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Typical property of the white-rot fungi is their ability to degrade lignin and other aromatic compounds with non-specific
extracellular enzyme. In this work, the modification of the strain (Funalia trogii ATCC 200800) and the culture condition was
performed to enhance enzyme productivity. Single cell was separated by the protoplasts formation and several putative
laccase and manganese peroxidase inducers were tested. By adopting the modified strain, enzyme productivity increased
comparing with that of the original strain. Extracellular enzyme formation was highly stimulated by the addition of copper and
various aromatic compounds in the glucose-based culture medium.
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o it B8, gAEFOl St WAREFE 24E Qi
4 EAL HBeHoR B & At Y PHEAE
yarate Aoz Bus gom, a8 ad el ass

+ laccase (p-diphenol oxdase; E.C.1.10.3.2), Mn(II)-dependent
peroxidase (MnP; E.C.1.11.1.13), lignin peroxidase (LiP;
E.C.1.11.1.14) 50] oE A dth6-8).

olg} & Fak GEEH Bt F$9 HoEH
U A7 E’—Fr EAdte Aoz A SUThe-11). 9F
£, P. chrysosporiumol &3} o}F, E|#H LW ek (triphenyl
methane), 3B 2%} (heterocyclic)® TH-2} (polymeric) Q& <]
ATAA AL, ol#st drBae] LPh 728 dge
& W, MiPE BOIaA) gethe A7as7 waEg
©). T. versicolorol| &3t o}%, ?l'EE‘rﬂ%E (anthraquinone), &
2:2+e] (metal complex), 1T (indigo)e] MEA A AT
Me dE¥Eo] MnPE #EA] 42 WM, ligninase-
catalyzed oxidationo] @82 80% ©)-& A ASHTA K
HAT(10). E Ao A" A5
dEE A B3 R
o ew, ojHg WA

multiple isoenzymes HE|E

¢l Funalia trogii® 73-%-,
A4t MnP% laccase® H 1%
BEgpelA  EHEE
A AP, extracellular laccaseZ

laccase =
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AsEle ke e Ao A9r gtk I83 xylidine,

5 Bag b glonja), 7% 2& FEole I ma
B4 JFL WMRE Ao Rudgm ged, o)d o
A7 AT AT HL WUOE oA rk1d). o]
H¥ Folee FPolZRY Juso] BulHE AL
a9 APHoz 4548 8 % Yz
e WAL W ALY BHE FANIW, Mp B,

1O A
$e T 34

= Ao RuHUY. X3, Cu o]&9 A%
29 BHEIR} (cofactor)2 Z-g3le] 2T = Ao
2 &EA slen, g40]0] HME A AFo] AHdH
W FAEA ) 92 wol A e) (morphology)7} W3lgt
oz gEA AvH(13).

B ATdMe F rogi2HE 9¥FANE Besign,
FHE #FEY 43 dHolg Fio FFNES 59
SATh EF ol& {3t Fol2d Po] AT FE
B4R ¢83 o8 FRHY JFEIAESE Hsslod F
trogii®] A v A= AL 2A st

Mz 3 4y

trogii ATCC 20080023
FE M3ty UV =49
< ddFFE Ay
+ PDA (potato dextrose agan& o]

) o, WFg dFe= FANIS E
2 20% FYAE gAo) Yol 80T WERASGTH

HEAA 2ol ¥ HY 9y

AFFAAE AxYo] gle HHZ, 482AS FA37)
AshME AEH QRS AAs ok &H, B AFPole B
842 Novozyme 2349} celullase (Sigma-Aldrich co)& 2+
ZF 2%9 =2 AMESAT 4¥FA dAd AHEHE
A A4dd Qe 22 AZud 7178 &
FAH) U oRoAA Re AT oA TAM
2 oA TAA AL AIe uAROE H9
on, wjFd FAMAE 20% ZEAE fdoz 33 4F
ste] wfFe B wjFAES AAZ H 1 g (wet weight)]
AR S S35 AP AA FAo) o] &3Aqnk. Agas
£ AT DAY £3Y 934 (12 M MgSO,, 02 M
phosphate buffer, pH 5.8) 5 mLo| 9443 &)A)|H AL3}
Aok 4FAA F4g SEERAL 30TAAN 2447 A
HEAIH s, wtEEE 50 pmo g HHs) mulsigo.
Hhgo] Ay HE Fk 308 HHom AES JFHs A
nRo s @A AYAHE AP Fig 12 FA
AZFE 4¥AA7 dA4=o] ReHe AL dvRes
BAS 02 AT 207 A% HSA 9F b A7
FEAAE 2g F dNen, oF It AU 2
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Figure 1. Micrographs of released protoplasts from F. trogii mycelium
(X 100).
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AANG AFE 9ste] PDAOA wiYste] &A3tE o
FZ ¢ lom’ 27|12 AEE 3, AAWA (20 ml/petridish)
o FHF3ste] 28TelA wigetdtt. AAMNYEF 2HL 44
A (5 g/l glucose, 10 g/L dextrin, 6 g/L yeast extract, 4 g/L
peptone, 2 g/L KH,PO, 0.6 glL MgSO)o) A 47+ Hjokala,
gAs5te Sugd-s #A7] (Nissei AM-8  homogenizer,
Japan)E ©o]-&-3ta] 2000 rpmell A 102 FAZAZ ¥, 10%
g ZHE3ted 287, 120 rpmoll A FEH| S THIS). AHE-E
)R] ZAL 5 g/l glucose, 0.22 g/l ammonium tartarate, 0.2
gL KH,PO,, 0.05 g/l MgSO; - TH,0, 001 g/L CaCl,, 1 mg/L
thiamine¥} 10 mL trace elements3 O™, ujxje] pHe
2,2-dimethyl succinic acidE o] &3} 452 ZAIPTH16).
Trace elements®] AJ&-2 0.08 g/L CuSO., 0.05 g/L H;MoOs,
0.07 glL MnSO, - 4H,0, 0.043 g/ ZnSO, - TH0%} 0.05 g/L
Fex(S04):0] 4Tt ‘

3484x &3
FehazdA wjFe WFd S 108 dAET & 4
B

0]-83}4 laccase®} MnP2] &4 =E SA3F4Th Laccase]
A2BAEE Mcllvaine (pH 4.6) 45

05 mLE E§3te] 40TeA 583 ¥ F, 447 mM
syringaldazine 10 pLZ H7}3le] 187 wH-EA]A 525 nmoj A
EHREE =334 MnP 848432 ABTS [Diammonium
2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)joll <3 213}
g B3 S4shAch w8 1 mLet 02 mM MnSO.Z
¥3H3F 50 mM sodium lactate buffer (pH 4.5) 0.5 mL9} ABTS
80 pg/mLof] 100 ;M H,0; 0.5 (LS AJFsle 487F w3-A)7]
T FAEE ZAIPE 1 Unite 57 109 FFES 27}
A7) 840 Foz AosHATi1T).

YA Eal ¥ »FuY

AF4A 98 5o OFP 9AFFE 2N 3 4
RUOR, £ ATl WE A U B #FE o

2E3}7] 93 agar plug assayS S3 100oFe] F34d
< 399 Agar plug assay WL Ichikawa So] 7Qetsh
WHE 72E S st en, £ 44 AFsA ¥
B3t FHL3Ah8). FEREE HAE MEYHEAT &
& 44 F AT Moz el B8dol W agar
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Figure 2. Enzyme activity according to the culture period ((a) Laccase and
(b) MnP).

Inducer 77} EAMMMo| OiX= FE

LA B ) AEE FF (F trogii KI 04405
Hgsto] hFdt inducer EHES H7ISl 1 9L 2
At H7FEREE 200 M2 59EA Arisigon,
AAAIIE B SA M ol FLSALE oA
vl 2AdM o8 £F9 inducerE H7be] B A, 7}
AEol AagAd mAE 9% v d2A Jdeggd
(Table 1). E40]2 F Zn™'e] A9 32 laccase?] YA
TTHE ALE YEson, MaPo ZSolE Wik

BEY A7k o) WF FAEE Aoz
ok 2y R A9l g FARS ¥ 23y
BEggel BolAE A0L yused, oz B
E7b =AU voe AE S FE A9E, A4 74
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150 yMo] A A tsmdte ATdnrE Av19). getA
inducerd] A4 A7lFEEE FAE] Y8 F401L F 4}
B g0 L& 0T AVHE Zn” Y WIS AFE 2
ferulic acid® A A3 Fxd I 2ASYH-

Table 1. Effect of inducer on laccase and MnP production (LSAa: lignin
sulfonic acid (alkali), LSA: lignin sulfonic acid)

Specific activity of laccase

Specific activity of MnP

Inducer (Ulg cel) (Ulg cell)
LSAa 0.1883 0.0380
Ferulic acid 02174 0.1562
LSA 0.1970 0.0223
' 0.2005 0.0211
™ 0.2627 0.1667
Mn”* 0.1853 0.1411
Catechol 0.0219 0.0295
H,0, 0.1896 0.1481
Control 0.1520 0.1261
0.6
Zn2* Ferulic aicd
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Figure 3. Enzyme production according to the different concentration of
inducer ((a) Laccase and (b) MnP).

Inducerd) A FleEE s Ad F4d9
inducers] i HF7lEEE 50-300 M EHE o] ¢S
A AT F RS inducer 2F 7P 2% 50 uME
A7t A 9 MR B A28 HEtHFg 3). ®3,
Zn** 9} ferulic acid7} ZE3tE FEA7F Ao)de A &
& AAew, ke inducer M7l wA O HHOZ FHE
& 238 AAANE AFsE Aoz Yehgth F50)
L8 HArslg e w, AEYs B2uxE i APHS
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2 A3 & glon ojzlo] dANHY o FR fols}
He ATANE B o YU, oldd Baolee
T2 laccase @A FAA HAAE 2AI0, TAHo
EHE laccaseE W YA o 9wl EA A (protease) 2
HEH EAEHE e ATozA dAHAAE Hodcia
A AUrH21-23). Ferulic acids} 22 WaE 33HE 4
7% laccase B9t olu)g} laccase?] isoforms ST o] #odd}
W, £A7h A83AE AR $ED ¢ e BABA
AfEdES] A4S W Eda A githed-26).
web FFolo Aol AsstA] %e Fxo Wy F
&0l 23 WL JPES A AS LT 34
I aARMgste F44 EAHRE vjd Aog woHT)
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®)
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: Ferulic acid 25 yM + Zn™ 25 (M (addition at O h)
: Ferulic acid 25 yM + Zn® 25 M (addition from 0 h)
: Ferulic acid 25 M + Zn”* 25 ;M (addition from 24 h)
: Ferulic acid 25 yM + Zn™ 25 iM (addition from 48 h)
: Ferulic acid 25 M + Zn™* 25 M (addition from 72 h)
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Figure 4. Effect of the Zn’* and ferulic acid at different addition time on
the enzyme production ((a) Laccase and (b) MnP).
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ferulic acid B=08 T Zn™'9 Ao Avlslgoen, 4
W] Aee 797He WY rI F 1Y HEeg F
dFE vro HUksE Aotk @AY HEHL FA
inducer® #H7}3lge AS Hue HHd) FASE UH
AP W A4 & ReE yEgPew, alYg =
710 #H7IE oW Ho} 4827 o[ & AR A fa
gAlo] =& Aoz eyt) Laccase?t MnPE o] xthAL
AEE A Je gide] nAHE AHREH H¥Es7
Al&sted At AAF AAR 2447 o] Fo) ©igo] 4
3 FAEE AFoE HA A AL oF HYEA
< Byt A oSt H%d AYRE Zn™9} ferulic
acid7} 2H|EE Aoz #AwEM, uFe Zn®'e}l ferulic
acid® 94 717+ F4Fd ot FAGge] Al o
A A B R HYFFA WE o|AUA}
ANE 4E F AU

2 9

F. trogii ATCC 200800223 E A3AA 272 53
HAFFES dEsgoed, AHE #FEY AW &
agar plug assay®E B3| EAAGNES 93 FFE ojF A
3lgth Agar plug assayE B3 49 T 1004F o]
TFE SA Mg, B0 rteagen, 452
A B A7 AANGE F< A7 MnPY] A lko]
A9 dofubA] g= AR YewET o WHo R 4
HE gFE ol&3sld UV EQHE 53 EaFE5H
77 Wl fmd MEL dFAESE ATdgon,
o RE By vlwste] AL FFEITL Y
dol FUE dFE AT & U BT MAEd
5o FEg FH1H Aol FHVIRYe wWdA 3
A Aol Aolshe FAQsAT ®d, AEE #FE
o] g3t WAl thFF FFH inducerE 7t
2t A4 WX e S AT FFY inducer
4o A/td AS, dA4FL EE E2AMEE FA
Hojgow, #A4%] o= HE o]FAF Ay o]
A ALz o] R A= Al inducerd H7ME 7
"A&ol AYPen, FAd inducerd /1S 7§ Ho} 7|
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