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Abstract A visual method for the selective screening of lignin degrading enzymes, produced by
white rot fungi (WRF), was investigated by the addition of coloring additives to solid media. Of
the additives used in the enzyme production media, guaiacol and RBBR couid be used for the
detection of lignin peroxidase (LiP), manganese peroxidase (MnP) and laccase. Syringaldazine
. and Acid Red 264 were able for the detection of both the MnP and laccase, and the LiP and
laccase, respectively, and a combination of these two additives was able to detect each of the

ligninases produced by the WRF on solid media.
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INTRODUCTION

White rot fungi (WRF) have been widely studied in
order to obtain ligninolytic enzymes useful for biotech-
nological applications. Two peroxidase groups, lignin
peroxidase (LiP) and manganese peroxidase (MnP), and
laccase, are known to be associated with ligninolytic
activity [1]. Ligninolytic cultures of WRF secreted LiP,
MnP and laccase, in various concentrations [2]. These
enzymes have the ability to mineralize lignin, and various
other xenobiotic compounds, such as polycyclic hydro-
carbons (PAHs), chlorinated phenols, polychlorinated
biphenyls (PCBs), dioxin, alkylhalides, nitrotoluenes and
dyes [3-10]. However, in the studies on the production
of ligninolytic enzymes, only a few species of WRF have
been used. Therefore, many researchers have stressed the
need to investigate the ligninolytic enzyme systems of
other WRF. To this end, several screening methods,
involving dyes, such as Poly R-411, Poly R-418, and
Remazol Brilliant Blue R (RBBR), have been reported
[11]. Pasti-Grigsby et al. observed a correlation between
the decolorization of RBBR and the ligninonytic ability of
microorganisms [12]. Glenn and Gold demonstrated that
the decolorization of polymeric dyes in liquid culture was
related to the lignin degradation system [11]. The
evidence presented indicated that these dyes serve as
substrates for the fungal lignin degradation system. The
use of dyes in a solid medium has been proved as a
method for screening the ligninolytic activity of a large
number of microorganisms, and their mutants or clones
[13]. Pasti-Grigsby et al. also reported that anthrone-
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type dyes were suitable substrates for the analyses of
peroxidases produced in liquid cultures by Streptomycetes
[12]. It has also been reported that the decolorization of
polymeric dyes, by Phanerochaete chrysosporium, indicates
the presence of LiP in solid media [11]. However, a
simple method for selectively screening one of the lignin
degrading enzymes, produced by WRF in solid media,
has not been reported. Therefore, this study was undertaken
to prove that certain additives to solid media could be
used to this end in various ligninases production media.

MATERIALS AND METHODS
Chemicals

The 4-hydroxy-3,5-dimethyoxy-benaldehydeazne (syr-
ingaldazine), 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), 2-methoxy-phenol (guaiacol),
Remazol Brilliant Blue R (RBBR) and Acid Red 264 dyes
were all purchased from Aldrich Chemical Co. (Milwaukee,
WI, USA). All the other chemicals were purchased from
Sigma Chemical Co. (St. Louis, MO, USA). The LiP,
MnP and laccase used through out the experiments were
produced from rotary-shaken liquid cultures of Phanero-
chaete chrysosporium and Trametes sp.

Strains

Phanerochaete chrysosporium PSBL-1 and Trametes sp.
(KFCC 10941) were chosen as ligninolytic micro-
organisms. The P chrysosporium was maintained on
1% (w/v) malt extract agar plates, kept at 37°C, whereas
the Trametes sp. was maintained at 28°C. All the fungi
were kept at 4°C until used.
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Table 1. Color changes of the additives due to P. chrysosporium on solid media
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Color change*

Additives Rr—
LiP production medium MnP production medium Non.hgnmas.e
producing medium

RBBR Decolorization started after 3 days; Decolorization started after 4 days; 2NSO ;;csolorlzatlon up fo

(50 uM) completed in 7 days completed in 8 days Y
Guaiacol  Color in the center of Petri plate Color in the center of Petri plate changed 2N50 ;:CSOMHMUOH up to

(1 mM) changed to dark brown within 4-5 days to dark brown within 4-5 days Y
Syringaldazine No change in color up to 25 days Color in the center of Petri plate changed 12\150 ;;csolomzanon up to

(0.1 mM) to dark brown within 5 days y

Acid Red 264
(80 uM)

Decolorization started after 2 days;
complete in 4 days

No decolorization up to 25 days

No decolorization up to
25 days

* by visual examination

Solid Culture Media

All the fungi were grown on solid media, containing
different additives (Acid Red 264 80 pM, guaiacol 1 mM,
RBBR 50 uM and syringaldazine 0.1 mM) with 1.5%
agar, on 8.5 cm diameter Petri plates. The solid culture
media were of the same compositions and kept in the
same conditions as the liquid culture media described
below.

Liquid Culture Media

The basal medium for the production of the LiP and
MnP was the nitrogen-limited medium, as described by
Tien and Kirk, with 10 g glucose/L, as the carbon source,
and 0.2 g ammonium tartrate, as the nitrogen source,
with the exception of the dimethyl succinate, which was
replaced by 0.1 M succinate buffer (pH 4.5) [14], and
for the case of the production of the MnP, 100 mg
MnSO,- H,0 was added. The basal medium for the
production of the laccase was the nitrogen-sufficient
liquid medium, with 20 g glucose/L, as the carbon source,
and 4 g ammonium tartrate, as the nitrogen source
[15,16]. The medium was buffered at pH 4.5 by 2, 2-
dimethyl succinic acid (25.3 mM). The P. chrysosporium,
immobilized on polyurethane foam, was incubated at
37°C at 200 rpm agitation, whereas the Trametes sp. was
incubated at 28 °C at 200 rpm agitation. The ligninases
produced were purified from the culture broth of P
chrysosporium for the LiP and MnP, and of the Trametes
sp. for the laccase. The purified LiP, MnP and laccase,
were used in the color changes tests for all the additives.
Culture filtrate, not producing any ligninase by P
chrysosporium, was used as the control.

Enzyme Assays

Culture broth samples, from the desired cultures, were
assayed for the activity of LiP and MnP by the method

described by Tien and Kirk [14]. The laccase activity was
determined as described by Pedro and Coll [17].

RESULTS AND DISCUSSION

Color Changes of Additives by P. chrysosporium on
Solid Media

As shown in Table 1, complete color changes with the
guaiacol and RBBR were shown in the media producing
the LiP and MnP. The color of the syringaldazine changed
to a dark brown in the middle of the medium plate within
4.5 days of incubation on the production of the MnP,
whereas, no color change was observed with the
syringaldazine in the medium used for the production of
the LiP until day 25 of incubation. Complete decolor-
ization of the Acid Red 264 was observed after 4 days of
incubation in the production media of the LiP, whereas
there was no color change in the production media of
MnP after 25 days of incubation. A color change with the
additives was not observed on the control medium. Of
the additives contained in the enzyme production media,
only the guajacol and RBBR could be used for the
detection of both the MnP and LiP. The syringaldazine
could also be used for the detection of the MnP, and the
Acid Red 264 for that of the LiP.

Color Changes of Additives by Trametes sp. on Solid
Media

As shown in Table 2, complete color changes with the
guaiacol and RBBR were shown in all the tested media.
The color of the guaiacol changed to a dark brown in the
middle of the plate within 4 days of incubation with all
the ligninase production media. Complete decolorization
of the RBBR was observed after 7 days of incubation in
the LiP, MnP and laccase production media. The color
change with the syringaldazine started after 2 days of
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Table 2. Color changes of the additives due to Trametes sp. on solid media

Color change*

MnP production medium

Laccase production medium

Decolorization started after 4 days;
Color in the center of Petri plate
changed to dark brown within 4 days

Color changed to dark brown

No decolorization up to 25 days

Decolorization started after 4 days;
completed in 7 days

Color in the center of Petri plate
changed to dark brown within 4 days

Color changed to dark brown within
4 days

Decolorization started after 3 days;

Additives
LiP production medium
RBBR Decolorization started after 3 days;
(50 uM) completed in 7 days completed in 7 days
Guaiacol Color in the center of Petri plate
(1 mM) changed to dark brown within 3 days
Syringaldazine No change in color up to 25 days
(0.1 mM) within 4 days
Acid Red 264  Decolorization started after 3 days;
(80 uM) completed in 6 days

completed in 6 days

* by visual examination

Table 3. Color changes of the additives due to ligninases in liquid media

Enzyme/Additives Activities of enzymes (U/L) Color change*

LiP
RBBR (50 uM) 120 Complete decolorization in 5 days
Guaiacol (1 mM) 50 Color changed to dark brown within 4 days
Syringaldazine (0.1 mM) 100 No change in color
Acid Red 264 (80 uM) 150 Complete decolorization in 4 days

MnP
RBBR (50 uM) 150 Complete decolorization in 5 days
Guaiacol (1 mM) 60 Color changed to dark brown within 5 days
Syringaldazine (0.1 M) 110 Color changed to dark brown within 5 days
Acid Red 264 (80 uM) 200 No change in color

Laccase
RBBR (50 uM) 80 Complete decolorization in 7 days
Guaiacol (1 mM) 50 Color changed to dark brown in 4 days
Syringaldazine (0.1 mM) 50 Color changed to dark brown in 4 days
Acid Red 264 (80 uM) 160 Complete decolorization in 5 days

* by visual examination

incubation with the MnP and laccase production medium.
The color of the syringaldazine changed, at first, to a
dark brown in the middle of the plate, within 4 days of
incubation for the production media of MnP and laccase,
and then decolorized after 7-8 days of incubation,
whereas no color change on the LiP production medium
was observed. Decolorization of the Acid Red 264 was
shown within 3 days of incubation in the LiP and laccase
production media, whereas no decolorization of the Acid
Red 264 was found in the production medium of the
MnP until 23 days of incubation. Of the additives
contained in the enzyme production media, the guaiacol
and RBBR could be used for the detection of all the
ligninases, and the syringaldazine and Acid Red 264
could be used for the detection of the laccase. The
syringaldazine could also be used for the detection of
both the MnP and laccase, and the Acid Red 264 for both

the LiP and laccase.
Color Changes of Additives by WRF in Liquid Media

The activities of the LiP, MnP and laccase were
determined in parallel, with the color changes of additives
in the liquid media, over the time of the batch cultures.
As shown in Table 3, the RBBR was completely
decolorized within 7 days of incubation with an LiP
concentration of 120 U/L, a MnP concentration of
150 U/L or laccase concentrations of 80 U/L and
180 U/L, whereas there was no decolorization of the
RBBR after 10 days of incubation under non-ligninase
producing conditions. The color of guaiacol changed to a
dark brown within 4-5 days of incubation with a LiP
concentration of 50 U/L, a MnP concentration of
60 U/L or laccase concentrations of 100 U/L and
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Table 4. Summary for the color changes of the additives by each ligninase

Color change

Additives
LiP MnP Laccase
RBBR 0] o o)
Guaiacol 0 0] 0]
Syringaldazine x 0] 0
Acid Red 264 0 x (0]

(O : change, x:no change)

150 U/L, whereas the color of guaiacol did not change
after 10 days of incubation in the absence of ligninases.
The colors of the guaiacol and RBBR changed in the LiP,
MnP and laccase production media, which confirmed the
previously reported results of other researchers [18-21].
The color of the syringaldazine remained unchanged
after 10 days of incubation with a LiP concentration of
100 U/L, whereas the syringaldazine changed to a dark
brown, within 5 days of incubation, with a MnP
concentration of 110 U/L, or a laccase concentration of
1,000 U/L. It has been reported previously that the
syringaldazine was a specific substrate for both the MnP
and laccase [22]. The color of the Acid Red 264
remained unchanged after 10 days of incubation with a
MnP concentration of 250 U/L, whereas it was
decolorized within 4-5 days of incubation with a laccase
concentration of 200 U/L and a LiP concentration of
150 U/L. As described above, the results of color
changes in the liquid cultures were the same as those of
the agar plate cultures.

Color Change of Additives by Purified LiP, MnP, and
Laccase

When the purified laccase (1.0 U/mL) was used for in
vitro tests, the colors of all the four additives changed
completely with in 1-2 min. Conversely, when MnP
(1.0 U/mL) was used for in vitro tests, no decolorization
of the Acid Red 264 was observed, even with a dose as
high as 2.0 U/mL. However, the colors of RBBR,
guaiacol and syringaldazine were all completely changed
by the MnP within 1-2 min. When LiP (1.0 U/mL) was
used for in vitro tests, the colors of the RBBR, guaiacol
and Acid Red 264 were completely changed within 1-
2 min, whereas the color of syringaldazine remained
unchanged. Therefore, the results of color changes due to
the purified LiP, MnP and laccase were the same as those
of the solid and liquid cultures, as summarized in Table 4.

CONCLUSION

As the colors of RBBR and guaiacol are changed by all
the ligninases, they are not able to be used for the
separate detection of the ligninases, but can be used for
screening WREF that produce ligninase. Conversely, the

syringaldazine and Acid Red 264 can be combined to
screen for each ligninase produced by WRF separately. If
a strain of WREF, cultured on two solid media containing
the syringaldazine and Acid Red 264, respectively,
changes the colors of both the additives, it is known that
it produces the laccase only. If a strain of WRF does not
change the color of the syringaldazine, but change that of
the Acid Red 264, it is known that it produces the LiP
only. If a strain of WRF does not change the color of the
Acid Red 264, but change that of the syringaldazine, it is
known that it produces the MnP only. In conclusion, a
simple and selective visual method was developed for the
detection of each ligninase produced by WRF on solid
media, by the combined use of the syringaldazine and
Acid Red 264 as color additives.
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