ laccase band’} FE Al 270 <]
bandZ H o, AAE A 22 laccaser band7} FEEHA HolA= kA
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gk Hito]l HIbsHA] e8& Wl laccase 570 A E bandZb ®E.LaL, Hio] H7t
P& "= 3-470 A= band7b BT o]ZA HEo] H7EE wiep HiFo] H
7betA s wWel 7 AU AAlE AR o2 TF band7b Kol o=
vl Fo] BhE laccase’t AT 7heAol dos & F AATH
(A) (B)
M123456738 M12345678

L L T ———

Fig. 3. Activity staining after SDS- PAGE of 7. rubrum LKY-7
laccase. (A) activity stained gel, (B) Coomassie Blue stained gel.

i
= E—— S -—— E
Lecer o

Fig 4. Activity staining of purified TrL after native gel electrophoresis.
Lanes 1, 4 and 7, the purified laccase; 2, concentrated laccase of
preparation I; 3, concentrated laccase of preparation II. Samples in lanes
5 and 8 contained a 5 times- and 10 times-diluted concentrate, respectively,
of preparation I, and samples in lanes 6 and 9 contained the same as 5
and 8 except of preparation II.
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5) Purification of the laccase

Glucose-peptone BI Aol A v ksk wjke] 175 12,000 x golA 10%7+
A Relste] 4F 9 145 ultrafitrationdte] 50 mE 208 F5e & FA}
At 43 & SP-Sephadex C-50 column (3.0 x 26 cm, buffer; 25 mM
Tris/HCl, 25 mM Tris/HCl + 1 M NaCl pH 65)& ©] &3ttt #3¢ a4
gido] wobA, g T4 AxE AT vAl F43 § High-Q columns
F2slo] low salt buffer (25 mM Tris/HCL, pH 6.5)¢} high salt buffer (25
mM Tris/HCl + 1 M NaCl, pH 6.5)% °]&3}t}.

T oAs Biol BE W Biol WA @S W BE @ e nk
24 peak AT (19 5). o5 ARE H¥ Wb ARe BLE A

s o] ohel Faad AU FAAAGE A & 5 Uk

(A) (B)
C T 1o s gmph. Clmmat puph
§ o F o
ia 1
1 1.
L i
Fraimin aimdes Fractam ausber

Fig 5. Chromatogram of the laccase from High-Q column. Bed volume,
5 ml. (A) in the absence of wood powder, (B) in the presence of wood

powder.

6) T rubrum 32 A L EA

A E laccase £4 9 EAS A Ay 2274 BEAL 71233 H
(

& ABTS7 /b3 F9tou}, 845 £5& NHAY tste] /b3 =gt



4). LiP, MnPw= A2t wijA] 242 dejste] mjdAgtel wE 45 ZAbs

ou F oBA BF ARl vnjste] AAE & 4 Ak

Table 4. Kinetic properties of TrLL with selected substrates®

Km Keat kca/Km
Substrate (mM) (min™") (M 'min ™) P
ABTS 0.045+0.008 620+30 1.410" 3.0
MS 0.380+0.07 330+20 8.610° 3.0
HBT 24+1 160+10 6.910° -
VA 58+3.1 600+18 1.010 -
NHA 2.3+0.2 1100420 4.710° 4.0

4 The Kn'kar values are the results of nonlinear regression fitting of
Michaelis—-Menten equation on 6 to 10 experimental reading that covered the
whole rate—[substrate] profile (from the initial, linear phase to the saturated
phase).

7) Western blot

SDS-PAGE % gelol NC (nitrogene cellulose) membranes £
Western blotting kit (Hoefer AF)-S AF&3le] 20 V, 90 mA°l A overnights}<]
NC membranee] @ 2A-S HolAlZH k. NC membranes blocking solution
(1% BSA)Z 30 &<t incubationdte] H]5o]A AFHHE E3HA7]
1,000} 3] 3 primary antibodyS plastic chambero] % il 30% F<F A
E=5WA incubation AFTh o] W 34 AHALXE strip testE 3 F ALEE}
ot HZ%  antibodyE  AAS7] ISkl PBST  (Tween 20 in
phosphate-buffered saline)® %3] Aoj=1, 50008 &A% secondary
antibody (AP conjugated Goat Anti-Rabbit IgG, Stratagene)ol] 2 3]
E=5HA 30% <t incubationA]Zl & H] A3t antibodyES A ATH] $ 5o
PBSTE membranes &3] o531, Tween 202 A A37] 913t PBS=Z

Ao}t Membranes Alkaline phosphatase] 1715% A& A HES-A] 7]

20
o K

38
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i o] HolW FRTFE FE O 5k HojA whES FAAZT o] A
Membraneo] ©@ul o] Aol7} HAAW TFE size marker®= W7} H ol A
primary anti-IgG7F ¥ 5] ZAgto] Sle Zow A&AHAT (L9 6). 1Y
U, 2 A TrLKY-7°] AAslE= laccases ©@¥ laccase’} ofd A8 sk

Asreo.

I3 6. Western blotting of the laccase produced from TrLKY-7. Lanes
1 and 2, Size marker proteins; 3, Supernatant; 4, Concentrate; 5, High-Q
pools; 6, CHT-1I pools; 7, HIC fraction; 8, HIC fraction.

Q) T. rubrum LKY-73 T. rubrum LSK-279] laccase activity

T s g 7S s Y8k T rubrum LSK-272 #E]dle] Al&
3Tk o] 7S AC 2 glucose—peptone mediumS AFg3dte] ZRS H7be
we} HIFskAl &S w9 activityE FA3S A, T rubrum LKY-7°] T.
rubrum LSK-27H.t} =& activityZ7}F B3t T, rubrum LSK-272 laccase
activity7} 712] Ro]#] kgt

_47_



9) 7I& YadEs] 249 R
NEA WMMESA Phanerochate chrysosphorium ¥ Pycnoporus

cinnabarinus®) laccases

g8ttt S| Mt Bacillus subtilis BSE6169}

Bacillus subtilis KD10149] cellulase®} & 713 Alit Clostridium thermocellum

9] xylanaseZ &1 3t

Y. Laccase A A domain +& 2 7% &

1) Laccase -+ A} domain &4

T

rubrum LKY-74%H

laccasef- A A9} =2 conservedt 579 X Ho] ML) (2™ 7).

Sl

laccasef- A AH(lacA) &=

A1
o

e

8WISE -PROT BLOCKA BLOCKB BLOCK.C

LRC1 TEIRW: Query 3% IQRDE g6 MMHGLEVAGTHWRD GRAEVHQCE 127 STEWYHEHLETQTCDELEEFLYTY
22 LAPDG &2 HUHGFPQARTEGQDEPATUNQCP 12Z GTEWYHSHLETQY¥CDELEGRFI W
26 VEPDG &5 HUHGFPQEGTNWADGPATUNQCP 125 GTFWYHSHL2TQY¥CDELEEREU W
6 VIPDE &5 HUHGFTQHETNWADGPATINQCE 125 T FWYHSHL3TQYCDELEEREU W
5 VIPDE 95 HUHGFFTQ3G3TWADGRATUNQCE 126 GTEWYHSHL3TQYCDELEGREL W
22 IAPDG 3§ HUHGFTQAGBSWADGPATUT(QCE 1EE GTYWYHSHL33QYWDGLEGRLY I
35 VERDE G4 HUHGTTQAGTHWADGPATUNQCE 124 T EPWYHSHL 3T QUCDELEEREV W
26 VERDE &5 HUHGTTQEGTHNWADGPATINQCE 125 T PWYHSHL3TQUCDELEE PV

BLOCKD BLOCKE
LRC1 TRIRU: Query 243 GERYRIRINTSCDPNEQFZIDGGHNETIIELG 553 HPFHLHGHTE

#e) 9|

214 GERVRFRLUSLECOPNHTFSIDGMILTIIEVD 417 HPTHLHGHNE
214 GERVRFRLUSLECOPWNTFSIDGMILTIIEVD 416 HPFHLMGHAF
215 GERYRFRLUSISCOSFETTS IDGHSLHVIEVD 413 HPTHLHGHTE
224 WERVRFERL ISMGCOENTTFSIDGHSLOVIEAD 425 HPTHLHGHTF
212 GERVRFRLUSISCOPNYTES IDGMNLTVIEVD 415 HPTHLHGHAF
214 GERVRFRLUSLECOPNYTFSIDGOMTIIETD 416 HPTHLHGHAF
a9 7. T. rubrum LKY-7 laccase F+AAIe} -2 H389] laccase F4AFe] 8 ofui=ik
A1
- 5 o) o) = hA
wel, dA7tA Baw F33o] @l laccase A= oF 200 Fo|t} (R 5).
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Table 5. Fungal laccase

genes from database

SOURCE size |ACCESSION| yEAR JOURNAL
Pleurotus ostreatus Mycoscience 44, 11-17
(oyster mushroom) 2929 bp| ABO8612 2003 (2003)

. J. Biol. Chem. 265 (25),
Trametes hirsuta 2904 bp| M60560 1993 15224-15230 (1990)
. J. Biol. Chem. 265 (25),
Trametes hirsuta 2907 bp| M60561 1993 15224-15230 (1990)
Pycnoporus cinnabarinus|2119 bp| AY147188 2002 |Unpublished
Trametes hirsuta 1845 bp| AYO081775 2002 |Unpublished
Trametes villosa 9812 bp| 178078 2001 (Geme 181 (172), 95-102
Cyathus bullert 150 bp| AF437509 2002 |Unpublished
Pleurotus sajor-caju 1397 bp| AF297528 | 2002 [Microbiology A7 (Pt D),
Coriolopsis guallica 3000 bp| AY017340 2001 |Unpublished
. Journal of Bioscience and
Pycnoporus coccineus 2124 bp| AB072704 2001 Bioengineering (2001)
. Journal of Bioscience and
Pycnoporus coccienus 1557 bp| AB072703 2001 Bioengineering (2001)
Polyporus ciliatus 1694 bp| AF176232 2000 |Unpublished
Polyporus ciliatus 2020 bp| AF176231 2000 |Unpublished
Polyporus ciliatus 1829 bp| AF176230 2000 |Unpublished
Coriolus versicolor 3099 bp| D&4235 2000 |Unpublished
Trametes villosa 2906 bp| L78077 1907 [Gene 181 (172), 95-102
Trametes villosa 3016 bp| L78076 1907 (Gene 181 (172), 957102
Pycnoporus cinnabarinus|2629 bp| AF025481 | 1998 |4ppl Environ. Microbiol.
62 (94), 1151-1158 (1996)
. Appl. Environ. Microbiol.
Trametes villosa 2417 bp| L49376 1996 62 (3), 834-841 (1996)
. Biochim. Biophys. Acta
Trametes villosa 2800 bp| X84683 1995 1251 (2). 210-215 (1995)
. Appl. Environ. Microbiol.
Trametes villosa 2689 bp| L49377 1996 62 (3), 834-841 (1996)
. App. Environ. Microbiol.
Trametes villosa 2417 bp| L49376 1996 62 (3), 834-841 (1996)
Trametes villosa 2906 bp| L78077 1907 (Gene 181 (172), 95-102
Trametes villosa 3016 bp| 178076 1907 (Gene 181 (172), 957102
. Biochim. Biophys. Acta
Trametes versicolor 2800 bp| X84683 1995 1251 (2). 210-215 (1994)
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2) Laccase A domain®] deletion

Block 5711 ZolA 5 ¥ 714dAF domaino] ®o] EAS=Z thAl

A FES deletion M7= 4RSS T35

F primer 0L B primer
— —
ar
s
: :
# ¥
0oL F primer B primer

el e Ry et e e, e Py
et By by Py B

-t

F primer B primer

A48 3 DNA+ pGEM-T Easy vectord] 24 % F4AE o] &
sttt e 2& oA PCRE sttt (94T - 30 sec, 50T -
30 sec, 72C - 90 sec, 35 cycles). Overlap PCRS s33l7] 9&}e] WA
TrL 3 F39] block 5 Ht2 ¢HF-3e] 58 Euv= 799 A9 73
AT oA 27bS 5 By B9 okl 5¥ Al 9ot wkdiA g

%

Overlapped DNAE pGEM-T Easy vector®l cloningdl¢] plated] ==

F AW F2UE 1208 AN Wgsel 4% el FES A
=]

Akl (19 8).
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Fig 8. Plasmid DNA of domian—deleted transformant of laccase.

22 AYE transformantEH-E AJAHE laccasedl

Ade 2283 Huws s o 31%=2 AT

Block 57} 2<% #4

Table 6. Enzyme activity of intact and mutant laccase-harboring

transformants

Enzyme activity
(U/ml)

E. coli XL1-blue lacA 1.35

E. coli XL1-blue lacA/45 0.42

t}. Bacillus subtilis® laccase 2 xylanase 7 A} cloning

1) Bacillus subtilis® laccase cloning

Laccase®] Bacillus cloning®] pWB705 # g (18 9)& AM&3AT}. o]
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HE EcoRIeZ FEHTES] SacB SP ¢tFolA dekel ¥ o laccase
cDNA7} 945 == 39t} Insert?] laccase cDNAE A2AF-2pA|of| A A 2t
¥ pETLAC Z=v|=F AM&319Y. WA Bacillus subtilis®] WB7003
WBR009 ¥ & H3+E competent cellS “P‘:‘ﬂ vector¥S AFE-3}4] plasmid
9] Bacillus subtilis @2 218 $H3S Y. Bacillus subtilis competent
cell SPI wj Aol HAf 7] Tt 37TCAAAl oF 4A17F 719 OD600°]
ok 0.65]7'" gk & o] ujgkl 05 mlS 45 mle SPOujX|o] €o] 37TeAl 90
7]+ 5#7H& © 713tk DNA A &5
0.5 ml¢ competent celliﬂr Jo] 903+ Wi kst Tl o] i, WB700 (pES88)3}
WB800 (pES88)< kanamycino] Eolle @dufx]e] Z=2atglar, 37TolA
15A17F 719tk Aehd transformant 2H7E 8wk 22 Airste] ol &
3

S AA Ao enzyme activitys} @M AE A

r—io
=X
o
m
o\

_n
dlo

5]

@

—

>

op

2

=

o

o1

rulo

o

R B

Hm

4

dol =& transformantE AEste] o]F A ARESFATH

WB700 (pES88)# WB800 (pES88)e] A& d& 3|ste] aihdd S xAbg

A3 WBB00 (pES83)°l A 32.1 U/ml& WEFWHTE (3 7). &4 dA4s 2

TR FAAZRT BT ogdE A F2odA siuel 24
2 0

(L9 10). o] & A& B. subtilis WB800 (pES83)S AF-&-3} %t

B

Table 7. Laccase activity and protein concentration of WB700 (pES88) and
WB800 (pESS8)

Enzyme activity Protein

(U/ml) (mg/ml)
B. subtilis WB700 (pES88) 24.9 8.70
B. subtilis WB800 (pES88) 32.1 9.21
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|
Gl Ale Phe Ala Lys Bly Ber Gly Ile Leu Gln
CAR GCT TTT GOC AAG GGA TOD (B8 ATT CTC CAE

HindIII Htyl B ] EcaR] "r/
|_——_‘——-—.__,_|_‘_‘_‘_|

EcoRl
Kpnl
— Hirpdill
Pat
Sphi
Hindlll

P43 sacB SP

pWB705 |

—

Fig 9. Expression vector pWB705 for Bacillus subtilis transformation

Figure 10. Activity staining of the culture supernatant from Bacillus
subtilis WB&00 (pES88) harboring the laccase cDNA.

2) Bacillus subtilis &2 A3Fo| - A2 laccasee] A A

WB800 (pES88)E 12A17F w3t A5 AS do] oA 7]&3
TrLKY-79 laccaseE AA|st= 2 Hy U3t WP o7 JaccaseE A A sl

71980 BYANS FRsAT (19 1D,
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et
—

Figure 11. SDS-PAGE of purified laccase from Bacillus subtilis WB800
(pES88) supernatnat.

3) Bacillus subtilis® xylanase cloning

4 xylanase= W®la4 UdAgdo]l & XynXZ v o] FHAAE
shuttle vector pJH323¢] Sma I F 9o pCX33<% blunt ligationd}] pJX33<
AATE FA 71=E laccase Aol FA M ol Bacillus subtilis®]
WB700% WB800S d@ds=F= A3 T ©]& competent cell& 0.5 ml
o DNAE 4ol 90&xt wi<katsith. o] wf, WB700 (pJX33)+ kanamycin©]
S0l E AR o =Esga, WBS00 (pJX33)+= hygromycin®] E9o] &
Hauf Ao =dsle], 37CoA 15A13F 7] ¥tk Halog X.°]+ transformant
Aurste] o] &S A UY3le] enzyme activityel @ AS AHEA st
(3£ 8). B. subtilis WB700 (pJX33)¢} WB800 (pJX33)9] “&Z& S &g s

A3} B subtilis WB700 (pJX33)+= dlAtE Exp% BHop e BRIoaA F 7|
o] &4 w7k Belal, WBS00 (pJX33)= 2 Bt} &xkgFol & fAolA Al A
o] A Wy} B (29 12).

AWHOT BN AS BANY W] HFAL BuP R

%+ 116 kDa ®t} @A & oA 73 &4
w9} okgk &4 u] 7}z g s A o] yEeRyt) o] ZHFE WBT7000] 7749 &
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Table 7. Enzyme activity and protein concentration of WB700 (pJX33) and
WBS800 (pJX33)

Enzyme activity Protein Concentration
(U/ml) (mg/ml)
Bacillus subtilis WB700
(pIX33) 4.89 8.47
Bacillus subtilis WB&00
1.97 9.03
(pJX33)
1 2

Fig 12. Activity staining of Bacillus subtilis WB700 (pJX33) and WB&00
(pJX33). Lane 1, WB700 (pJX33); 2, WB800 (pJX33).

_55_



4) Bacillus subtilis®| cloning® xylanase2] A

ZFEz o] TR JdEAdY XynX FAA Ao e e
xylanase® ##|st7] §18to] o] FHA 9= E coli AEE 71H &
o

= AEES AT F 9 Egste] 22 AT oA aael &4go] &

gelst

2
R
o,
fol
B~
rio
o
ne ﬂ
Ak
AU
Q
8
8
@]
B.
o
8
w0
=
—
2
HU
)
[
Mz
ik
ol
2
ui
E

9). WEAS Ad xylanase°| 7] wliol] A sAA T G4 EAeo Wy}
7 glol B dMdE AAT = AU 9 AH 5945 High-QF
CHT-1T chromatography = A}t o] 45 CHT-IO chromatography
2 AASY S w, faction 47791 A xylanase activity”7} =A vk (29H 13).
=4 UL fraction® activity staining® SDS-PAGEEZ 383 A3 o]
fractionE ol ¥ ExEFlA st &4 wE BT (2E 14).

Table 9. Purification procedure of the xylanase

Activity Protein Specific activity

Sample (U/ml) (mg/ml) (U/mg)
Sonication 22.5 1.88 12.0
Heat-treatment 23.0 0.84 275
Ammonium down 301 4.67 64.0
15 27.0 0.37 72.0
) 16 38.0 0.80 475
(peh 8 chromatography 47 19 1.00 113
18 96.0 1.07 90.0
19 40.0 1.05 38.0
3 16.0 0.08 208
4 43.0 0.26 168
CHT-1T chromatography 9 59.0 0.43 137
(Fractions) 6 60.0 0.45 134
7 39.0 0.29 136
8 15.0 1.00 143
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CHTHI chromatography

70 1

- 109
= 1 08
E s50¢ 1 07
D o
» 407 1% &
= 105 >
g X 104 3
9 20 F 108 3
© 3
c - 02 =
CU -
z © { o

0 0

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Fractions

Fig 13. CHT-1I chromatography for isolating the xylanase

(A) (B)

3456 7 89 10 1112 345 6 789 10 11 12

Fig 14. Activity staining (A) and protein staining (B) of the CHT-II
chromatography fractions after SDS-PAGE.
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4. A3} g
7V T, rubrum®] @14 Eslas g4 g

T. rubrum LKY-7 (TrLKY-7)¢] g4 B as BAwS v sk 23
AR wxe] xAdol Wzketl o, 53] laccase A4S Xl ol A
< FTe Btk H#ol HEAS w, laccase &/do] 208 =A ERR

, MnP, LiP, cellulase, 22] 3l xylanase?] &A1& wj$- v|w]stdc}. AL-&3F
of B8-S H7e A laccaset= #H i 20 U/ml, LiPi= laccase2l °F 20%
i, 283 MnPE 1 Ay £E& AAsts sow FelEo] of #2 A
7oA LiPSt MnPE &% AT F v o=z ZAEJT 12, LiP
°F MnPo| &AM zA o] Aikeke] vrof o5 4w AAY + At

Mol

Z o
R

N

TrLKY-79] laccase® 7%, native gelo]lA] A IS a3t A3} 2-47) 9
4 band7b Bel AAEE laccase R F A 014 sbs4e Fsg

t}. SDS-PAGE 4 Ao A laccasetr= dol thairA w173t
9 band® WAFE ¢F 65 kDacldth wiFAe] o] FHI7F ol o
laccase /39 band +7F BE2A YES O laccase A HAA F A
$ AL gdE2A 919 3 Ao a428A peakEsE HATH FAE o] &3
Western blotting A& 9] AxE= TrLKY-70] A48l laccase® ©Y laccase
7F obd AL SwrHele, TrLKY-72 F8 laccase®t= thE T sy
laccase® Attt 2oz ZALEQATE AAE laccase 49 5A4& XAFSH
A}, 714388 ABTS7E 71 $stou, &4 5v) S NHAOl tsho]
b =9tk mEd g2 F49°=2 T rubrum LSK-27, Phanerochate

f“1°

o

chrysosphorium, Pycnoporus cinnabarinus, Bacillus subtilis BSE616, B.

subtilis KD1014, L2 3L Clostridium thermocellum 59 7¥E5< WA}

v T, rubrum LKY-7 laccase A4} domain®] T+% % 7|5 &4
TrLKY-72 2 %5 #2849 laccase T A} (lacA)+= T2 H3 0|9 laccase

frdztel a1%=2 conservedt 5719 A o] AT HA7MA BiE 3
o] 2 laccase FAAE ¢F 20953 = & ALEE BIY Block 571 Tl
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L

R

o

A A7) FEE Fulell 2 A<l 4
443 domaino] o] %—ZHE}EE A HA domain S
= A¥S F3¥s9u. Overlapped DNAE pGEM-T Easy
vectorel cloning3te] plated] =% % gk 22y 257 T 12715 FEA9=
i Fstel &S el 285 AEsidnh Block 57F AEH fAAE A
Yi= transformantZ %] AAFE laccase?] &4 AL 2 FHA lacAE
Ads 283 nlusisls o dArbdow ol 7b4 %3 cloned ZA &
Ak 1% dAs] ZAaHAT

[e)
Gy

M
i)
_%
"
A
rE
i)
o
il

i

o}, "Hxo] FEuwlo] FHQ xylanase®t laccaseE EH|EE X
o
=

Bacillus sp.2l 7\

Laccasex= TrLKY-7 +3AE iAoz ¥WE = pWB705, insert cDNA+
pETLAC Zgt=v=8 AL&3v. 2 A3 Bacillus subtilis®] WB7003}
WB8002] competent cell& THEo] 35t WB700 (pESS8’)3} WBI00
(pES88)2 kanamycine] €91t HIAuR| o =2sd, 11 F 7 &4l
=2 3Lt B, subtilis WB800 (DES88)94 5 Aol A

a1 32 Umle 2485 alsisleon, o5 &4 9% 43 + T/ d4
A8 B5F didd 2 F2olA shde 24 mE Bt WBS00
(PES8R)E 12A17F Hj3sle] A& NS Ao laccaseE AAsIY] AV &
s =33t 3 xylanaser= C thermocellum 3 XynXZ 3}
vector pJH323S AF&3te] pJX33S LAt} B subtilis® WB7003 WBR00=
PFAHAG T2 AEStY]  transformants AT B subtilis WB700
(pJX33)2F WBB00 (pJX33)¢] dTHs SddAst A3 B subtilis WB700
(pJX33)= ol A% 116 kDa Buh 2 FollA 5 7he] 24 wrp B
3L, WB800 (pJX33)= L Wtk &akge] & f1AllA Al 7o &4 w7t B
Ak ZFHE oy FH I XynX FolA EihgAde] Ade Fe
xylanase® Y7, ammonium sulfate A, High-Q, =1#x CHT-II

chromatography = % A &} 91 ¢}

it

transformant2 A €

_59_



A 2 A Trichopyton rubrum LKY-72.Z45E laccase

FAaAe] F2Y 9 Pichia pastorisd] =%, 2d

LaccaseE ®H|slE o5 WAEITAA] o] HuHo o 13y

il
2 B34S wHlska dvh webs Gzl

259 tFE2 laccase©] 29 o
RSO 25 H laccaseEs 7] fdA = vl AR O RFE laccaseE WE

1‘
=)
N
T
2
o
K
Ho
N
o
%
N

IS o8

sto] JRsfof gk A Zzysle] WA
Farolele] v e =9, dEe B2 I g4 vy oo Fue

O

laccase A= BadEE] FFo]2A Agaricus bisporus (63),
Coriolus hirsutus (46), Phlebia radiata (69, 70), Coriolus versicolor (33),
Trametes versicolor (36), Trametes villosa (83), Pycnoporus cinnabarinus
(19, 56) ¢} ligning ®3stA &= FHFolZ4 Neurospora crassa (28),
Cryphonectria parasitica (17), Aspergillus nidulans (17) SolA ZFE4Y H
o} w3k Aspergillus oryzae (12), Saccharomeces cerevisae, Trichoderma
ressei (69), Pichia pastoris (35, 56) S olA < FAAE &d @ Eu o
= Bk vk ey oln BuE FHAE uE dFel =Y, THAA o]

Aolt}. webd 23717
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gl Aol FHold Trichopyton rubrum LKY-7S 94 chip pile®
Fy ZEstan 37). =3 1 w#F7F A laccases A w7bA =] - 9ol
A BaE Ades vE SAS Uehlth wad 2 ATl M= T rubrum
LKY-7S. 258 cDNA libraryS W5l laccase+ A5 S, o]
AAE E. colidl =4, A AA A4kE laccased] +2], AA 2 5SS %
Abskdel, Bk E 29 % laccase FHAAE Pichia pastorisol =%, WEAlA

AA
Bl Exe 54% 2AR

7}. T. rubrum LKY-7C. 25 ¥ laccase +3AY 229 L EX
1) cDNA library®] +3

7F) RNA ZA . laccased] &S 9lsle] 1.34 mM<e| 2,5-xylidinee] #7}
H A A A #FE5 54 Fob vld 5 Messenger RNA isolation kit
(Stratagene, USA) & ©]83}lo] total RNAES #8333, Oligotex-dT30
(Super) mRNA Purification kit (Takara, Japan) < ©]&3}o] polyA+ RNA
= AU

}) cDNAY 34 : cDNA Synthesis Kit (Stragene)g ©]&3}

Gubler-Hoffman® 2.2 cDNAE $A3F3 . 1st strand &4 Al 5-methyl

dCTPZ A}&3}e] Directional Cloning #3 o A cDNA9 HAw& WA 3%

o},

(1) mRNA start volume : 1.48 ug

(2) Reverse Transcriptase : MMLV Reverse Transcriptase®t BRL

Superscript [19] &3HAME.

* Ologo(dY)is Linker primer (GA)10WACTAGTCTCGAG(t)is

(3) Directional Cloning : 5 ¥%Z EcoRI Adaptor Ligation

3 TS Xhol A
* FEcoRI Adaptor 5'-OH-AATTCGGCACGAGG-3’
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3'-GCCGTGCTCCp-5’
t}) cDNAE ZAP Expression Vectorell 7= : cDNAZE FEcoRI¥ Xholo
2 HAu% ZAP Expression Vector (Stratagene) ©l ligationdl¢] Gigapack
III gold packaging kit (Stratagene)< ©]83}9] packagingst$ith. o] 7]9
500 ul®] SM buffers #7star, 25 ple] Chloroforms H71ste] A&ES
gt & HF TR 1%/ HE5 DMSOE #7718t primary library &
ST

2) laccase cDNA clone®] A4t

71 @A el A 0 ZAE laccases Takaradl ©] = 3te] ZA| st Th.

1}) hybridization 2 Al @ cDNA librarye] plaque (50,000 pfu/plate) $ell
IPTG &+ nitrocellulose membrane =2 ¥3iL laccase’} T d=F 3
t}S, picoBlue™ immunoscreening kit (Stratagene, USA) & o] &3lo] 24
719 A9 hybridize®d plaqueEs< A4tsl ¢l o).

t}) laccase?] W&ol kol 1 A mo] 9dlq AwHE plaqueS S o
T w8 ¥, E coli®t A wiFsta, o] wjF o AS laccase’] Zell FH
7bete] g4 At RS E1s T

3) laccase cDNAE E. colid] = % g

7V E. colidl =% : ZAP express vectorT= in vivo’dElelA lambda

vector® phagmid® A5t E colitfolA 449 DNAZE BAT 4 U=
= design® Atk wEbA, ALl A AlF S protocol (Stratagene, USA) ol
o & A, laccaseE A3 plaqueES E. coli XLOLRUE =435t

W) E colidlAde wd : Axs E coli®l wldo]d periplasm 2
cytoplasml ZHE ZaA4a NS FZ(PET expression vector?] protocol,
Invitrogen), 0.5 mM ABTS®9} WFSAl# 420 nmol A laccase FAS =4
ST
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4) laccase cDNAQ] 47|49 AA 2 2A

71 7149 AAH 0 AXRE E coliEH-E phagmidE #2, AA ]
Macrogen®l| ©] 2| 3to] A7 s} .

) d71AE 2 ooprxgt Ad B4 0 974 €2 homology searcht™
NCBI (National Center for Biotrchnology Information) €] BLAST
program, laccase®] ©]Z% Ex3 9 pl 32 ExPASy Proteomics tools
2] Compute pI/Mw program, A|3& 4 HAdt site= Web Cutter program

of ofalA A5kt
Y. A Wy 93 laccase BA Y W3 €L EA
1) Site-directed mutagenesis®l] 2|3+ laccase Az} o =2t WA

7h) EepavEl &

T rubrum LKY-72 238 &9 laccase F4A (lacA) & pBK-CMV
W E] (Stratagene, La Jolla, CA) o 53} pBKLACAZ WwW3sta, E coli
XL.1-Blue MRF’ (Stratagene, La Jolla, CA) o] dAAsA 7t 243 E
coli kanamycin (50 wl/ml) & 33+ Luria Broth (LB)ol #%3le] 37Cel
A e A -lysisHoll 9ty ZEtan=E FEE

) obm b S 9138 PCR A A

lacA®] target ©}v] =25 QuikChange'V'Site-Directed Mutagenesis Kit
(Stratagene, USA) & o]&3lo] =dAWo] H3lth PCRY Template DNA 2
w, ANTP (25 mM) 05 wl, 10X buffer 25 wx, SDW 185 w0, pfu DNA
polymerase 0.5 g, primer F - R (20 pmole) Z}ZF 1 pulE PCR tubeol] ¥,
95Tl A 30z, 55CeolAl 14, 68TCelA 12%S 16 cycles AL, st
DNA®] W=7} oA &8k Ad5ole= cycleTE S87FAA AT

h) PCR 4HE 9] ligation ¥ 3

PCRAFE £ 59 9E template DNAE Dpn I g 9afjr] AthA

71 & E. coli competent cellol] F7}eta, d&olA 308, 42Tl A 45%, d&

O

449
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o A 24wt & 42Co] BEH NZY broth 500 wlF74ste] 37Col A 1417t
(200~250 rpm) wFetA Tt HiFd 100 S LB (km 50) plated] =23k
T 37C &d7]9A 16A13F o] A ] F3te] single colonyE 4A14Hs} At

oh) FAASF A g gl

Ay FAA3FS LB (km 50) platee] tA] streaking 3le] plasmidS
FZ3% U5 DNA 7198 ZAAs o] ofmite] ®istE gl

) FAAE E coli®) laccaseB At 59

laccase 4ol HA & Z7] flstel LBoF TBelA 3AF Wi &,
IPTG H7FE H7bste] 24N 744 ¥ w5, Al 5L owjkoi ool gl
laccase&d & FALSHA T

(1) a2 24 @ gEAddF5S EF F

A3} pellet (HME) & &

of Fatsirh. &, dAdEEel oA widH 40 mle] pellet o] 30 mM

Tris-Hel (pH8.0 + 20% sucrose) 30 ml2t 0.5 M EDTA 60 x H7}sk &

Ao 1087 100 rpm 2 & shaking 3ol YAIE# 3ttt pellet <

ice cold 5 mM MgSO4 10 ml o =¢o] dSdA 108 &< 100 rpm & &

shaking 3ta, AEZE 5 pellet ° ice cold 20 mM Tris—HCI(pH

75 4 ml & Hrkste] vk A3 =<l pellet o Lysozyme (10

mg/ml) 40 pl & FH7Fste] 30T F271eA 152 & FAAS F 4T 9

A overnightA]# 13000 rpm, 20% U4lsle] Y2 A5dS 2agihqoz

ST

(2) laccase®] &4 9 54 @ FEFH 2529S 05 mM ABTSF vH&A

A 420 nmoll A laccase &S F43F9 3L, SDS-PAGE ¢3¢ laccase

o FAES v, A Th

=

)

v} WHolF laccase?] one step—purification
laccase A Ae} WolH laccaser A AE pET-36(+) W& (Novagen, USA)
o] -3} one step—purifications} 3
(1) pET-36(+)¥Ef o] G5
laccaseF A xS pET-36 EK/LIC vector o T=3}7] €3te] template
DNA 2 @, dNTP (25 mM) 4 w0, 10X buffer 5 xl, SDW 36.75 ¢, Taq
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polymerase 0.26 ul, forward 9} reverse Primer 1 w¢ %S PCRE& tubed] %
I, 94Tl A 30%, 55TCAA 40x, 72TCoA 18 ZHAA 35 cycle A &
a2 ek 72°C ol A 7 &< PCR &t}

Forward ¢} Reverse Primer 74 < oS3 Zrt}

Forward [5'-GAC-GAC-GAC-AAG-ATG-GGC-AAG-GCA-TTC-GTT-TTT-C-3'

Reverse | 5'-GAG-GAG-AAG-CCC-GGT-TCA-GCT-TTC-AAT-GGC-GCA-3’

olg A U2 PCR A= 145 w0, 10x T4DNA poly buffer 2 uxl, 25 mM
dATP 210, 100 mM DTT 1 ul, TsDNA polymerase 0.26 wxl, SDW 10.6 ulE
effendorf tube °o] ¥ ¥ 22T oA 308, 75C oA 208 ¥eS A7l &
pET-36 EK/LIC vector 1 i, %471 2H8 2 & 413 22T oA 5&, 23 mM
EDTA 1 w5 H71ste] 22ColA 5% Annealing A%t

(2) E. colioll &%

Annealed DNA 1 @£ Novablue singles 25 o]l H71st & ASoA 5
i, 42T oA 30%, dolA 27 @ = SOC medium 250 plE 3 7hsho
37C oA 30+%(200~250 rpm) shaking st T Bl 100 0 2S LB Km
plate o =3 3 37C F27|oA wjdstdet ddd3td colonyEH-EH
A71MES 24, &2 % DE3 competent cellel| 327335}

(3) laccase® one step-purification

FHAgE colonyE Km 100 ppm ©] H7Fe TB QiAo HE, 37C
shaking incubater oA 200 rpme.E 12A17F vk 3 A7) Wi o] o ajA]
ANEZARZRY 28405 FESHAT 59 28249 Ammonium sulfates 3
7bete] 4T A Overnight $, 94ldll o3t dwld s F5eta, £t
FA9 G925 CBind 900 Catridge (Novagen)E Z3}slo] A A s}t

(4) AAE laccased] 54 FA
AAE laccaseZ 5B Enterokinase Cleavage Capture Kit (Novagen)<

o] &3t = laccaseE ¥ F, laccase?] vl 5A4S xASHA U

&
5
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t}. laccase §AAZ Pichia pastoris o =Y, =&

laccaset-AAE wd wWE Sl pGAPZ@ (Invitrogen, USA)d 3,

Pichia pastoris ©| 32 A 3A 7}

1) laccasefAAE THWME | 35

laccasefr A AW ol = Xbalel o1& AdF-97F A7 wiEo] HHe 44
DNAE Xbale® st ligationA] % v
7}) vector DNA2] %A : pGAPZ@BE Xbalo & Atts}Sd
1) insert DNA®] ZA| @ laccase frdAE AUl e Fopav|=wEH
(pETLAC)+= alkaline-lysis/PEG treatment® ol ¢lsiA &2, A 3 PCR
S AN Xbdl sites THEO] AT

(1) Zgolm 34 @ o] & xZeoln= vy 2o

lacF1 5'-ATG GGC AAG GCA TTC GTT TTT C-3'

lacR1 5'-GCT TTC AAT GGC GCA GGC AGA C-3'

(2) PCR AA] @ laccasefrdAFe] 5% 94T ol A
94TolA 40z, 55CAA 1, 72TCA 1 &<t 3
oA 7E T AAsEA T
(3) PCR2HE2 AHA : PCR A& UltraClean PCR Clean-Up DNA
Purification Kit (Mo-Bio, USA)S& ©]-&3le] A A9t}
) AAH PCRAHE 2 Xbglo. ® HAwsle] calf intestine phosphataseES
A2, 719455 gelZFE FE8 At
t}) ligation ¥ HZA A3 : ZA|H Insert®t vector DNAE ligationA|# E.
coli TOP10F' o & & gkAZ o}
b AP F Ad 0 HAHANFEL Zeocin (25 ug/mDE T3 Low

Salt LB #jA| ol 4. 37C =i wief 5 Aot
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vh) Az Eekam = &<l ZeocinE $FE L
B colony PCRel| ¢&|A] laccase F+AAE A
TFENE SHav=EE 2y, A & =93 AT
skl Az SEkav=E Slsta AVIAES AARse] A TEHAE
7He glsksl.

PCRE 1@ =etolm thist 2o

lacF | 5'-GGA ATC GAG GCG TCT AGA AAT GGG CAA GGC -3’

lacR | 5'-GCA GCC GTG CCG TCT AGA AGC TTT CAA TGG-3

2) QXY ZY2v=E P pastorisel] A3

7h Az Eekav=e] A A2 SdaveE g (10 ug o) &
2], AT Avrll2 de, d7]gsel ofsid &lsta, EDTAS] 7kl <]
A 9SS FAAZ] T, phenol/chloroform* 2], ethanol A 2o 2o|a)A A
Al skl vt
W) Electroporations ¢33+ Pchia®l Z#| : P. pastorisE 30T, YPDu| A
A ¥(0D600=1.3-1.5) st WW Hes=E 29, Y9 1M sorbitol® 1¥H
A 5 AdekA i vpE o] &3kt
t}) Electroporation®] <3t FZ W3 @ ¥}y 0.2 cm electroporation cuvette
of ZAE Pchia 80 ul¢} Ax3 Z2k2~v = 10 ul (ug/uD)E B3 EoollA
5% incubation &, A7|ZAE 7lsta =4 WY 1 M sorbitolE # 7} 30T
o 2A17F incubationd}Ath. o] 5 AL Zeocin(100 ug/mD)ES -3+ YPDSH|
Ao Ekatal 30Tl Al 2-3U7F vigFete] FAdH colonys AlEebaict

2} FAASTFTFo g2l Zeocin(100 ug/mDE 33+ YPDSH| A o] =}
#5E Awste PCRel osl =9dsl DNAS EA4E 2elsaint.

) =9® copy 2 &<l : southern blot hybridizationo| 2]8jA ZA}E
A=, =9%¥ copyFE= Dig DNA Labeling and Detection kit (Roche

)
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applied science)2 ©]-&3F Southern Blot Hybridization®] &a|lA ZALE A
o} probez ©]&¥= DNA+ PCRel 93] TZHAZ lacAE ©] &35 1,
9 HZAE P pastoris®] DNAE Xbalol o8] 2w, d7|95 Ab

=21, U

3 & southern®d HHHol 9314 membrane filteroll transfer A]Zth.

H membraned S0CA AZFAAH DNAZ membraneo] 2Hd F-ZHA|
13, pre-hybridization®}73 ¥} hybridization# A& A3 &4 ¥ DNAWE=

Az,

g
M
N

s

R

al

NG
o e
(o

UJIIU

3) Pichia pastoris©l~] laccase®] Ak

7h w71 2 FH AT ol wE laccase 84 ¢ FHE AT FE 10 ml
o] YPDujA o] HZ= 30ColA] 3FF% shaking incubation (250 rpm) 3F3
th o] Hi¥e 100 ulE 50 ml (250 ml 4Hz} Zkx=) o] YPD #jA]o] #
%, 30Ceo|A shaking incubation (250 rpm) 3, W¥d 1 mlE A3 3]
laccase &S ZAISHS

W) Laccase &4 ZAF @ 9S8 10,000 goll A 158 &9 L4+
9% 05 mM ABTSSF w3217 420 nmol A =743}t

t}) Laccase?] EA : SDS-PAGEY 93 active staining®} FAo] <3k
immunoblotting®] ¢l FAAFF7F AASE laccased] EAHS wild

type 2 A2F E coli © 1A vlul, A

FAR

, 78

o

3. 2% ¢ 1%

7V, T, rubrum LKY-72. 25 ¥ laccaseAxte] 24 L EA

=

1) cDNA library®] +3

7F) RNA ZAl : T. rubrum LKY-72 258 F2 % total RNAE 19 1
ol BiEukel 711 total RNA 951 ugl E5FE polyA+ RNA 148 ugs
Z AT

) cDNA library®l T+ : mRNAZYH 4" cDNAES ZAP
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Expression Vectorel T53}
primary library® 3}t primary e
library 1 ul® E coli XL1-Blue '
MRF'el|l  transfectionsdle]  IPTGS}F
X-Gals %3t gl LB plate] ol
P ¥ = plaqueTot T ARE AL
g Az 500 ulel 112 x 10° pfu,
Blue7} 6.59% =4, 1,000,0007] o]

o clones &Rlat, 1T, o 9BA%TF ey T wpum ky-70 2 2 H
insert DNAE X3%3stal IS AS=Z =219 total RNA
A2
8712l white plaqgueE random3d}A A E3te] M13 Reverse®t MI13
Forward PrimerZ PCR3% 23 8 plaque 25 thekst Zo]9 Insert DNA
I YE AR FAFHATL (Y 2), primary libraryE 15 cm
LB plate @ 5 x 10" plaque 7}
=
Hj

Hrs

ofs

Aafo], 37CelA

oS, plate@d
10 ml®] SM buffers =23}
3lakar A4l#e 2 chloroform
Ag]o ¢8| A phage solution®d
ol DMSO #HF&s% 7%E H7t
ste] ~70Col| HE3sHAT

A}
Off

overnight 2

3
¢

18 2. cONA library 2 &2l DNA

2) laccase A9l FA : AAE laccaseE F ol A 1 ml ¥ 1.32 mg
o

o "ild T E X FdEHS AT
3) laccase Ao ¥ cDNA plaque?] A4t

7}) ZZ3% ¢DNA library?] Titer : 15cm LB plate @ 5 x 10" plaque 3

T HEE 22Er] 989 libraryd titer® FAFSE A3 ZFZ g cDNA
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library: 1mlg 6.20 x 10°pfu A %ol AT},

w1, 22 @AY o9r7kE Bristrl 91§ db] A3 nitrocellulose
membrane®] A3H THNA (laccase)e] HEo| 5% 13 A v
2 gAle] Rbgeol - 22 FA Y s=E AAsE7] skl dot blot
testg & A3, 12 A= 2500, 22k FA = 50008 A Aol -3}
P

th) Ao wFAE plaguee] A : 15 ecm NZY plate @ 5 x 10" plaque
7} =2 =9 plaqueE FA%F, IPTGE 3  nitrocellulose
membranes &vlFal 37C oA 35A1%F vl ¥ laccase’t HHIEE
3 T}, picoBlue™ immunoscreening kit (Stratagene, USA) & ©] 83}
gkAlo]|  hybridize® plaques <

Aretgieh 12 A plaques

ZREH @& plaqueE Y59 E

dl,  2500,0007H¢]  plaque = -E

Ao hybridization ¥ 2371¢]

plaqueE AT+ (L7 3).

4) LaccaseE® AAFst= ¢DNA & 3. laccase X0l W& E plague

plaque®] A9t 1 3Ao] hybridization ¥ 2370¢] plaques ol A] laccaseE A3
AFetE 2719 plaqueE ATt o] & plaqueE E. coli XLOLRUE =9
T AZE E coli o vkl periplasm % cytoplasmel] 1+ laccase &

S 54 A ajdoqd Ao = HAEE A &1, periplasm 3} cytoplasm®ll

5) Laccase cDNA®9 714 < : laccase cDNA® ORFE 1,839¢ <7]<t
612¢] oAt o g2 o] Fojx Qlal (19 4), ddEHT dWHe EaES
66,180 Da, pli= 5722 FA1 %At}
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1 atgggcaaggcattcgtttttcttgttgtcct cgeat t aget ct ct ct cgcagcgagegt ageat t ggggeccgeggaccect gacccat
MGKAFVFLVVLALALSRSERSI GARGPLTH
91 gcgact aaat ct at ccaaccagat ggacct t at cget caaccegt get gecgt cggegegt acceggact t ct t gat caagect aagace
ATKSI QPDGPYRSTRAAVGAYPGFLI KPKT
181 ggcaacaagt t ccaaat t aat caggt gaacaagct cgacgacct ggagaccaact cgat gccgaaggacaccagt at ccact ggcacggt
GNKFQI NQVNKLDDLETNSMPKDTSI HWHG
271 ctcttcgt cgececggeaccaact gggecagacggegeggcct t cgt gaaccagt geccaat cact ccgggecact cgttttt gt acgacttc
LFVAGTNWADGAAFVNQCPI TPGHSFLYDF
361 gaagt ccct gat caaget ggaacat ttt ggt at cact ct cat ct t t ccacacaat act gt gat ggact gcgggggecat t ggt got ct ac
EVPDQAGTFWYHSHLSTOQYCDGLRGPLVVY
451 t ct aagaat gaccccgacgat gccaacgegt ct ct t t acgacgt cgat gacgaact gaccct t ggt gat t ggt accat geegegt cat t g
SKNDPDDANASLYDVDDELTLGDWYHAASL
541 tcgct cact gect t cceccat ccecgact cgacact at t caat ggect t ggeegt t ct ct cggeggt ccaggat cgecgacat acgt cat g
SLTAFPHPDSTLFNGLGRSLGGPGSPTYVM
631 aacgt ggt caccgt cacgcaaaaaggcaagegct at cgt at t cggat caacact t cct gecgaccccaact t ccaat t ct ct at cgacggg
NVVTVTQKGKRYRI RI NTSCDPNFQFSI|I DG
721 cataact t cact at cat cgaagct ggcggagagaat caccagect ct ggacgt cgat caaat t caaat tttt gcaggccaacgttattcg
HNFTI | EAGGENHQPLDVDQI QI FAGQRYS
811 cttgtcct caacgcgaat cagt ccgt cgacaact act ggat t cgcgeaat ccccaacaccggegaccecggct t cacgggeggegt gaac
L LVLNANQSVDNYWI RAI PNTGDPGFTGGVN
901 tct gccat cct ceget acgacggegeacgegagat cgaccccacaacgaacgegcaaaccgct accaacceect ccacgaat acagat t t
SAI LRYDGAREI DPTTNAQTATNPLHEYRTF
991 gt cceget t at caacaagect gegecaggegaccct tt cgt t ggeggegt t gat cacgct at cagt ct aaact t cget t t cgat ggt gec
VPLI NKPAPGDPFVGGVDHAI SLNFAFDGA
1081 aacgcgct gt t caacgcgaacaaccat acgt tt gt gccecect acegt t ccagt gt t gt t gcagat ct t gt cgggegeacgegat gcggag
NALFNANNHTFVPPTVPVLLQI LSGARDAE
1171 ct ccct aacgggt cgat t t at gacct caaget gaacgacgt cgt t gagat ct cgat gect geect cacct t cget ggagct cat ccegea
LPNGSI YDLKLNDVVEI SMPALTFAGAHPA
1261 cctttact ccegeat acct t ccat gt agt t ggt agt gccgacagegt gacgt acaacgccgaaagct cggt ct t cagggat gt caact cc
PLLPHTFHVVGSADSVTYNAESSVFRDVNS
1351 gt cggt cat gacccat cggacaacat caccgt ccgat tt at agccact gaccgegt cact t get t cgt ccat t gecact t cgact ggeat
VGHDPSDNI TVRFI ATDRVTCFVHCHTFDWH
1441 actgttcat gt ct gcgct at cat ct gt accgt cggagt t aat cacccat cgt ct t t aaccecgt acct gaagect ggaacaat ct t t get
TVHVCAI | CTVGVNHPSSLTPYLKPGTI FA
1531 ccecgt t cct acgagct cgaacccat cgaaact cct aat gggeacct gecat ccggaagegt gt acgegct gect t cgaacgegaccat ¢
PRSYELEPI ETPNGHLPSGSVYALPSNATI
1621 gagct gagt ct gcccgeeggegeact gggeggeeegeaccect t ccact t gcacggecacacct t cagegt cgt cegt cececget gget cc
ELSLPAGALGGPHPFHLHGHTFSVVRPAGS
1711 acgacgt acaact at gt caaccccgt ccagegt gacgt cgt gageat t ggaaacaccggcgacaacgt cacaat ccgct t cgat act aac
TTYNYVNPVQRDVVSI GNTGDNVTI RFDTN
1801 at t ggact cgt ccegt ct gect gegeeat t gaaaget ga
I GLVPSACAI ES*

8 4. Laccase cDNA REAIR! &I 2 Ol ME (2= 222 U2 laccase &

6) th= fungal laccase Aot FAM @ T. rubrum LKY-7To.25H &
E49 laccase T A= b2 #3309 laccase A2 50%°|3te] A S
o

UERAIRE, 3= conservedt 5709 A2 v fAREE ofw]mAk A
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YERA o
7) laccase-f Az}l homologous3t <214 DNA F9¢] A

7}) Primer 4 @ A A7FA L2l laccase HAAZH-E I EZ conserve

sl o,

oX

g ooprlieqt NS 7122 skl Tt 2Zo] primers
HW-F 5'-CAY TGG CAY GGN TTY- 3’
IN-F 5'-ATH AAY GGN AAR GGN- 3’
IN-R 5-NCC YTT NCC RTT DAT- 3
DN-F 5-GAY AAY TAY TGG ATH- 3’
DN-R 5'-DAT CCA RTA RTT RTC- 3’
PH-F 5-SCN CAY CCN TTY CAY- 3’
PH-R 5'-RTG RAA NGG RTG NGC- 3’
HC-R 5-RTC DAT RTG RCA RTG- 3’

W) PCR AAl @ T0 rubrum LKY-7 28 #2l® A4 DNA 2 ol
10 x Reaction buffer 5 ¢, dNTP (10 mM) 4 @0, Taq polymerase(l
U/we) 1 wet A719 primer (100
pM)E o8] zFgoz Hgsla total
50 ule] HHgHS 94T 30%, 50T 30
Z, 72T 40x9 7o =2 35 Cycles
Aest Ay, HW-F ¢ IN-R <
primer Z3ollA  dAEH=  ZHol9

PCR 4FEo] AEHAUT (19 4 lane

1).
t})  PCRAHES  pGEM  vectorel 112 5. PCR A2 : 1, HW-F+IN-R
cloning : PCRAHES A7]19 5% o4 1, In-F+DN-R, 3, DN-F+PH-R, 4,

- - —_ + —_
& DNA dHS gel2F-H FE35}0 PH-F+HC-R

pGEM vector®l| cloning &} th
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Y. T. rubrum LKY-79) redox potential® & 1d 3539 A4 79

1) Site—directed mutagenesisol] <3t 2ol ¥

T rubrum LKY-7%¥ Eg % laccase FdAHacA)e= ©E #FFo]9

laccase A A9} L =2 conservedt 5709 A Fo] MtE T (¥ 6).

SWISS -PROT BLOCK A BLOCK B BLOCK C
LACL TR RU Query 35 IQPDG 86 HWHGLFVAGTNWADGAAFVNQCP 127 GTPWHSHLSTQYCDALRGPLW

33 LAPDG 82 HWHGFFQURTSGQDGPAFVNQCP 122 GTFWHSHLSTQYCDGLRGAFI V
36 VSPDG 85 HWHGFFQKGTNMADGPAFVNQCP 125 GTPWHSHLSTQYCDGLRGPFVV
36 VSPDG 85 HWHGFFQHGTNWADGPAFI NQCP 125 GTFWHSHLSTQYCDALRGPFVV
38 VSPDG 96 HWHGFFQBGSTVADGPAFVNQCP 136 GTFWHSHLSTQYCDGLRGPFI V
33 |APDG 98 HWHGFFQAGSSWADGPAFVTQLP 122 GTYWHSHLSSQYWDGLRGPLV
35 VSPDG 84 HWHGFFQAGTNVADGPAFVNQCP 124 GTPWHSHLSTQYCDGLRGPFVV
36 VSPDG 85 HWHGFFQKGTNWADGPAFI NQCP 125 GTFWHSHLSTQYCDALRGPFW

BLOCK D BLOCK E

LACL TR RU Query 249 GKRYR R NTSCOPNFGFS| DGGHNFTI | EAG 553 HPFHLHGHTF
214 GKRYRFRLVSLSCOPNHTFSI DGHDLTI | EVD 417 HPFHLHGHNF
214 GKRYRFRLVSLSCOPNHTFSI DGHDLTI | EVD 416 HPFHLHGHAF
215 GKRYRFRLVS| SCDSFFTFSI DGHSLN\VI EVD 418 HPFHLHGHTF
224 NKRYRFRLI SVBCDPNFTFS| DGHSLQVI EAD 425 HPFHLHGHTF
213 GKRYRFRLVS| SCOPNYTFSI DGHNLTVIEVD 415 HPFHLHGHAF
214 GKRYRFRLVSLSCOPNYTFS| DGHNMTI | ETD 416 HPFHLHGHAF

& 6. 7. rubrum LKY=7 laccasem & Attt CHE & 0| laccaseR ™ALl = OO =AM E Hlw

9}

AT AE 5709 A FolA vE FAAe 1= ® conservedt of

1 =4k conservestA] @2 ofF| Al IS At HE ofn| Ao =R

As7] 993 PCRS 2A8t9th & Block A9l 35¥A 3l 15 VE (135

V), 384 A+ DE A (D38BA) = dfAlstal, Block BellAl D99Wel N105T,

Block CelA W130D<%} V148I, Block DAlA] S259L¢} E278A, Block Eol A
H556A ¢} TS61A= thAlst7] 913 PCRE A A8ttt

PCR 4H&& Dpn 1 A2 ¥, d7]9sel oste] gelatAdh(1yl 7A).
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a

=
-

& 7. Donl Melg PCRAZS(A)YN HEXE £ coli 22H
£&l plasmid(B)

2) Site—directed mutagenesisol] ¢] 3} laccase EA o] W3}

lacAE
At wEbd HA ulg =4S 27 $ste] LB9 TBolA 3A17F wjk %

A E. coliolA] laccases | H A E&ta A Fd &o =38}

=2 T

T,

IPTGE #7}sto] wfokAl7bo] W& laccase TS ZAFSEth 7 Z 3 LB

A= vk 6A17 ) TBol A+ HiE 12417 Fof] FHxeol A4S e,
LBET TBAA ¥ %<& laccase@A S Ye Wt (28 8).

laccase 2

=

=1
—4— LE
/ e

15 / \\‘\
10 \
= e d
a , , .

3 5] 9 12 15 15 b 24

HH 2EA 2

2 8 HHEI2 EFS HZEAIZMH] [THE laccase 24,

faers El £ coiS LBZE TBHIAM SAIZE ST IPTGE &
JHE, -2AAZIHEHH HIEE 2R F88 2549
laccase2h
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B9 EARoldFE TBoA 12417 vl &, AXd2iy F539 =
g0 &ld §=9t laccase &S Wlus] Bkt 1 Ay, vE FdAket
IEFE  conservedt ofm|i=ilo] TIE ofm|xAto A E D38A, DIOW,

WI130D, E278A, H556A &< ©ild F=dA & AolE el Al ek ARk,
laccase & H3 YeEtNA e¥skoh sh, o2 A} conservedtA]
ofulizsto]l thE ofwisto 2 Al ¥ 135V, N105T, V148I, S259L, T561A &
& BEaFo Al BT} laccase o] AAEHAAR AELS HAG (1.

H1. 223 SHHIZF MEEZRH ==&
2SO A S 2 laccaseE &2l HIW

HOl XIS A= Gl Al Laccase
(mg/ml) (U/ml)
23F 0.612 1. 253
Bl ock A | 35V 0. 598 0. 342
D38A 0. 640 -
Bl ock B DO9OW 0. 585 -
N105T 0. 498 0.273
Bl ock C WL30D 0. 626 -
V148l 0.581 0.524
Bl ock D S259L 0. 568 0.472
E278A 0.591 -
Bl ock E H556A 0. 562 -
T561A 0. 603 0. 363

3) WM H laccase? #g], 44 2 54

7}) Laccase A& pET-36WE T3

Hol®l #4229 laccaseE one-step purificationd}”] ¢33 WEE
pET-36 (Novagen)o|t}. o] ®WEHE I8 9oA HE n#tel Zo] AR
laccaseE cellulose®] bindingste] A& 4+ A= cellulose binding
domain(CBDcenA)°o] £ a1, A% &4 Ak flo] lihationd = U=
Lic site7} 5o Aok webs ®loldl Fd2 Fol A laccase &3] AEH

=49
I35V, N105T, V1481, S259L, T561A ¢ ¥ &9 laccase RS PCRell 2] 3f
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A Ada(zg 10), ®ME DNA®| annealrl 7l 3 E. coliol &2 A3kA 7}

pET-2GERLIC thambin FRLICE XaCsi
pET-37 Malic # *
:M.h. .,:-,Jri._a_: LD, *ix H aTap Hﬁ W= Ta|

12 9, LaccazeE one-step punificationdt?| #18F pET-36 MIE{2] S

W) @At FEE laccase] ] 2 AA

S A fua (e}
=3
A B
-
-
- - act

=R
10, ET36 MEH 22 Z2E mEaime B
2| FlEF PCRAE HIE laccaze (B)

th) GA¥ laccase®] 574

R AAE laccaseZ enterokinase® Atk @ AA & &L

ZAYeE Axp RdF7F AR laccases T, rubrum LKY-7T2%H
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H laccase?] 54} vzl e WHolH TFFE0] AL laccase?] 7]
q

o]

st 2 BT laccaseet HlS=sla AT &4 FulEETF HackE A

Ak (£ 2).

OSL‘

H2 B2 SHHOIZFIH 44HEH laccasell Kinetic parameters et
atigd
Kinetic parameters

SR K, (mM) K, (min"") K /K, M "Tmin"") AT 24 (%)
LacA 0.042 635 1.63 100.0

| 35V 0.038 327 1.12 45.5
N105T 0.045 278 0.88 32.7
V148| 0.041 345 1.24 63.2
S259L 0.046 342 0.85 53.6
T561A 0.037 295 0.95 47.2

t}. laccase F AR E Pichia pastorisd] =, &4d

1) Laccase FAAE JAH3E W 5

7h WEe] A 1 ol&¥ WE(pGAPZ@)E= 3147 bpE o] FolA L
Pchia pastroisoﬂ/ﬂ o FAAES Zdst = dE GAP TR RE9 2d

APES Bu)g 4 9)E @-factor signal sequence, Zeocin A A HF-HA Ak, 1

2] 31 c-myc epitope$} polyhistidine(6xHis)S Ay Aot (19 12)
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poAPZD ABC (3.1 kb

Wy,
\A..
pGAPZ
and :
pGAPZo
ABRB,C
.--f"“
A Frome-deg-mdens; sariatiess

|
—
2= HIE

JF 12 Pichiall M 2l R HTIE E=E
A
2

1} laccase A AE pGAPZ@ol| +=

laccase F=Fe]  ATFEA sites A AF Xbdl siteo] EAISHA %
At webd FAAe] FF Foll Xbdl siteS 7] 93 ZlolwE A
ko] PCRS AAlstal dojx AMES AHA &, Xbaloz Adsta calf
intestine phosphataseE *2] ¥ A7]gd&s A oF 1.9 kb X9 AV|&E
velWth (29 13A). E3F pGAPZ@E XbaloZ Aw AHA & #7959
o)A el T (29 13B), ligationste] E. coli TOP10F o] & A3k 2]
=3

O3, HIstE (v im 2] =
laccase R HEAN A2 pGAPZE (B)
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) Az Sezv=e] gl
Zeocin (25 ug/ml)E 33+ Low Salt LB wjA| oA A3 A3t
10715 A, laccasefr A 2ke] 4% & H&& Zefolm = dto] PCRS 4
18t A7 1% 3AC)A B wpe} o] 6719 ol A laccase b} H
gk A7) MEvE AEHATh

laccase FAAF2] A& A siteS BT A Afald} XbaloZ A3}
NS A Fol e laccase FAAF F-2E(eF 1.9 kb)o] YA o At mebA
laccase+ A A WE=E AU T INEFEH Zg2v=E &I, AAs
Afal®} Xbalo.Z Atk F A7) 5L 3 A3 29 14BollA B nle} 2o
== A7le] WMETF AFHAT oF F 2 FavEe AVIAES #
e Ay wWE e @ factor o) laccase A 2e] ORF7F && Wgko =g
5ol At

N

N

i

N
>

& 14, colony PCRHI 260 M laccase &
3 Z2lE WEE E2tAD|I =B

2) Az% ZY2v=Z Pichia pastorisdll & &A%

7h ARG #Fe A Q% Sgan=2 AW Pichia pastoris$t
#33lo] electroporationg A Al $ Zeocin(100 ug/mlE -3k YPDSHI |
of =kalar 30 Col A wiekat Az 4w 9] colony’t B4 Th
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) PCRoll 9% laccase +3AF [y ’Wﬁgwgwﬁ% -
o] =91 9l PHAZ FFE
HH genomic DNAES g 3&}o]

laccase &-AAFo] ok T BB
= Zgolw g st PCRe AAl
b A3 39 4914 B upsh
o] &5 laccasefr AR} H] %=
Paziel EZh AE AT O3 15 PCRl ild HEEE A

pastroisZ £ BEE laccaseFHEL

ok

i

ok

t}) southern blot hybridizationo] 23+ =4 copyF< el : FAASSF
59 dAx DNAZS Egsle] XpaleZ AW 3T JgcAS probe® 3&}o]
southern blot hybridizations A AIg+ A3} 17 1504 H= npe} o] B
T2 P. pastrois AT lacA7F A3 HEHA &3, JAAST T =
1 ool Me=rt AEHAT. 53] T29F T4ol A= 170, T39 ThellA =
270, T13 T7elM = 370, T6SE T8ellA = 47he] W=7k A=A lacAl

T Xbdl siteo] §17]1 wWZol o7]dA HEH M= = =Y copyTR

L (B}
M P TITZ T3 T4 T5 T6 T7 T8 M P T1 T2 T3 T4 TS5 T6 T7 T8

|'\t.-' g b | "
gehd
g

[

- -

J216, 2P 2t HEMHEN £ pastroid TI-TEE] xod Z T genomic DMALA)
2} southern blot hybridization(B)
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3) A A3 Pichia pastorisel A 9] laccase B4k
efr%

A7k 299 e FAABRFE 0TAA HE F, vl

2

Ao 3t A fd FAS A3 (F3, 28 17, 18), T2, T4, TH+ Hi

H 3 HHZED(2HH| (2 HEHE 2 pastrois=S] laccase MH =

B2 Laccase E&(U/ml)
=y T T2 T3 T4 TS TG T7 T8
1 1.4 1.2 2.1 1.5 1.8 1.9 1.4 1.8
Z 8.5 4.7 14.1 6.2 7.9 9.2 7.5 16,4
3 26,2 19.5 29.8 208 236 Zh8 242 ah.2
4 25,8 241 26 234 246 232 228 29,2
5 182 17.5 16,5 168 148 159 138 20,2
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120

100

B0

G0

sl E-2 (%)

O 17 BRHEBR TN (1S laccase BAIHL 32 =)

120

100 |—=—TZ

T3 M
&0 T4

0 —- T / - '
. Y
20 / |

Hi 22K E)
JE 18 WL IR S BEHER TS| laccase Hit

SN ZE

_\\

4. A3 29

7}, T, rubrum LKY-72. 23 laccase(TrL) 3429 ZF24Y

T rubrum LKY-72. 25 total RNAS #2]3}9] polyA+ RNAE ZA|
stal, cDNAS 4, ZAP Expression Vectorel %3}le] phages %31,
AAE laccaseE Fl ol FAMete] &8 HS AUt} phages NZY plateo] =4,

plaqueE ¥4 ¥, laccase@ Aol hybridize® plaqueES A=, <9
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2,500,00071 ¢] plaqueZFE 2370¢] plaque’} hybridization® 1 aL, ©o]& ol
A 2709 plaque’} laccaseE AAFSEATE o] 5 plaqueE E. coli XLOLRW =
= Nz E coli ¢ wiko] Nl periplasm 2 cytoplasmol 91+ laccase
g Ad A vl Ao = AEE A &L, periplasm ¥ cytoplasmell
1 HAT ol& cDNA® A7IMdS B4 A 18399 d7]¢t 612
9] ofmjizAto 2 o]FojA QI o EHE dulAe] EAES 66,180 Da, pli=

5728 EAHJT. w3 o] AR tE FF0l9 laccasefr A A 50% 0] 6
o] FAE S UEHIAT, X2 conservedt 5712 A AL w9 {FALSE ofn|

A AEs YR

ox o
r°"

&
<
KR
=
7

8|
=4

>~
2

H" n}l}lr _lmr N
>,

v T rubrum LKY-79 redox potential®} @1 Ea&5o #AA 4

thE F33ol9 laccase At ILEE conservedt 5719 A Fo A T}
& FAAek 12 conserved ofv|=AFd} conservestA] S oM mAbS
site-directed mutagenesisoll ¢]&to] ThE ofn|Aito R OiA = AT} laccase
F+H2AE AW E. colix laccaseZ %ng}ﬂ oA, AEXE £9] laccase
24742 LBREU TBElYolA o ¢k aL, wieF 124130 S Hare] 248
Rl ¢t T RS X R conservedt ofv|iibo] TRE ofm] At

=
Y
off

ge
= 20
1

2

o2 tAE D38A, DIOW, W130D, E278A, H556A T2 Ew9 o
LolA 2 AolE YEhAl AR laccase EAHE AE HEHA
a2y o Ak conservedtA] &2 ofw|wmtlo]l thE ofmiibo
F I35V, N105T, V148I, S259L, T561A 5& R Fo|A Hrt} laccase
AaHJAR HELS HAJAY o5 FAAE pET-36"E ol 7535}

laccaseE one-step purificationd}il, enterokinase® &A@t W AA F

f

o

ox

r_\>L oX,
o

I
F
rit

Y EAE ZAS A3 Hold fHAtEo] AAS laccase] 71E X EH S &

T 59] laccasest MIZStAA N 24 FujE vt Fashe Aol

_11-}11
fr

t}. laccase A AS Pichia pastorisd] =%, &4

laccase- A A+S pGAPZ@O| +3=, E. coli TOPIOF'o] d&AA3IAZ 5,
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ofl
i
L

o

%3 Zgtau=E Eldlal Pichia pastorisel] &2 H$HA Z T}
T+ Z5E genomic DNAE £33l PCRel 2]3]A laccase -+ A}
TE A, olE TF9 AMA DNAZS E° U= copy
southern blot hybridization®] ¢]3le] FAgt Az} 5o we} 1-47) 9
A7 EYgEo] AT o5 #FE 30TolA v F ufgo]de st
ds A A3 g 34 Ha gAS vedlled, 24 4o

Kol

&
T e}
FEE W 4Y F, B2BY] B TFE Y 39 F A
T

o0

flo
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filo

4 b
Bfil

fol
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e
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A 3 A T rubrum LKY-7 #5FZ5¥ laccase 4+
0

3} laccase/mediator systemeol] &gt AMESHA HZ gH
RIS
1. A&

pu

ATl FHAz SR A Friedd dade A=l &

S F2 BARFRY Ag] JANA o] FIAY IFAMNE WARFTo|
AdAdA  Pade g mAHem  Bastn Atk RARFRe

ligninolytic systemoll4] % lignin peroxidase (LiP), manganese peroxidase

(MnP) % laccase 5 37F4 B9l 2lad EITAE EVsie Aoz 4y

A ek e QAo MARERE o gl BaEsFdlA @A
Fe FAA mae Aoz Blade Balste] e AEaA Rl
= % EAsE Ao AZF F AL obAAE 4

AAs=E Qo)A ¥ enzyme mechanisme] 7FE =

Hxzstel gule] gl oW enzyme
Al

mechanism©] 7} E3A AR = WA A il gt
A 7R FHEAAN gade] AEsFEe R B AE, &aF el
mechanism-& 3% Phanerochate chrysosphoriumd] t3at 7oA v Z 5

ATHB0, 45 47, 75). olwtell ot g 1de] &3 LiPet MnPe #vlet HH
& #AZE e 538 LiP7t gad e st xTolA of 90%E AFAe=
H o =4 Fe] Bajdl Aoz #Ee= A9 phenoloxidase® Wrol
5o o 2HY P chrysosphoriume] A WAL HS xS F glS
Wk olyel 7] HER wAR Sl oF 40%%ro] ligninolytic systemoll A LiP
= B3, laccase/MnPe Z3gteol P, chrysosphoriumol A wAE
LiP/MnP Z=3Eth o drbAel Ao =m yetwth(72, 73). = AR5l

[‘

[*]

Dichomitus squalens®t Ceriporiopsis subvermispora= LiP #4|glo] #1d
S ayHor EaSIN I Coriorus versicolor® 739-ol% ligninolytic

systemol 4] MnP/LiP Xt} laccase/MnP¢ enzymeZzgo = #adg 33
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= AoE 4HA UG (7, 14, 16, 22, 29, 37, 57, 63, 66). Errolyg I Lo
Pycnoporus cinnabarinus?} LiP2F MnP §lo] laccase e 2 #14dES A
FA A st ALE wE R ol (4, 20, 21 23). Bl #3F el laccase
7F ARAHQ 98 3}‘—:‘ B S5 Ba Ha 9l

T2 dEAdy AEsEdTzE FREY s FxRe
WS el Hed FAVE E3ete] Aedstdor 4 EsEAR gad
o ¢bdd RaE SaiMe Had 7Y °F 0%E AAGE HEEATE
o] Es7F E4H ot} laccase®] A-$ Panus tigrinus®l “yellow” laccase”}
%9l B-1 model compoundE F A AHAZIttE B (48)7F AA
W AHbH 0 2 Jaccase ©HOEE H|HEA TR R EUFES Aow
2 (4, 10, 74, 81). ¥} P. cinnabarinus’} laccase @502 &1
g b3 Eas ¢ di T laccase’t oW A EAF FU18EY T
A e uHEEA RASFES AtsAZIta BRauwds gz
laccaseE A&t A77F w538 I AT 1984d Sariaslanis ©] laccase
7} chlorpromazine®] E3slo] vH =4 WekZ3135E9 rotenones AF3FA]7]
thil BAstAA A5 F laccase-mediatorgb= Aol AV|HAL Fof
Kawais©] syringaldehyde®} 37| polymethoxylated benzylalcohold 4F3}A]
ot Bastgi oy, ol Agstaig A steatEe] #AlS FojliA et
St 2 1990 Bourbonnais ¢} Paice= laccase/ABTS

=
=
i
o,
-4

{2,2" —azinobis-(3-ethylbenzthiazoline-6-sulfonate)} 7} veratryl alcohol®} 7
HH =4 JadE2dS3ES #3g ®uk olye FX o] kappa numbergE 7+
22X B (7)) 3 o], CallZf MuckeE  mediator A
1-hydroxybenzotriazole ~ (1-HBT) = k7 3} o Hxgus ks
laccase/1-HBT system A 522 pilot plant o= A &stATt (14). 1
o]%  Anann (1) laccase mediator24]  violuric acid (VA),
N-hydroxy-acetanilide (NHA), 3-nitrosochinolin-2,4-diol (NC)¢} #<& N-OH

g Feas duES RadgY (29 1.
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NOH OH
N (0] (¢} NO
-
N H NYNH T o

1-HBT VA NHA NC

2% 1. laccase-mediators®| 3}s++=

A F7HA Bz g 71 9943 mediatoreE< 219 1949 o] F+x

51 old], L o]f+ laccased] o3 A

O-N radical®] A4 ¥ 32, I radicale Hgslar golstA BEXMHF o072
l_%—‘:‘—

3], NHAE A F7HA] Had

=
2
?
@)
T
I
U g
ftlo
_?{_r‘
Ho
&
o
xt
il
ll
o

mediatorgol A 7HE 73 235 vede A 9 stvE dA8Ha dvt
(49). H<ell= NHA®S stehz ®golyp bgg a&Hol2oA Faist=
mediators ol 3t AF7} HuF X glt} (8, 84). L&} laccase/mediator
systeme] @AM o2 Hxyguwol g FHoE HELHI AHPstEY] A=
laccases W@FAAE 7 Qlojof star, 7]Ee] AlA® Ho v gyAQl X
FulA|=glo] Sy uEojxjof ghrh E AFEA &5 chip pile=FH &
St Trichopyton rubrum LKY-7 (T. rubrum LKY-7) 7]&29] w2 H3 3t o
Hlate] gjadiasol ¢sta gead dedo] Hojwtom (37), «uHA
Pl A el ® laccase= Aw7HA =ul-¢oA Bud A= vhE SH4S U
BFaL, 7 e mediatorsol tiete] 53 71d SolAS vt whebA,
A A= vte]l e VeSS o] &dte] 1) TrLe &, AA 3% 54 ﬁ“’éﬁr
A AAA g9, 2) Bxgdo] 53 laccase % mediatore] 7

xylanase®} Trl/mediator system® &3] 3 a2 HEstz H=

EWAAE SFYsa 43

o

2. A=

et
T
=

7}. T. rubrum LKY-7 laccase® AAts A A
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1). Microorganism

A BFAGe 95 chip pile2FE #8332 FF= GC-FAME
(gas chromatography—fatty acid methyl ester) technique (Microbe Inotech
Labs, Inc., St. Louis, MO)°ll 2]&}o] Trichopyton rubrum=} vwi$- AR o] <l
= AR HAEHO HAXHOZ Trichopyton rubrum LKY-7 (T. rubrum
LKY-7)o. 2 WH3sAat. B F+E potato-dextrose agar (PDA) plateol] A 29
T, 545t mste] platese] 7HgAte]el Al 0.5cm 27 ©] agar blocks o]
U spore AAitd HEF:P oz ALE3FH T spore AAF2 long-grain ricedl agar
blockS FHF3dlo] 29CoA 743 wjkst & Fd X0 F spores A FH )]
spore 552 1.0x10%mlZ ZA 3] A}&5 %),

2) laccaseB2Hs 9g wiA| 24
laccase A2 $13  wix|iE= basal medium (Kirk's medium) 2}
glucose-peptone medium= ©]&3t}. basal liquid medium® T4
glucose 10 g, 20mM sodium tartrate (pH 4.5), KH:PO4 0.5 g, MgSOQOj, - 7TH20
0.5 g, CaCl: - 2H20 0.1 g, thiamine HCl 1 mg, Tween 200.5 g, trace element
solution 70 ml (per liter)©] 2 trace element solution< nitriloacetic acid 1.5
g, MgSO4 - TH20 3.0 g, NaCl 1.0 g, FeSO, - 7TH20 0.1 g, CoSO4 0.1 g, CaCl
2+ 2H0 0.1 g, ZnSO4-7H20 0.1 g, CuSOs-5H20 0.01 g, AIK(SOs)s -
12H0 0.01 g, H3BOs 0.01 g, NaMoOs-2H-O 0.01 g (per liter)e|t}.
glucose—-peptone medium (pH 4.5)< glucose 20 g, peptone 10g, KIH.PO4 1.5
g, MgSQ, - 7TH.O 0.5 g, CuSO, - 5H20 20 mg, thiamine HCl 2 mg (per liter)
2 TAEH
50 mle] #iAlell 1.0x10%ml% %43+ spore suspension 1.0 ml% 5 ZE&}o]
29Col A 10¥ =oF AX = Wk (150 rpm) ®i¥stAt. &3 T. rubrum
LKY-72 Hj %3}l potato dextrose agar (PDA) plateZ5-E &7 05 cm=7]9
myblock 271& @l 50 mle] glucose-peptone medium o] =9 A
w93l A, block 270 50mle] glucose—peptone medium®} A sHA =4 st
o] 150 rpmolA] 10€7F 2k w3k}, v ko] £ culture mediume A+

AE AAZ 3 laccase activity S48 XE ANz ALE3HY
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3) laccase inducer B4}

laccase inducer®A gallicl acid, guaiacol, ferulic acid, vanilic acid,
lignosulfonate, syringaldehydes ¢ phenold E&3 ZIUY  (Quercus
variabilis) S%#(60-80 mesh)S glucose-peptone mediumo| Z7}ste] T
rubrum LKY-79] W3t laccase FE=& Y= AESATE ZF phenold =22
T. rubrum LKY-7<% glucose-peptone mediumell #&3te] 48A17F sk &
7Fetd . R YE BE2 2 glucose—peptone medium iAo 0.5-2% (W/W)
A7vste] Hit = JFaAh o]l B F dAMAE A Fste] Al ALl
Folel& 20 mM ABTS (Emax = 3.6 x 10'M 'em D& 7142 420 nmel A

laccase activity® =743t 3342l laccase inducerE A3} t)

4) laccase®] W= A4S 918 T, rubrum LKY-7¢] 1174 3}

05x0.5x05 cm 2719 nylon sponge°l| glucose—peptone medium¥} &7
nh g EARAE A F skl 29Tl A TAZE wistol A AT EE vk
T AFA £ ca-alginate beadsell A 3}e] laccase AAAHS 93k A5 Hdo = ALE
3tk T. LKY-7 # A7 249 nylon sponge®l| glucose-peptone medium
< #H7tslte] 99 Eotk wlgstH Al laccase AiteS HESA AL, T. rubrum
LKY-7 T#AA 7} A9 ca-alginate beads ¢F 3 gol 50ml¢] medium& # 7}
3lod 9 FoF wjkEt WA F7]H O E laccase activityE A ATk =3 7
A7t %S FUIER sl AEHOE mediumS H7MEFW A  ca-alginate
beadsol ¥ T. rubrum LKY-7¢] 3+ laccase HFAAAS 918 A&54<d

W) Fg A Sl o,

5) T. rubrum LKY-7 Laccase®] A#| 9 57
Ca-alginate beads®] LAY T. rubrum LKY-7 #5Z& o]&3}lo laccase
inducer24 FUF & 1% (W/W)S #H7F3F glucose-peptone medium®l] A
74 tAo 72 dAEHoz AT Z2a NS stirred cell (Amicon Corp.)S
o] &3t F=3 & (10-kDa cut off) -20ColA freezing 3} THA|
thawingdle] 0.4 p

m cellulose membrane filter= polysaccharide fraction= A
Astgt. 5 34292 20 mM sodium acetate buffer (pH 5.0)o o 3}¢d
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dialysisdt & v 22 3714 dAE F3to] 345 &5 B HASAG

- Q-sepharose (Pharmacia)®ll 2] ion chromatogrphy
- hydrophobic phenyl-sepharose (Pharmacia)
- Superdex-75 (Pharmacia)°ll ¢]3} gel-filteration

Laccase®] @A %9 molecular weights® SDS-PAGE®)] ¢]sle] 3H¢1&+sd
t}. laccase® Redox potentials Xu S¢ WHo=z 20C, 10 mM MES (pH
55) oA KsFe(CN)¢/KiFE(CN)s= 4 515t

A laccase?] 2% AL 25-80TC ] Z=WH oA 5-60% wjdste
AE3AY. ¥4 pHE ABTS® guaiacols 7|22 3ol pH 2.004 7.0 ¥ ¢
7HAl AASFG a buffere 50 mM glycine-HCl buffers(pH 2.0-3.0), 50 mM
sodium citrate buffers (pH 3.5-4.5), 50 mM sodium acetate buffers (pH
5.0-6.0) % sodium phosphate buffers (pH 65-7.0)2 A}-&3}31t}. inhibitors
o3 &2 inhibitor =3} 50 mM sodium citrate (pH 3.5)°1 A guaiacolS 7]
A7 Abgste] FA sl

Y. T. rubrum LKY-7 laccase® 3}t x F & $]3 mediator A%
1) EME laccase A2+ A A

T. rubrum LKY-7 A A4 HFES  glucose—peptone mediumol] A
homogenizedt th&, 2% Na-alginate & H3 &3}sto] 2% CaCl,g Ao T
Aoz Wolrty encapsulation A Z T ca-alginated] TAE T. rubrum
LKY-7& #UYF EES 1% (W/W) #7138 glucose—peptone mediumol| 4 7
A7+ W 3 glucose—peptone medium® A 3= HH O F 5 cycle WFA S
i kS A ATk 3 i E @i dow 3o stirred cell (Amicon
Corp.)& o] &3Fo] 108] =3ttt (10-kDa cut off). 4L 90% E3F= 9
ammonium sulfate= ©HAS HAAZ $ 2%F9 20 mM sodium acetate

5

A
buffer(pH 5.0)°1 &8stz thA] T  bufferd] wHsle] dialysisd o
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Q-sepharose column(Pharmacia)®l Al one step A A3} t}.
2) laccase mediator

B o] Al83}= laccase mediatorsi= U= Oregon State University 2]
Kaichang Li w57} A ste] Algd AS o] &3t th

3) laccase/mediatore] 2]3%F & X 3% 9

7b) laccase®t NHA, 1-HBT 2 VAel| ojg 2 x|

500 ml flaskell 50 mM sodium acetate buffer (pH = 45)% pHE =4
F 2%sxe HAds vEY AGgZEIAIZ 50 g (odes ¥ ¥ 29
mediator (10 mg per gram o.d pulp)®} one step AA3 T. rubrum LKY-7
laccase (TrL) (15 units per gram o.d pulp)= FYJ3te] 60CNA 423+ &
st 3 filteringste] Al st Ald®E Hixol 1/2 (¢F 25 g)2 5% %
ziploc bagolAl 70T, 90%3+ &Itg] FEF (2% NaOH on pulp, 10%
consistency)dt i T2 1/2 (¢ 25 g)& ziploc bagelA 80T, 4417k5er <47}
Y- AstEAE W (2% NaOH and 0.05% MgSO4 on pulp, 2% H:02 on o.d
pulp)& AAEAT. &rtelFE 2 dte-Aaksaea 2WE HEZE micro
kappa number method®l] 2]3te] kappa numberE =743}32 TAPPI test
method T218 om-83¢ ¢]&}4 handsheetE #1333 Th2 TAPPI test method
T525 om-86¢ll ¢]3te] handsheet®] ¥4 %= (Brightness)& FA sttt Hlas
Aste] enzymex @atA] 2 Hixo] diste] &ty FE Lt -k
2 g3 @z w9l Kappa numberE controlZ &1t}

NOH

” OWO
L\ N
T o T HN NH
on hig
OH o

NHA 1-HBT VA

1% 2. laccase mediators®] 3}t =
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1) TrL3} N-hydroxypyrazinone X|3ka|ef| o3l H>x 33w

a9y 33 72& 3% ¢ N-hydroxypyrazinone 3 3#|Z laccase mediator®
sto] Do Ao} 22 o g Hx ¥iS A A8 pyrazinone 32 3,5, 6
o9 x|of] w2 X gA| o] AP E s H

LLT XY QLT

NHPZ.1 NHPZ.2 NHPZ.3

IL

FEo] vA= JFE A

29 3. N-hydroxypyrazinone analogues®] 3}8}7-2,

}) TrL¥} N-hydroxy-2-pyridone X|&-Ho] o3t HxZ g

1=

N-hydroxy-2-pyridone A& ©hdst Fo| fungiolA A

so

s

ow 19 4%} Z& I EES laccase mediatorZ 3t Aol Aol e W

Moz Hx yulg HASY] N-hydroxy-2-pyridone®] 2| 2|7} & 2 37 9 o

sBeNeq égfi

NHP.1 NHP.2 NHP. 3 NHP .4

a9 4. N-hydroxy-2-pyridone analogues®] 3}3++=%

t}. Xylanase ¥ TrL/mediater systemo] &3 H= g4

sHAYEgn AFHAA HAS 1594 =FFUF (Quercus variabilis) 9}
AA AUF (Pinus densiflora)E chip3t o] 22§ digester(capacity, 4
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Liter)& ©]-&3}%]

=3
o
BN
N
o
frt
=3
=
ofo
iy
)
[H
|m
i)
[H
il
2
:
2
o

%1 AgzE "z x4

Pulping condition Quercus variabilis Pinus densiflora

Active alkali (%) 18 20

Sulfidity (%) 20 25

Wood to liquor ratio 41 4 :1

Max. temp.(TC) 180 180

Time to max. temp.(min.) 60 60

Time at max. temp.(min.) 150 150

2) Xylanase ¥ TrLel| €3k Z=xo] xul

Xylanase™ Bacillus subtilis® H 83t xylanaseE ©]-&3}% T}
500 ml flaskell 50 mM sodium acetate buffer (pH = 45)= pHE =43
2% AAVIE Ads 2 s vEY AgZEZFZ 50 g& ¥
HZ gram T 15 U9 xylanase®} TrL& zHzt F4&to] wkg-2% 30, 40,
50, 60CelA 4x3F Agatity. A7t & FZ= AHg 5 Hxp
5%, A717]% BE gram 3 0.05% MgSOQ, 2% NaOH, 2% H.0.& FH3)
aL ziploc bagoll Al 80T, 4A1F &7te]-#ikstea Aes AAlste] WA

¢} micro kappa numberE =74 s} t}.

=,

3) xylanase ¥ Trl/mediater systemol] <3+ 33 3
7} nlxw 32X EHE O] xylanase®t TrL/mediatorel] 23 &3]

E¥gA 8= X+L+AHSF X+L+L/M+AH (X = xylanse, L = TrL, L/M =
TrL/mediator, AH = &7tg]-ZAtst¢4) AEE 7|02 3kt 50 mM
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sodium acetate buffer (pH=4.5) & pHE ZH3 2%F =9 IA4 2L FA4
MY SdZEHILE 500 ml flaskell ¥a AA7EeR HEZ gramT 15
U9 xylanase®} TrL % 10 mg9 mediatorE FYst2 ¥ 2% 50Tl A
ANZFESE WA gkt vhgo] ' Hx= AlFH 3 v, ziploc bagell A
80T, 4A &7t -H4atkste4a A=(2% NaOH, 0.05% MgSOs and 2%
H202 on od pulp)E AT th&, ol eh 22 Wow

kappa numberE =74 31t}

i

) njxw 32X EEHE O xylanase®t TrL/mediatorel] 23k A<

AEAYE X - L/M - APZ 7IFo2 A stk 500 ml flaskel 50mM
sodium acetate buffer (pH = 452 pHEZ ZH3 2%5Lo Au7= AJ+
2 g vEgEW IEIZE HZ 50 g2 Yl HEET gram T 15 U9
xylanase® F3Fe] 50T oAl 441 7F 59 xylanase A &3 o} ThA] A7
= "X gramT 15 U9 TrL % 10 mg® mediators Y3t ¥F%= 50
Tl Al 4A1%F TrL/mediator A glstdth A7 & BZ= oA et &
W oE 80TAA 4x st dvtg-#ststraA e (2% NaOH, 0.05%
MgSO,s and 2% H:O2 on od pulp)E AAeH v}, WAEZ9l micro kappa
numbers =783kt

oz

3. A

e

7}. T. rubrum LKY-72. 2% ¥ laccase? Atz A
1) T rubrum LKY-72. 2% E laccase Ak

T. rubrum LKY-7< basal medium (Kirk’'s medium) oA+ spore %
AR HE A wl = AFS BolFQIA laccase activity® - W2 4
©o 2 uyepytt} (data not shown). T. rubrum LKY-7¢ val® mycelium
glucose-peptone mediumell ko] wwt wiFsls w 1™ Sol Aok 2ol

i 294 FE laccase’t AEHO wlY 6¥H o= F 72 Umly =<

to FN
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laccase activityE Ho]F3 1 o] FHEHE i #Aise AEFS UERW
il

r1r ﬂ

mycelium blockS A % ]
WS e dybA o vkopom wjeF 7R °F 3.0 U/mle] -*Jtﬂi]% =
EfiTh dbA ol sporeE GA| v Folvt wk vl S ] f-oll = wARA] Hl el
Hjste]l HAH O 2 laccase activty® WAl WERWE O™ uRMERSEA] °F 3.0

U/mlé] HAE e

o

—e— S.Shaking .
6 L —— S _static

—a— M.shaking

—e— M. static

Laccase activity (U/ml)

Incubation day

12 5. Glucose—peptone mediumoll M 7. rubrum
LKY-72 2 FE laccase A 2t

2) Laccase inducer 4

Laccase =& 3= 204 ¢} Zo] phenold EZA] 49 ferulic acide}
gallic acid®] 7oA 120-140%AH = YEl oy 1 99 g3EoA s AA
UERA] erdth 53] MR- Fqto] ois] &4 <2 laccase inducer® &# %l
26‘Xy1idine94 Aol 2 FREEIAE A HEuA k. vk =3y

ol Agoli= 260-330% 4 =2 laccase FrE=&I7F YEIY B T
laccase frieole =3y Hito] wig- E3H< Ao HEHJG =3
F OEES X 3 05% #HI7FsEE S A9 laccase activity= ©F 19

U/mlel A 1.0%9] 745 23 U/ml 1831 2.0% H7FstdS o 24 U/ml= 57

o =5
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3te] TrLel inducer24 A Z3uF St JA7FES 1.0%= HES S

¥ 2. laccase S $1%F inducer &3}

Inducer Laccase activity Relative activity
(U/ml) (%)
Control 7.2 100
gallic acid 8.8 122
guaiacol 75 104
ferulic acid (ImM) 10.2 142
lignosulfonic acid (1mg/ml) 8.2 114
syringaldehyde (1mM) 85 118
vanilic acid (ImM) 6.8 M
2,6-xylidine (25uM) 7.6 105
Oak woodmwal 0.5% 19.3 268
1.0% 23.4 325
2.0% 24.2 336

3) 2A3HE T. rubrum LKY-72.Z5E laccase A4+

Laccase®] &AL 9 ASLAAES fstd T. rubrum LKY-7 TAHA =
nylon sponge % ca-alginate beadsol TAIFAIZ & glucose—peptone
medium®] F &3t laccase®] HBitss AESIAUT nAstd domFE A
2HE laccase activity= ¥ 69149} o]l nAHS) HA &2 o] HFHY
T} =90 ca-alginate beadsel A AlZ S w7} nylon spongek®. T} Thi
=7 YEbdtl. ca-alginate beadsel 1ABAZ T, rubrum LKY-7T04F%
laccase inducer®4 = UF BES 1.0% #H7F3F glucose—peptone mediumol
HEote] 7dEd WMGE TGS g dS st Al glucose-peptone
medium< B FeHAA 74 H4 & sl H A laccase AEAAS
Azstadnt. 1 A3 % 33 1" 7oA 9 7o) five cycled] Eujekol A 20
U/mleld 719 443 laccase AiHss vebdlo]l 1nAstAIZl d50 9%

laccase®] tZAske] 7hsd Ao

N

o
u
a1
N
rO

fr
b
i
i
o
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Y
o

—@— free
—— sponge
—A— ca—alginate

[0}
|

Laccase activity (U/ml)

o
N
S
(o))
[e¢]

Incubation day

a8 6. I™3E 7. rubrum LKY-7T2 2 £E Laccase
A A

¥ 3. ca—alginate beadsl ZAH T. rubrum LKY-72%F laccase? 9%

CR

No. of cultivation cycle Laccase activity (U/ml)
1 cycle 10.4
2 cycle 229
3 cycle 23.3
4 cycle 22.7
5 cycle 24.0
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25
|mmob|\
= 20
E
2
> 15
=
2
s 10
0
(4]
3
© 5
—
O |
21 28 35
Incubation day
08 7. a™stE T rubrum LKY-72 2 FE] laccase
9| db od MAL

4) T. rubrum LKY-7 laccase?] ¢, A4 4 E#

Ca-alginate beadsol ZAA T. rubrum LKY-7T7FE o] &3t 74 7+24
o2 dA&EHoz AYAdE culture mediume F33F3L 20 mM sodium acetate
buffer (pH 5.0)°l thale] dialysisdle] E 404 ¢ o] AA8F% . laccase?
A= 3 chromatographic step @ 3J3te] H 2™ Q-sepharose chromatogaphy
stepl A= FF culture medium® ZAFEFEo] A AAFH L )9 laccase
fraction®] ¥ 21 phenyl sepharose chromatography stepolA =<
laccase activity$} o} S activityE 2t F 709 laccase fractiono & U}
FoA  aFelA HAS 4 ¥ activity®  ZtE  fractiono] o3
gel-filtration chromatography& AAlste] & <F 40%<] A ¥ laccases
At AAE laccaser 18 BoA ¢ o] SDS-PAGEdA wrdwl= 2 A
A oF 65 kDa2l A AE laccasez &3 H At}
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¥ 4. T. LKY-7 laccase? AA

Volume Activity Protein SP act Yield Purification

Purification step (ml) (unit)  (mg/ml) (U/mg) (%) factor(fold)

Culture filtrate 5,400 13,500 0.25 10 100 -
Concentration
(10-kDa filter) 52 10,900 2.70 78 81 8
Q-sepharose 25 8,600 2.50 173 64 17
Phenyl sepharose 20 6,400 1.50 210 48 21
Superdex-75 10 5,400 1.80 300 40 30

(1 P M1

07 4 = =

BB 2= =

A5 0= =

3100 -

21.5= &

14 4= —

a9 8 AA" T. rubrum LKY-7 laccase?] SDS-PAGE profile.
Protein was visualized by silver stain.

Lane M: protein marker and lane 1: the purified TrL.

Multiphor apparatus (Pharmacia)elA] pH gradient 25-75% 5.0%
polyacrylamide slab gel® =43 A" T rubrum LKY-7 laccase (TrL)
9] isoelectric pointE= 4.00]1% 2™ UV-visible spectrumelA 278 nm<t 610
nmol A Z+ZF 022 2 0.0099] absorption maxima®t 338 nmelA 0.0052]
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shoulder’} #& % %131 T3 biquinoline titration®] 2]3}¢] protein subunit 3
25%0.79] copper atomsE zZt1 = Ho =z yEY HAE A2 fungal laccase
9} FAFSE Ao 2 HAELZAT pH 55904 TrLe redox potential E, = NHE
(Normal Hydrogen Electrode)ell thale] 0.54+0.024% 0 & et

5) TrLe] &&=<Hg¥ #A pH

50 mM sodium tartrate buffer (pH 4.5 4] TrLe| =X tjst 44
< 19 3-99 448k o] 50Tolatol A= w9 kA s ot 70T o]
AqXE FA4GA B35t 80ToA = 107 ool ¢hds] Ed4ste
o},

TrLe HA pHE 17 3-1091A4¢ 2ol ABTSE 7|22 S of 3.09]
13 guaiacol®] A% 35 AER Y3 Moz yElykow pHolA 9 TrL
o] ¢4/ pH 3-4Kth pH 5-7oA o E9kil 2% A% pH 32T pH

6o o =A e

Q=
.
[e3]
2R

=

120
100 ¢ - J
X
< 80
2>
= ‘
g 60 —e—25°C
° —=—50°C
= ——60°C
8 \ \’\‘LOC
o
20 * —9®
)K
0 L X X L
0 10 20 30 40 50 60
Time (min.)
38 9. 7. rubrum LKY-7 laccase2l 2= 2+ M|
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120
—&— ABTS
100 —e— Guaiacol
)
< g0 |
>
=
is) 60 r
©
[0)
>
= 40
©
o
20 \k‘\
0
1 2 3 4 5 6 7
pH
O 10. 7. rubrum LKY=7 laccase2| pH el &4 .

6) T. LKY-7 laccase°] W3} inhibitors®] &3}

50 mM sodium citrate buffer (pH 3.5)91 4 guaiacols 7| & & dlo] LWk
2l laccase inhibitoro] ©Hste] TrLell et inhibitionE¥E HE3sHSIH
inhibitors 2t-&& 3 59149} 9] sodium azide?l 4% 01 mM2 ¥ %
o 4 100% 713t inhibition®] HEF Y om 1 o= sodium azide & =9
Hlsle] 108] o] 4] FXollA 100% inhibitiono] ¥ E ATl L-cyteineo] 1}
dithiothreitol 2 1-50 mM2] s=olX &3}A OS2 TrLo] inhibition 21.0.H
tropolone 10 mM9 =XkolA 100% inhibitiono] HAEZcE wrHAEG p

—coumaric acid® A% 50 mM9 S XA X ¢F 36% inhibitions ‘FEFWTH
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¥ 5. TrLel W3t inhibitor &3}

Compounds Conc.(mM) Inhibition (%)
Sodium azide 0.1 100
Sodium fluoride 1.0 100
L-Cysteine 1.0 50

5.0 95
Dithiothreitol 1.0 82
2.0 100
Tropolone 5.0 65
10.0 100
p—Coumaric acid 1.0 15
5.0 36

Y. T. rubrum LKY-7 laccase®] 38F X X9 93 mediator AL

1) T9g TrL A2k A A

==

6ol e Zro] ca-alginate beadso] encapsulation A% T. rubrum
LKY-7& #UF BF 1% (W/W)7} H71d glucose—peptone mediumeol 4 5

=
3] Wkl wjokale] oF 4800 mle] F&ANES 3|43 al laccase activity=

(

Z 72,000 unitd E=AJ . F=, ammonium sulfate XA, dialysis ©AS AA
total volumn 15 ml (laccase activity ¢ 51,000 unit)®] ZZ4ANS
Q-sepharose column (Pharmacia)ol4] one step AAst] F& < 60%

laccase activity 43,000 unit®] &4 NS do] H=Z F WG JaccaseZ ©]-&3F%

o,
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¥ 6. T. rubrum LKY-7 laccase? 1974 A A

Fungi Purifiacation step V?rlll]lgl € A(i[;’gy %};I)d
(o]
Culture filtrate 4,800 72,000 100
Concentration(>10 kDa) 450 62,000 36
T. LKY-7 A ) It
mmonium sultate
precipitation 15 51,000 8
Q-sepharose 20 43,000 60

2) TrL/mediatorel] <3+ &3 3

=1}]

=5

7} TrL¥ NHA, 1-HBT % VAe] ¢t H=

=51

TrL¥ A F7kA $-93 laccase mediator® <21% NHA® 1-HBTE
H|%35to] VAE mediator® sto] I AZEI IS A3 thg Ity
= 2 Gt -ikstea s AAlske] WA=} Kappa numbers 574
of FMAdE HESIIH. v
HE s dvte] F53 Srbe -tk Aevt degivh 19 113 12004
¢} Zo] TrL/mediator % § &7te] FEA WAE== 7o Wstrt gloy
kappa number= Faxdhglal d7he]-dpAbshps o= WA She}
kappa number #AE WERWT. &7ty FEAARG vt =3 kst
2 WS EAo AAEES W WMAE =719} kappa number 74 © &
A o] At

TrL/NHA® 729 &7tg] F=olA 25 &7te]-#Aatstas guloA =
2.8 4 =9] Kappa number 7+4¢} oF 10% ISO Wi w F7t=2 7bg G344 <Ql
EAds uErdnh ¥hE 1-HBTS VASl 49 2+7 1.8% 124 %=¢] Kappa
number #2429k °oF 6% ISOH =9 WAL F7HS vekd] TrLell diéte] 7]+
o] mediatorz ol A= NHAZ} &34 <] mediator® 2835 HoFAT

iy
i m[o

=Ll
STIE=

]_

of

23k controle mediator® YA &

R5

[l
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50
EAE

_ % [ maHB

?

< 40

® 35

()

=

c 30

=)

D o5 b

20
Control NHA 1-HBT VA
Mediators
T8 1. LIte| FE(AE) Bt YFte|-mhibakg A el
(AHB) %o B = WM,

©

O

S

>

=z

©

(e}

o

]

X

Control NHA 1-HBT VA
Mediators
O 12 It FED LItE| -tk T
Fo| T kappa number.

1) TrL¥ N-hydroxypyrazinone X 3kAo| <3 =

N-OH 1&<&

A E o] &3}l pyrazinone

3T

F

EARIA

3T 3
3 3% o)

o

2387t 2
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Z oA 2%F9 N-hydroxypyrazinone %]
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S A9 29 133 149049 2o] TrL/N-hydroxypyrazinone *| k]l
olg WEEue WA 3% 150 4wl A% F7he} 07 A% kappa
number A5 UERY EW gt 32 kil HE3SE pyrazinone®d o] X 2HA]

AdF ezt 22 gl mAe = A vERA] ok

45
EAE
— 40 M mAHB
@)
2]
R 35
(2]
)
(0]
£ 30
=
=)
D o5
20
Control NHPZ .1 NHPZ .2 NHPZ .3
Mediators
O3 13 Y7t FE0 LIt -nfMtstea Fu
Fo| WT wiAT
27
o5 EAE
M AHB
P
IS
z
p 21
Q
g 19
X
17
15
Control NHPZ .1 NHPZ .2 NHPZ .3
Mediators
T8 14, YTtRl F &0 YTte|-Dpste A w2
Z 9| I Kkgppa number.

- 105 -



oh) TrL# N-hydroxy-2-pyridone *|ZA| ol o]t H 3 37 vl

TrL¥} N-hydroxy-2-pyridone X|3a|e] ojst Hxxwl Ay 3 153
16el ek el NHP.19] Aol 7b s-efglorn Tar5& NHPSE e
WStk = NHP19 49 &7bg] F3Eolu &vte]-aitsts ol 2] 5}o]
Kappa numbert °f 28 A% Zadtil WAL= O—F 8.8% ISOA = Z7}ste]
NHAS}F fApgh 23 A
7he]-3kskaea &
= o 58% A% Ttk oy & ASA A oA =
i NHP.13# NHP5° A& Aesta 2 Aol7b =aA o}
N-hydroxy-2-pyridone X 3-A]¢] Fefol o]t Bz gl Fijolx= A4k 4
& Ad = gl

}:Ll
=
il

b
=S|

rir
[
=5
=
fof
A
N
A
o
o H
p‘L

o°{‘

50
BAE
4 EAHB|
? a0
R
@ 35
o
£
930 |
m
25 |

Control NHP.1  NHP.2 NHP.3 NHP.4 NHP.5
Mediators

15 Yotel £ 5T Yotel-BtEte L EY
k=3 = HY
T =
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27

Kappa number

Control NHP.1 NHP.2 NHP.3 NHP.4 NHP.5

Mediators
O3 16. Y7t =& Lte|-atotstpeA FH
Fo| E = kappa number.

ol x¢] Aol A natural cyclic hydroxamic acidolA] f#id N-OH
group< 33+ N-hydroxypyrazinone® N-hydroxy-2-pyridone dialogues?]
Fugde AgAle] oA FEg Aols wHdT vk gl Aee
electron-withdrawing group® electron-donating groupel| &3k o] & A
o7 dqFHol F5 oo i HEV 29T Aow AzErh

l‘

natural cyclic hydroxamic acidolA] r2s N-OH groups 233+ &3t
2 FA AF7HA 43 laccase  mediator2  4Elzd 3EEI
N-hydroxypyrazinone ¥ N-hydroxy-2-pyridone X 2x|e] W EA S HESH

A3 TrLeo mediator24E 71£2 NHA® N-hydroxy-2-pyridone2] NHP1
ol 7k S ZWERE vewlth webs TrLy NHASH NHP.1S
mediator® sto] T A ZE] wE FMA S FAFSFSA T
1% 17, 1804 9 o] NHA® 49 FY¥ TrL-& 447k vkgo A
2 gA4s 9 on Kappa number 7+A<9} Al 7} 24 7+
A ArREA Ol 7 A vYEb AL 1 o]l F 16A1HA] A el W E vt
A g Skth NHP.19] 5ol 2A17He] whgol A o]n] laccase® €42 7

=

=)
5

ki
ol\
rir

W3 A

fus

)
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o] YEhA &% BWME A= w2 24 ke Al AA7HA whSel A 7L

2 vhebtm 2olge] mAe wuEdel 2 GReA @b Aow
1

kappa number #AA7F #AEHE Z2 9Sx7]o] laccased 9ls A
mediatore]l - O-N radicale] A% AAHE radicale laccaseEd o] §lo]
Holx <kgsta golstAl BEZHH Hoz FsIe A wkgo] dojii=

Ao AztEr)

50
45 | B S—
:c/); —O—NHA (AE)
2 40 —&—NHA (AHB) [
‘g,: —A—NHP 1 (AE)
2 —&—NHP 1 (AHB) | |
_g) A
= A
= =1= 5 =
30 A
25
0 1 2 4 8 16
Bleaching time (hour)
T8 17. Trl/ mediator ZEEHOf| A FEEA|ZEO| E x|
A of| O|X|= A&
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27

25

Kappa number
n
»

19 [ —O—NHA (AE)
—— NHA (AHB)
17 HH——NHP 1 (AE)
—&— NHP 1 (AHB)
15 | |

0 1 2 4 8 16

Bleaching time (ho

ur)
18] 18. TrL/ mediator ZEEH0{| Al FEHA|ZE
kappa numberol| 0| x|= 24 &k,

L
K

to| H 9|

t}. Xylanase ¥ TrL/mediater systemo] 2|3 = = ¥

1) Xylanase @ TrLol ¢ HxLo] 3w

Iz
lo
=3
=
oX,
o
o OIN
X
o
£
O
-4
j«l
2
N
)
&
lo
=
=
FI

25%9] ¥ efE sh
Fol A xylanaseE E W34 01%3}1 Ak 2y A A Xylanasefﬂ 125
g gae AgAeln
enzymes®t W83t 3o ‘%"Ell‘dolur Az g o &3Ad Fleojth
HE laccaset MnP7F 43t A2 gads Rty s gulslx
T 258 ARl gad e 1

al

)
Y
_12i
i
&
(@)
(e
Q
w0
(@)
v
=
=
=3
o
\1
s
0
=)
B.
=
o,
<
=
o

rlr
>,\I
rlo
2
o
)
é

Tl o]&3} ligninolytic enzymes®] X ZTw g
5 F7MAZI7] fl8te] FUHAl &8 o]t EAE EFete] Hx i
of gt AT 2ol JyEJom AA| ol HFI A aHE
ety &= Aoz Ruda Qo 2 AFAME TrL3} xylanase2te] W&

Az 2 2y ZAAS TrLgEZMAS /MM TrL/mediator systemoll
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FZo] WE xylanase$t TrLe FZ A S AES 7] 9] £ 7
zrRow YT (299 AUF FHYEHE AA AgzE
sttt Az AgZE X ¥ 3 | =3l A4
WAl 3329 (ISO), Kappa number 155, Ay wlAle 2989 (ISO)
Kappa number 22424 o]& HwWg HAxg o]& 3t} HuE 93k
control< enzyme A&l& 3d}A & &b -Akst
gAeE WAE 473% (ISO) Kappa number 15.5%
36.6% (ISO) Kappa number 17.0°] 31t}

A2l HEZZA

&
S

=5

7. 2RTe aufel adre Wus @ Avte-HaAsssAe o

Alw "9 Kappa number

Control pulps Brightness
. Kappa number
(no enzymatic treatment) (% IS0O)
Hardwood Before alkline/H>0s 33.2 155
After alkaline/H-0- 47.3 115
Softwood Before alkline/H>0- 29.8 224
After alkaline/H-O- 36.6 17.0

Xylanase¢} TrLe| & wE& Fx gWgdS HES] flste] €95
P xeEHI HPF FGGZEFHIE o
15U9] xylanse®} TrL& %
AP skt At e dxes g }F/]—ﬂrbﬂ ﬂﬁlé}‘ﬂ RER
kappa numberE 243 Ay 29 193 2004 HE vHle} o] xylanase
Al Al BFPHZo] AL 6T MY ERHow Fadgon] WAl
=X 473% ISOA 52.0% ISOZ °F 47% Z7}8F9) 11 Kappa number

112014 1082 1.2 A= Zasgivh el Jgedze] 49 24
o] H|3}e] xylanase ﬂfﬂ Z237F A YERA] ‘3%9}3“4 60Co A w2

rlo
N

et f

- 110 -



A dAnAEZ 2 FAE xylanfrolw Hizo| ZESE xylan©]
xylanase Aol oste] o= AL AAEHA L7t -HikstFaA g
ot gl Ea7F foldty] Wil Aoz AEh

55
S %
(2]
® 45
n
(%]
()
£ 40
e
°
0 35
30
Control 30 40 50 60
Bleaching temperature
I3 19. Xylanase(X)2F TrL(L) XMzl & & (HW) ¥
HETEZ(SW)e| WM E,
|OHW.X DSW.X BHW.L EISW.L |
20

Kappa number

Control 30 40 50 60
Bleaching temperature
38 20. Xylanase®2t TrL M 2| F2o| &4 9 A

E T 9| kappa number.
‘I:IHW.X OSW.X BHW.L BSW.L
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xS TrLe Agssis W SgFHE A= 50TColA 71 2944
om WAL F7F 3% ISO, Kappa number 7H4 1.0 A=t A+
HZ o] gl 40-50C7F 7 &b ow Agsto] M= oF 24%
ISO 5718132 Kappa numberi= ¢F 0.748 % 743849 th xylanase®t= &
g TrLa 60Col e =XolAe EwWaanrt 30T Bopke WA e
U TrLe] &% oA xylnased o ¥ HA &x=+= 40-50C¢ Ao =
HEH Ao

2) Xylanase2} TrlL/mediater system® &3 % ALxg]o] o3 Hz g

Addtx o 2 xylanase®} ligninolytic enzymes$}e] HW-E&x#+= ZH7ho
enzyme A gl H|3le] A= Fulo] ] F3F ot} Xylanase®t TrL/mediator
2 HEA4Y 3 Hx g agHrt 15 enzyme? AU A (synergy) 28217
b 7t enzymed] HEZ W gyl H7F Hojxl ZANAE HES Y] 95t
Xylanase, TrL % Trl/mediator?] &3A 29} A&EAZE AT

EFAY = X+L+AHS} X+L+L/M+AH (X=xylanse, L
L/M=TrL/mediator, AH= &7}8]-34tst44) e & 7ITo2 sha
2= X-L/M - APE 7|£22 APl laccase mediatorZ& A=
NHP.1&  °] &3ttt 8xt ¥ 21eMel Zo] EHggEL
xylanase®} TrLe] EFAg P& o WAL= oF 6% [SO 5713t 3l kappa
numbert °F 2 A% A3 oy xylanase®t TrL/NHP.1° 2 E3xg &
W= 84 g4 o2 Yl MAEE 11.3% ISO 57183l al kappa number

AT
=
-
i

2
do = A
)

=2

(
v

o

2
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¥ 8 "YW X EFHIO xylanase®} Trl/mediator A8 H AL5A Y
a2
. Brightness
Control pulps (no enzymatic treatment) (% 1SO) Kappa number
Hardwood After alkaline/H20- 47.3 115
Softwood After alkaline/H20- 36.6 17.0
Pulps treated with enzymes
Xylanase+TrL 53.3 95
Hardwood pulp Xylanase+Trl/Mediator 53.6 8.1
Sequential treatment with
Xylanase and Trl/mediator 56.8 85
Xylanase+TrL 40.2 15.8
Softwood pulp Xylanase+Trl/Mediator 45.6 14.1
Sequential treatment with 45.0 14.4
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