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ABSTRACT

This work aimed to evauate the influence of culture conditions on laccase production in the co-culture of wood-rotting
fungus with Trichoderma sp. The effects of infection extent, infection time, and culture filtrate of Trichoderma sp.
on the laccase production by wood-rotting fungus in co-culture were examined. T. rubrum LKY-7 and T. longibrachiatum
were selected as fungi which are effective in co-culture for laccase production. A significant increase in laccase activity
was observed when T. rubrum LKY-7 was co-cultured with T. longibrachiatum in glucose-peptone liquid medium,
yielding an increase of more than 5 times in laccase activity, as compared with control. Laccase production by T.
rubrum LKY-7 during co-culturing was significantly influenced by the infection extent and the infection time of T.
longibrachiatum. Maximal laccase activity was obtained when T. rubrum LKY-7 culture was infected by T. longibrachiatum
after 3 days of cultivation at an inoculum size ratio of 0.5 to 1. The addition of culture filtrate or autoclaved mycelium
of T. longibrachiatum to T. rubrum LKY-7 culture did not significantly enhance laccase production by T. rubrum LKY-7

as compared with control (mono cultures of T. rubrum LKY-7).
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1. INTRODUCTION

Laccase is a blue multi copper-containing oxidase
that has been found in numerous basidiomycete fungi,
in various plants and insects, and even in bacteria. It
has been known that laccase has many physiological
functions, including lignin biosynthesis/biodegradation,
stress defense, and plant pathogenesis etc. (Thurston,
1994; Cho et al., 2012; Lee et d., 2016; An et al.,
2018). And due to the wide range of substrates, laccase
has been shown effective in various biotechnological
processes, such as pulping and bleaching, dye decolori-

zation, wastewater treatment, food processing, and
bioremediation of environmenta pollutants (Choi et al.,
2006; Hong ¢ al., 2013; Pooja et al., 2016; ). Espeddly,
the fact that laccase require only oxygen for catalysis
has attracted much research attention for the practical
use of fungal laccase in industry, unlike peroxidase.
However, as the extracdlular fungd laccase is produced
relatively in smal amounts, the use of laccase for
industrial applications has been limited by low pro-
ductivities in the processes (Minuss et al., 2002).
Laccase production can be enhanced by the addition
of various inductive substances, including aromatic or
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phenolic compounds (Valle et al., 2015; Yadav, 2018)
and metal ions (Baldrian and Gabriel, 2002; Jarosz-
Wilkolazka et al., 2004) etc. However, most of the
chemical laccase inducers are environmentaly toxic and
expensive. Thus, many researchers have been trying
to find the ways, which are safe environmentally and
low-cogt, to increase laccase production from white-rot
fungi.

Interspecific interaction between white-rot fungi and
other fungi or bacteria have shown to induce laccase
activity (Savoie and Mata, 1999; Badrian, 2004; Zhang
et al., 2006; Hiscox, 2010). In interspecific fungal
interaction, the extent of the increase in laccase activity
could be differ, depending on the innate laccase
producing ability of a species, the combination of
species interacting (lakovlev and Stenlid, 2000; Chi
et al., 2007), and the types of ligninolytic enzyme
secreted by each drain (Lee et al., 2017). And for high
volumetric production of laccase in interspecific fungal
interaction, the techniques of submerged fermentation
should be applied rather than solid media. However,
in submerged cultures, it is difficult to make close
contact between grains in comparison with solid cultures.
Flores et al. (2010) reported that the relative increase
in laccase volumetric activity during Trichoderma-
Pleurotus co-culturing in liquid media was haf of that
obtained when both strains were directly confronted
in solid media, and laccase production in liquid media
was influenced by the time of infection and agitation/
oxygenation conditions.

In previous work, we evaluated the effect of
ligninolytic enzyme type secreted by each strain on
ligninolytic enzyme production in interspecific inter-
actions of wood-rotting fungi. In glucose-peptone agar
medium, co-cultures of wood-rotting fungi with
Trichoderma viride which do not produce any ligni-
nolytic enzyme were very effective in the increase of
laccase activity (Lee et al., 2017). The present work
was to select the effective wood-rotting fungus and

Trichoderma sp. on laccase production in interspecific
interaction, then to evaluae the effect of infection extent
(inoculum size), infection time, and culture filtrate of
Trichoderma sp. on laccase production by wood-rotting
fungi in submerged co-culture.

2. MATERIALS and METHODS

2.1. Fungal strains and culture conditions

Trychophyton rubrum LKY-7 (T. rubrum LKY-7)
were isolated from hardwood chip pile (Jung et al.,
2001), and Pycnoporus cinnabarinus (P. cinnabarinus)
were kindly supplied by Prof. Kaichang Li (Oregon
State University, USA). Trichoderma harzianum,
Trichoderma longibrachiatum, Trichoderma reesal, and
Trichoderma viride were obtained from KCCM (Korea
Culture Center of Microorganisms). These fungi were
maintained on potato dextrose agar (PDA) and stored
a 4C. For screening the effective Trichoderma sp. on
laccase production by wood-rotting fungi, interspecific
interactions were performed on glucose-peptone agar
medium (GPA, solid medium) (30 g glucose; 10 g
Bacto-peptone; 1.5 g KH,PO4; 0.5 g MgSO,; 20 mg
CuSO;; 12 mg MnSO;; 2 mg thiamine-HCI; Agar 20
0, per liter) at pH 5. Glucose-peptone broth medium
(GPB, liquid medium) containing severa glass beads
(2 0.5 mm) to avoid the formation of mycelia pellet
was used for laccase production.

2.2. Selection of effective fungi in laccase
production

In order to sdect effective fungi on laccase production
in interpecific interaction, P. cinnabarinus or T. rubrum
LKY-7 and each Trichoderma sp. were inoculated onto
cellophane membranes (GelAir Cellophane, Bio-Rad
165-1779) overlaid on GPA plate a a 5 cm apart. The
cellophane membrane was boiled twice for 15 min in
didtilled water, immersed in a flask containing ditilled
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water, autoclaved for 15 min, and then overlad on GPA
surface (Téllez-Téllez et al., 2003). As the growth of
each Trichoderma sp. was faster than that of wood-
rotting fungi, P. cinnabarinus and T. rubrum LKY-7
were inoculated first, and Trichoderma strains were
inoculated to those cultures 3 days later, respectively.
One mycdlia plug (mycelium of 8 mm diameter) was
asepticaly scraped from the contact zone of T. rubrum
LKY-7 or P. cinnabarinus region in the co-cultures
at days 5 and 12 of cultivation after initial contact.
Laccase activities were determined from the harvested
mycelium according to a previousy described method
(Lee et al., 2017). The sdf-paired culture of each
wood-rotting fungus was used as control.

2.3. Laccase production in submerged
co—culture

GPB was used for laccase production by interspecific
interaction. Wood-rotting fungus and Trichoderma sp.
selected from above experiments were pre-cultivated
on cellophane membrane overlaid on GPA plate for
7 and 3 days, respectively. The mycelium of 6-10 mm
diameter was scraped from actively growing mycelial
edge on the surface of cellophane membrane and used
for inoculum of each drain. Basicdly, firg, the inoculum
of wood-rotting fungus was homogenized with portable
mill in 25 ml of GPB and incubated for 3 days at
27°C with agitation a rate of 150 rpm. Then, the mycdium
scraped from Trichoderma sp. (non-sporulating mycdium,
3 days old) was homogenized in 25 ml GPB, and added
into the 3 days old culture of wood-rotting fungus.

In order to evaluate the effect of infection extent
of Trichoderma sp. on laccase production by wood-
rotting fungus, the inoculum size ratio of Trichoderma
sp. to wood-rotting fungus was adjusted to 0.25 to 1,
05t01, 1to1, and 2 to 1 using cork borers, then co-
cultivations were carried out according to the above
procedure. Also, to assess the effect of infection time,
the homogenized inoculums of Trichoderma sp. with

inoculum size ratio of 0.5 to 1 and 1 to 1 were added
into wood-rotting fungus cultures incubated for 1, 3,
and 5 days, respectively. And, to estimate the effect
of culture filtrate of Trichoderma sp., only Trichoderma
. which homogenized in 25 ml of GPB with inoculum
Sze rétio of 0.5 to 1 were incubated for 4 days. Then,
these cultures were separated with mycdlium and culture
filtrate through a sterile 0.2 um Millipore filter. The
separated mycelium was washed thoroughly with
distilled water, homogenized in 25 ml of GPB, and
autoclaved at 121C for 20 min. The autoclaved
mycelium and the culture filtrate were each added into
3 days old cultures of wood-rotting fungus.

All cultures described above were incubated under
shaking condition at a rate of 150 rpm at 27C for
15 days. For the assay of laccase activity, 200 pl culture
fluid was extracted periodicaly in all cultures and
replaced by 200 pl flesh culture medium. The mono-
culture of wood-rotting fungus was used as control.
All experiments were performed in triplicate.

2.4. Measurement of laccase activity

Laccase activity was determined spectrophotometricaly
by measuring the oxidation of 2,2° -azino-his(3-
ethylbenzothiazoline-6-sulfonnic  acid) (ABTS) in
sodium tartrate buffer (50 mM, pH 4.5) a 420 nm
(e max = 3.6 x 10* M cm™). One unit (U) of laccase
activity was defined as the amount of enzyme catayzing
the production of 1 umol oxidized product per ml of
enzyme solution per minute under the assay conditions
(Eggert et al., 1996).

2.5. Native polyacrylamide gel
electrophoresis (PAGE)

For native PAGE, extracdlular enzyme extracts were
obtained from mycelia (solid media, GPA) and culture
fluids (liquid media, GPB) after 12 days of cultivation,
respectively. The scraped mycelia from self-paired
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culture and co-culture on GPA were transferred into
a 1.5 ml Eppendorf tube, to which 0.5 ml of 50mM
sodium tartrate buffer (pH 4.5) was added. Tubes were
shaken gently and centrifuged. The filtrates were used
as extracellular enzyme samples. And the enzyme
extracts in liquid media (GPB) were prepared by
centrifugation and filteration (0.2 um Millipore filter)
after filtering the culture.

Native PAGE was performed on 10% Mini-
PROTEIN TGX gd (BioRad, USA) with running
conditions of 35 mA at a constant voltage of 200 V.
The amounts of enzyme extract were adjusted to load
approximately equivalent laccase activities in each well.
For laccase isozyme staining, gel was immersed in 50
mM sodium tartrate buffer (pH 4.5) containing 5 mM
guaiacol, and incubated at room temperature until
laccase activity bands appeared.

3. RESULTS and DISCUSSION

3.1. Selection of effective fungi on
laccase production
In previous work, it showed that laccase production
was dignificantly enhanced in the co-cultures of wood-
rotting fungi with T. viride which doesn't secrete laccase
on GPA when compared with other fungi which secrete
laccase (Lee et al., 2017). No laccase activities were

detected in mono-cultures of four Trichoderma strains
usad in this work (results not shown). Screening grategy
for biological induction of laccase production has been
generally based in the confrontation of basidiomycetes
with other strains and measuring laccase activity in
interaction zone (lakovlev and Stenlid, 2000; Baldrian,
2004; Chi et al., 2007). These four drains of Trichoderma
were subjected to interspecific interaction with P.
cinnabarinus or T. rubrum LKY-7 on cellophane
membrane of GPA plate. As shown in Table 1, signi-
ficant increases of laccase activity were observed when
wood-rotting fungi were confronted with Trichoderma
strains. The highest activity of laccase was obtained
when T. rubrum LKY-7 was co-cultured with T.
longibrachiatum on GPA, yielding more than about 8
times increase in laccase activity, as compared with
control. It has well known that laccase production of
white-rot fungi is effectively enhanced by co-culturing
with Trichoderma sp. (Baldrian, 2004; Zhang €t al.,
2006; Velazquez-Cedefio et al., 2007; Flores et al.,
2009; 2010). However, the levels of activity in these
studies were relatively low when compared with the
results of this experiment, athough there are large
increases in the laccase activities in interspecific inter-
action.

In self-paired culture (control) of P. cinnabarinus
or T. rubrum LKY-7, the laccase activity at day 5 of

Table 1. Laccase activities of wood-rotting fungi during co-culturing with Trichoderma strains in GPA

Laccase activity (U/ml)?

Strain P. cinnabarinus T. rubrum LKY-7
5 days’ 12 days 5 days 12 days
Control® 0.98+0.23 0.17+0.06 1.45+0.24 0.75+0.17
T. harzianum 1.67+0.21 1.79+0.39 2.48+0.36 2.25+0.49
T. longibrachiatum 3.26+0.47 5.02+0.43 5.32+0.72 8.02+0.75
T. rees 2.15+0.26 2.42+0.62 2.77+0.49 3.31+0.28
T. viride 5.18+0.74 5.31+0.66 4.19+0.32 4.76+0.69

&Laccase activity per ml of enzyme solution extracted from the ground mycelium in 50 mM sodium tartrate buffer

® Incubation day after initial contact

¢ Self-paired culture of P. cinnabarinus or T. rubrum LKY-7
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cultivation decreased significantly at day 12. However,
in the co-cultures, the stability of laccase activities were
improved with compared to contral, rather showing the
increase of laccase activities at day 12 of cultivation.
Especidly, in the co-culture of T. rubrum LKY-7 with
T. longibrachiatum, the maximal laccase activity was
remained almost constant until day 15 of cultivation
(data not shown). These results are in agreement with
the study of Flores et al. (2010), who has shown that
the stability of laccase activity is improved during
Trichoderma-Pleurotus interaction, yielding twice the
activity if compared with control trestments (Trichoderma
or Pleurotus aone). Also, Zhang et al. (2006) reported
that the laccase activity decreases sharply in chemical
induction within 2-3 days after peak, whereas it
maintains 60-70% of its highest activity for at least
20 days during the co-cultivation process of Trametes
sp. and Trichoderma strain. Based on these results, it
was confirmed that the co-culture of T. rubrum LKY-7
with T. longibrachiatum has a great potentid for laccase
production.

3.2. Effect of the infection extent of
7. longibrachiatum on laccase
production

In submerged co-culture, laccase production could
be influenced by the inoculum amount of each strain,
unlike solid culture. The mycelial suspensions of T.
longibrachiatum adjusted the inoculum size ratio were
added into 3 days old cultures of T. rubrum LKY-7
to evaluate the effect of infection extent on laccase
production. As shown in Fig. 1, T. rubrum LKY-7
produced relatively high activity of laccase when
cultivated on GPB (control), and its maximum activity
maintained dmost the same until the end of cultivation,
unlike on GPA. The laccase productions in co-cultures
were clearly divided into two levels according to the
inoculum size ratio. When the inoculum size ratio of
Trichoderma sp. to T. rubrum LKY-7 were adjusted

80

20

Laccase activity (U/ml)
8

3 5 7 9 11 13 15
Cultivation time (day)

Fig. 1. Effect of the infection extent of T.
longibrachiatum on laccase production by T. rubrum
LKY-7.

to 0.25 to 1 or 0.5 to 1, the laccase activities began
to increase on days 5 of cultivation, then increased to
54.3 and 70.2 U/ml on days 11, respectively. These
laccase activities remained relatively stable until the
end of cultivation. It suggested that the laccase activity
can be induced strongly when the growth T. rubrum
LKY-7 has a predominance in co-culture (ratio of 0.25
to 1 or 05 to 1). In contragt, when adjugted the inoculum
Size ratio to 1 to 1, the laccase activities of T. rubrum
LKY-7 sgnificantly decreased, in comparison with that
of aratio of 0.25 to 1 or 0.5 to 1. Especidly, at the
raio of 2 to 1, no induction effect on the laccase activity
was observed, which indicated that when the infection
extent of T. longibrachiatum is beyond a certain amount
<0 that its growth is overgrown in co-culture, the laccase
production by T. rubrum LKY-7 could be suppressed
and inhibited. These results are in agreement with
Veldzquez-Cedefio et al. (2007), who reported that the
laccase production in interspecific interaction of Pleurotus
ogtreatus with T. longibrachiatum seems to depend on
the relative ability of the two fungi to colonize liquid
or solid medium. Cupul et al. (2014) reported that the
low inoculum amount enhances laccase activity by T.
maxima in T. maxima-P. carneus co-cultures, and the
amount of mycelia disks used can affect enzyme
activity in co-cultures.
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On the whole, the inoculations in submerged culture
are performed with the addition of homogenized myce-
lium, funga agar plug covered with mycelium, and
spore suspension (Baldrian, 2004; Mata et al., 2005;
Flores et al., 2010). However, these ways are difficult
to inoculate a certain amount of mycelium. Likewise,
the inoculum size ratios in this experiment do not
represent the exact mycelium amount inoculated to cul-
ture, because the mycelium density of each strain is
different on GPA. But the results from this work clearly
showed that the inoculum amount ratio of two strains
plays an important role in laccase production during
co-culturing.

3.3. Effect of the infection time of
7. longibrachiatum on laccase
production

The effects of infection time of T. longibrachiatum
to T. rubrum LKY-7 culture on laccase production at
the inoculum size ratio of 0.5to 1 and 1 to 1 were
evaluated. As shown in Fig. 2A, when infected with
T. longibrachiatum after 1 day of cultivation at the
ratio of 0.5 to 1, the laccase productions by T. rubrum
LKY-7 were dgnificantly suppressed and limited.
Maximal laccase activity was achieved from the T.
rubrum LKY-7 culture infected after 3 days at the ratio

A

Laccase activity (U/ml)

1 3 5 7 9 1 13 15
Cultivation time (day)

of 0.5:1, yielding 70.2 U/ml of laccase activity on day
11 of cultivation. And, athough the laccase activity
increased to some extent when infected after 5 days,
it was not as high as when infected after 3 days. In
contrast, the laccase activities of T. rubrum LKY-7 were
almogt inhibited when infected after 1 day at the ratio
of 1to 1 (Fig. 2B). However, the laccase activity of
culture when infected after 5 days at the ratio of 1
to 1 increased gradualy until day 7 of cultivation, then
increased rapidly until the end of cultivation. And the
laccase activities of T. rubrum LKY-7 culture when
infected after 5 days cultivation were higher than those
of the culture infected after 3 days cultivation at the
ratio of 1 to 1. These results showed the importance
of the growth balance for laccase production in co-
culture. That is, it means that for the enhancement of
laccase production, T. rubrum LKY-7 should be pre-
cultured enough to gain a competitive advantage in
co-culture, as the infection extent of T. longibrachiatum
is high (the ratio of 1 to 1). Likewise, Cupul et al.
(2014) showed that the time a which T. maxima is
inoculated with P. carneus has a significant effect on
laccase activity, and the best time for inoculation with
P. carneus is 3 d after T. maxima was established.

The stability of laccase activity is as important as
laccase production for industrial and environmental
applications. The stability of laccase activity in co-

60

—e— Contro|

Laccase activity (U/ml)

1 3 5 7 9 11 13 15
Cultivation time (day)

Fig. 2. Effect of the infection time of T. longibrachiatum on laccase production by T. rubrum LKY-7. A, Inoculum

size ratio of 0.5 to 1; B, Inoculum size ratio of 1 to 1.
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culture was improved with compared to control, rather
showing the increase of laccase activities at day 12
of cultivation. Especidly, in the co-culture of T. rubrum
LKY-7 with T. longibrachiatum, the maximal laccase
activity was remained amost constant until day 15 of
cultivation (data not shown). These results are in
agreement with the study of Flores et al. (2010), who
has shown that the stability of laccase activity is
improved during Trichoderma-Pleurotus interaction
yielding twice the activity if compared with control
treatments (Trichoderma or Pleurotus aone). Also,
Zhang et al. (2006) reported that the laccase activity
decreases sharply in chemica induction within 2-3 days
after peak, whereas it maintains 60-70% of its highest
activity for at least 20 days during the co-cultivation
process of Trametes sp. and Trichoderma strain.

Generally, it has well known that the increase of
laccase activity by basidiomycetes in co-culture could
be a reponse againd the attack of Trichoderma (Boddy,
2000). However, the results from this experiment
showed that the effect of infection extent and infection
time on laccase production should be considered in
its aspects of the growth ability of T. longibrachiatum
in co-culture. That is, the increase of laccase activity
in co-culture was seemed to be rdated to the competitive
ability of T. rubrum LKY-7 againg T. longibrachiatum
In addition, it suggested that for laccase production,
the infection extent and the infection time in co-culture
should be adjusted so that T. rubrum LKY-7 can be
grown up in advance to a certain levd, before inoculating
T. longibrachiatum.

3.4. Effects of the culture filtrate and
the autoclaved mycelium of
7. longibrachiatum on laccase
production

The addition of culture filtrate or autoclaved
mycelium of T. longibrachiatum to T. rubrum LKY-7
culture did not significantly enhance laccase production.

20
— ~e— Control
£ —0— filtrate
S 15
3 —&— mycelium
2
2
< 10
(1]
Q
@
u 5
v
=

3 5 7 9 11 13 15

Cultivation time (Day)

Fig. 3. Effects of the culture filtrate and the autoclaved
mycelium of T. longibrachiatum on laccase pro-
duction by T. rubrum LKY-7.

As shown in Fig. 3, athough the laccase activity of
T. rubrum LKY-7 culture increased to some extent with
the addition of culture filtrate, it was quite a low leve,
when compared with the maximal laccase activity
obtained from co-culture. And the addition of autoclaved
mycelium appeared to be little effect on the enhan-
cement of laccase production. This suggested that
laccase production in co-culture was enhanced mainly
by the live and active mycdlium of T. longibrachiatum
These results are in agreement with Baldrian (2004),
who reported that the addition of serilized T. harzanum
culture homogenate did not significantly affect the
enzyme activity in the decolorization of RBBR. Also,
the same results (no laccase induction) were obtained
when sterile-filtered culture liquid from T. versicolor
X T. harZianum cultures were added to the flasks with
T. versicolor. On the other hand, it has been proposed
that Trichoderma sp. and/or its metabolites stimulate
the laccase production of ligninolytic fungi (Savoie et
al., 1998; 2001; Savoie and Mata, 1999, Hatvani et
al.,, 2002). Mata et al. (2005) demonstrated that a
significant increase in laccase activity was observed
when cultures of P. pulmonarius were incubated with
the Trichoderma lytic enzyme, representing more than
an eight-fold increase in production compared to the
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P. pulmonarius control. Also, it has been suggested
that extracellular laccase production of L. edodes may
be due to cell wall degrading enzymes produced by
Trichoderma (Savoie and Mata, 2003). In contrast,
Zhang et al. (2006) suggested that some thermal-
resstant compounds, but not lyases, in the extracellular
metabolites of Trichoderma sp. ZH1 can singly act as
signals to induce laccase production of Trametes sp.
AH28-2 strongly. This implies that recognition of the
hogt (resulting in a direct attack to basidiomycetes) by
Trichoderma and its production of non-enzymatic
metabolites are both factors worth considering the
potential for increased laccase production by P.
ostreatus or A. bisporus (Flores et al., 2009). However,
the results from this work showed that the live and
active mycdium of T. longibrachiatum is more effective
on the enhancement of laccase production by T. rubrum
LKY-7 in co-culture than its culture filtrate or auto-
claved mycelium.

3.5. Laccase isozymes in native PAGE

The native PAGE showed that T. rubrum LKY-7
produced two major bands (band 1 and 2) and two
minor bands (band 3 and 4) of laccase activities (Fig.
4). Mata et al.(2005) observed two patterns of main
bands formed by Pleurotus strain according to the kind
of culture media with or without Trichoderma. Flores
et al. (2010) reported that Pleurotus ostreatus produces
two laccase band, which are aways present throughout
the cultivation time, while laccase isoforms pattern
changed after the infection of P. ostreatus cultures with
T. viride. In this work, no inducible laccase isozyme
or laccase modification was observed both on GPA
and GPB. It showed that when co-cultured with T.
longibrachiatum, the intensity of laccase band 4
increases both on GPA and GPB in comparison with
that of mono-culture of T. rubrum LKY-7 on GPB.
From these results, it could be supposed that laccase

Fig. 4. Detection of laccase isozymes by naive PAGE.

Lane 1, self-paired culture of LKY-7 in GPA
Lane 2, co-culture in GPA

Lane 3, mono-culture of LKY-7 in GPB
Lane 4, co-culture in GPB.

band 4 was related to the enhancement of laccase
production in co-cultivation on GPA and GPB.
Interestingly, only one laccase band was detected in
sef-paired culture of T. rubrum LKY-7 on GPA, while
al laccase isoforms were observed in mono-culture of
T. rubrum LKY-7 on GPB. Mata et al. (2005) reported
that the presence of Trichoderma does not seem to
induce new laccase isoforms, but rather, it only seems
to stimulate the overproduction of this enzyme. Flores
et al. (2009) have shown that while two laccases were
observed in liquid co-culture, only one isoform was
observed during confrontation of P. ostreatus with T.
viride in solid media. And they added that fungal
interaction in solid media, athough yielding only one
laccase, stimulates the production of a highly reactive
isoform. Unlike those results, the expression of only
one laccase band could be involved in the stability of
laccase activity on GPA. That is, the laccase activity
decreased significantly at day 12 of cultivation in
self-paired culture on GPA (Table 1), at which only
one laccase band was detected. On the other hand, the
laccase activity remained relatively stable until the end
of cultivation in mono-culture in GPB (Fig. 1), a which
laccase isoforms pattern did not change. Accordingly,
it could be considered that some laccase isozymes in
sdlf-paired culture on GPA were removed by autolysis,
resulted in the significant decrease of laccase activity
at the latter period of cultivation.
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4. CONCLUSION

The co-culture of T. rubrum LKY-7 with T.
longibrachiatum was found to have a potential for
laccase production and for laccase stability in GPB
(liquid medium). A significant increase of laccase
activity was observed when T. rubrum LKY-7 was co-
cultured with T. longibrachiatum in GPB, yielding an
increase of more than 5 times in laccase activity, as
compared with control. The laccase production by T.
rubrum LKY-7 during co-culturing was greatly
influenced by the infection extent and the infection time
of T. longibrachiatum. It showed that for the enhance-
ment of laccase production, the infection extent and
the infection time of T. longibrachiatum in co-culture
should be adjusted o that T. rubrum LKY-7 can grow
in advance to a certain level, before inoculating T.
longibrachiatum Maxima laccase activity was obtained
when the T. rubrum LKY-7 culture was infected by
T. longibrachiatum after 3 days of cultivation at 0.5
to 1 of inoculum size ratio of T. longibrachiatum to
T. rubrum LKY-7 in GPB. The addition of culture filtrate
or autoclaved mycelium of T. longibrachiatum into T.
rubrum LKY-7 culture did not significantly enhance
the laccase production by T. rubrum LKY-7 when
compared with control (mono-culture of T. rubrum
LKY-7). In native PAGE, no inducible laccase isozyme
was observed in co-cultures in comparison with the
mono-culture of T. rubrum LKY-7, only showing the
increase of intensity of laccase band both on GPA and
GPB. On the other hand, only one laccase band was
detected in self-paired culture of T. rubrum LKY-7 on
GPA, while all laccase isoforms were observed in
mono-culture of T. rubrum LKY-7 on GPB.
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