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Induction of Laccase from Wood-Rotting
Fungi with 2,5-Xylidine”
Nam-Seok Cho + Y.S. Kim - M.H. Pang - Y.J. Choi - JH. Nam + A. Leonowicz™

ABSTRACT

Some white-rot fungi, screened at the Laboratory of Forest Products Microbiological Chemistry,
Chungbuk National University were cultured and added the inducer of laccase enzyme, 2,5-xylidine.
The fungi named by CB-13, CB-20, CB-99, CB-100 and CB-123 strains showed positive results in
the decolorization of aromatic compounds, carminic acid and Rhemazol brilliant blue R.

Concerned to the inducing effect of 2,5-xylidine on laccase activity, CB-20, CB-100 and CB-123
strains showed very high activity by addition of 2,5-xylidine, whilst CB-13, CB-99 and CB-124
strains produced relatively high laccase enzymes, regardless of inducer addition. There were no any
laccase activities on CB-25, CB-64 and CB-139, even in addition of inducer. It is confirmed that
some screened fungi have decolorizing ability on aromatic compounds, carminic acid and Rhemazol
brilliant blue R. Also, the addition of inducer, 2,5-xylidine, has increased the activity of laccase
enzyme which is secreted from some white-rot fungi.

Keywords : laccase, carminic acid, Rhemazol brilliant blue R, inducer, white-rotting fungi,
2,5-xylidine, decolorization
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€ EAEA P29 HaRFHo] BH]SH= lignin
peroxidase, Mn peroxidase®} laccase®] A A7}
Boste Aoz deA T Yed WIo) A= Ay
o ol olF FHad BAALE o] 8T AYFE
A o] gx yaygel FUEANYE g o}
Uet Yolzbr ol FA Aol wAsts w5
Aot 4" Aoz ABHT QU

Laccase [Benzenediol: oxygen oxidoreductase,
EC 11032] Y59 ooy 27A(Yoshida,
1883)%t HoZ, Bertrand(1894)7} Indo-chinese
lacquer Y159 Frdo2HE & a4 E Uojulof
o] 49 o]&& laccased} 34} Laccase: of
A% dEN RAFHUEH, 2dFQ Aspergillus
nidalans, Neurospora crassa®} Podospora anse-
rina 82, ¥4 E4ATQ Botrytis cinereast @
Ade] 99 4(@)oA AisoF}t.  Laccase &
ol L GATLZME  Collybia velutipes,
Fomes annosus, F. fomentarius, Lentinula edodes,
Pholoiota mutabilis, Pleurotus ostreatus, Poria
subacida, Sporotrichum pulverulentum, Trametes
sanguinea®t T. versicolor £91d|, ol¢} & FE
¢ FJadg anxexs EHAIe Aoz ddA
don EQXTQ Rhizoctonia praticula® laccase
g AAse 58l e Aoz ¢EAm o E
& laccase®] 42 WARFART ohE} Ly
Fie dRoME ZolE 4 YUK Keither and
Telliard, 1979). ©|&1# laccase’} Blad E3fo &
Aqate F20|AT QB Eao] ofd 4L 3}
A7 A9 FHHT glow, HZ o]g ¥ laccase
B2 4871 Fel e AHlelA e 2ad
T2 #8A2 + &S #3dY (Magdoff et
al., 1984).

gutdog WMARFTHA LA E laccasers
ad RUdES FEIAY dFHE Y3y
HEd S22y 3ty AzRE BRI F
248 Fo} Laccase: A-13 B-0-4 o|FAE
CoCs9 Hat C, 489 alkyl-aryl ¥8& &3
23t =¢ WY (aromatic ring) 27}
laccase®] ZHgo) mel 2] @ 4 9ok Laccase™
2,2'-azinobis  (3-ethylbenzthiazoline-6-sulfonate)<}
2e 24do] 12 vh/lE (primary mediator)2 ¥F&
g oo Hle4d AES AN § 9z, EAF
Z342 3F EAMAEY ARG ¢+ YA =
Mn(I) chelate® %HET} Laccase® Li-P$} Mn-P
9 34 o Hadg EHE F Ue FYel AT

Aoz WA (Keither and Telliard, 1979).
Bollag® Leonowicz(1984)= o8] ZH9 gagF
(basidiomycetes), *HdiH{ascomycetes)d}, Fo] Ex
g A ol MG B ehAF(deuteromycetes)
9] laccase A% 58I laccase AAtel W 25-
xylidine $X&7inducing effect)& |73 A,
Fomes annosus, Pholia mutabilis, Pleurotus
ostreatus®t Trametes versicolor® ¥ %olA 25-
xylidinee] A2 &AA(extracellular enzyme)dA
€ ZAANAYE FAHE AAKGray and Rock,
1987).

gy EHELE o] §F AL A BT of
Uzl 48873 gxsl B W Fo2 1 o
8o ogsith a3Ez o Fad EHELE
gty o] &3l7lel Bt} HAFHolxm Fde] &ol
g o] Adm v)1E gad BTy A=, Wk
el 24 A Foll #alo B g8 A7) 8.7
i

2 dFe YaEEgos wEd ¥ 29 FFES
o dizld WEE HFgEd e €L 9
238y @ o]go] WA laccase RAEA 1|
A= 25-xylidine inducerd HA7lEE o471 $l8
o AAEHt

2. Mz Y Yy

2.1 BAEF v

&4 2 YA AYels HAF FFZ 25T,
PDABjAo] wjokstn, WISAYPE guaiacol T
7% AF49sg Yehlls #F CB-13, CB-20,
CB-25, CB-64, CB-99, CB-100, CB-123, CB-124,
CB-139 5 9% & FIATFFE g, AHgsag.

2.2 WEE SEE HYEY

WEEAFEY GH5HE A Y8 1y
iz & AMR3Ych Malt extract 10g, sucrose 10g,
peptone 2g, yeast extract 4g, agar 20g& 1 liter
o Zolx, pH & 55 2 2Ase ZA% A
carminic acid 0.2g/1 ¥ Rhemazol brilliant blue R
0.2g/1% #7183, 7% 9em A HEZFHAN
BE3atm, WA ZF FATE HFshx, 25ToA
1047 79 A% € 8458 HEHHAAA 2
Fo| Az AMRS 9 Hol2AN EAsg
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23 2484 Y 2H pH 5%

FAEFEC BHldhs Bad ¥HEA7Med lac-
caseB4E 2437 93k glucose 10g, L-asparagine
2.5g, MgSO.7THO0 05g, KH:PO4 047g, Na:HPO,
0.48g, Ca(NO3)24H20 50mg, Mn(CH3COO). 85mg,
FeCl6H0 32mg, Zn(NOs); 2mg, CuSQOs5H.0
391mg, thiamine 0.5mg 5& 109 ZFFo &3
AA THE FAidol ¥ AHuldd(pH 55) &
ZF3la 2B5CAAM 23717H60Y) B9 A ujdsrsd
. Baxulgd e Hr|HeE odu BEHez A
F 3l 05mM syringaldazine€ 7132 52%nm ©l
Al UV-visible spectrophotometer (Shimadzu UV-
1601) & AH8-38l49 laccase 84-& ZH(Leonowicz
and Grzywnowicz, 1981; Leonowicz et al., 1997)
sen, H3 @4 pHE ¢7) 98l 0.1 M citrate-
phosphate bufferg ©]-&, 7} ¥£ laccase 84&
Yebli= 79 34 pHE =3 (Hellvaine, 1921)38t
act. "M e pHE Mcllvaine buffer(pH
2.2-80)& AH83te A3

2.4 Inducer 7P} laccase EAEAO| o|x[&=
AP

Iducerg AHE-% laccase 49 FEAFAE UV
9ste] 238 wjdzAANN AMulz|o] F& HE
¥, A WA HEEed (B4 8-12¢) Fah-
raeus®} Reinhammar®] ¥9(1967)0 wz} 0.01 M
9] 25-xylidine & F#3Hog Hrlsta] ujgr) el
02 laccase@dE Ao Wyoz AlG AHH
pH ZAA AAHoz ZH3Hh

3. 23t ¥ ¥

3.1 SAZF ME o YWEE szl EMED}

Carminic acid® H7}g nAjuixelye dF F
oo FAMAES CB-124, CB-1239] A#Zo] 7}
A i3ty CB-20% A7) 229 #FEM
A HE7te AFEEeE Jeilen, 3% 2%
5Ygtoll A gtk CB-13, CB-100,
CB-99& 797, CB-139% 9¥vte] 4% A
A& Jeldz, CB-25 ¥ CB-64 & A9 A%
32 3ot

Fig. 12 carminic acid o1 &3 2tatie] g4
nxEe #3589 548 JeldAcl CB-124 2

Decolorization, cm

incubation, days
Fig. 1. Decolorization of the carminic acid by fungi.

10

Decolorization, cm

ncubation, days

Fig. 2. Decolorization of the Rhemazol brilliant blue
R by fungi.

CB-123 9] 24837 714 wof 6Uvte] Hule
g zde vepdon, gddgrt AFEYy 3%
A uvebdtl. z8ln CB-1002 8Ywtdl, CB-20,
CB-13, CB-99, CB-139 52 8-9Yvtdl Huje &
Mg 2o, Aol AxHY CB-25 € CB-64
T gHo] A o]FoAA| ¥},

Rhemazol brilliant blue Re] sj¥7]oiAel Z+&
TFge FAHEFLHE AHEA carminic acid
vjek7]o A 9} rhRZkA 2 CB-124, CB-123 9 4%
o] 74 @aslg:, CB-20% 47 2% TF S
A FAH AZEEE Uetdod, 3F BF 6%
of MAH @3t} CB-13, CB-100, CB-99
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£ 8Yvol, CB-139+& 9Yutd] A3 Hdx& et
W1, CB-25 ¥ CB-64& A9 4% stk
Fig. 2= Rhemazol brilliant blue R #7}o & &
Adje] g njxe FFEEY EAL vehdAo
t}. CB-124 ¥ CB-1239 g43%7 714 5%
d 794%0 Ay dd¥EnE yelyon, Ao
Hdlo] @3 dREc 3% A yehgo Jgn
CB-100 ¥ CB-202 84w, CB-13, CB-99,
CB-139 52 8-9Yvle] Hujge @48 wByon
o] B3P CB-25 ¥ CB-64 & ©4o] A
3 o]Fo|x)|A] gkotrl

3.2 Laccase ZAE49 HEF pH

FAFFE 7l2dA Atd 7#FE°] o laccase
48 YeldE 33 pH € A A3, iR
#FE°| pH 4560 ¢ HAdA & 4& vg
e Aoz yeldd CB-13, CB-123 2 CB-124
ZFIME inducer2A H7HE xylidined H-5ol
#A%el 33 pH 71 53-55 o2 & Wil e
b thalsd, Fig. 3 oA 2ol HA pHE AR
ZAW A3t CB-20, CB-99 ¥ CB-100 #59 #e]
inducer] ¥7lE A pH7l thd Fedhe 39E AU
Aty Trametes versicolor 2 Cerrena unicolore]
#H3 pH 7} 55, Rhizoctonia praticolore 68 A%
(Leonowicz et al., 1984)24 T3:o] ute} o ghu},
B A7y Agd #FER o) ol A=Y
Yo Aes, Ao ke 35 - 45 9 pH &
HHoz s WHRLFH(Cho et al, 199 H1
i gch

7.0

6.5 fr-reererme

8.0 W .....................................................................................
554 i
I sol¥Rp<OARY

F I B Lo Lt TSR TR SRS L A

- —0—C8-20 ]

| —e—CB-20{inducer) |
B | - CB-9%inducer)

| —a—CBS0 ;
B8 ] | —-8—~Ce100 L
. .~ CB_100{inducer) |
3.0

81216202‘2!3234044485.2
Incubation time, days

Fig. 3. Change in pH optimum by addition of

inducer.

3.3 F2 %79 laccase 2 gAwistol o]x|
& inducer o g%

Laccase © HAHtH, AddF 2L B2SATHE
EZHEE AE0 A=y, ojgo] BHlsE A4 &
e B0V ¢l g4ad ¥ ALYS A b
Fdol FAo FEEBHIZA 25-xylidineo] =Y
(Fahraeus et al., 1949)€ olzl L&g7x] dd o]
£ (Agematu et al., 1993; Rogalski and Leono-
wicz, 1992)5131 v}, CB-20 39 laccase &4
ol ulx= 25-xylidine?l H/IAAE AAHo=
Fig. 49 Yebdsn} 25-xylidine #7182 Qo &
A3 $49 F7ME Jepdd laccase ¥4 AL
E7vete] 2499l= 44,000 nkat/! 24 FAF FF
HedlE M B2 #e Hgen I olfds

Activity, nkatL x 1,000
N
w

8 12 16 20 24 28 X2 3B M 4 4 52 56 &0 o4
Culure me, days
Fig. 4. Change in Laccase activity of CB-20 by
inducer addition.

Activity, nkatA. x 1,000
]

———,
{ —&-—vith inducer l

/ | —O=uo isdwcer
5

L] 12 016 20 4 2 R X 40 44 48 52 56 60 64
Culkru e, days
Fig. 5. Change in Laccase activity CB-123 by
inducer addition.




ad Zadke Aoz Jekgd

Fig. 5& 25-xylidine #7} 9§ CB-1239 &
Ao AAH #sts Ul Ao2A 25-xylidine
A7ME 129% S3¢ 8437ME ddsid 2097
o Hueo) A7) 42500 nkat/l LS L& B
& 715383, 1 olF Ha #isgd 25-xyli-
dine " H7MANdE wl¢ $& 848 JeldEed 1
Aok

Fig. 62 CB-1009] #A4d u]x+= 25-xylidined]
Arlaansg vehdAdozAN deoAe FFERUOE
25-xylidine 71§ £A) 84¢] F7157A] olslz,
4Y At 3R FEAF §AFE dodr] A
s 329wl <9 18000 nkat19 2 A4S
et 2 o] Fols #4o] 443 FAdto 36Y
Aol v F7E FF9) a3oA Y] o9 we g4y
< uehd, 849 fA7Izte] Wig B 5L Y
232 1=

Fig. 72 CB-124 #F¢ 849 ZAy #saA
g =71 16¥7 A= 25-xylidined A7M+Fo &
Agle]l 15000-20,000 nkat/1 ¢ =% %L laccase
#4< yeten, 16Ydo] AYHEA inducer ¢ #H
712 4% 849 Z77t Jelt 2494 ¢F 32,700
nkat/1 9 71 ¥ 848 Jeldn, I o/F=
Al Zp28ych olo]l thdte inducer H7MEHA] ¥
FFAAE o 209 ol FUE ¥4 £ HA
on 1 o]F MUANAE AFE0E FXHYIL 49
o] g FAF ZLAE vehlith

Fig. 8 2 9% inducerd #A7}&#7} gl CB-13
9 CB-99 9 #493E Z7 Yehd RAelth 0%
2%9 FFEL 25-xylidine 71 #Fol TAGLl
gAol GAIR Ag¢e BFen, CB-13 o A%
E 7944 104AL 717 4o FAHNLH, 11
go] AUAA FAF BYHEE AFst CB-
99 309 HFo 16000 nkat/t & Hoo ¥AE
vetdon 48Y =W FAS 849 AstsE ye
Jctk ol FAEH A= Pluerotus sajor-caju )
X & Bil(Vasdev and Kuhad, 1994; Tuor et al,
1995; Leonowicz et al., 1997)53 itk FAIH ¢
Z7+¢d CB-13 o] 713 &L 71050 g44¥ss
vrebsict,

ojAg gokstm gad EsFE 22 laccase BA
2 o]E A nXE 25-xylidines] H7HAT
o gloj4 CB-20, CB-100 ¥ CB-123@F%&
inducers] A7l flole @A A%9 laccaseHe A
AHe Boln, inducer? F7FZ laccase E49 f=

Activity, nkatt x 1,000

& 12 16 20 24 26 32 W 40 A4 48 52 84 S0 B4
Cultwre time, days
Fig. 6. Change in Laccase activity of CB-100 by
inducer addition.

Activity, akatL x 1000

8 12 16 20 24 28 32 36 40 44 48 52 %8 60 84

Culure tme, days

Fig. 7. Change in Laccase activity of CB-124 by
inducer addition.

Activity, nkat/L x 1000

1 2 3 4 5 [ 7 1 ] 10 1 12 13 4 15 18
Culture time, days
Fig. 8. Change in Laccase activity of CB-13 by
inducer addition.
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Activity, nkat/t x 1000

B 12 16 20 24 28 32 36 4D 44 40 52 55 60 o4
Culture time, days

Fig. 9. Change in Laccase activity of CB-99 by
inducer addition.

A7t o E€ 9 & A4 9 CB-13, CB-
99 ¢ CB-124 #F+ inducer® A7} Qlolk= o=
HEY laccase® #vletHen, CB-25, CB-64 %
CB-139% inducer #7} f. 5] #AQlo] laccase &
Aol Ad #AHA Ystry. 1T R laccase ¥4
9 slel 25-xylidine 3 #L fF=EHo] BRE #FF
o ald FEAEAE /HAE Aol ohdE ¢ F ¢l
At FF B FFE dyez do m@A9
laccase 49 WFPAE AT FEEHY Hrta
3 2 QY FEELO] S4qd #¥ d¥7 ga
g Aoz AMzdr

4. 24 B

WARF7 o 2 RE carminic acid ¥ Rhemazol
brilliant blue R @4 £& ¥A& Holk 9%9
TFE Agsiger, 1 7124 CB-14 ¥ CB-
123 #3¢ gA%5o] ¢ Eo} wiY 6¥Te Hd)
¢ gM3AE Jebdoh CB-100& ik 8wl
CB-20, CB-13, CB-99, CB-139 5& 8-9¥qtaf
o] g4 uory Aol XYY CB-25 %
CB-64% ©#o] A3 ool ¢ttt Rhe-
mazol brilliant blue Rel W#AME carminic acid
dAet fAR ARE At

A7) 55 sty Blad £ AL laccase
84 9@ olE AAEA Y= 25-xylidined
TEIE ZAE 47 CB-20, CB-100 € CB-123
#FE inducer®d] 7} glole #& laccase ¥4E
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BYE ®olv, inducerd Hilol 28] wudy Ee
laccase #4¢] f#Exgg sy ##H CB-13,
CB-99 2 CB-124 #F% inducer®l #7}glolx o
= Ax9 laccaseE #Hl3llen, CB-25 CB-64
4 CB-139% inducer A7} #.%ol #ALo] lac-
case Aol A9 #IHA it I2Z Jac-
case Al 9ol 25-xylidine & 2 §EEFo]
BE #FFd gzt FEERE M E Ao] opde
& 4 JAch

duEHE
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