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Production of Laccase by Trametes sp. CJ-105. Oh, Kwang-Keun#, Hyun-Soo Kim, Jae-Heung Lee, and
Yeong-Joong Jeon. Institute of Science and Technology , CHEILIEDANG Corporation, Ichon 467-810, Korea ~
For Trametes sp. CJ-105, a kind of white-rot fungi which was collected from the mountain of Korea and was
proven to be effective in decolorizing a wide range of structurally different synthetic dyes, the optimum condi-
tions for mycelial growth and laccase(E.C. 1.10.3.2) production were investigated. Among various carbon
sources, glucosc showed the highest potential for the mycelial growth and laccase production, the optimum
concentration being 2% glucose. For the nitrogen source, asparagine was good for the mycelial growth, while
ammoniurn tartrate for laccase production(optimum concentration: 0.04%). The addition of thiamine and bio-
tin increased both the mycelial growth and laccase production. When 2,5-xylidine was added as an inducer
after the first day of culture, the production of laccase was seven-times higher than that in the absence of the
inducer. The optimum pH and temperature conditions for laccase production by Trametes sp. CI-105 were pH
5.0 and 25°C, respectively. In the 5L fermentation, the production of laccase reached a maximum of 340 U/m]

at the time when the ammonijum ion was being rapidly depleted.
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AR (Rasidiomycetes)ell <5:8]12= WA E-FF(white rot
fungi; WRFY2 ZH5 sl EAL n|Bo|x oz Hajst
£ 9l #lad Bl E A(ligninolytic enzymesys AJAFS=
Aoz HIEe] Q7] ot Blad FHELEE
lignin peroxidase(LiP; E.C.1.11.1.14), Mn(I)-dependent per-
oxidase(MnP; E.C.1.11.1.13), laccase(p-diphenol oxidase, E.C.
1.1032y5°] glem 2 FollA =lad Esiells Lipo}
MnPe] Hgle] F2 RT3, 9, 16, 21, 25], laccase
 odE S B FEd aefd #2e laccase?t
2]z fale] phenolic, non-phenolic #3HE-E Eaf|glel=
XI17F 9l ew[17, 18] 3}, sporulation, pigment pro-
duction, rhizomorphic formationo] %. Freddls o2 o
B gleh4, 26].

Laccase™= copperg -3 polyphenol oxidase®A] blue
copper proleins A= blue copper oxidase® E-2]3 9lc}.
Z oxidafive enzyme® 24 AAEZ} EEAlE 299 o
polyphenol‘; methoxy-substiited monophenols, aromatic ami-
nes 52| WEFE #3HEe] A2 F#AlAH phenoxy radical

Gﬂ/ﬂ/\]}]t.]- o] F Ak#I=E|o] quinoned AT FES
L2 phenoxy polymerZ 84dke}l. whelr], laccases phe-
nol FEHE<] hydroxy group®® FE A felA|A H1
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U2, 4, 13, 17, 23]. =38}, o[213} phenol &3t
Bt olu]2 ABTS(2,2-azinobis-(3-ethylbenzthiazoline-
6—sulph0-ndtc))7}' mediator®ZA] =83 9| non-phenolic 2}
FE= ABRRIZIHT Harsfeh4]. o]2{§t laccased AJAE
e v|AERA ZTN Azospirillum lipoferume] ATFSZ
e Fhs ez es (23] HiE2 A 5ol 3]
e WAYET BUASA EHU
bisporus, Pholiota aegerita, Podospora ansering, Trametes
Hl A BEF3 Rhus
vernicifera, Rhus succedanea®} 72 2Bl ZEa|sh
747) EAE copperd F 7)AAEAde] TR ZloE B
:ﬂiledtlr[w,w].

TolME AR RE FElsled ZHE R (dyeyll
EHE]' —r-oﬂ"lc'] 3k Ao Zol®l Trametes sp. CI-105
of digt Wl FEAdE ATslal BaxlE vIRg 2 HE

HEeol] 2 Ao BT laccase?] MAHRA
£ v|mejeitt

=, Agaricus

versicolor, Pleurotus ostreatus=<

Mz o e

T

F Aol AR 75 AVIE 3E, AR Aol
LA I HAEZ N E B8 Trametes sp.
CJ-1052A 55 sl 7g. BaAFe] o 5
(KFCC 10941)]%[10] YM#RA] (ycast extract 3 g/, malt

extract 3 g/l, glucose 10 g/l, peptone 5g/l. agar 17 g/l
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pH 68)9) AFgiiAlel s 27°CE. Wjoket F 4°CelA 23k
ssiet.

THH2E

A712] Trametes sp. CI-105 TAH2] Aehg I W
(F7d 6 mm)E Fsle] YMEI)A|S] Folol Il
™, 25-28°C2] 8h27](Precision, GCA, USAXIA 15
3ot meksldet. 2 PRl A wioks FARAe] At
= ZANHZ F3led FHE AT A2 2Ae] YM o
A= 50 mie FF3 250 ml SekaTe| AHEsle] 25
+1°C2] g7l A 59Uz A=) weheksieiet

E2fATHIRF 2 BL-Jar fermenterdf2t

7] ZdefieF HA wjoFl-S- 5000 pmS R 1087F YA
T3t goizl AR B FFEE 23] Al u)
AAEES A Fol FFF 50 me Hrlsle] Ealloiz
157} ¢33 3fch. 123 Table 1o vleRd 7]2a)=]9)
ZAog AzE WZS 100 ml #53F 500 ml SehA=e]
5%(vivyd AdEst 3 25+ 1°C2] ZERE)A =iek7) (Vision.
VS-8480SR, Korea)® AHE3le] 150 rpmo2 797t whok
sloict.

Fermenterol]l M| wiof>- Sefz wiokdgdoz qdofzl
N2 7182 E o] EAMAE HA IR FA L
2 AlEg wiA] 315 H3L Sljar fermenter(Korea Fer-
menter Co., KF-5L, Korea)l 4}7)2] Ta2lzl AHujoked-S
5%(vivid AAE3E F 25°C, pH 5.0, B7)2F 0.5 vwm.
R 100 (pme-2 ] 109 Tt wieksldch

Laccase induction

FAAARE 22A7]7] 8] inducer®A] 2,5-xylidine
(Acros No. 146692 Al&3led Hrl 2% 9 Al7]e)] W35}
o AL Aaalgdt. 2,5-xylidineS 50%2] ethanolsl] &
A7l F Sek=¢) Sljar fermenterS ARRSFe] Trame-
tes sp. CJ-105% wloksldA], wioF 1-49 Frol 2.5-xylidine
o] HEFEs} 0.1-5mMe] HRE 2] A2 THH 2

o

Table 1 Composition of medium for culture of Trametes sp. CJ-103

Ingredients Contents
Glucose 10¢g
Ammoninm tartrate 2g
KH>POy4 lg
MgS50, - 7TH2O 05¢
CaCl; - 2H,0 100 pg
FeSO4- TH2O 100 g
CuS0,- 5H,0 20 ug
ZnS04- TH,0 10 pg
MnsSOy4 - 4H0 10ug
2.2,-Dimethylsuccinate 49/l
pH 5.0

ZF A715E 5 YA laccase?] EH43-2 ¥lwslednHe).

Glucose 2! ammonium ion2?] s =4

Glucose?] "5+ Sugar-Pak I column(Millipore, USA)®]
725 HPLC(Shimadzu, C-R64, Japan)Z A}8-8}e] Re-
tractive Index Detector(Shimadzu, RID-6A, Japan)2 &35}
et old EolE S AMEIST, columnd] L2 70°C
o], -2 0.6 mV/mine] Tt

Ammonium©]-2] F =3 lonpac CSI2 column(Dionex,
USA)e] AF2HEl Ton chromatographyE ©]-83le] £A1a}e e
] &= 15 mM2] methanesulfonic acid® AREstE,
25X 25°C, 542 1.0 mi/mine)gict

2] ME=EH

ekl FAZ vzl FAE 548 filter paper (What-
man No. 2)8 AME3le] of0}gt F FARAE /= 23
MM 90°C dry ovenollAl 12417} AZdle] A% FA}

Ae 2.

Laccasel| g4 BT =X

Eef~=29)t Sljar fermentero] A wioksl Eal okl
Im/e] 225 Hsle] 4°CellA 537t 1AdE=Igh F(Vi-
sion, VS15000CFN, Korea) AFsol-S- §421e 3 3o W
Hh BbgA17] v 2SEEA Miltonroy, Genesys2, USA)
AA laccase?] FATE E2AFgGE. F4 uledle o1 M
sodium acetate(pH 5.0) 2152 2.5 ml, wiek A58 0.17 ml
S E38l3 5mM ABTS 033 mie Azl o 137h
420 nmel| A FFE2] 2] S &4 59 (molar extinction
coefficient=36,000 Mlem™). F4-9] EA%k$)= 25 | umol
2] ABTSZ ABA|71e B4 oFF 1 unit2 A5sih20].

Mz g2 SMs =8

Aol ZEAlshe E40] B4 (intracellular activity e
FA37] S8 wiek 10dA]e] wjofel o 2 RE FalA 3
wated WFpR 28] AlHsle] HE9] o] FA44L oA
3] AAstEch TAHIE ==foloto] 2ol A9 T Ealy
2 hAe] Esle] FAIAZ F FRAAL 20%(viv)
glycerol®} (.04 mM reduced gluthathioneo] H-% 100
mM potassium phosphate buffer (pH 7.8)f 1:322 &=}
AlAe}. dllS 10,000 goll A 208-7F 914122 (Sorval RC-
3 centrifuge)dlod AE5NE do] A2y Ehe) B4 S =5
B} TH22].

=}

7*5'-} =1 E
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Fig. 1. Effect of various carbon sourcc(A) and glucose concen-
tration(B) on the mycelial growth and laccase activity.
M . Growth; &2, Laccase activity

A e e AES] sdokel Aol e
1% 522 2YT YL Mg W 3 Fo
]3]

AR} laccase®] BAS = Elgch 2 Z3) Fig. 19
vhepd A 7ol glucoseZ} HRe- whado]] B]Ele] A

ZF 9l laccase AAko] Y5 S4gS 4 o girk o=
Nicolinis[15]¢] Trametes versicolor®] 73-3-ol
coseZ laccase Akl o] &8t} B gt Alu dAF = 2
aic), E8L Schlosser$ |22} T versicolorZ glucoseS
g0z wiskslols o 12U71X] laccase®] o] B0}
3lo] o] AL 40wt/ o]PeH I Fo= Pasl=
Ag wwsldel. 89 Agaricus bisporus®] 7A-%ell 38
7R gk E AREebe] laccase?] AYike wlmar At
glucose® AHE3E A7 oE w44 mannitol. fru-
close, xylose, cellobiose, maltose, sucrose)2 AHS-81S wf
Hob o7l e ) A% 7RA] laccase?] EAJo] Eheh=
B 77} 95k [27].

g, 24 ebhdal glucosed 0.5~4% HHY] o= &
E2 XAl Trametes sp. CJ-1052] A7} laccase AY
A2 v A3 Fig. 13} 2ol glucosed] X7 £718
of wje} FAAGAbe] FI57) glucose FE 2% o] Aol A
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Fig. 2. Effect of various nitrogen source(A) and ammoniam
tartrate concentration(B) on the mycelial growth and laccase
activity.

M . Growth; 4 | Laccase activity

5 , Jaccase AR glucose®] FETT
2] Al A Sdalnt meb, ol Fe] A
clucoseE BhAR102 XEEIT Tl 2% FA el

EAAplof Ak

ZH A Le] Trametes sp. CI-105 2] A7k} laccase
Ak wH= odihS TS fsle] zHabe] AAYE
02% =2 AT Wz LS ALEsle] wiek 39 Fo
TARA T laccase®] S S sIdvh. 2 23 Fig. 29
vehdl Aa) 2] FAle] AAellE asparagineo] 71 E9%
21} laccased] AAleli= ammonium rtartrate’} 7}RF 94>
Bigict. ol FAH AN Helgt HATFE o8]
laccaseE AJArsle GFelA asparagined A4RN o2 AR
Blef dijoksleivi= Buels Aol Aalolvi[4].

5. ammonium tartrates 0.02~0.4% H$Y o8 =
2 FAsled Trametes sp. CI-1052] A7} laccase A
Abs v|2EF B3 Fig. 29} 7o) THAA-2 ammoninm
tartrate®] =7} STk el Frleld et laccased] A
AL ammonium tartrate?] F=7}F 0.04%¢] A5l 71
A ViRt olel 72hE dalellA RaAiRe] Frlshd
oA AL ZIEHAT laccased] AJARE g o
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T 3t o)A =4} AL WE(CN BE)e]
laccase®] AJAboll F88k2 A8, Rogalskiz[1912- T.
versicolorE ©)-438le] EE3 ) laccases FAbshr] s
Hsk CON ¥l&} 2A=A7F despdar ¥ usigdon. 4
7¥A] €2 T versicolors ¥ FXx9| glucosest A
< A8t laccaseT AAFE W wHES BREe] HH
A ARG A5 Tl wel /Py BeEeE §
425 AAKE $ ol ON vlEe] FASHA Apol7t 958
B yusladel, &8 Eggerts-2 Pycnoporus cinnabarinus=
C/N B]&E 158 3lod 747} wieF F 1200 univi®] la-
ccase TS AL A4 TEF T T TAHES AF
< F7181d 0t laccase®] B2 ZAslAE(C]: C/N v
£ 159 o NP2 60%2) 700 univ]l HE)S- B s}
REHS) A7 AT wpeteZste] gFE AddAM=
ammonium tartrate®] F=Z 0.04%2 2Rl AP},

HIEIZ] Mo st

Trametes sp. CI-105 2] 477} laccase AJAkell v]X]=
veRle] oJdkg ool ] $£]5}ed thiamine ¥ biotin®]
7} F-Fol ofE WAL 2Ysiedr}. Thiamines} biotin
2 A7)slA 92 A$ES control® 3} thiamineZb
bioting& ZFzt 100 pe¥ 718} %22} thiamine, biotin &
= H7H Al diste] FA2] AT laccase®] HARE
ZAIE). W1 30 A4E E4 2 Table 2014
2 7o) thiamine, biotin® 27 &718E o] FA] A=}
I laccase®] AAte] TF 2314 el o=
Trametes versicolor®] 73§l wA47}el thiamine. biotin
= o83k ¥ve} zho] FA] Aakw) FAo] AJile] ule}f
nle] F83) g F= AoE TdElvd]].

pHe} HIQF 2| ATk

wekz7] FollM pHO| 33 FAREE] $Isked wikuiA]
2] 27| pHE 3.0~9.02.8 ZAsle] Trametes sp. CJ-105
F 37 wiekst F A9 AR laccased] AARE &4
s A3} Fig. 39 7] pHrF 5.090 7%l FA4 Ak}
laccase2] AAko] 712 E9kct. ol Trametes versicolor?
74t pHE T2 5.0°22 Wit 71, 617 d*3k= 2
Folm, Tfe] dubHql wiekEzde] pHY} 4.5~5.5¢] 7=

Table 2. Effect of the addition of vitamins on the mycelial growth
and laccase activity®

Vitamin Relative growth(%) Relative activity(%)
Control? 100 100
Thiamine 114 116
Biotin 127 118
Thiamine+ Biotin 159 122

“Cell growth and laccase activity were measured after 3 days ol cullure.
®Control was cultured without vitamins.
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Fig. 3. Influence of initial pH on the mycelial growth and lac-
case activity.
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Fig. 4. Influence of temperature on the mycelial growih and
laccase activity.
@, Growth; @, Laccase activity
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Fig. 5. Effeci of the addition of various amounts of 2,5-xyli-
dine on the laccase activity.

+, Control; A, 0.1 mM; >, 025mM; . 05mM; @, 1 mM; &,
5mM. The arrow (| ) indicate the time of 2,5-xylidine addition.

2.5xylidine?] =T 7|0 L2 laccasel| Ait

BEARS £214717] $18l inducer®A] 2.5-xylidines
Adejste] 7l el Hisled AL AY3ET. Trametes
sp. CI-1055 wiekd off, wioF 14 3ol 2,5-xylidine2]
EFFE7t 0.1~5 mMe] FeF o7 /R E ZA sz
71t F inducerE A7IEHA] @2 739-9F Z}2t laccasc?]
kS vlasldel, o A3 Fig. 594 ¥a= 73 Ze] 2,
S-xylidine?| 5=7} F7FEE BAAabe] Fvhgle
5mM EEE Ve A9 A7 ke gl Bsle]
2358 B4kl AskE et o] 2.5-xylidince] Aol
=L vjA7] Wl Ao edsw (6] AAE A A
AE 2,5xylidined #H7181x) @gkE wfoll ulsle] @A)
zhgledct, mabd, FASER inducerd A71El= Ao
Zo3tly & 4= glem) B o)A Trametes sp. Cl-
1058 wioFsle] laccase®] AARE Eo]7] SsiME 25
xylidine® #HEF5=7F 0.5 mMe| =% Avlsjeof 3l o
24 25xylidineS H7}s}A] 9gtE ool H]3te] lacease
o] Aol 7 F018E ASE ) ol Erikssons-{5]
o] laccasc®] ZFHAWANS- #3led 10 UM 2 5-xylidineS
H7¥g A Adeldt Zajel™, Nicolinis[1510] 2,5-xy-
lidineS 0.5mM H718F Zae Y Asfeldt

2,5Xylidine®] Z7IA7[0 2 laccase®| AAt

Trametes sp. CJ-1052 wj¢F3led laccase®] AJAahs 27}
A17)7] #18te] inducer2A] 2.5-xylidineS #7}slAl Hw
Ao BAL X Eg o A7 A AR &
aAAkE HA3 57) 918 Fead Zleltie]. aleiA,
Trametes sp. CJ-1058 wioksr of 19, 24, 3, 49 &
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Fig. 6. Effect of the addition time of 2,5-xylidine on the lac-
case activity.

4. 1 day; H, 2 day; A, 3 day; @, 4 day. The arrow (] ) indi-
cale the time of 2,5-xylidine addition

oll 2.5-xylidine®] #ZF¥%Z 0.5mM A ZAst] H7}
A laccase®] AJARS wlESlEeh 2 A= Fig. 6]
vehfiglon] wiok 15l 2 5-xylidineg A7HgF A7)
ok 77} BTl Jaccase?] AlAte] AR A 08 Eopon
H7PAIZ17F %445 laccased] A4ko] wHAl vjehydel
weba], FAle] AAle] o= A o] Felz] hgel| inducer
£ F7HeRW] Erbe dAe] AAzTlel A7l Al
laccase®] AARS- £711)7)7] QdA e Ao, o=
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Fig. 7. Time cource of laccase production by Trametes sp. CJ-
105 in 3L jar [ermenter.

A | Glucose; B, Ammonium ion; @. Laccase. The arrow (] )
indicate the time of 2,5-xylidine addition.
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BL-Jar fermenterOliA laccase?| Mif

A7) Btz ik Bl Qolal 228 zglsled &
A 275l A Trametes sp. CI-1052 wiokslo] laccaseZ
Akt o wiofae] AAl ) HEE Halsly] $]s)e]
fermenterg AM8-3ted AL 288w}, laccase A 2|
HEulA] 3LE B3 5 L-jar fermentero| A Trametes
sp. CI-105% 109 B9t wioFelsion], ok 193] 2.5-
xy- lidineg HE¥E7} 0.5 mMo| H=Z Arlsleict
ofel] whE wiAgEe] WE gl FdAlARe] WIS Fig 7o
vebiglem TfldA B Zlah zbo] kel o
ammonium ion?] F=7} elucose?] 7HiR) wha] oleju}
o, 22 FE) F553] Fhslks A7) laccase?] Ak
ol HANZ Hol BXo] 71k A vehda o] fo] &
A2 340 Umle]giet. laccasc®] MARS FalA|e] AJ7te]
S718Re A FY3 Aoz Fvisielen, g B
aar AR AW oJtAleol A Pake] 43t}
= Bai24)e) FUg T dgic)

e TARA] Wel] HE] B4R 0] BA)E Eels))
3 FARARE B 5sted ghAE] Bafsied FAEAR] &
o] Aglg HE EAYeE AHgsle] laccascd]
AE AT A AZg Ehe) A4 ulgo] 59% A=
Hooh o)y =l ¥eEar) = AF Y FlolAut
ARG A FE FA R EAl] ds Sz 2o
(8, 147 A3} ZFe] laccaseZ} HEel = EAgke- F]lgt
AZ o} Schlosser[22]152 Trumetes versicolorg glu-
coseE EAYUSR Wikl w149 Fol MEY EA
o A vlgel 148%el5 ot A VEhE B S
M| 22 AL Bkages AMEro g AFYFE Jaccase
S Y o] we] YarEEre] MEY 40 g4 ujge
97.5%, 93.0%)8 2+ QT Budlcl. AFHPon 27
R R dEeA SRS Efslr] Exe A
Eo|2 FE W] A P 9l £AL = Aol F

23iEe ¢ 4 e,

O U

(=] [=]1
i =

2l 2RE Ba)sle] ZHE HE (dye)l]l HEF EajAdo)
8t AR Fol® Trametes sp. CI-105¢] gt wljokE
e dFsnt wmay 2oy Pl LA (ligninolytic
enzymes)s2| shtolH ]S wEd ZF ) FEE
g Eie) #A8sle Aoz nuy laccase(p-diphenol
oxidase, E.C. 1.10.3.2)%] AAFAE TAlslgdet g4age
23= glucoses ARSSEIES o A9 A=) laccase?] A

Abe] 71 P8l 2 glucose FEE 2%7F Aol
Aol 7ol FAGA e asparagineo] 713 Eghent
BAARARE ammonium tartrateZ ARE51IL o) =A Jr)
o #HAH TR 0.04%°1%TF ThiamineZ} biotin:
7¥eE A FAAAA A4S TR, inducerE
M 25-xylidine2- Wik 1 Fell 0.5mM 3748k A9
laccase®] AJ4ke] <F 78] Frlslodch Laccase® AJAlksl=
2% pHe 500 2= 25°Co|sw =k, 51 Jar fer-
menterZ ©]-8-3fe] AF7] FZ1oA wieklE W) ammnoium
ione] §438] ZFAEE A)7]ol| laccase®] AJo] 71Ak &
Hebdew] Tee] F4-30-2 340 U/miel$id)

ZAtel

B AT 199845 ARIAET FU7I 1S Al
Qo z apsigize.
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