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Optimal Conditions for Laccase Production from the White-rot Fungus Marasmius scorodonius
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In this study about the optimum conditions for the production of laccase, a polyphenol oxidase involved in lignin degradation,
from Marasmius scorodonius, a white-rot fungus garlic mushroom, were determined. Amongst the tested media used for the
enzyme’s production, YM medium (1% dextrose, 0.5% malt extract, 0.3% yeast extract) allowed for the highest activity of the
enzyme. Then, to optimize the culture conditions for laccase activity, the influence of various carbon and nitrogen sources was
investigated in YM medium. Among various carbon and nitrogen sources, 1% galactose and 0.4% yeast extract resulted in the
highest production of the enzyme, respectively. Enzyme production attained its highest level after cultivation for 15 days at
25°C. Zymogram analysis of the culture supernatant showed two isoenzymatic bands with molecular masses of 60-70 kDa.
The optimum pH and temperature for enzyme activity were 3.4 and 75°C, respectively.
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Laccase (EC 1.10.3.2)= &8 & ¥-53}+= multi-copper
blue oxidase?] YZ o2 —T—’E’i]% %, Al 457 SolA
UAEe] gt o] Aa
methoxy-substituted phenols, aromatic amines, lignin<
YL BE i HFBEL MBI DR Thope 7%
Eo|AE 7HATHSY, 183, 26, 30]. HEE 9] laccase= 47119 T+
2ol &2 ot Tl L2 Yol 37}A(type-1, type-2,
type-3)9] FAZAEE 7HA L Qlr}. Aank3olA 713
o AbgHEEE-E type-1 o o3 Fmj FHol M=
trinulear cluster (17] 2] type-2 coppere}t 27]9] type-3
cooper2 TLA)S wat o] E5t, AL BRI Yy B B
o] BEg FHketA "ot o]d AAolF HAYUS S vig
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ARE FARLY §Y, 04, T Q9 A
oA 5o miol YaA HE U JIEOE 0§57 Y

ot 09;

September 2014 | Vol. 42 | No. 3



226 Lim and Jeon

(12, XP"W?“HZIH EASA A A= o

RAES #olste 750l Yol AAGA Y 8ol gt

TF7F A&H o2 APF L rh[20, 24].

w54 A WA (Marasmius scorodonius)> FESHAE 4
ojd Aol &3z G FEA A3 vhs 3F717F WA galic
mushroomo] 1= P& S+ U4E7HA], B
O2¥7] YoA ST M. scorodoniusS N =22 A
E 29l scorodonind JASt= Ao 2 AL BHEQI[2]
0]& B-carotenes H3l5l= peroxidase?] AYAr W {5 45H7A
S0l thste] g wh[28] Yo, 2t o2 S o
‘HHL azl Aol glot.

2 AFA = v AWM. scorodonius)ZH-¥ 21
d 284S gk, AAuEjEE o] &3ty fad £
)& laccase?] #H] AAMIS F7HA717] 913 2 )
°] w3 Yoz e Yibd
Fahsi.
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M #F
H A o)A AFR3F M. scorodonius= =7 Eolo

AR LA B o)A oFuko AR AL, HAE WA=
potato dextrose agar (PDA) AFAM|R| S AR&3}o] 25°Cof| A
79 B R F 4C WHTol B B 259 9
ay4d BEdsS A 43%te 0.2% lignin (Sigma-
Aldrich, USA) ¥ 0.1% guaiacol (Sigma-Aldrich)& 37}t
PDA w2 o] 55 HESHAL 25°Coll A 149 5t HFA|
A ¥ BT 2L B

Olo{l
o o ot

H{QF =24
M. scorodonius T-AHH| 25 E laccased] FZ AARS ¢t
WX 2A S A7) Y3 Coriolus versicolor medium
(CVM), Czapex dox medium (CDM), Lentinus edodes
medium (LEM), mushroom complete medium (MCM),
malt yeast glucose medium (MYGM), yeast malt extract
medium (YM), laccase production medium (LPM) %
YpSs medium (YSM)S AF&3}gom, ZF v x| 9] 2ALS
Table 19] YEFH AT M. scorodoniusS PDA Hul| x| Ak
off Fste] 25°CollAl 65U &t vigFet & SHHuiA] 9] o
ARE A4 5 mm9 cork borerZ agar plugs 50| Zk2g]
A A Ef ] 100 mlo]l E3}e 25°Co A 100 rpm o2 15Y
b AR AT gad B AAaA Jdde IE &
& BAFE A8 st BRhuiA F P E2 &
245 et YM iAo 2420 H g 44
AASL 2% SAY D 0.4% A2YE ZH7 Hlsto

> mlo l->
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SABNET
M. scorodonius ¥ %¥8-& whatman No. 1 filter paper&
AHg-5he] o 3haha YAIE (10,000 xg, 108)E F3te] 7
AE 4438 AAT F AL It 2L N0 R A}
L3} t}. Laccase ZAL 50 mM sodium acetate buffer
pH 3.4 A 2 mM 2,2-azino bis(3-ethylbenzthiazoline-
6-sulfonate) (ABTS)S 7|A 2 AF&38to] 75°Col| A 587 %
Ea0 WA o0, ABTSS] Absol oj) A4 E A1shE
2 420 nm (e = 36,000 M ' -cm )| A =3 o}oﬂt} 548

*é~l S99 £9 1 uMY 718 S A4S 7= 549 FS
1 unit (U)2 A J3t5ith.
g g

Hj el Foll BAHE laccased] EAFFE Loti7] st
o RFEANL 10% Native-PAGES AHg-3e] vHA =4
NN A7 G F AL FYst et A7 G5
AL 0.5 M citrate buffer (pH 3.4)o| A 30&7F HX3 &
N2 buffer2 W ¥sH= 74 33 HHE5 T} o] Fof A

7195 AL 0.5 M citrate buffer (pH 3.4)o 4 Z A3t
2 mM ABTS &4} 50°Co| A 287 ¥HEAIA A== &
W4 bandE &3t

2% pHot £/X 2=

A g pHY 9FL 2AEH] Y8 50 mM
potassium chloride-HCI buffer (pH 1.0-2.2), 50 mM glycine-
HC1 buffer (pH 2.2-3.4), 50 mM sodium acetate buffer
(pH 3.4-5.5), 50 mM sodium phosphate buffer (pH 5.5-
7.5), 50 mM Tris-HCl buffer (pH 7.5-9.0)2 A}-&3}9]
75°Co A HaBAHS SAsT AL T =9
FFE B2HY B EF 40°Co| A 95°C7HA] 5°C 7H4
62 W3kA7]H 50 mM acetate buffer (pH 3.4)0 4 A
= 345t

23 % 2y
2|3 2alis el

% A1y ] A& M. scorodonius®] wHARA o gt 21
d BEa5g &elstry] Yty gl add guaiacole] H7FE

agar HH 7\]’6@ A FAHAIE Bt EA A= 23
F5E stk 1 23k vjeF Al 88 A ol 4 cm, 14Y
Ao 6 cmQ 2T A5t M. scorodonius= 21

S BEse R02 ek, BjopAlzto] Aakate] ure o
a4y Ba) Ao Z71et= Ao R el E T Marsmius
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Table 1. Composition of various media used for cultivation of M. scorodonius mycelia and laccase activity in the various media.

Component and

Media (g/100 ml)

laccase activity cvm? CDMP LEM® McMm® MYGM® YMf LPM® YSMP
Dextrose 2.0 2.0 2.0 0.4 1.0 1.0 2.0
Sucrose 0.3
Starch 2.0
Peptone 0.4 0.2 0.5 0.5
Malt extract 1.0 0.3
Yeast extract 0.6 0.6 0.2 0.4 0.3 0.5 0.2
NaNO; 0.3
KH,PO4 0.046 0.046 0.05 0.2 0.1
KoHPO4 0.1 0.1 0.1
MgSO,47H,0 0.05 0.05 0.05 0.05 0.05 0.05
KCI 0.05 0.05
CaCl, 0.01
FeSO47H,0 0.001
Urea 0.5
Laccase activity (U/ml) 20.6 48.0 74.2 83.3 37.0 96.1 85.2 78.4

&CVM (Coriolus versicolor medium).
PCDM(Czapex dox medium).

°LEM (Lentinus edodes medium).
4MCM (mushroom complete medium).
*MYGM (malt yeast glucose medium).
YM (yeast malt extract medium).
9LPM (laccase production medium).
PYSM (YpSs medium).

& JF Fo|AE M. quercophilus 457} laccaseS AALs}
AL A5 BuFHJIL6], 2 o|Fof Hads &afst
= Marasmius 4 5= 2318 Zo] gith. & A4 245
Bl O 2 M. scorodonius= ¥ 1S 5= A E

A Ao A HPEHU

‘\i

Hix|2| ek

M. scorodonius FAHAZEE F1d E3fo TAqst=
laccaseE A4tst7] $15t¢] Table 10 YeEtd o3 F72
BRI E Agsto] HAujA =& AR 22
A zAA 25°CE 1597 FAR S wjokst & vk AFSo
9] laccase A& £AFE A3, YM #j A& AHE-sho] v
3192 u) 96.1 UmlZ 7} &=L laccase A4S LEUS
th(Table 1).

93 B4 BNE Fohu] 9lste] B
el

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

Carbon source (1%) Activity (U/ml)

Control? 0.0
YMP 97.8
Fructose 92.2
Galactose 126.0
Mannose 834
Xylose 68.9
Maltose 6.7
Lactose 70.1
Cellobiose 88.2
Starch 68.3
Cellulose 81.8
Mannitol 91.9
Glycerol 88.0

@The YM without carbon source.
bYeast malt extract medium.

I galactose’t BAYUC R H7H S W) Eh FAo] 7H
F3to] ¥ 29 dextrose®} Bl nsko] oF 1.3 A= &
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& BJo] F7Fst¢ith(Table 2). o] A2 WY E S0 2 K E
laccaseS AYAFS}7] 3t &FA Y Zo) A dextrose”} 7 &
3 a5 Uedte 71& Ruge b8 2945 UEY
Qth5, 17]. Rk o2 F3o] F39] extracellular laccase
+= galactose, mannose, N-acetyl-glucosamine 52 ¥Z3}3}
=gl PAs= Aoz B b i1, 29]. w
2hA, B ZF2 S3A Y02 H7}3t galactose= A S A
= HEZR laccased] FaF 7o P Fol A A
o] F7tetAE AL 54T

o

& 91 4292 BHE Yohur| Siste] 6
2] oA 2o E4& Uetd YM wjx] o 2402
2 E AU (0.5% peptone, 0.3% malt extract @ 0.3%

A4 BAo] 143.7 UmlZ 7F =& 22 Vet (Table
3). o]AX YM ujA 9] ¥ AL EFEAHU(0.5% peptone,
0.3% malt extract ¥ 0.3% yeast extract)¥ H|w3}o] oF
1.58) A= A8 o] L34t o] AI= botryosphaeria
sp. T3 laccaseE AYAHSH7] 3t AAYO R yeast extract
Vg stk Bug AnEes AASA, T
versicolor2 HE @14 Eaas A 43t AAYge =2
peptoneo| 7H 93t B gt Aab[17]9= Arolatart.

HIQE A[ZiOf| [MHE | ME U S At

M. scorodonius FAFA| 25 ¥ laccase AJAFS 93t 23
XS 1% galactose @ 0.4% yeast extract® ZAA3}1L, o]
i 2] 2744 FAAE B FIHA AZFHER AR A
F 9 aA84S SAsHT 1 A3 ARFAY dieFA

Table 3. Effect of nitrogen sources on the laccase production
from M. scorodonius mycelia.

Carbon source (0.4%) Activity (U/ml)

Control? 0.0
YMP 97.8
Sodium nitrate 8.7
(NH4)2S04 12.2
(NH4)2HPO,4 18.6
(NH4)2NO; 8.0
Peptone 42 .4
Malt extract 15.9
Tryptone 59.1

Yeast extract 143.7

aThe YM without nitrogen source.
PYeast malt extract medium.
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Fig. 1. Time course of mycelial dry weight and laccase pro-
duction by M. scorodonius. Cultivation was carried out at 25°C
in the optimized medium. The laccase activity was assayed with
culture supernatant. e, mycelial dry weight; o, laccase activity.

7] 27190 sfgst= i 104AFE 2480 F43] &
7¥sl7] A&ste] 158A ol 7H w2 448 Ut AthFig.
1). B3 BA 7)ol st i 228 A K El= Bh EA0]
T8 Zastgich weba s FAIZEe] ©HE laccase AYAF
T2 dAF v eHA] FkaL, T 7)o dAF
o] A7} BALEH 11 o3 2= G4 AAbo] A HE= A
o 2 3= ]tt. Pycnoporus cinnabartinus @ Monotospora
sp. 7 laccaseZ} 2tz 74 9 8% ik Fof Ao B4
vebd Z3kel vlwstd 2 g47F Hd 84S YehE |
F AN v 7 AL & 5 A2, 32], 1Y,
Phlebia floridensis -3 laccase= 8| ¥ & 20%, Cyathus
bulleri 5 laccase= B|% T 21¥¢] &S Uetd A
o2 Hol B FZF09] laccase AJAHS Y3t v FA| 7HE Z%
O] 25¥] laccase A4S Y&t LREA Q1 v FAI Y] HE o
&ot= A2 AYZHET3, 27].

oL

M. scorodonius FAHH| 2R E] YA vjofl o] g4 3
< #9158}7] 95t 2EANL Native-PAGER H7]4F
g 3 714 ¢l ABTSE A8t 84 AN S 354t
1 A3} laccase E44-S UERH= 2709 band7} F 60-70 kDa
Atolofl A gl =] HTh(Fig. 2). o] A& M. quercophilus -2
laccase’} 60 kDa®] BA5F BZo|A 2EF9] isozyme FE|

2 EA%T Baet fARE 235 U AT

%
5

EX pHet 2% 25

M. scorodonius T-AHA| Z €] AYALE vl o] 4%
goll thell pH 2 2%=9] g3FS AR f4+ pH 3.4
oA o E4dLS Yetl %l pH 3.0-3.8 Aol 4] 80% o]



20

Fig. 2. Zymogram analysis of laccase from M. scorodonius.
(A) Molecular mass marker by SDS-PAGE. (B) The activity stain-
ing of laccase from M. scorodonius using 10% Native-PAGE was
run under non-denaturing conditions and stained at 50°C with a
solution of 2 mM ABTS in 0.5 M citrate buffer, pH 3.4.

4o 24e UElilen, pH 46 o] 2+ H49 B4
7F 40% olst=: §A 3] FasHth(Fig. 3A). °o] A=
Salony 5[27]°] B3t Cyathus bulleri2X-€ £ A A|st
laccase®] A pH 3.5-4.07} S-ASER W, Trametes sp.
AH28-29] laccase [33] @ Fomitella fraxinea® laccase
(2317} Z+Z} pH 4.59F pH 5.0004] o] &4& Yehgs 2
o= AdoldE & 5 USATh EZE, M. quercophilus®]
laccase= Zr2 Marasmius & @43 &3 o a4 Y= &
Fotal & 540t thE 22 pH (pH 5-60F WeH ITHT7].
e, 2 8 E 75°CoA o E4S B 55°C o5t
A= BT} 50% o]st=Z YEFGTH(Fig. 3B). Trametes sp.
AH28-22 B ¥] AALH laccase?d] FH 2= L 70°Co| 1L[33],
Lentinula edodes laccase [19]9] A 2= 40°Co|H C.
bulleri laccase [27]9] FZF2=LX 30°Co|Qlth. ESH M.
quercophilus®) laccasew 75°CoA] H A L& YEelo] &
549 Y=} FUstrh6]. wakAl, Marasmius 4 <t
T frel 9 laccase= th2 FFo| 9 laccase®} H| w8}
of & w2 2EoA HF A4S 7HAe Aoz el
Ut o]¢F T EAS o]t & a4E 2F S8t 9l
© L2 oA A es AT AL e 8T AL
= yzren

71 S0l
M. scorodonius FAHH|ZEE AYALH laccase? 7|FE
o] d& A7) Y5t vlHEA 712 < ABTSS Hl=A
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Fig. 3. Effects of pH and temperature on the enzyme activity.
(A) The assay was carried out at 75°C with ABTS as a substrate,
using 50 mM potassium chloride-HCI buffer (pH 1.0-2.2), 50 mM
glycine-HCI buffer (pH 2.2-3.4), 50 mM acetate buffer (pH 3.4-5.5),
50 mM sodium phosphate buffer (pH 5.5-7.5), or 50 mM Tris-HCI
buffer (pH 7.5-9.0). (B) Enzyme was assayed at a temperature
range of 40 to 95°C and pH 3.4 with ABTS as a substrate.

Table 4. Substrate specificity of the laccase from M. scorodo-
nius mycelia.

Substrate® Activity (U/ml) Relative activity (%)
ABTSP 143.7 100.0
Catechol 118.5 82.4
2,6-DMP° 63.1 43.9
Guaiacol 27.3 19.1
Syringaldazine 3.3 2.3

8The reaction mixtures contained 2 mM substrate 50 mM
sodium acetate (pH 3.4).

b2 2'-azino bis(3-ethylbenzthiazoline-6-sulfonate).
€2,6'-dimethoxyphenol.

7149l catechol, 2,6-dimethoxyphenol, guaiacol
syringaldazineS AFE31o] B4 TS 24T 1 2
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3} FaE vhof t‘& 7180 tate] BA4E B, ABTS°ﬂ EH
sto] 7Hd & A4S UE ith(Table 4). ©]A
quercophilus 32 laccase [6]7} ABTSe| thal 7F =& &
2 B4S Ui 2ot YA

A (Marasmius scorodonius)ol djste] 14
AbeE 23t B FFE laccaseS JAHSH= W
2 AT stedEsA FAA 25 H
laccases AY4tst7] ek AR 20E 2AE A3, o
3t A wiR] Fol Al YM (1% dextrose, 0.5% malt extract,
0.3% yeast extract) Bj X7} 713 =L laccase 4L e
ek E3 YM iR o] 24 FolA g d2YE 7
ZF 1% galactose®} 0.4% yeast extract® HAtES o 7}
=2 24084E et & 43 JEA 29
A 25°CE 159 F¢t st ol E49 EA4o] HX
of Tuale At FAH WO ASAE Native-
PAGEZ 47|95 & &4 FNE 3 23, EAF oF
60-70 kDa Ato]o]lA] laccase BAS 7HA= 2719 =S &
Astgon, a4 24 pHY &&= 27 pH 3.43} 75°C
o[ it
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