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Fomitella fraxinea

Han-Seok Choi'*, Hyo-Suk Park’, Soo-Hwan Yeo', Seok-Tae Jeong', Ji-Ho Choi' and Myung-Kon Kim’

'Fermentation and Food Processing Division, National Academy of Agricultural Science, RDA, Suwon 441-853
Department of Agricultural Chemistry, Wonkwang University, ITksan 570-749
’Department of Bio Food Technology, Chonbuk National University, Tksan 570-752

(Received November 4, 2010. Accepted December 13, 2010)

ABSTRACT: The influence of urushiol, as an allergen on laccase property of Fomitella fraxinea was investigated.
The enzyme production was reached to the highest level after 10 days, cultivation and the activity and mycelial
biomass were increased by 2.5 and 1.5 folds, respectively, by adding urushiol in the culture medium. In liquid cul-
tures using a Cu-Mn-free medium, laccase lactivity was decreased by 3.8-9.2 folds, with similar dry cell weight.
Two isoenzymes, were purified using anion exchange, hydrophobic interaction and size-exclusion chromatographies.
Both isoenzymes are monomeric proteins, with My, around 67 kDa(Lacl) and 66 kDa(Lac2), and isoelectric points
of 3.67 and 3.81. The optimal conditions for purified isoenzymes were found to be pH 4.5-5.0 and 30-35°C. Activity
decreased by the addition of Fe**, Mg™, Na’, and strongly inhibited by EDTA and sodium azide.
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Laccase(benzenediol: oxygen oxidoreductase, EC 1.10.3.2)y=
polyphenol oxidaseZX4] Cu*'S 73} o] blue copper
protein® 2 E2]-F-3L Qo™ 1983\ U (Rhus vernicifera)
] Zol(Yoshida, 1983)C-=5H A& LElalith. 2=
2FA7F W lS H8]Ek=H, laccase”F F2] urushiol
o Zhgall THAE YA CEA A E BHosh ot
(Fig. 1). Laccase= <%, A&, #8°]ol| o]27]7kX] ZFAA o)
da] B EFo] Jom(Cambria ef al., 2000), 2] &3]l A
A= laccase® A F-919] B 59} lignin®] A4 (Bao
et al., 1993)° #sl= wbA FFollA A== laccases
lignin®] -3, A <] color FA, - (rhizomorphs)] FAJ 7}

OH e OH
. R OH
OH o. Urushiol
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Fig. 1. Laccase-catalyzed oxidative coupling of urushiol.
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A 2 z212] A (Thurston, 1994)0] Fojsh= Aoz
A ol 2 7] i Zo| 7t

Laccasex= substrate®]] thst Eo]AJo] ol polyphenol,
methoxy-substituted phenol, diamine 5 A}AAoY FH $I5}
Al 2324 phenold 22 2181 = 8171 w2l i) AA -
MDF(medium density fiberboard)2] ZAZ}A, ii) 2]3%
AZE B, i) B - AR MR iv) B - SHEA
Azrs} 5 opFst Aol o853 Iti(Couto and Herrera,
2006; Xu, 2005; Minussi ef al, 2002). 53], AL 7]92]
laccase= F4°] §lord, nAE A& FASE Z7A00A
2-g-s17] witel] Whe719] 3 70] 7EEakA] edot Ak
Hog we vl thido] Euk(Widsten and Kandelbauer,
2008; Xu, 2005) AA A 02 H2 755 Arkefof H= 2
A S 7FA 2L At}(Elisashvili and Kachlischvili, 2009).

FrHA(E faxineaye NFEHAE g Al 2o
&ols WAlCE QR E WRHIZE ARSFE T &
FHA A= WiGSEAE T 5, 1995), TFERe] w8 B
E4(Cho et al., 1998; % 5, 1995a, 1995b) & S E)
g0l EX(Lee et al., 2006) 5ol thaljr ¥ A7}
HaEo] ik, -2l o] 9] AtallA] rHAlS Lol
A7 E Ao 2 29] allegy-HraAd £

KeR=ye)
- 359

urushiol



Laccase isoenzymes from Fomitella fraxinea 153

TEAHOZ AAANZ F Jdom, olgt F53} IS WA
o] ALk laccase®t B2 o] ks AMLS B3
tKChoi et al., 2007). Park and Park(2008)2 <=H|Al0]
A= laccase 152 GAIste] L 54 Barghal Q)
O}, A FRtF= TR lignolytic isoenzymes A
sl Ao R GHA| AL T}, Ceriporiopsis subvermispora=
2 117 ©132] manganese peroxidase(MnP)e} 471 o]/
laccase isoenzyme®| <=4 (Nakatani et al., 2010)3}2L ],
Trametes trogii B=3F 27112] laccase isoenzymes A§A
(Zouari-Mechichi et al., 2006)sh= A2 HIE A )},
2 dAFexe Ao ol8rFs S SuirTI A}
urushiol2 ©]-&3}] laccaseZ F=3F10™, 25 72] laccase
isoenzymeS A|8laL 71 5438 A H YT}

H e
oH

=

p

uF
2 Aol ARE WA (Fomitella fraxinea 1K1)
AEWe vlo] A FF e e Base] 4o
2002 7€ Eejatell M A3 1S ARSIt we] BE
& potato dextrose agar(PDA, Difco " iAo #F5 H
S8l 25°ColA Mt T 4°CollA] BESIF oM, 1Y
uieh Al v et

B e

WAHE w55 PDACH HEH F 25°CoA 7 F1t
SAAA 2B 3 x 3 mmE A 22 200 mL 7142 i)
(Table 17} 9] A& Zek=Tol| HE3skd 25°C, 100 rppm
SE2 8 B¢k AFsle] MujdE st

Urushiol 7}0f| 2 ZX[AMAFRF 2 Jaccasestd H3}
HFE 7)En)R] o] LU o 2 HE] Ba)sk yrushiol

Table 1. Composition of the basal medium

Compounds Concentration
Glucose 10g
Peptone 2g
KH,PO, lg

Na,HPO,2H,0 0.lg
MgSO,7H,0 05¢g
CaCl, 0.01g
FeSO,-4H,0 001g
MnSO,-4H,0 0.001 g
ZnSO,"7H,0 0.001 g
CuSO,5H,0 0.002 g
Thiamine-HCl 50 ug
Distilled water 1,000 mL

(3-pentadecatrienly catechol, Choi et al., 2007y WiX|-&-&<]
13 ppmo] H=E H7Fs & AuldFE viA1Y] 2%(viv)ElAl
HEste] Ealgsisitt. w2 25°C, 100 pm =2 3151
o 24 TR wjg=S T8k YAl (4°C, 7,000 rpm,
30 min)é+ & o} ZK(Filter paper No. 2)dto] Wi 7} 43| =
st #Ale 3aste] 105°C AxHoer dAES
=450, vlle A =g ARSI

FE50|20 2/gt ZHE X laccaseRd HS}

718 WA oA F4:0] 2 (CuSO, 5SH,0, MnSO,-4H,0)<
AAANA 7FAA FAF D 2428-S SASIAT. ol
Hl e A dS iAo 2%(viv), W= 25°C,
IHEEE 100 rpmeE &)

TgAaolo|l =X

Laccase A4HS #1814 718 8] 5LE 10L jarel]l ol
h#3F Uk urushiol(3-pentadecatrienly catechol)2 HIA|
%2 13 ppmEAl H7HE - A dtE wiAe] 2%((viv)
HA HEsHATE #lg 717k 0.2 pm membrane filters
THAA AdE 715 FHFHA 25°ColA 1597F ul
AT viFES Y4EE(4°C, 3,000 rppm, 30 min)te]
A e} vjgA o R Fstl o, wdd (S At
(Filter paper No. 2)8F & (NH,),SO,& A4 2.2 (40-80%)
7kate] fAslaL S AlASt 2EA 07 ARESIGITE

lll

Laccase2| MX|

Anion-exchange column chromatography

Sodium phosphate buffer20 mM, pH 7.0)& H&A3}A7
Q-sepharose XL resin(Amersham Co. Denmark)2- column
(2.6 x 34 cm)°ll SX3}3L column volume2] 5H| A=<
Y SFgN o Holiieh. SAxE eSS Y
A=glo] o] column(8.0 mL)ol FU3IATH TY &
HOF 50 &<t elutionr]I] ¥ 02M NaClo] o4 &<
SFgdoZ 1004 52k I M NaCle] 378 5 958
HoZ 501 F 8E3IE o|w flow rate= 2.0 mL/min©]
o™ 5mLA fraction collector® #3835 T},

Columns T3l Yo E2-2 UV detector(83210,
Sycam Co., Germany)E ©]&3}] 280 nmel|4] ZUEHH
stgor, ZE EEELS ultrafiltration(UF) membrane
(NMWL : 3000, YM3, Millipore Co.)& S3AA &S
AAG & §4084S S5l

Hydrophobic interaction chromatography(HIC)

FEAAE AlE 20 uLE 1M (NH,),S0,Z &3 20mM
sodium phosphate buffer(pH 7.0, A)Z H&3}17] column
(TSK Phenyl-5PW, 7.5 I.d. x 75 mm, 10 um, LKB Co.
Sweden)oll FY3IATE oW eluent= (NH,),S0.Z -3l
AA] ¢F& 20 mM sodium phosphate buffer(pH 7.0, B A&
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sl U FEFUE HEN. FEd £de 208
A(isocratic), 20 A:B=8: 2(stepvwse) 7 : 3(gradienty &
105 A4, 6% 6:4 108 §4], 6% 5:5 10—1— A, 305
B(isocratic)% 3} T}

Flow ratee 0.6 mL/min, &3-S 280 nmZ 3}32
™, 13 30% T9E T8kt

Gel-filtration chromatography

AlE 20 uLE 130 mM NaCl2 g33F 20 mM sodium
phosphate buffer(pH 7.0)2 H&3FA |71 column(Zorbax GF-
250, 9.4 1.d. x 250 mm, 4-4.5 um, Agilent Co.)oll Y3}
Atk ol eluent= &Y buffers AME-3F92H flow rate=
0.8 mL/min, A&7 210 nmo|3Uch. A 8= 1% Hi
Loste] a0 S ST T SHTHE Bt £
AR ferritin(440 kDa), B-amylase(200 kDa), aldolase
(158 kDa), bovine serum albumin(66 kDa), ovalbumin
(43 kDa), carbonic anhydrase(29 kDa)E AR&-3fo] ¥
Ae A & A a4l EAEE Sl

SDS-PAGE(polyacrylamide gel electrophoresis)

AAE §4F Laemmli(1970)2] WHS o]83le] SDS-
PAGEE 3} O]-,\;er. Z, 8% separating gelZ} 5% stacking
gel2 o]F01X1 SDS-PAGE®] /342 10 pg protein/20 L}
5uL sample $+%-84(60 mM Tris-HCI, pH 6.8, 25%
Glycerol, 2% SDS, 14.4 mM [-mercaptoethanol, 0.1%
Bromophenol blue)Z} &334t E3E-2 100°CollA 105
7F FEstal 71958kt ol @A size markere
Fermentas(PageRuler™ Prestained Protein Ladder, UK}

AFS A3 S H, Coomassie blue R-2502 FAsH &
gkt

IEF(Isoelectric focusing)

Gel®] %742 acrylamide®} bisacrylamide®] &%=& T 5%,
C 33%% ZH3IL A8 8 ng20 pLs 5L F9| bufferR4 g
urea, 20 uL ampholyte solution pH 3.5-10.0, 100 L. ampholyte
solution pH 3.5-6.0, 500 uL. 20% triton X-100, 50 uL B-
mercaptoethanol, 1.7 mL distilled water, 200 uL 1%
bromophenol blue)9} & 41o] #7]95S ST A

71%9% & gel2 10% trichloroacetic acid &oA] 10%, 1%
trichloroacetic acid 8-4ol|A] 2wt &<t W83t ampholyte
£ A|AS & Coomassie blue R-250= F23}e] E2ls}
Atk olu] pl ¥+ marker2% AmershamAH(Sweden)?] IEF
calibration kitS ARS8} TE.

hAd-& Petroski et al.(1980)2] Wl Fale] =74
st om, gio] €448 syringaldazine©| tetra methoxy
azo-p-methylene quinone® 2 4te}sl= 271 187+] Hb

nmellX Fge] MskE Z4siglon], £
1.0%] F3ES S7P71e B2 F& lu iti kit
H

Zehd AL Lowry et al.(1951)2] ¥ o8] ¢
W A 2512 H,) bovine serum albumm(BSA)* ARE-SE
EF3A0] 2lslo] BT,

AAE a4AE 7+ pH &5-8Nol| 7181e] 40°Colx] 187
HREAIA B8-S vkl o ARS-3E 5892
0.1 M citrate-0.2 M NaHPO,(pH 3.0-6.5), 0.2 M sodium
phosphate buffer(pH 7.0-8.0)& A&}t

HALEE Yolry] 915 25-70°C
g 84S MLkt

FagEE Zh oA SE Sk dd F 712 10 uL
o

FEol2

0.1 M citrate-0.2 M Na,HPO,(pH 4.6)&+5&]| CaCl,,
ZnS0O,, CuSO,, MgCL, FeCL,E 27 1 mMo| =H=E A%
33 NaCl2 10, 50, 100 mMo| H == A X3 & &
aollE 7hste] a4gdS Hasklnt

A& A

Sodium azide, EDTAE 0.1 M citrate-0.2 M Na,HPO,
(PH 46) 5-§0] SEHZ Whsa Tae 7k o
g3t

O O =
aagdes =3

Y

UrushiolO| laccase2| F=2f Z&|AMA0| O|X|= sk
Urushiolo] A< Al9] laccasefr e B 3| Ze] WH3lo
n|x 9IS A E A3(Fig. 2), urushiold 7 %
6L HFE WE2H(FH7E)E oS 8UAHE] laccase
ol AEH7] AlFtste] vk 1094 HhEAS Yehia
]3 HAsteE 73]tk Urushiold 7H19] laccase@HA
L wieF 1024 3.11 UmLE F37H4(1.27 U/mL)ol| v]ske]
2458 =& A4S /R E Ao E et} T3 urushiol
o ;é]—zlzlﬂ)j\ o] q_i—]]}\-]z]—oﬂc q__/]\_ O &] ‘1—% u] ;a_‘:];-ﬂ r,Hz:rL
o] A5 vk 24 5E FAlFo] Sk AlFEtAaE v
A7 W 4G 7L S ojAoF #AAgo] o] FofA]7]
AlzeldTh, 2y vl 6Y o] FREE L3|H M7
o] Aol FA4sH F7Fsted viF 1095 7371l

H|3te] 1.58)] ¥ A AARS Ve AT

HApto] AAFeh= laccases 521840l wEtA e

o

S W=t xylidine, veratryl alcohol, ferulic acid, pyrogallol
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Fig. 2. Stimulation of laccase and mycelial production in cultures
of F fraxinea by addition of urushiol(C15 : 3).

(Minussi et al., 2007) 2 indulin AT(#, 1988) 5ol ]3|
ME S Aoz defA ok Phenolic 3F3HE-& A<
AlxEet e Bl 25 wkgasto] Tl = DNAS W
AATNIAG AEE A 717] wizel] #AlSA ol 2de]
As Al 247 283t} CatecholtgE<! urushiol
lignin base®] phenolic compound® T A7 HS:
AENA Rivero-Curz et al,, 1997)0]2R= BT % Sith. FAl=
lignolytic system 3l phenolic compoundE 2Fs}A]A
Ao Tl FejE Wl o2 A& F =t
(Thurston, 1994; Buswell ef al., 1993), A<FHAS vz
urushiolol] &J&|A A3 0] thi A=A laccase2]
FrEE &3l urushiols 753} Al7|HA A2 ASK0]
7TFedd Ao g FS5H

F2E0[2(Cu, Mn)O| laccaseEHd A x| Ato]| O|X|=
AEt

4020 AL A9 laccaseZAd 3 A AR H]X]
= S AYEIA 712 MAEE S5 CuSO, 5H,09}
MnSO,4H,02 ZBAIA HthFig. 3). A SHS 1
ol Wl 10€42] laccaseZd (Fig. 3A)X Cu®l Mno|
25 AAR wjA N E 0.35 UmL, CuZl A AE vix| o)
A= 0.47 U/mL, Mn¢| A|AE vj=]e4= 0.85 U/mLe]
A& WA, Cugt Mno] 2% gE wiR (T2 7)ol =
321 UmLE SRIFATE &, Cu®t Mn 7+ 5% F 75
AodEoj® A laccase®] /32 A (3.8-9.24)
Sl el om, o1 F Cuolo] AAle] laccaseS gl
Ot Wol] 92 vA= o= eyt

I3 o] 5 F4-& A HFig. 3BIE JES nixEd,
i 1094 AxdtAFS Z27(2.7 g/L) > -Mn(2.4) >
—Cu(2.3)>—-CuMn(1.8) S92 Cu = Mno]L9] Aol
oA AT THAE]= AR YERTE v A
A Aol HlwA A AoF =yt & F(2003)
2 Cuol2o] AFHAlY laccaseAtol] F83F Qolol ok

3.5

(A)
3.0
— 2.5
=)
E
= 2.0
£
£ 1.5
12
< ]
2
S 1.0+
9
- ]
—
0.5
0.0
T T T T T T T
0 2 4 6 8 10 12
Culture period(days)
3.0 1 (B)
2.5
(Control)— (-Cu)
2.0
-l
2
< 1.5
o; (-Cu,Mn)
8 1.0
>
S
a
0.5 1
0.0
T T T T T T T
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Culture period(days)

Fig. 3. Effect of iron(Cu, Mn) on the laccase activity(A) and
mycelial production(B) of F. fraxinea.

A o] Ao wig 6dANE ZTAaE AL
8l7] A& 12-169 Aol EAaAANEo] F438] Freitiar
ted & A9k FrAbstSiT.

0

tw

[¢]

al

A0 MAMSHE laccase?| 22| L M|

o] AAksl= laccase A E $18 3 WA GAZ
anion exchange chromatography(Q-sepharose XL, Fig. 4)&
FIRNH, 7] FLAI-IV)llA Bag do] HEEHATH 1
7} IF= 02M NaCI= elution]7]= 28 52t 8=,
Ve 2 o3¢ FsxelA E=lth 248 Yeplie 7t
B9 F(1:37-42; 11:48-56; 111:72-82; TV:83-90 fraction) 112
217} laccase® o] 7P =%4e ™, 3l (blue protein)s-
w2 Qo] Cu2'E 3kl JE laccaseZ FEHE AT

Y 112 99 B ES laccase ©]99] E5EO]
i E4)(data not shown)st3i7] wjiZoll F+ WA SA=
HIC(TSK-phenyl-5PW, Fig. 5)2 S350, &Ajo] o}
T 7] EF9] laccase(Lacl, Lac2ys w&|3taitt. 22te]
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Laccase activity(U)
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M - ol
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0.02

0.00 (

T T T T
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©) (20) (40) (60) 80) (100)
Retention Time(min)
(fraction number)

Fig. 4. Anion-exchange column chromatogram of laccase from
F. fraxinea on Q-Sepharose XL. The arrow indicate
blue protein.

—: Optical density at 280 nm, - O - : laccase activity,
- : NaCl concentration.

The protein sample(8 mL) was applied to the column
(26 x 340 mm) equilibrated with 20 mM sodium phosphate
buffer(pH 7.0). The protein was eluted with same
buffer(pH 7.0) for 50 min, 0.2 M NaCl/same buffer for
100 min and 1.0 M NaCl/same buffer for 50 min, at the
flow rate of 2.0 mL/min in every elutions.

F48Le 11597 U/mL(Lacl)?} 196.39 U/mL(Lac2)Z
Lac29] @4-84d0o] Lacldl Hv]ste] 1.749] =4t}

Al AR DAZ F 572 laccase isoenzymeS gel filtration
(Zorbax GF-250, data not shown)S 53l FAS =3k
o, HAGAY E5A4S Table 20 YehiAtt. FA=
laccase®] -2 Z}z} 366.27 Uimg protein(Lacl), 680.34 U/mg
protein(Lac2) O 2 2 & 4o) thate] zkz 241.08H (Lacl )}
447.64l (Lac2)2] AA¢E 7EA 22 AU Th.

=X o SHH

HPLCE ©]&-3} gel filtration’doll A F FA0] Exlake
(Fig. 6A) ZFz}F 60 kDa(Lacl), 59 kDa(Lac2)?! 2102 2elx]
At} o= SDS-PAGE}S] Z¥HFig. 4B)et A= FAKE S
2 Yeht B AollA ], AAE laccase isoenzyme
e 2 Z47F 67 kDa(Lacl)? 66 kDa(Lac2)e] H-AF#E-S
7= Aoz AAEQITh F T laccase isoenzyme®]
=44 (Fig. 6C)& Lacl 3.67, Lac2 3812 5 &2} A=
FrAFsFATE. Park and Park(2008)2 HAl o 2 HE H
23t laccased] EAIHLE 47 kDaolH, =4S 3.80]2f
3 HAEI 0L o] = AFolA] EElgh gt A= o
laccase isoenzymeO 2 AYZtEH FFHAL 2% o]4de]
laccase isoenzymeS AAHsh= 2102 ACETH

Zouari-Mechichi et al.(2006)> Trametes trogiis ™’d
o2 Agk Aol 2FF9 laccaseE wE|3HRLH,
747} 58 kDas} 62 kDa®] A 4.59} 4.39] S34E
THE AR Hsln), g, gxlto] A= laccase

oft

Intensity(mAU at 280 nm)
Laccase activity(U/20 pL)

T v T T T T
0 20 40 60 80 100

Time(min)
r T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70

Fraction number

Fig. 5. Hydrophobic interaction chromatogram of laccase from
F fraxinea on TSK Phenyl-5PW.
The protein sample(20 uL) was applied to the column
(7.5x 75 mm, 10 um) equilibrated with 20 mM sodium
phosphate buffer(pH 7.0) containing 1.0 M (NH,),SO,.
The protein was eluted with 20 mM sodium phosphate
buffer(pH 7.0) containing 1.0 M (NH,),SO, at the rate
of 0.6 mL/min.

Table 2. Purification table of the laccase isoenzymes from F.
fraxinea

Laccase activity Purifica-

Volume Protein

Step Specific activity —tion
mL) (mg/mL i
(mL) (mg/mL)Unit/mL (Uhmg protein)  fold
Culture filtrate 3,650 098  0.75 1.52 0.0
Ammonium
sulfated 132 1028 3440 6.69 44
(40-80%)
Q-Sepharose XL 60 135  69.93 103.94 68.4
TSK  Lacl 20 081 11597 286.34 2162
Phenyl-5PW ac2 20 067 19639 586.24 3244

10 038 1391
Lac2 10 030 20.67

366.27 241.0
680.34 447.6

GF-250

o] thF-Eo] EAF 60-70 kDa(Lettera et al., 2010) Ato]2]
wHeEA| (Bollag and Leonowiez, 1984)2 R g o] 910
2 Aot fAFskA T

ZX pH

WA laccase isoenzyme®] pHE HAE(Fig. 7y
Lacl, Lac27} M2 FAFSF T} LaccaseZdS pH 4.0%
B FA48 dsst7] Alzsled pH 4.5-5.0 AtelollA]
e84 S Hol o]F pH 5.0 ool E F43H 74
skem, pH 6.5 ol dellrl= 72 &/do] YehA] &ttt
ol2id B2 TEHAE 5, 1987 E7E $HHAG,
1988)0ll A &= 2= STt
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A) B)
kDa

u Ferritin 440 kDa 170
130

95

u Aldolase 158 kDa

=

& 120 72 . -
E B-amylase 200 kDa -

Z s 55 -

2

é 1o BSA 66 kDa ™ Lacl (60kDa,A ) 43

=3

g

X ¥ Lac2 (59kDa,0)
valbumin 43 K -
1054 Ovalbumin 43 kDa carbonic anhydrase 34
= 29 kDa e —‘

M Lacl Lac2 XL

T T T T T T 1
15 120 125 13.0 135 140 145 150
Retention time(min)

pI
425

3.50 -
Marker Lacl Lac2

— =

Fig. 6. Estimation of molecular mass and isoelectric point of
the F. fraxinea laccase. (A) gel filtration(GF-250) with
HPLC, (B) SDS-PAGE(8% polyacrylamide gel), and
(C) IEF on 5% PAGE of purified laccase.
Lane M : protein marker, lane XL : anion exchange
eluate(Q-Sepharose XL).

100 o

80

60 |

401

Relative activity(%)

20

pH

Fig. 7. Effect of pH on activity of purified laccase.
The reaction was carried out at 40 for 1 min. Buffer
solutions used were 0.1 M citrate-0.2 M NaHPO,(pH
3.0-6.5), 0.2M sodium phosphate buffer(pH 7.0-8.0)
and Clark and Lubs buffer(above pH 8.0).

—
FruAlo 2 HE] AAE laccased] &xo thalk o
(Fig. 8y Lacl, Lac2 B 30-35°C AtolelA] ey
How, o]% 27} sl wel HRH o= 7AE
60°C ol/dollr= aago] Ao A=A eFuth.

b o o

250|209 ¥t

F&old Uigh JaFS AuE A3N(Table 3), + &4
B Feoll QJRiME 96% o) 7dakAl AsiEIem, Mg
oo s = 3] Aslisle Aoz =&ith. Lacle]
Cu'o] L) 23t 4T Aslle 1% nvke g 79 A=

100 o e
—e—Lacl
80 | —o—Lac2
S
T 60 o
z
b1
«
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Fig. 8. Effect of temperature on activity of purified laccase.

The reaction was carried out in 0.1 M citrate-0.2 M
NaHPO,(pH 4.6) at various temperatures for 1 min.

HEZ] Qk9FO L} Lac2e 34% o= HlwE =/ A S

= Ao 2 Yeldth 3], F 84 2% 50 mM NaCl

oA 84% o’de] =2 As|E Wokth Na'2 FA44 &

chromatographyE 38 73-9- o|2¢] M71E ZHsh7] S8l

100-1,000 mM H92 @Wol AR&atA ==dl, A4

% 7 8ol digte] GHIHES AXA] &S 739 ST
Z

E A Hale BAIE 4o & Sl

MaliMzE 24 Mo ojxle A

A A7 Eagde] PiRe TS AT ET] f5t
inhibitorZ &# 7 EDTAS} sodium azide®] F=Z H3A|A
7FaA E4dE vlaste] RYTHTable 4). 7 &4 BF Cus
353l g 40 A8 A2 AsAE LdH R sodium azideol]
oM =& AL UeEE=], 0.0l mM sodium
azideol] 218 ZF2F 72.2%(Lacl)2t 92.6%(Lac2)e] AalS 1w+
AT}, B3, EDTAS] EAol| oA E A =& AslE wt
= 0= YRt

Table 3. Effect of various metal ions on activity of laccase

Salts Concentration Relative activity(%)

(mM) Lacl Lac2

None - 100 100
CuSo, 1 99.3 65.3
CaCl, 1 100.0 95.0
ZnSO, 1 90.5 90.9
FeCl, 1 1.1 3.1
MgCl, 1 74.6 46.5

10 47.8 103.2

NaCl 50 25.7 10.9
100 10.0 53
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Table 4. Effect of various inhibitors on oxidation of syringaldazine

by laccase
Inhibitors Concentration Inhibition(%)

(mM) Lacl Lac2

0.1 0.0 6.4

0.5 28.3 21.6

EDTA 1 30.3 22.6
5 30.5 24.0

10 434 474

0.01 72.2 92.6

Sodium azide 0.05 84.5 93.0
0.1 89.1 94.0
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