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Optimal Conditions for the Laccase Production from Fomitopsis pinicola Mycelia. Park, Naomi and
Sang-Shin Park*. Department of Biotechnology, Dongguk University, Gyeongju 780-714, Korea — The culture
conditions to maximize the production of laccase (EC 1.10.3.2) from Fomitopsis pinicola mycelia were inves-
tigated. Among the tested media for the enzyme production, mushroom complete medium (MCM ; 2% dex-
trose, 0.2% peptone, 0.2% yeast extract, 0.05% KH,PO,, and 0.05% MgSO,-7H,0) showed the highest
activity of the enzyme. To optimize the culture condition for the laccase activity, influence of various carbon
and nitrogen sources was investigated in MCM. Among various carbon and nitrogen sources, 2% glucose and
0.4% peptone showed the highest production of the enzyme, respectively. For the phosphorus and inorganic
source, 0.05% NaH,PO,4 and 0.05% CaCl, were best for the enzyme activity. The enzyme production was
reached to highest level after the cultivation for 8 days at 25°C. Native polyacrylamide gel electrophoresis
(PAGE) followed by the laccase activity staining using 2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) as the substrate was performed to identify the laccase under culture conditions studied. Zymogram
analysis of the culture supernatant showed a laccase band with molecular mass of 52 kDa. The optimum pH
and temperature for the enzyme activity were 80°C and pH 3.0.
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Table 1. Composition of various media used for cultivation of Fomitopsis pinicola mycelia.

Media (g/100 mL)

CvM™m? CDM® LEM® MCM¢  MYGM®  PDM’ YME iLPM iysm
Dextrose 2.0 2.0 2.0 0.4 2.0 1 1 2
Sucrose 0.3
Starch 2.0
Peptone 04 0.2 05 0.5
Malt extract 1.0 0.3
Yeast extract 0.6 0.6 0.2 0.4 0.3 0.5 0.2
Potato 20.0
NaNOs 0.3
KH,PO, 0.046 0.046 0.05 0.2 0.1
K>HPO, 0.1 0.1 0.1
MgS0Oy4 - 7H,0 0.05 0.05 0.05 0.05 0.05 0.05
KCl 0.05 0.05
CaCl, 0.01
FeSO,- 7H,0 0.001
Urea 0.5

Component

3CVM (Coriolus versicolor medium), "CDM(Czapex Dox medium), ‘LEM (Lentinus edodes medium), YMCM (mushroom complete
medium), “"MYGM (malt yeast glucose medium), PDM (potato dextrose medium), 8YM (yeast malt extract medium), b PM (laccase produc-
tion medium), *YSM (YpSs medium)
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Fig. 1. Laccase activity of F. pinicola cultivated in the various
media. Cultivation was carried out at 25°C for 8 days. The lac-
case activity was assayed with culture superatant. CVM (Corio-
lus versicolor medium), CDM (Czapex Dox medium), LEM
(Lentinus edodes medium), MCM (mushroom complete medium),
MYGM (malt yeast glucose medium), PDM (potato dextrose
medium), YM (yeast malt extract medium), LPM (laccase produc-
tion medium), YSM (YpSs medium).

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

Carbon source (2%) Activity (mU/mL)
Control® 0.0
MCMP 114.0
Fructose 46.5
Galactose 11.3
Mannose 40.3
Xylose 72.3
Maltose 1.2
Sucrose 42.1
Lactose 74.1
Cellobiose 10.1
Starch 37.3
Cellulose 0.0
Mannitol 9.0
Glycerol 3.5

2The MCM without carbon source
® Mushroom complete medium.
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Table 3. Effect of nitrogen sources on the laccase production
from F. pinicola mycelia.

Nitrogen source (0.4%) Activity (mU/mL)

Control® 0.0
MCM® 114.0
Sodium nitrate 0.8
Ammonium tartrate 0.4
(NH4),S04 0.0
(NH4),HPO, 0.8
(NH,),NO; 2.1
(NH4),Cl 0.0
Peptone 162.2
Malt extract 2.1
Tryptone 494
Yeast extract 71.9
Casamino acid 0.0

#The MCM without nitrogen source
b Mushroom complete medium.



Bl o2 A0S Arlela S o Eadde] el sk
o}, o] Mikiashvili S[17]°] T. versicolor=%¥] 21l
P EA AYALE AT ALY peptonee] 7P $e3it
2 R3g Aol ARy 28y E fraxinea® €
laccase[2215 AAFE7] $18F W44l & (NH,),HPOsF 713
o4slvha Busl Al XS & S it

2 1l F71EYe F pzmcach laccase A3
el B Rl e 5 l s MCM®] QA 2 7]
|73 F 24 F7E QAR JJr T712—J-°La
0.05% 52 A3 Mo FTAHZ wjokale] EATHS
228 A3E Table 40l YeRiic) QAR % NaH,PO,-
H07} A71E9E o) 4840 7B 438 Flslg e
), o] A= F fraxinea®) laccase[22]7} Na,HPO, - 7H,0
o oJ3}e] AAlgFe] FrRRs Ao} Aeldiiet. 714
4 7§—,— CaC127]- 147]_393\ uH E_v,_:d-ﬂ o] 7}2} O/\’cﬂ'
< 4 9dsl

Activity staining

F. pinicola ¥ ¥ F¢ A FAE Flalr] 93ty
Native-PAGE -3 ¥ 7|2l ABTSZE activity staining 3F
A3} laccase BAE VM= band?} 43~55 kDa Alolel|A]
el F S (Fig. 2). o) 3= F faxinea %2 laccase[22]
9l Cambria 5[5]°] B33} laccase} frAF31 21}, Yoon
S136]°] 213t F pinicola 2] laccase H-A°] 32kDa
ol Aol AdolEiich.

HHQEA[ZHO) 2
o|Ake] AlglAxe] wel E pinicolaZFE] laccaseE YAk

2A Mt

Table 4. Effect of phosphorus sources and inorgainc salts on the
laccase production from F. pinicola mycelia.

Phosphorus source (0.05%) Activity (mU/mL)

MCM* 114.0
Contro} 54.5
NaH,PO,-H;O 135
NazHPO4 . 7H20 433
K,HPO, 94.8
(NHy),HPO, 51.6
Inorganic source (0.05%)

MCM? 114.0
Control° 100.2
NaCl 88.6
CaCl, 172.4
CuSOy - 5H,0 8.1
KCl 122.9

# Mushroom complete medium
®The MCM without phosphorus source
¢The MCM without inorganic source.
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Fig. 2. Zymogram analysis of laccase F. pinicola. (A); Molecu-
lar weight marker by SDS-PAGE. (B) The activity staining of lac-
case from F pinicola using 10% PAGE was run under non-
denaturing conditions in the absence of 2-mercaptoethanol and
stained at 37°C with a solution of 2 mM ABTS in 0.5 M citrate
buffer, pH 3.0.
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Fig. 3 Time course of the laccase production from F. pinicola
mycelia. Cultivation was carried out at 25°C in the optimal cul-
ture medium. The laccase activity was assayed with culture super-
natant.
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Table 5. Substrate specificity of the laccase from F. pinicola.

Substrate? Activity (mU/mL) Relative activity (%)
ABTS? 200 100
Syringaldazine 42.1 21.1
Guaiacol 21.8 10.9
2, 6-DMP* 13.2 6.6
o-tolidine 9.9 5.0

“The reaction mixtures contained 2 mM substrate in 0.1 M citrate
buffer (pH 3.0)

’ABTS. 2, 2'-azinobis(3-ethylbenzthiazolinesulfonic acid)

2, 6-DMP. 2, 6-dimethoxyphenol

Activity was measured after addition of 0.1~ of culture supernatant.
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Fig. 4. Effect of pH on the laccase activity from F. pinicola. The
enzyme activity was assayed in the pH range of 1.5-8.0 (0.1 M
glycine HC! buffer for pH 1.5-3.0, 0.1 M citrate buffer for pH 3.0-
5.0, 0.1 M sodium phosphate buffer for pH 5.0-8.0) at 25°C.
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Fig. 5. Effect of temperature on the laccase activity from F. pin
icola. The enzyme activity was assayed at various temperatures o
40-90°C in 0.1 M citrate buffer (pH 3.0).
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