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ABSTRACT: The production of laccase by Fomitella fraxinea was studied. The addition of minerals were nec-
essary for laccase production by Fomitella fraxinea. Jar fermentor and Air-sparging fermentor performed high pro-
ductivity in laccase activity by F fraxinea. Laccase activity reached 3,540 in 8 days (Jar fermentor) and 3,100 in

6 days (Air-sparging fermentor) respectively.
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Table 1. Basidiomycetes for first screening
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No Scientific name Korean name Source No Scientific name Korean name  Source
1 Coriolus versicolor — FEMA Gurum 41  Grifola frondosa QA Mai(white)
2 C. versicolor TEuA Hingurum 42 G. frondosa LAl Mai(black)
3 C. versicolor TEHA KCCM11512 43 Calvatia gigantea TRAWAE AS131004
4 C. versicolor TEHA ASI16001 44 C. craniiformis A ASI31001
5 C. versicolor TEHA ASI16000 45  Lyophyllum ulmarium Llzgs= | ASI8025
6  Lentinus edodes A Nonggi #3 46  Rhizopogon rubescens A ASI62001
7 L. edodes FIHA Nonggi #3po 47  Hericium erinaceum R ASJ48001
8 L. edodes EasA ASI3046 48  Phlebiopsis gigantea - KCTC6706
9 Pleurotus ostreatus  =E}Z|HA Wonheung 49  Gloeophyllum abietinum ZIRHAS KCTC6356
10 P ostreatus LefHAl Chunchu #1 50  Phlebia radiata 7FeFEuisis KCTC6759
11 P ostreatus LElBA Chunchu #2 51  Hypocrea lactea - KCTC6518
12 P ostreatus LERIHA PO9 52 Wolfiporia extensa BHls KCTC6663
13 P ostreatus LERA PO24 53 W cocos =25 KCTC6480
14 P ostreatus ERIMA PO26 54  Phellinus igniarius sl P126004
15 P ostreatus LERHA PO38 55 P igniarius A ASI26005
16 P ostreatus LelHA PO42 56  Phellinus linteus CRLie ASI26004
17 P ostreatus =ERPAR 241 57 P linteus Al ASI26011
18 P, ostreatus ERMA 2-2 58  Ganoderma lucidum FA A 3-1
19 P ostreatus el 23 59 G. lucidum FAA Ga
20 P ostreatus ERIHA 2-4 60  Phanerochaete sordida - KCTC6757
21 P ostreatus ERA 2-7 61  Hypocrea citrinan var citrina KCTC6863
22 P ostreatus ERHA 2-8 62  Bondarzewia montana - KCTC6715
23 P ostreatus LA Ckennetary 63  Peniophora quercina 3544 KCTC6758
24 P florida AM el ASI2016 64  Merulius tremellosus ol Al KCTC6762
25 P sajor-caju A2 Sachel 65  Oxyporus latemarginata Baag KCTC6661
26  Flammulina verutipes oA Enokii 66  Rigdoporus vinctus - KCTC6672
27 F verutipes oA KCTC6367 67  Lenzites betulina A KCTC6354
28  F verutipes Yol Enomii 68  Laetiporus sulphureus I=l=DSE KCTC6358
29  Fomitella fraxina Al 81001 69  Clitocybe clavipes Z7wAE KCTC6727
30 E fraxina oAl 81002 70  Inonotus obliguos A7 1Al ASI74006
31 E fraxina olwAl 81003 71 I obliguos 271AL ASI74009
32 E fraxina oA ASI17004 72 I obliguos XA ASI74016
33 F fraxina oAl ASI17006 73 Rhizopogon rubescens Al AS162001
34 F fraxina Ho Al ASI17007 74 Boletopsis leucomelas FZEA ASI91001
35 E fraxina HoH ASI17017 75  Paecilomycetes japonica 5 PJ
36  Grifola frondosa QA ASI9013 76  Agricus blazei op7lElFL Agaricus
37  G. frondosa A ASI9006 77 Trametes versicolor SHENALE KCTC6714
38 G. frondosa SARAA ASI9019 78  Pholiote nameko A ASI5008
39 G. frondosa A=A ASI9022 79  Vobvariella volvacea EipY ASI12001
40 G. frondosa QA Al ASI9034 80 Agrocybe cylindracea HESoHA  AC-1

*KCTC; AE3NA74 FAAGAE] 30728 *ASL s94ep e,

Table 2. Composition of culture media for screening

Medium (g/)

Ingradient
M1 M2 M3 M4
Glucose 20 20 20
Yeast ext. 02 02
Bacto-peptone 5
Ammonium tartrate 0.22 5.53
KH,PO, 0.5 0.5 0.5
MgSO, - 7TH,0 0.05 0.05 0.05
MnSO, - 6H,0 0.12 0.12 0.12
0.4 N Na-phthlate 50 ml
Kirt’s salt’ 10 ml
PDB 24

*Kirk’s salt: MgSO, 3 g, MnSO, 0.5¢g, NaCl 1.0g, FeSO, - TH,O
0.1g, CoCl, 0.1g, ZnSO, 0.1g, CuSO, 0.1g, Al(SO,), - 12H,0
10 mg, H,BO; 10 mg, Na,M00,-2H,0 10 mg, Nitrilotriacetate 1.5 g,
Distilled water 1/.
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Table 3. Composition of culture medium for Fomitella fraxinea SAsM =4
(/) Laccase 84S o-phenylendiamineS 7|2 & 3o &4
Glucose Malt ext. Yeast ext.  Minerals FEEE EZE S & A= JE AXEAY S
Medium I 10 10 6 - E 440 nmollA &35kl FA59 HH(Kofujita 5, 1991).
Medium TI 10 10 6 addition” Lignin peroxidase 242 187+ 1 nmol2] veratryl alcohol
Medium IIT 10 10 6 Cu I mM ©] veratryl aldehyde= Atslsh= 22 310 nmoll A o] &
Medium IV 10 10 6

Mn 1 mM B2 JERNATHTien and Kirk 1984). Manganese

‘KH;PO, 1g, MgSO,-7H,0 1g, FeSO,-7TH,0 10mg, MnCL-4H,0  peroxidaseZ4-2 Kofujita 5(1991)2] ¥Ho = s}

7mg, ZnSO, + TH,0 4 mg, CuSO, - 5SH,0 1 mg. g INEEE 137 oz AANE EFo B
465 nmolA 9] FE=R VERARITH BE aie] 24

9Jated, UV-visible spectrophotometer(Shimadzu UV- RS wiks¢] Zekaz 371E Adsie] gado] Hagk

12018 AHE-8t 595 mmellA F3=E SFsNed, 2 vehiddh

EFEZEE Bovine serum albumin(Sigma Co.)e AR

39T}, Glucose ke BE-417](YSL 2700-D Biochem.) Zxnt 2 nak

2 ARg-sted &4kt

[o e mlm

25 Mg
Fao| cizpu SRS ARe] M) BAYEE AR 13} A
gl Bl gie] tFAYAE 98] 101 jar fermentor  (Table 4)ollA] 2lad Esjas Aite] moly A4EE
(MDL BEM, Marubish Co.), 10/ %43 wi%7|(Balloon  109%¢] 432 st 23} A¢-E 28T Man-
type air bubble bioreactor; Lee 5, 2002) 18] 13| * ganese peroxidasex> P ostreatus(PO42), lignin perox-
712]&3 WjF7](Air-sparging fermentor)E ©]83te] & idases= P igniarius(ASI26005), laccasex= F fraxinea
a0 g AT S s (ASI17017)00 4 7HE =& &4o] vehsth the ol

Table 4. First screening of Basidiomycetes strains producing ligninolytic enzyme by POLY-R decolorization (M2 medium)

Capability Strains

Coriolus versicolor (Gurum), Coriolus versicolor (KCCM16001), Lentinus edodes (Nonggi #3), Pleurotus ostrea-
tus (Chunchu #1), Pleurotus ostreatus (PO24), Pleurotus ostreatus (PO26), Pleurotus ostreatus (PO42), Pleurotus
ostreatus (2-1), Pleurotus ostreatus (2-4), Fomitella fraxina (ASI17006), Fomitella fraxina (ASI17017), Rhizo-
pogon rubescens (AS162001), Phlebia radiata (KCTC6759), Phellinus igniarius (P126004), Phellinus igniarius
(ASI26005), Phellinus linteus (ASI26004), Phellinus linteus (ASI26011), Phanerochaete sordida (KCTC6757),
Oxyporus latemarginata (KCTC6661), Lenzites betulina (KCTC6354), Trametes versicolor (KCTC6714)

Coriolus versicolor (Hingurum), Coriolus versicolor (KCCM11512), Coriolus versicolor (ASI16000), Lentinus
edodes (Nonggi #3pogo), Pleurotus ostreatus (Wonheung), Pleurotus ostreatus (Chunchu #2), Pleurotus ostreatus
(PO9), Pleurotus ostreatus (PO38), Pleurotus ostreatus (2-2), Pleurotus ostreatus (2-3), Pleurotus ostreatus (2-8),
Pleurotus ostreatus (Chenntary), Pleurotus florida (ASI2016), P. sajor-caju (Sachel), Fomitella fraxina (81002),

Medium Fomitella fraxina (81003), Fomitella fraxina (ASI17004), Fomitella fraxina (ASI17007), Grifola frondosa
(ASI9006), Grifola frondosa (ASI9013), Grifola frondosa (ASI9019), Grifola frondosa (AS19022), Grifola fron-
dosa (ASI9034), Grifola frondosa (Mai(white)), Grifola frondosa (Mai(black)), Calvatia craniiformis (ASI31001),
Ganoderma lucidum (Ga), Inonotus obliguos (ASI74006), Inonotus obliguos (ASI74009), Inonotus obliguos
(AS174016), Boletopsis leucomelas (ASI91001), Pholiote nameko (ASI5008)

Lentinus edodes (ASI3046), Pleurotus ostreatus (2-7), Flammulina verutipes (Enokii), Flammulina verutipes
(KCTC6367), Flammulina verutipes (Enomii), Fomitella fraxina (81001), Calvatia gigantea (ASI31004), Lyo-
phyllum ulmarium (ASI8025), Hericium erinacewm (ASI48001), Phlebiopsis gigantea (KCTC6706), Gloeophyl-
lum abietinum (KCTC6356), Hypocrea lactea (KCTC6518), Wolfiporia extensa (KCTC6663), Wolfiporia cocos

Weak (KCTC6480), Ganoderma lucidum (3-1), Hypocrea citrinan var citrina (KCTC6863), Bondarzewia montana
(KCTC6715), Peniophora quercina (KCTC6758), Merulius tremellosus (KCTC6762), Rigdoporus vinctus
(KCTC6672), Lenzites betulina (KCTC6358), Clitocybe clavipes (KCTC6727), Rhizopogon rubescens
(ASI62001), Paecilomycetes japonica (PT), Agricus blazei (Agaricus), Volvariella volvacea (ASI12001), Agrocybe
cylindracea (AC-1)

Strong

*Strong : decolorization zone >3 cm in 10 days, Medium : decolorization zone of 1~3 ¢m in 10 days, Weak : decolorization zone <1 cm in 10
days.
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Table 5. Second screening of Basidiomycetes for ligninolytic
enzyme (M2 medium)

Basidiomycetes Mnp (U/ml) Laccase (U/mi) Lip (U/mi)

Gurum 0.05 (12) 0.2 (12) -
Nonggi #3 - 0.3 (20) -
Chunchu #1 - <0.1 -
ASI17017 - 14 20) -
PO26" 0.1 (16) 0.5 20) -
PO42* 1.1 (14) 0.7 (10) -
KCTC6757 - 0.2 (20) -
KCTC6759 - - -
ASI16001 0.6 (20) 03 20) -
KCTC6714 - 0.5 (20) -
ASI26005 - - 1.8 (16)

%obtained from Ha (2001), —; not detected, ( ); shows the incubation
days.

Hle] 953 =& laccase Aol UEld F fraxinea
(ASTI7017)E 0889 laccased] Aate] #g A5 4
BT 94 #AH AL 71F0E gad, Aads
A &, F719F(Kim 5, 19928 AEH o= Hrtsh
M FAEA0] B wix 24 Gt

08

04

Activity(U/m1)

02 r

0 "4 8 12 16 20
Time(days)

08 |

06 |

Activity(U/m1)

0 4 8 12 16 20
Time(days)

Fig. 1. Time course of manganese peroxidase by K [fraxinea
17017. a : stationary culture, b: shaking cul- tre, @ :
Medium L O : Medium 1L

4 4
W< 243 kg el et 2lad R aie] A
I AAe 2 xpolE YERIITE HA glucose, malt
extract, yeast extract?t AME-E HIA|(Medium DelM =
manganese peroxidase”t A= AL (Fig. 1), Cu & =
o] =g gst 23E wiA (Medium IDelX = laccase¥t
AAE|Q O (Fig. 2) F 79 wlx] BFRelA @Ak A
o Fo) 2, Br1de] F7MHRel wet AdEe &
27} 2gth. Jeffries 5(1981)2 Ca, Mgolt} RIZdAE
T gadBse] 23 A4S vzt Bis =
g, 2 A% A laccased] AitellE Cut 7 E o
7t e Aoz IRAHAA(Fig. 4).
morale] W Fad Bsaad] 248 3¢ 4
%

f

2 Wk eARRE 23 AYAE 7] AsEte] wix] el

krE7} 7P B 12~160] T AArRo] A3
=7}ste] 180l 543 Uiml, 208419 5.56 UmiSE
Hogde JeElAdtFig. 2). oL 2aFE w2 o)
AN FA e Aol 27151 laccase®] ANFE FIHIT
(Garzillo and Colao, 1998; Ryu, 200D B7e} X3k
et ¥ laccasedde) NEE AHd #F Lentinus

10

Activity(U/ml)

0 4 8 12 16 20
Time(days)

Activity(U/ml)

0 4 8 12 16 20
Time(days)
Fig. 2. Time course of laccase by F fraxinea 17017. a

stationary culture, b: shaking culture, @ : Medium I
O : Medium IL
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QO N H O
T T T
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Fig. 3. Profiles of glucose concentration and protein con-
centration by F fraxinea 17017. @ : Medium I
(shaking culture), O : Medium II (shaking culture) 4 :
Medium I (stationary culture), <> : Medium II (station-
ary culture).

edodes, Pleurotus sp. 53 H]wsto= EAgls Aol
TH(Hatvani and Mece, 2001; Choi, 1993).

E40| ChEFdLt

Jar fermentor, balloon type bioreactor “78]3L air-
sparging fermentor®] Aj7}A] ¥jt7|12 G 4e] thAAS
ZAFelith(Table 6). Jar fermentorolX = WS 8L =)
(3,540 U/ FHilo] e JERNSITE  Air-sparging
fermentoroll A= ¥iF 6441l 3,100 U/E Huje] &)
WERGTE, ghd) o] A} st o] B]$23 balloon type
bioreactorell A= Aol WA 2E9kth. Ha(2001)=
manganes peroxidase®] AYAFZolA] v g o] Wk
o3 Adkgo] aigo Aujgel B9 axs Jet
W7l wiie] At S 7hd v fAstmA] antas s
Y & Q= rotary draft tube fermentors 7HeHEFSITH.
Balloon type bioreactore= #AMEZo] =& Tricholoma

Table 6. Laccase activity according to culture condition

Manganese peroxidase
08 r
Eo6}
=)
=
=
5 04
<

02 r
0
0 4 8 12 16 20
Time(days)
10
Laccase
8
E 67
-)
=
2 47
Q
<
2 -
0
0 4 8 12 16 20
Time(days)

Fig. 4. Time course of ligninolytic enzyme by F fraxinea
17017. @ : Medium I, O : Medium I, 4 : Medium
111, < : Medium 1V.

matsutake?] TAE|F] BEE aAE B (Lee T,
2002), AerEe] 7 v AERHE7]0) 2R laccase At
of g-gsld ot aaggo] A sttt 233 A
Geo) AFGE =2 air-sparging fermentorol| A E-4d o)
=7 et A manganese peroxidase9h = AJAtEZi0] B
o] & Zog LY. o] A= HAMKAS AR
o] 2713 laccase®] AAHFE FUHHE EA(Ryu,
2001)9H= U XS] Rkt Air-sparging fermentore ©F
ol M AIPo R E7| TR ALFFHT FAl I
WS She TR FAMAS SRS WEDL laccase
o] AT olr] scale updted tEA4tel] E88 U}
=A4o] 71 =L bioreactorzh . AZ-E Tl Rancano %
(2003)% <1714 @3= air-sparging fermentori U=
NAE7} W airlift fermentorE: ARE-3}0] laccase 4ol

Culture condition

Activity (day) Dry weight (g/l)

Jar fermentor
Balloon type bioreactor
Air-sparging fermentor

25°C, 120 rpm, 0.8 vvm
25°C, 0.8 vvm
25°C, 1.2 vvm

3540 U/L(8) 12.8
oun 11.9
3100 U/I(6) 13.5
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