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Degradation Characteristics of Ligninsulfonate
by Laccase and Mn-peroxidase™
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ABSTRACT

To understand whether ligninolytic enzyme catalyze polymerization or depolymerization of the high
molecular weight (HMW) lignin, the action of laccase and Mn-peroxidase (MnP) towards commer-
cial ligninsulfonates (LS) was examined in various conditions of pH and cosubstrates. Polymeriza-
tion occurred when LS was incubated with laccase at pH 6.0. In contrast, the high molecular weight
portions were significantly reduced at pH 4.5, especially when glucose was added. When LS was
treated with MnP at pH 4.5, compounds of low molecular weight were produced.

In particular. when cellobiose was added to Mn-P reaction mixture.the breakdown of LS was
observed. In conclusion. degradation of L.S by laccase and MnP occurred primarily at pH 4.5 where-
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as polymerization of LS was dominant at pH 6.0. Color index, however, was not grekatly changed in

the degradation mixtures of LS.

Keywords ' Laccase, Mn-peroxidase. ligninsulfonates

1. INTRODUCTION

Ligninolytic enzymesare believed to take part
in the transformation of lignin and are cur-
rently being examined for the degradation of
high molecular weight(HMW) lignins such as
lignin sulfonates(LS). kraft lignin and other
lignin derivatives. When compared to those of
low molecular model compounds. degradation
mechanism of macromolecular lignins are not
fully understood. It has long been known that
laccase and lignin peroxidase(LiP) catalyze the
polymerization of lignin model compounds
rather than gradation of lignin(Hammerl: et al,
1986: Huttermann et al, 1977: Leonowicz et al,
1985). On the other hand. the depolymerization
of lignin by laccase and other ligninolytic
enzymesare also well documented(Bergbauret al,
1990: Clayton & Srinivasan, 1981: Haider
& Trojanowski, 1981: Ritter etal, 1990).

Following work was undertaken to under-
stand whether ligninolytic enzymes caused the
HMW lignin to polymerize or depolymerize
under the various conditions of pH and cosub-
strates. We examined the activity of laccase and
Mn-dependent peroxidase(MnP) towards com-
mercial ligninsulfonates(LS) as HMW lignin
model compounds.

2. MATERIALS & METHODS

Commercial sodium LS(Tokyo Chemical Co.)
was used in this work without further purifi-
cation. Laccase(mol. wt. 62,000 dalton) and
MnP (mol. wt. 45.000 dalton) fractions were
harvested from Trametes versicolor and Lentinus
edodes respectively described elsewhere(Bae et
al, 1993). Briefly extracellular enzymes isolat-

ed from the liquid culture media grown for 8
weeksinstationary culture conditions were pre-
cipitated with ammonium sulfate and concen-
trated with an ultrafiltration, subsequently
fractioned by ion-exchange chromatography by
using DEAE Sephadex A-25 and gel-filtration
using Sephadex G-75. SDS-PAGE showed only
one band in each enzyme fraction.

Molecular weight distribution of LS was
determined using gel filtration on Sephadex LH-
60column(1.6x60cm). Three ml of LS (bmg/ml)
treated with laccase and MnP for 7 days at 26
€ in pH 4.5 and 6.0 was placed on the column
previously equilbrated with 0.1M phosphate
buffer. The flow rate was adjusted to 2ml/min
using 0. 1M phosphate buffer as eluant and 4ml
fractions collected were measured at 280nm.
One percent of glucose and cellobiose as cosub-
strate was added to LS reaction mixture te
examine the effect of carbohydrates on the
degradation of LS. Molecular weights were esti-
mated with standard markers. Decolorization of
.S by laccase and MnP was also determined by
the change of color unit by absorbance at 460
nm.

3. RESULTS & DISCUSSION

3.1 Degradation pattern of LS by laccase
The fractionation of untreated LS on Sephadex
LH-60 column shows a bimodal molecular
weight distribution: HMW and low molecular
weight(LMW) fractions(Fig.1). The general
pattern of molecular mass distribution in the
present work was in agreement with the results
from various LS, describing that the molecular
weight of the LS showed two fractions in high-
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Fig. 1. Polymerization of ligninsulfonates(LS)-
(5g/1, w/v) by laccase after 7 days of
incubationat pH8.0. Column material:
Sephadex LH-60 eluted with 0. 1M phos-
phate buffer (pH 6.0).

Notes: G : glucose, CB : cellobiose. Lac : laccase
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Fig. 2. Elution pattern of LS treated with lac-
caseat pH4.5. Fractionation onSephadex
LH-60 was same as in Fig. 1.

Notes: G : glucose. CB : cellobiose, Lac : laccase

(M.W.:ca.6,000) and low-molecular weight
(M. W.:ca.2,000) region(Hiittrmann, 1977).
Gel permeation chromatography(GPC) of LS
after incubation with laccase for 7 days at pH
6.0 showed only one pronounced peak in the
high molecular region (M. W. : ca7,600) of GPC
with the disappearance of low molecular frac-
tions (Fig. 1). Formation of HMW fraction can
be explained by the polymerization of LS,
resulting from the partial conversion of LMW
fraction of LS into higher products. When glu-
cose or cellobiose was added to laccase, LS also
showed a significantly higher proportion of
HMW lignin than the control. Fig. 1 clearly
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Fig. 3. Gel permeation chromatography of LS
after incubation with MnP isolated
from Lentinus edodes at pH 6.0. Col-
umn material was same as in Fig. 1.

Notes: G : glucose, CB : cellobiose Lac : laccase
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Fig. 4. Transformation of LS by MnP incubated
at pH 4.5. Column conditions were same
as in Fig. 1.

Notes: G : glucose, CB : cellobiose. Lac : laccase

indicates that polymerization of LS was not hin-
dered by the addition of carbohydrate as cosub-
strates in the reaction mixture at pH 6.0.
Incontrast, LSincubated with laccase showed
a different pattern of molecular mass distribu-
tion at pH 4.5. The intermediate molecular
mass(fraction 8-15) appeared. suggesting that
LSunderwent a slight degradation. In particu-
lar, when laccase and glucose were incubated at
pH 4.5, significant reduction in the molecular
mass distribution of LS was evident in the high
molecular mass range. When cellobiose was
added at the same pH, an appreciable break-
down of the low molecular mass in LS was also
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noticed (Fig.2).

3.2 Degradation pattern of LS by MnP.

After 7 days of incubation with MnP at pH
6.0. the profile of molecular mass distribution
of LS incubated with MnP at pH 6.0 main-
tained the bimodal pattern as shown in the con-
trol. It isinteresting tonote that all the profiles
of molecular mass distribution of LS treated
with MnP appeared bimodal patterns (Fig. 3.
4). while those treated with laccase showed the
monodisperse ones (Fig. 1. 2). suggesting the
different degradation modes of LS depending
upon the enzymes.

The LS treated with MnP at pH 6.0 did not
show any significant degradation in comparision
with the control. When cellobiose was added at
pH 6.0. the profile of LS was nearly same as
the control except a little increased peak in the
high molecular region. In contrast, LS incubat-
ed with MnP at pH 4.5 showed the alterations
in the molecular mass distribution (Fig. 4).

An appreciable reduction in molecular mass
was revealed when LS was treated only with
MnP at pH 4.5. without any addition of sugars
inreaction mixtures. When cellobiose wasadded
inthe reaction mixture, the displacement of the
second peak towards the lower molecular region
was noticed. However. only slight reduction of
molecular mass of LS appeared when MnP was
incubated with glucose at pH 4.5. Although
there was an indication of LS-degradation by
MnP, the extent of the degradation of LS by
MnP at pH 4.5 was not so significantly enhanced
as those appearing in laccase+glucose at the
same conditionof pH.

3.3 Change of color units in LS reaction mix-
tures
The change of color units in the LS reaction
mixture after incubation with ligninolytic
enzymes was examined. Table 1 shows the
increase of color index in almost all the LS cul-
ture media after incubation with laccase.In con-

Table. 1. Color change in LS after incubation
with Laccase and MnP.

(Unit : Absorbance at 460nm)

Reaction mixture \ pH pH6.0 pH4.5
LS 0.3438 0.3438
LS+ Lac 0.5972 0.6293
LS+Lac+glucose 0.6102 N.D.

.S+ Lac+cellobiose 0.6214 N.D.

LS+MnP 0.3759 0.3272
LS+MnP+ glucose 0.3039 0.3173
LS+MnP + cellobiose 0.3632 0.3556

Notes . Lac : laccase,
N.D. not determined due to high absor-bance
values.

trast.the change of color index in the reaction
mixtures treated with MnP was not significant
when compared to the laccase-cultured media.
The slight decrease of coloring was found in the
culture medium incubated with MnP and glu-
cose,

4. CONCLUSION

IS asaby-product in the acidic sulfite process
are water soluble, but resistant to microbial
degradation. Hence, these lignin derivativesare
aserious threat to the aquaticenvironment(Gahin
& Krause, 1977). Biological treatment of the
waste products as an alternative is of interest
in these days. White-rot fungi are the most
promising organisms for the degradation of
HMW lignin such as LS, kraft lignin etc. How-
ever,the arguments on the degradation of
lignins by ligninolytic enzymes from white-rot
fungi remains unresolved. Some workers
reported the polymerization of substrates, oth-
ers depolymerization(Clayton & Srinivsan, 1981:
Hiroi et al. 1976 Ishihara. 1976: Kern, 1983:
Kirket al, 1978: Leeet al 1993 Leonowicz.
1985: Ritteret al . 1990: Szklarz & Leonow-
icz. 1986).

Ishihara(1976. 1983) found that degradation
of syringic acid by laccase was pH-dependent.
He observed that polymerization in pH 6.0 was
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dominant whereas depolymerization at pH 4.5.
Our work was comparable with that of Ishihara
in that the double function of laccase was also
observed in the degradation process of HMW
lignin compounds. At pH 4.5, depolymerization
of LS by laccase was dominant over polymer-
ization. In contrast, polymerization was favored
at pH6.0. Similar results were also appeared in
MnP.

Kirk et al(1978) have shown that the pH of
the culture-medium is critical for lignin degra-
dation, with an optimum at pH 4.5. Ishi-
hara(1983a.b) observed that polymerization
occurred at non-optimum pH of the laccase in
which radical formation was slow. Conversely
when the incubation occurred at the optimal pH
of laccase whereradical concentration was high.
the coupling reaction between the radicals and
the hydroxyl radical ( - OH) occured rapidly,
resulting in the depolymerization of lignin
model compounds. Similar mechanism would be
expected in the degradation process of LS by
MnP.

Our work also showed that LS could be
degraded in the absence of lignin peroxidase(LiP).
Archibald(1992) reported recently that LiP
activity was not obligatory for lignin depoly-
merization in vivo,

Carbohydrates are known to be obligate for
the co-oxidation of lignin and have a great
influence upon the transformation of LS.
Sklarze and Leonowicz(1986) reported that in
vitre lignin depolymerization by the laccase was
increased in the presence of glucose/glucose oxi-
dase system since the phenoxy redicals formed
by laccase were reduced by the glucose oxidase
and their repolymerization thus avoided. Hiroiet
al (1976) suggested that LS was predominantly
polymerized with glucose while depolymeriza-
tion was favored with cellulose. In contrast,
Kern(1983a.b) found that depolymerization of
LS was not necessarily connected with carbo~
hydrate additives. Our work showed that
depolymerization of LS was different depending

upon carbohydrate sources: glucose was much
effective for the depolymerization of LS when
used with laccase, while cellobiose was effective
with MnP. Further studies are needed to deter-
mine the effect of various kinds of carbohy-
drates on the degradation of lignin polymer.

Present work showed that almost all the color
units in reaction mixtures increased. Simulta-
neous reduction of color units was not observed
even in the degraded reaction mixtures. Lee et
al(1993) observed that a small amount of glu-
cose (0.5%) contributed to the decolorization of
bleaching effluent by white rot fungus IZU-
154. The effect of carbohydrates as cosubstrate
on the reduction of coloring in the LS was, how-
ever, not found in the present study. Our work
suggests that the increase of color index wasnot
merely due to the polymerization of LS. The
enhancement of color units would be ascribed to
the formation of chromophoric compounds dur-
ing the breakdown reaction of LS.

Our experiment showed that various parame-
ters seem to be responsible for the degradation
of lignin polymers such as fungal strains, kinds
of enzymes(Morohoshi, 1991), substrates, cosub-
strates and culture conditions(Bergbauer et al,
1990 Ishihara. 1983 Kirketal 1978). Present
work suggests that the environment of ligni-
nolytic enzymes also played the important role
in the degradation of HMW lignin and that the
depolymerization of L.S was greatly enhanced by
partially controlling the environment of lignin-
degrading enzymes.
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