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The culture conditions needed to maximize the production of laccase from Pholiota highlandensis myce-
lia were investigated. Among the tested media for laccase production, Coriolus versicolor medium
(CVM; 2% dextrose, 0.4% peptone, 0.6% yeast extract, 0.046% KH,PO,, 0.1% KHPO,, 0.05% MgSO;
7H20) showed the highest activity for the enzyme. Then, to optimize culture conditions for laccase
activity, the influences of various carbon, nitrogen, phosphorus, and inorganic salt sources in CVM
were investigated. The optimum culture medium was 2% fructose, 0.4% peptone with 0.6% yeast ex-
tract, 0.05% NaHxPO,, and 0.05% MgSO,.7H,O as carbon, nitrogen, phosphorus, and inorganic salt
sources, respectively. Several aromatic compounds in the medium enhanced laccase activity to varying
degrees. Guaiacol induced maximum laccase production, yielding 114.1 U/ml laccase activity after cul-
tivation for 11 days at 25°C. The optimum pH and temperature for laccase production were 8.0 and
35°C, respectively. Native polyacrylamide-gel electrophoresis (PAGE) followed by laccase-activity
staining with 2,2 " -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) as the substrate was per-
formed to identify the presence of laccase under the optimum conditions studied. Zymogram analysis
of the supernatant culture showed an enzymatic band with a molecular mass of about 90 kDa.
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B AFNA A-L3E P. highlandensist & A F49
AALGHAH AN L Tok AHgst, Rad WiAE
potato dextrose agar (PDA) AtHH| A& AF&-3te] 25T o A
79 Tol wjoFsl & 4T WA T RAFQGT B F39 g
d #els& 28] 98ke] 0.2% lignin (Sigma- Aldrlch) L
7]--6} PDA Ao oF
3 FAE A 321— °

z=7]
T
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0.1% guaiacol (Sigma- Aldrich)&
HEsa 25Tl N 29 5 wjFAzl
g9,

et x24

P. highlandensis At 4] 25-¥ laccased] & A4tg 43
Wi 2 24 & 2AF87] 9138 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)< AH-&
stiom, 7k w29 242 Table 1o YebH Atk P. high-
landensisS PDA B HH|A] ol HFdto] 25Tl A 79 &<
Hj ok & A Ao #AE A% 5 mm cork borer®
punching 3t] A& A diskE 42 HA A 100 mle]
AE3t] 25CoA 18Y3F 120 rppm o2 ZBH| Y 3} AT

FAEMEN
Laccase®] &4EA 2 ullrich [35]¢] B &3t &
At AT, P. highlandensis W) ¥-& Whatman No. 1 filter

s

papers AH-&3te] o Bt YAEE (10,000 x g, 108)E &
st FAE A3 AAT F FEAE 3ot 2849
o2 A8t Laccase &4 50 mM sodium acetate
buffer (pH 3.4)°14 2 mM 2,2-azino-bis (3-ethylbenzothia-
zoline-6-sulfonic acid) (ABTS)= 712 E AH&3t 50T A
587 a9 vhg A7 o1, ABTSY Abstel ofsf A4€ A
BHE2 420 nm (e=36,000 M'-em ™)l A Z2As G 4T
Ao Bo= £% 1 MY 712E AT 549 Fe
1 unit (V)2 A3ttt

2 ol

ok Fo AL laccased] EAFFE dotEY] 93t
o 25249& 10% Native-PAGEE AH-&-3te] vlwWA 270
A A719Ee & 2HEAE S TP A9 s A
2 05 M citrate buffer (pH 34)°ll A 3023t TAg & 2 &
buffer® w83atE FAL 33 HIESIHT o] 3o AV YGE

AL 05 M citrate buffer (pH 3.4)°ll 4] ZA| g 2 mM ABTS
&3 50T A 523t ¥gA 71 A4 5= @84 bands
el Th27].

highlandensis®] T+ AHA| o dj gt gl 1
2?13}7] 94”5‘]'04 glado] 71 PDA Hj Aol A
A FREE 2R 75 Skt

I A3 2% A7) g A EE 47 1694 2 am,
mE 343+ P. highlandensis= € 14
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Table 1. Composition of various media used for cultivation of P. highlandensis mycelia and laccase activity in the various media

Component and

Media (g/100 ml)

laccase activity cvm® CDM" LEM® MCM!  MYGM® YM' LPM® YSM"
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 05
Malt extract 1.0 0.3
Yeast extract 0.6 0.6 0.2 0.4 03 0.5 0.2
NaNOs; 0.3
KH,POy 0.046 0.046 0.05 0.2 0.1
K>HPO, 0.1 01 0.1
MgSO; * 7TH,O 0.05 0.05 0.05 0.05 0.05 0.05
KCl 0.05 0.05
CaCl, 0.01
FeSO, « 7H,O 0.001
Urea . 0.5
Laccase activity (U/ml)’ 82.0 17.0 52.5 4438 51.5 51.9 35.8 104

‘CVM (Coriolus versicolor medium),

bCDM(Czapex dox medium), ‘LEM (Lentinus edodes medium) “MCM (mushroom complete me-

dium), “MYGM (malt yeast glucose medium), Ym (yeast malt extract medium), 8LPM (laccase production medium), "YSM (YpSs

medium). ‘All values are means * SE.
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820 U/mlZ 7} &2 laccase €745 UEHY 1 Th(Table 1).
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Fig. 1. Activity of lignin degradation by P. highlandensis. Mycelia
of P. highlandensis were cultivated on PDA agar medium
containing 0.2% lignin and 0.1% guaiacol. (A) Brown
color zone after 16 day of cultivation (diameter 20 mm).
(B) Brown color zone after 22 day of cultivation (diame-
ter 50 mm).

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

Carbon source (2%) Activity (U/ml)

Control® 0.0
CVM® 82.0
Fructose 95.0
Galactose 89.2
Mannose 85.6
Xylose 62.5
Maltose 78.1
Sucrose 66.6
Lactose 32.2
Cellobiose 48.6
Starch 17.6
Cellulose 17.2
Mannitol 85.7
Glycerol 94.1

*The CVM without carbon source, ®Coriolus versicolor medium.
All values are means * SE.
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TAAE W F 522HE ST I A fructose
7hBadog AU HAe v 4 24 R $ekdlaL,
4 &9 dextrosest Bl dte] oF 1158 A& &4 EA4 o
57} stSith(Table 2). Trametes hirsute, Pycnoporus sangui-
neus, Pleurotus sajor-caju 2 Agaricus heterocystis®] 7%, lac-
caseE AAHet7] A &aY FoAA fructose?t 7HE T
38 Yehditty 2ug bk glof, & A5 Asel dAs)
FTH3, 7,9, 20]. Wr ol Pleurotus ostreatus, Trametes versicolor
9 Pycnoporus cinnabarinus 2 laccase® 2 dextrose®] A H
okgt w Hd 4L Yehditn RuHA[18, 21, 26],
Peniophora sp. 3 Cynodon dactylon 2} laccase maltose®|
A Ag2E e dehle ALs EaE T30, 37]. ol &
o] laccase H4H& 13 A dade ﬁ"“’]«] Tl wet
AZ7) G 4FE dede Aoz

of ®7] sl Hh

S 4U(04% pep-
tone, 0.6% yeast extract)= TRE 4429 4
7 04%% H7betol FAAE wWFT
gt 1 43 CVM A< :@t{j— AALYE
28X N =91, O E 2 248 A7} =
g4 o] wf-¢ 7453l T(Table 3) AF7HA BIE uto] ost
®, botryosphaeria sp. [36], T. versicolor [21], Peniophora sp.
[30], C. dactylon [37], T. hirsute [7] R P. sajor-caju [3] fr i
laccaseg & Z+7} yeast extract, peptone, tryptone, ammo-
nium tartrate, ammonium sulfate ¥ casein®} o] A7 7]
0 dadodA HEAH S Jeb AT o9 2] laccase
A % HH AU gaU AR F3ol9

TR wet A7) gE 4 JeEids.

Table 3. Effect of nitrogen sources on the laccase production
from P. highlandensis mycelia

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

Control” 0.0
CVM® 82.0
Sodium nitrate 128
(NH4)250;4 17.3
(NH4)2NOs 21.1
Peptone 15.6
Malt extract 13.0
Tryptone 15.8
Yeast extract 25.6

“The CVM without nitrogen source, ®Coriolus versicolor medium.
All values are means * SE.
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Bl S 49E 2] e
MgSO; - 7H20’§T
S 47 0050/@

(Table 4), o] 21& Fomitopsis pinicola -2}
laccaseol] tiel A Bie 23 L3 A3E el ATH27].

ASHA B1E B2 F30]E(Trametes versicolor [6], Ceri-
poriopsis subvermispora [1], Coriolopsis rigida [29] T-2| o]
ol 93} laccase FAAY HAbFFEo] 2HH o] A4 YAt
of S7kete Aoz d#A it Ly P. highlandensis®]
laccase S T2 EA ol wet 24 IFS A
%ok F719 2 MgSO, - 7THO7F 418 uf 7M=& 54
A S e S Th(Table 4).
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SR SlEtE dE

gad % gad fEAY F240R dad ded
&= I EEo Zybo] wj Ao 71 A% laccase A4t
Fo| F7tete AR <A Qo8] oA Aol wel P
highlandensis T AA| €] laccase A4HE 918 A A 242

2% fructose, 0.4% peptone, 0.6% yeast extract, 0.05% NaH,PO,,
0.05% MgSO; + 7TH,O0% ZAAstAth. of Wiz 2ZolA T
gk EE 313155 (2,5-dimethyl aniline, 4-hydroxybenzoic
acid, guaiacol, gallic acid, humic acid, lignin)< laccase 4§ 4
< A FEAAE AUlsta FAAE W gstE A Azt

2 3484 S ZA89 Y. I 27 guaiacol?} 2,5-dimethyl
anilinee FEIAZ H7ME A S EHZ%LOH Hlaf £ 24

< UYEM S 2, guaiacol®] 7 ik & 11¥ A o 114.1 U/
ml«] AY 54 ANFE YAt (Fig. 2). Guaiacol
Daedalea flavida [2], Marasmius spp. [11], Pleurotus ostreatus
[13]°1 A laccase A4He 8 FEQUAZ 2y @ vl i &

Table 4. Effect of phosphorus sources and inorganic salts on
the laccase production from P. highlandensis mycelia

Phosphorus source (0.05%) Activity (U/ml)

CVM’ 82.0
Control® 70.7
NaH2P04 949
Na,HPO, 799
K;HPO, 714
Inorganic source (0.05%) Activity (U/ml)
cvMm* 82.0
Control® 70.2
NaCl 74.5
CuSO; - 5SH,O 76.4
KcCl 71.3

*Coriolus versicolor medium, "The CVM without phosphorus
source, “The CVM without inorganic source. All values are
means + SE.

Laccase activity (U/ml)
Mycelial dry weight (g/l)

Time (day)

Fig. 2. Effects of inducer on the laccase production by P. high-
landensis. Cultivation was carried out at 25C in the opti-
mized medium (2% fructose, 0.4% peptone, 0.6% yeast
extract, 0.05% NaHPOy, 0.05% MgSOy « 7H20) (x) with
different inducers (5mg/ml): 2,5-dimethyl aniline (M), 4-
hydroxybenzoic acid (A), guaiacol (@), gallic acid (CJ),
humic acid (2), lignin (O). The mycelial dry weight ()
was assayed with cultivation in the optimized medium.
All values are means * SE.

]

o

2

Hl
J

b

5 AAE laccases HE U BEFE 3359

Zu] o 2H oF = 3 FHoldA

4 radical®] 2t3} 2EY2AE ZAA T = AR

[34]. &9, & #F7 WG ;E Ax 3
|

ot

g
—
2 flo

o I oo -z

5
A

x

]

]_

.-

X

S
oy ot

A3, laccase A4+ EFL 57 (lag phase)dl &
I

KN
=

ot o S
o

~

)

2 = O P ot m2 o of od
&‘O

1

gol 543 F7kstr] AAete 59 who Ao &4
WAL, 2 ofF A dASA A = U tHFig. 2). =
H A ko] W2 Jaccase A4S FA T v E SR
I, fr=7l dAFe] A4V AAHE T o]FEE &
Aol A7 He AR FAHUT

B

Laccase 4H& 918k 3 pHE &<lst7] 9sto pH
501009 WA HE bE dF§d= A3t 548
4L £33 pH 5.0 0.05 M sodium acetate buffer,
pH 6.0~7.02 0.05 M sodium phosphate buffer, pH 8.0-9.02
0.05 M Tris-HCl buffer, pH 10.0 0.05 M glycine-NaOH
bufferg ©]-&3to] wjA ¢ pHE A3 25Tl A 1843t
e g A5dE FAstd 2284 e SA A THFg.
3). 7L A3} P. highlandensis 7 AHA = pH 7.0-9.09] R 9] o A]
Hln 3 2o a484S YellY, I F pH 804AM 7M1 =
e Ushdo] 24 e A9 H4 pHE 802= &9
sttt 3 a4 kS A9 HA 2EE FAE] 98t
15~45C74A 5CRHAOE Ws & a4 FHL 2489
o 2 AA35CAA M 2 B4 F4L dehiof H4
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Fig. 3. Effect of pH on laccase production. Cultures were grown
at 25T for 18 days in 0.05 M sodium acetate buffer (pH
5.0), 0.05 M sodium phosphate buffer (pH 6.0-7.0), 0.05
M Tris-HCI buffer (pH 8.0-9.0), 0.05 M glycine-NaOH
buffer (pH 10.0). Enzyme activity was assayed with cul-
ture supernatant.
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PAGEZ H7]19%d & 714< ABTSE AHg3te] 2444
& FdsAth. 1 2% laccase A4S YEHE 1719 band
7 ¢k 90 kDa -l A 25 A Th(Fig. 5). o1 A& M. querco-
philus -2 laccase’} &A% 60 kDa Fol A 2%/ 9] iso-
zyme FHE ZTAIGE Hish Holstgth10]. Ly
Pycnoporus sanguineus <2 laccase= 45 - 55 kDa %! 76 - 97
kDa ol A 271 9] bandE H 3L, o] F 4] 2 band
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Fig. 4. Effect of temperature on laccase production. Cultures
were grown at a temperature range from 15 to 45C and
pH 8.0 for 18 days. Enzyme activity was assayed with
culture supernatant.
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Fig. 5. Zymogram analysis of laccase from P. highlandensis. The
culture supernatant was run under non-denaturing con-
ditions using 10% Native-PAGE and stained with coo-
masie brilliant blue (A) or ABTS (B). M, molecular mass
marker; lane 1, culture supernatant.
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