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Optimal Production and Characterization of Laccase from Fomitella fraxinea Mycelia. Park, Kyung Mi
and Sang-Shin Park*. Department of Biotechnology, Dongguk University, Gyeongju 780-714, Korea — The
culture conditions were investigated to maximize the production of laccase from Fomitella fraxinea mycelia.
Among the tested media, mushroom complete medium (MCM) showed the highest production of the enzyme.
The optimum culture medium was 2% dextrose, 0.4% (NH4),HPO4, 0.05% Na,HPO4-7H,0, and 0.05% KClI
as carbon, nitrogen, phosphorus, and inorganic salt sources respectively. SDS-PAGE followed by laccase
activity staining using 2,6-dimethoxyphenol as the substrate was performed to identify the laccase activity
under culture conditions studied. Zymogram analysis of the culture supernatant showed a laccase band with a
molecular mass of 50 kDa. The enzyme production from F. fraxinea was reached to the highest level after the
cultivation for 10 days at 25°C and initial pH 8. The enzyme activity of the culture supernatant was most

active at 50°C and pH 5.
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Laccase(EC 1.10.3.2 : p-diphenol : dioxygen oxidoreductase)
T A 424 2 (Rhus sp)e) B 2 (latexy7} 3
7] FollAM wh2A A3 A RRE 18830l FHE= W
A= o, ul5=dt A7)l FFEHE] laccaseZt WA o
2 F 10 Foll el Heol laccaseZ T H A2
Laccase:= L-ascorbate oxidase, ceruloplasmin 53} &
multi-copper oxidaseZA AR el )] F]o]&-E 714
3 glom, AkAE o]-83te] diphenol ¥ diamine 52| 712
& ABERIA & A8 [26], mono- X E2jHEA 1A
2] ortho- 4 para- hydroxyl groupe|u} HWEES ol © 2 HE]
1742] AAE- A| A 3ted depolymerization, repolymerization,
demethylation, == F3= A2 oS AP = AUEH
At RE AT eadAte] AARR-S Seigs
[3, 8]. °1¢} Zo] laccaser= wHoFat 7[&lof] widle] Fuliyt-$-
S veplEz FzalqdelA Bl AlA et dRie] #
wizkel, el 9 S B0k =l H9 5o o8 &
BAelA FAAEQ] AR BAEA RS 2 H (20,
24).

< Had AAFAY dFEE W55 (white-rot
fungi)o} A E¥)5)+= laccase, LiP (lignin peroxidase), MnP
(manganese-dependent peroxidase) 5] 21 HlEAE
< o83 IAAFAH L A FA N H3E ATFel AF
Ha 9wt glad EEAES Ao Sl we g2
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A BuE Zp2ke) 7)) 9ol ® Aol E vfERATH32].
olg} o] B2 FHa Wk FAR FAIE ] Al
M= A FaEA ot gan] e EAE] o F
Baglcl= Aol 2Alsled laccase, LiP, MnP 52 4Z
PAHs(v}5- 1] ubekE b3l 42F; polycyclic aromatic
hydrocarbons) 5 o8] 3 2 GEAL A7 9l 7hie] 3%
al7] $i5t A7F APHI glom, o] FolME 53 T
9] laccaseZ o83t A7V} oS A AYH 1 et &
F9 laccaseE o] 83t ATF-EX Panus tigrinus B Coriolus
versicolor?l] 213} 2.4 6-trichlorophenold] a9 AH3}E-2.9
transformation[13], Trametes hirsuta®] 2]t alkenes®] Abs}
[15], Trametes villosaoll 2|3t bisphenol A2l F3l[6], C.
versicolorell 2]} pentachlorophenol®] #| 7 [28], Trametes
versicoloroll 2]8F PAHsS] 30, Pleurotus ostretus®l] 2 &F
PAHsE. 2% B9 2 Fo| qlot.

WAL FHell A AlF 2 LJefFo R e o
E 7R A7 B Aol osle] vekst 579
A AAAAZHE s, W9 24, 8 A 9A
SEA o8 AEEA EAle] Earge] gker(10, 1],
3t proteased EF3F kel FHe] Bbel gt A7rt Al
y=e] fri1s, 18, 21].

olFIA AN EH Al (Fomitella fraxineays W1F-EMAE 71
Aol MAlTel| &3 HATFEA A o|elale Y
Hu] e A5 iz k2 ALRES] gt A|F7MA] F
fraxinea AL A ZHE] steroid Al E2] AR} I_ME[19]E
e o AL 25 A5t Bud v glew, E
fraxinea TAH ZHE] dA-44] BAE YAkshr] 93 #H
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Wik EZ S FARIAL, A B BAIS dTEle] Bz
= B} 9leH12].

E AollME vekst B8RS el Al
o] AklA & 8t 7|2AFE F fraxinea TAH] 25
g dAFd S ol-&aled 2lod HA &S, laccased YA
317] 913t #H WAL ARSI L, wj okl o2 KE]
a4 BAE A7l

Mz o U

Ag 2

& AN AR oA EHAY] e FEAEA
ol A Fof W& ASI-17015 FFEA], AL wiA 2=
potato dextrose agar(PDANA|S- AFE-3lod APHulR] Aol A
25°Cell A 79 F<k wigE F 4°C WAl Bsict

AU X ZFAMHRE

F fraxinea TAHAZHXE] laccase2] AAM-E vls)r] ¢
& WX ZE Coriolus versicolor medium(CVM), Czapek
Dox medium(CDM), Lentinulla edodes medium(LEM),
mushroom complete medium(MCM), malt yeast glucose
medium(MYGM) 2! potato dextrose medium(PDM)-& A}
falodom, 4 wix]el A2 Table 13} &t} K fraxinea
£ PDA B3t ufA] Aol AFated 25°CoA 79 B4 ik
3k % gk wiA] Ae] FARE 5 mm cork borerZ punching
ale] A2 AL disk NS FUEA 2] AANR] 100
mlel] AF3}ed 25°Col M 1097F 120 rpm o2 g} wjoks}

Table 1. Composition of various media used for cultivation of
Fomitella fraxinea mycelia.

Media (g/1008¢)

Component

CVM* CDM" LEM¢ MCM! MYGM® PDM
Dextrose 2.0 2.0 2.0 0.4 2.0
Sucrose 3.0
Starch 2.0
Galactose
Peptone 0.4 0.2
Malt extract 1.0
Yeast extract 0.6 0.6 0.2 0.4
Potato 20.0
NaNO; 0.3
KH,PO4 0.046 0.046 0.05
K,HPO, 0.1 0.1 0.1
MgSO,7H,O0  0.05 0.05 0.05 0.05
KCI 0.05
FeSO47H,0 0.001

“CVM (Coriolus versicolor medium), *CDM (Czapex Dox
medium), ¢ LEM (Lentinulla edodes medium), “MCM (mushroom
complete medium), *MYGM (malt yeast glucose medium),/PDM
(potato dextrose medium).

Gt ZE WA= 121°CA 155 53t Dadted ARSSlsd
o whadd, A, A 9 7R 5o ookl of
B 24 S A Hle] AlgeA F P B2
A S vERME MCME| 2428 i odokle
A 2% AU, 0.4% A52A5 0.05% JA 2 F
NNALES A7 Ase] Adsigdel. B4 Ak 3 3
A ek EE AAE] S8l 7] £ 15°C~40°C
7HA] 5°C ZHASE 2A e wiokstad).

Laccase?| EAM&H

F. fraxinea W8-S 8000 rpmeflA] 108 F<t A Ha]
gt & ASHS g AN 0T AlSslg] o) Laccase A
2 100 mM P EANGEF b8 (pH 5.0) Aol Al 5
mM ABTSE 7|22 xlsle] G4¢) vhe-A1Z12, ABTS
o] Abglell o) AAE Z2ZH AFES 420 nm
(6=36,000 M-cm™yell A &A1 8151 v}H29].

Staib agar plateS 0|88+ &M&H

Laccase®] &4 2 Staib agar plate AFell A4 brown color
effect BCE)Z &elalsiet. sutelr] 4 50 g& Fisls)ed
1000 mie] SF<roll €3 3087 o 421 F, glucose
1 g KHyPO, 1 g, creatinine | g Y agar 15 g2 #7138}
of 110°CeliA] 208-7F HFAIZ] F- Petri dishel] 715lo] Al
ol A $AIF L. A%l Staib agar plate Aol £ fraxinea
5 AEdted 25°ColA 1~5Y47F wioFA7] & FAH=
A ZHS Elstolw27].

Activity staining

wjokl S0 A4S FIs] flsle] 2EANS 12%
SDS-PAGE 1719353t 5 DMPO &4 4<& a)stsd
o} A7jdE & AL 0.1 M QJAMEF 9589 (pH 5.0)
of 5% F<eF WkAsE & 20 mM QJAREF 958 (pH
50022 A8 2.5 mM DMP2} 0.2 mM CuSQ, £ 3}
37°Coll A 10 52t BRAIA B34S velie WA
bandE E13F3AEH25).

ZH pHet Y 2=

TAH| 258 Ak 8420] ZAel w| x| pHY| 3k
ZAFE7] 15t 0.1 M o EARTE R b8l (pH 3.0~
6.0), JARFEF 3~80(pH 6.0~9.0), carbonate bicarbonate
A8 (pH 9.0~10.0yS AREslelemd, 7 g8l 1.8 ml
ol 5 mM ABTS 100 ple} &4 100 wE 7hsle] 2 &3
g F 420 nmellM Z27] 38 ko] 3R] HIE 24
vt A 22E AR Slsled E4 A9 Hkgex
£ 20°CoA 70°C7HA] 10°C 7HE o= w3k S ES
A3
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F. fraxinea TAHA| ZH-E] laccaseE AAtsl7] 918 # A
x2S 53] Hsle] 7 wiAE ARl oA
AL vk AAE Fig. 1ol Jeplidet. WAl F MCMZ
ARt wiekelolS W) ofE wiAEel H]Eked laccase®] &

Aol w4 4S5 9lgleh

Etadlo| AHE

T S g st BHE AR $lste
MCMel| 2%2] 7+ 2574 gtd 48 Hrlsle] wjeksr 2w,
MCM ¥ A3l dextrose’} BtAY o2 AHrlEglS o &
4e] o] 71} 9aledv}(Table 2). =3k cellobioseE &
7t e dE Eio Aol st v, sucrose,
cellulose ¥ glycerol 52 &40 AL 53 S A=
4t o] A= WARE O R RE] laccaseS A
7] 93 eAd = dextrbse]]- 7V 43 B S
vehil= A dx8lgond(s, 22], T versicolorZH-E ]
a4 B EAE AAE] 93 sAY 2. cellobioseE A
7hekd-g o vlad 943 EAAEE Rl A9
Asld et 14].

N ES IR

T AARS 203 A B3E A Sl8ke
MCMel| 0.4%2] 7+ 2574 2A4Ue Hrlsle] wiekst 2=
£ Table 3ol Yeplisich §7134% F tryptonee] T3
EaARsE S VieplgleH, A ALY F (NHy)LHPO,

Activity (mU/ml)

cvMm CcDM LEM McM MYGM PDM
Media

Fig. 1. Laccase activity of F fraxinea cultivated in the various
media. Cultivation was carried out at 25°C for 10 days. The lac-
case activity was assayed with culture supernatant. CVM (Corio-
lus versicolor medium), CDM (Czapex Dox medium), LEM
(Lentinulla edodes medium), MCM (mushroom complete
medium), MYGM (malt yeast glucose medium), PDM (potato
dextrose medium).

Table 2. Effect of carbon sources on the laccase production from

F fraxinea mycelia.

Carbon source (2%) Activity (mU/ml)
MCM? 187
Control® 89
Cellobiose 166
Sucrose 1
Starch 0
Mannose 101
Galactose 74
Cellulose 29
Xylose 112
Maltose 50
Fructose 127
Lactose 63
Glycerol 24
Mannitol 42

“Mushroom complete medium.
b The MCM without carbon source.

Table 3. Effect of nitrogen sources on the laccase production

from F fraxinea mycelia.

Nitrogen source (0.4%)

Activity (mU/ml)

MCM? 187
Control® 0
NaNO? 0
Ammonium tartrate 0
(NH4)2504 0
(NH,4),HPO4 195
NH4NO; 0
NH,4Cl 0
Peptone 0
Malt extract 0
Tryptone 157
Yeast extract 123
Casamino acid 0

9 Mushroom complete medium.
® The MCM without carbon source.

7t 2 A S vehd MCM 9 ARl
peptone®} yeast extracts- £313led A715199S W= Bl
53 S Vehigde). e, NaNOs, malt extract 5
o] A2YE Arlsisl s W) AT JehA| gk
laccasel A7} FFak Al A Aatse 545 7P
2loH7]. ©1% Mikiashvili $[14]¢] T versicolor2%¥€ 2]
d FAEST AR g AAEY LR peptonee] 7}
2 $4siebar ® 38k Zoel Vasconcelos 5[30]°]
Botryosphaeria sp.25-E] laccaseZ AJAFs17] $43k A9
Z yeast extract} 7H $3hekar Bargk kel Abo]d)
A=t
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olttel o 7lEslel Pt
Ee) QS AT QAP F7)R99] E3E 2t

7] $laled MCMel 0.05%] 7 E54 Akl 9 57104
< A7¥ste] kst A7E Table 40l “epflet. Ak
% NapHPO, - TH,09] 717} Eae] S ST
™, 7714419 79 KClo] 48] YA 7P 7R3
T2t CuSO45H 02 EAe| 84S 3] Ak
o] Asl= Fomes sclerodermeus[17] R P ostreatus [22] &
9] laccase”} CuSOLl 2)sted AAkeke]l =4 =7l 4
3o} Apolalsiet.

Laccase2| &4 &0l

Wiy Fo] Eane] S BRIE] Hste] widy ARE
Table 4. Effect of phosphorus sources and inorganic salts on the
laccase production from F fraxinea mycelia.

Phosphorus source (0.05%)

Activity (mU/ml)

MCM? 187
Control? 178
NaH2P04-H20 175
Na,HPO,-7H,0 190
KH;PO,4 187
(NH4),HPO, 7
Inorganic source (0.05%)

MCM? 187
Control® 6
NaCl 146
MgSO4 7H,0 187
CaCl, 205
CUSO4'5H20 0
KCl 281

4 Mushroom complete medium.
® The MCM without phosphorus source.
¢The MCM without inorganic source.

(A)

SDS-PAGE 3 % 2,6-DMPS 7] 2 3}e] activity stainigZ
23} laccase B YERIE= band7} 45~66 kDa AlolollA] &
2l 5%l v}H(Fig. 2). ¢} Solano 5[25]°] E. coliZ5-E} laccase
A4S Folst Aol AT 3 Staib agar(Guizotia
abyssinica creatinine agar plate) AfolA TARIE- wioFst o]
e 24 8] 3717} s ok F 20 mmelglen 5
wieF ¥ 55 mmE JEPHO 22X F fraxinea £ laccase®]
Aol A Frlshs S g o sch(Fig. 3).

kDa A B
66 —

45 -
36 -
29 —

24 -

20 =

14,2

Fig. 2. Activity staining of laccase from F fraxinea cultivated
in MCM. (A): Molecular weight standard marker proteins; bovine
serum albumin (66 kDa), ovalbumin (45 kDa), glyceraldehyde-3-
phosphate dehydrogenase (36 kDa), carbonic anhydrase (29 kDa),
trypsinogen (24 kDa), trypsin inhibitor (20 kDa), a-lactalbumin
(14.2 kDa). (B): The activity staining of laccase from F fraxinea.
12% SDS-PAGE was run under dissociating conditions in the
absence of 2-mercaptoethanol and gel was stained at 37°C with a
solution of 2.5 mM DMP in 20 mM sodium phosphate pH 5.0 and
0.2 mM of copper sulfate.

(B)

Fig. 3. Mycelia of F fraxinea were cultivated on Staib agar (Guizotia abyssinica creatinine agar) plate. (A): after 1 day of cultivation
(diameter 20 mm) brown color zone. (B): after 5 days of cultivation (diameter 55 mm) brown color zone.
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HHQFA|ZHO 2 ZAO| it

olAJe] AHAINZNE] F fraxinea TAH) £2] laccaseE A3
2317 )ele] HA £ 2% dextrose, 0.4% (NH;),HPO,,
0.05% Na,HPO, * 7TH,0 & 0.05% KCI & Z3sh= wiAl &
o83l F fraxinea ¥AHE AZPEE wiokst A= Fig. 4
o} 7} wjek 7ARRE T Fo] FUI5l) AlRsle] Wl
oF 1047 7R Egkor, 2 o] Folli= Ax} st ol
Monotospora sp. &2 laccase?} 84 wloF F 2] T
< Bl AF31] FASIA T de Souza F[4]0] EALE
Pleurotus pulmonarius 2 laccase?} 12047k #ioF §- B4
o] gXo] 7P avk= Ae}l vlwd W) F fraxinea TAH
FHE laccaseZ AJAKP7] $13F wlokAl7to] vl Aok A
£ ot 4= qlsdet. 38 Arora 112 Philebia floridensis %2
laccase ZHAd o] 209 wioF Foll, L8] Hou S[91< P
ostreatus 2] A o] 14 ok Foll 7P grsial B
15k u} Qi) oje} Zhe] vloksl wiAl AR ZHE] laccase B
284S 7] 93 wjekrIzhe 7 A 149 A A7
o] 285 7102 Mol H FA) AARS $g MR 4
Al o] ol &3l AR AR E

Hig2E ¥ pHe| AHE

Laccase®] MARS 913+ 27 wioFr|zkel 10 F<t vk
3 o Ehol HARS 913 A wikexE AR A9E
Fig. 59l Yellsle}. F fraxinea TAHE 25°C, 27| pH
80014 109 E<F wioksll S W) Eo] Mol 7P 571
-2 o & glald o] A3 Monotospora sp.E 30°C,
ol 8ol MeFelel S o EABA el b Seehe
Wang 5[311%] Az} ARSI

—
- bl

15

10

Activity (Unit/ml)

S N NS NN TN N S N S
5 6 7 8 9 10 11 12 13 14

Day

Fig. 4. Time course of laccase production from F fraxinea
mycelia. Cultivation was carried out at 25°C for 14 days in the
MCM. Laccase activity was assayed with culture extract.

100 - ]

~

60

Relative activity (%)

20 -

1 L L '
15 20 25 30 35 40

Temperature (C)

Fig. 5. Effect of temperature on the laccase production from F
fraxinea mycelia. Cultivation was carried out for 10 days in the
MCM. Laccase activity was assayed with culture extract.

£4 g49| 2F pHet FHH 2&

TAHA weked Fe] 43S 913 pH Y 250 %)
2 Fig. 6 ¥ 73 2k &40] A2 pH 5.0004 A &
3L Jehligl e, pH 8.0 o] F2= &40 7} 60%
o812, 71451l o pH 4.0~6.0 Alololl A B]wA =2 &
4 BAS Jehliglen, 50°CoM A F e SES v
et o] A= Xiao S[33]°] B3 Trametes sp.
strain AH28-2 23-8] E-2]A A3} laccase®] A pH 4.5

= SAbstel o) Cyathus bulleri 58] H) A A gk
laccase”} 7]2 ABTSol| sl pH 3.5~4.000A] 18 EA

100 + /l
[ \
80 I s
i\i \o
S
B 60t s o)
©
o
2
b
i
[}
¥ 40
o
A
20 TT—a
1 1 1 1 1 1 1 1
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Fig. 6. Effect of pH on the activity of laccase from F. fraxinea.
The enzyme activity was assayed in the pH range 3~10 (-W-; 0.1
M sodium acetate buffer for pH 3~6, -O-; 0.1 M sodium phos-
phate buffer for pH 6~9, and - a-; 0.1 M carbonate bicarbonate
buffer for pH 9~10) at 25°C.
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Fig. 7. Effect of temperature on the activity of laccase from F
fraxinea. The enzyme activity was assayed at various tempera-
tures of 20~70°C and pH 5.0 in 0.1 M sodium acetate buffer.

3A4E Halvle= Salony 52319 Aol Alo|dg & &
Ak, B, Trametes sp. strain AH28-22 8 Ha)A] A
3} laccase?] #H L5 70°C, Cyathus bulleri ZH5€ £
2)A A8 laccase?] HA LE7} 30°CEH B 49 EA
} Aolghs Jehlidic). ojAke] AAE EdiE ik o
FE E4F 9 AAsle] A3EH EAdo A3 AT
7} A8z of & o2 gz

(=) OF
pel =

WAl (Fomitella fraxinea)] A wlj ofo) © 2 €]
laccaseZ BAlel7] A8t A wiFzA & FAIAS. B3
WA Fof| A MCMe] laccase®] AJAkel] 713} 9<palel o,
laccaseS AAs}7] 98 HA R Z AL &4y, ALY,
A Bl i eE A7 2% dextrose, 0.4%
(NH4),HPO,, 0.05% Na,HPO, + 7H-O % 0.05% KCi¢] A
7ol 23te] Fame] AAte] B FU. wlebM F fraxinea
25 laccased AAFE7] S13 FHAH Az 2%
dextrose, 0.4% (NH),HPO,, 0.05% Na,HPO, * 7TH,0 &
0.05% KCI o}, o] 2] wiA] & A}g3}e] wief2Xx 25°C,
Z7] pH 8.0°1A4 104 &<t vl & o & AAke]
7H F7HE 4 4 9lsieh. Staib agar plate Aol A4
WA (Fomitella fraxinea) TAFA 2] laccaseAd ol F-5 el
g dslem ek Fo &4 e A pHe 2=
+ pH 5.0 3} 50°C i+t

#Atel =

E d7e FEAEE A A TH Al oJste] 5

= lom ol ZAL=E ).
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