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Production of laccase by Coriolus versicolor and its application in
decolorization of dyestuffs:
( I ) Production of laccase by batch and repeated-batch processes
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Abstract: The production of laccase by Corioius versicolor was studied. The effert of cultivation conditions on lacease production by Corialus
versicolor was examined to obtain optimal medium and cultivation conditions. Both batch and repeated-balch processes were performed for
larcase production. In repeated-batch fermentation with self-immobilized mycelia, total of 14 eycles were performed with laccase activity in the
ranige betweert 3.4 amd {4.8 U/ml.
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Introduction

Non-specific oxidation of polyaromalic compounds by ligninolytic enzymes from lignin-degrading white-
rot fungi has increasingly attracted attentions because of its ability 1o metabolize a wide range of organic
contaminants ( Kacstner, 2000) . Among them, laccase, also called phenolase or polyphenol oxidase, is an
important one. Unlike lignin peroxidase and Mn-dependeni peroxidase, those need H,0, as the second
substrate in the reaction, the degrading reaction catalyzed by laccase requires O, only, without H,0,
participation .

Coriolus versicolor is the most commonly used microbe to produce laccase. The fermentation can be
carried out al room temperature . Comparing with lignin peroxidase and Mn-peroxidase production via P.
Chrysosporium , he laccase fermentation does not need 1o limil carbon or nitrogen source and lo supply
pure oxygen accasionally. Also €. Versicolor is not very sensilive to the shearing stress.

Laccases from various white-rot fungi can be exploited for a number of environmental applications
including bleaching of kraft pulp( Bajpai, 1999), decolorization of different synthetic textile dyes{Kirby,
2000; Wong, 1999), removal of phenolic compounds in industrial wastewater ( Atlow, 1984 ) and soil
bioremediation( Kaestner, 20087 .

In this work, the medium composition and cultivation conditions will be optimized for improving the
preduction of laccase by the white-rot fungus Coriolus versicolor, and the repeated-batch stralegy is to be

performed to increase the laccase productivity.

1 Materials and methods
1.1 Microorganisms

The strain of Coriolus wversicolor was maintained at 4°C on YMS agar slant { glucose 20 g/L, malt
extract 20 ml/L, peptone 1 g/L, and agar 20 g/L).
1.2 Medinm

The fundamental medium used for the production of laccase contains { g/L): glucose 2.2,
diammenium tartrate 0. 94, Nal,PO, 0.2, Mg80, - 7H,0 0.5, and trace element solution 1 ml/L.
Medium is adjusted to pH 4.5.

The 1race element selutien contains{mg/L) : vitamin B, 100, CaCl, 100, FeSO,*7H,0 100, MnSO,
+H,0 5, ZnSQ, *7H,0 10, and CuS0, -5H, 0 20.
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1.3 Chemicals

ABTS, diammonium-2 ,2’—azino-bis(3-elhylbenzolhiam]ine-6—sulfonale) » used for enzyme assays was
from Sigma. The ABTS solution was prepared by dissolving 0.55g ABTS into 1L sodium phosphate buffer
(2 mol/L) .
1.4 Enzyme assays

The fermentation broth was filtered to remove mycelia, the filtrate was then diluted to reach proper
enzyme concentiration for analysis. Both sumple and ABTS solution were preheated to 30°C for 5 min, then
mixing | ml diluted sample with 1 m! ABTS solution in a 1 cm cuvette to start reaction. The reaction was
continued for 5 min and the 0D,y values were recorded on-line by the HP 84324 spectrometer. The linear
region of OD,,, was used to determine the enzymatic activity of laccase. One unit of activity was defined as
the amount of enzyme causing 1 vnit change of OD,,, in 1 min.
1.5 Analytical methods

Glucose concentration was analyzed by DNS method( Miller, 1959) .

2 Results and discussion
2.1 Production of laccase

Iig.1 shows the time courses of batch fermentation of Corielus wversicolor for laccase production. It
indicated that the growth rate of Coriolus versicolor was very slow and six days was required for the
maximum dried-cell weight. After another two days, the laccase activily reached the maximum and fall
down fast afterward. Tt could also be noticed that the laccase production was partially growth-rate related.
The pH value during batch culture was relative stable. Table 1 lists the effects of initial glucose
concentration on the production of laccase. It seems that higher initial glucose concentration did not
guarantee higher laccase production. Though laccase is not a typical secondary metabolite ( Archibald,
1992), glucose does show inhibition in cell growth. Most of laccase were produced at the end of growth
phase. Initial glucose concentration of 5.4 g/L was suitable for laccase production .

Fig.2 shows the effects of initial pH values on laccase production. Tt indicated that the optimal initial
pH value for laccase production was pH 4.5, where the laccase activity at the ninth day was 80% higher
than that at pH 3 or 6.
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The effects of trace element solution on laccase production are shown in Fig.3. When the addition of
trace element solution increased from 1 ml to 10 ml, the laccase activity increased by 25% , further .

increase of trace element did not mean better lacasse production .
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Table 1 Effects of initial glucose concentration on the production of lacease

Initial glucose Maximum laccase Days to reach maximum Days for complete
concentration, gL activity, U/ml laccase activity, d glucose consumption, d
4.8 3.6 8.0 6.0
5.4 4.3 8.0 6.0
23.0 4.6 13.0 10.0

In other lignin degrading enzyme production, such as lignin peroxidase and Mn-dependent peroxidase,
veratryl aleohol must be added as an inducer for enzyme production. The effect of veratryl alcohol un laccase
production was also examined and the results are shown in Fig.4. It can be seen that veratryl alcohol is not
essential for laccase produclion, bul do improve the laccase productivity. When 5 mmol/1. of veratryl alcohol
was added, the laccase production was increased from 10.8 U/ml to 14.2 U/ml.

14
— 12} 16
E A 14
=10t 512}
b "
3 8F £ior
2 6 ﬁ 8
g g O
4t L
g g ¢
[ 2+ 3 2+
. | | 0 1 1 i
0
1 10 30 50 0 0.5 1.0 50
Trace element solution, ml Veratryl aclohol in media, mmol/L

Fig.3  Elfect of metal elements on faccase activily after Fig.4 Effects of the supplement of veratryl aleohol on laccase

. s P
nine days’ cultivation praduction

The effects of inoculation volume on laccase production are shown in Fig.5. It is favorable for laccase
production with the increase in inoculation volume, but when inoculation volume is greater than 30 ml/L,
the laccase activity will not increase further or even fall down.

2.2 Self-immobilization of Corielus versicolor and repeated-batch production of laccase

During Coriolus versicolor cultivation, the mycelium can be self-aggregated to form spherical mycelium

pellets with a diameter about 1-—3 mm. The pellets were very stable in size and activity. From Fig.1, it is

obvious that the growth rale of Coriolus versicolor is very slow. I takes six and eight days to reach

maximum cell concentration and laccase activity, 6
respectively. Therefore it is desired to use the self-
immobilized Coriolus versicolor pellets to produce laccase
continnously or  repeatedly. The repeated batch
fermentation was performed as following: when one batch

fermentation was ended, harvest the broth conlaining

Laccase activity, U/L

laccase and then add the fresh medium into the fermenter

to start a new batch.

Fig. 6 and Table 2 show the experimental data of

repeated-batch production of laccase by self-immobilized

mYCEhHm pe”ets' Three paralle] experiments  were Fig. 5 FEffects of the inoculation volume on  laccase
performed as shown in Fig.6. The only difference is the pguction

inoculation volume. The parallel experiments showed the inoculation volume: @ 10 ml/L; W 20 mV/L; & 30 ml/L; v
similar results. Total of 14 cycles 40 ml/l; & 50 ml/L
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Table 2 Repeated-batch production of laccase by self-immaobilized mycelium pellets( according to Fig.6a)

Repeated number 1 2 3 4

5

6 7 ] 9 10 11 12 13 14

Cycle period, d 1no 690 40 60 60 60 50 30 20 20 1.5 1.5 1.5 1.5
Laccase activity, Wml 5.0 3.6 4.0 3.0 2.5 3.7 6.2 42 39 49 1.5 1.8 12.3 7.9
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were performed from the same pellets and lasted for 57
days. lt is a surprise to notice that with the increase of
cycle number, the period for each eycle will be reduced
greatly from 11 days in the first cycle to 1.5 days in the
14th cycle. The average laccase activity for the last four
cycle was 10.9 U/ml, doubled in comparison with the
first cycle. The number of pellets did not change and no
noticeable increase in the size of pellels was found.

Afler 14 cycles, the color of mycelium pellels
became yellowish, Under microscope, il was observed
that the inside of pellets was almost hollow, which
indicated that only the oulside shell of pellet was of

active mycelia.

Fig.6  Repeated-batch fermentation of Coriolis versicolor for 3 Conclusions

laccase production (inoculation volume, a: 3% ; b: 4% ; e:

5%)

Laccase can be produced by batch, and moare
effectively by repealed-batch fermentation with Coriolus

versicolor mycelia pellets. High concentration of glucose

showed some inhibition in the cell growth and laccase production. The optimal iniial pH value for laccase

production was pH 4.5. Suitable increase of trace element solution henefitted the laccase production.

Veratryl alcohol is not essential for laccase production, but does improve the productivity . During repeated-

batch fermentation, with the increase of cycle number, the periad for each cycle is reduced from 11 days to

1.5 days and the laccase activity has been doubled.
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