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Abstract: To find the role of polyphenol oxidase in lignin biodegradation, chracteristics of ex-
tracellular polyphenol oxidase activity from Lentinus edodes JAOL was investigated. Polyphenol ox-
idase had its optimum activity at pH 4.5 and 45°C respectively. Also, the enzyme was very unstable
in various pHs and comparatively heat stable up to 60°C. In lignosulfonate-N Hy salts medium, the
growth rate of L. edodes JAO1 was relatively slow and polyphenol oxidase activity appeared 2 and 14
days after inoculation. No significant relationships were found between polyphenol oxidase activity

and the amounts of lignosulfonate present in the culture medium.
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Aromatic plant polymer lignin is the second
most abundant organic compound on Earth, and
that cellulose is the only other organic substance
present in the biosphere in larger quantities than
lignin (Crawford et al, 1978). This aromatic
macromolecule is biodegradable, but it’s biodeg-
radation is very slow.

The most effective decomposers of lignin in
nature are found among the wood-rotting Ba-
sidiomycetes. However, many of these fungi can-
not, without previous adaptation, use isolated
lignin or lignosulfonate as their sole source of car-
bon and energy. Nonetheless, some utilization of
lignosulfonates has been observed upon incuba-
tion of various mixed microbial populations in
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media where lignosulfonate served as the sole
source of energy (Sundman et al., 1970).

Gel permeation studies and thin layer chroma-
tography have shown that utilization of ligno-
sulfonate by microorganisms is accompanied by
polymerization to dark compounds of higher
molecular weight (Ferm, 1972). In an investiga-
tion of the stability of waste lignins in aquatic
systems, Bouveng and Solyom (1973) noted a
gradual increase in the color of sulfite waste lignin
exposed to the action of a complex water flora and
fauna during 40 weeks.

Wood-rotting fungi of the white-rot type, al
though actively degrading lignin in wood, have
received little attention in work on lignosulfonate
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degradation. Sundman ef al. (1972) has shown that
lignins and lignosulfonates can both be degraded
by wood-rotting fungi. It therefore seemed profit-
able to extend the investigation on lignosulfonate
utilization to various wood-rotting fungi.

Polyphenol oxidase was an important enzyme in
lignin biodegradation, play a role in detoxifying
low molecular weight phenols released during
lignin degradation (Gierer et al, 1973), initiate
lignin degradation by performing some critical in-
itial chemical transformation (Kirk ef al, 1975)
and function in regulating the production of both
lignin degradation and polysaccharide degrada-
tion enzyme (Ander ef al., 1976). But the exact role
of polyphenol oxidase remains to be firmly estab-
lished.

In this paper, we investigated some properties
of polyphenol oxidase in white-rot fungus Lentinus
edodes JAO1 and the relationships between po-
lyphenol oxidase activity and lignin transforma-
tion.

MATERIALS AND METHODS

Fungal strain

Lentinus edodes JAOl was obtained from
Korean Forest Research Institute, stored on PDA
(Potato Dextrose Agar) slant at 4°C and sub-
cultured every 4 weeks.
Medium

Fungal cells were grown on minimal medium
which containing the followings; 1.0g KH,PO,,
0.5g CaCl,-2H,0, 0.5g MgSO,-7H,0, 2.0g
NH,Cl and trace amounts of FeSO,-7H,0,
MnS0,-4H,0, ZnCl,- 2H,0 and CuSO,-5H,0 per
1L of distilled water. After autoclaving (20min at
120°C), 1.0mg of thiamine hydrochloride was add-
ed and initial pH was adjusted to 5.5. And for the
enzyme induction, 0.1% lignosulfonate-NH, salts
was added.
Cultivation and Crude enzyme preparation

Disintergrated mycelium (Omni mixer, Du
Pont Instrument Co.) was used as inoculum.
Mpycelium suspension was inoculated to 250ml
Erlenmayer flask with 100ml of above medium,
and incubated with shaking (120rpm) at 25°C.
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Every days’ sampling was centrifuged (15,000
rpm, 10min) and the supernatant fraction was us-
ed as enzyme solution.

Assay of enzyme activity

The reaction mixture contains 0.1ml of the en-
zyme solution and 10 umol guaiacol solution in a
50 umol acetate buffer (pH 5.0). The reaction mix-
ture was incubated at 25°C for 2hrs.

The colour intensity was measured at 400nm
with Cecil spectrophotometer CE272 (Tadakazu et
al., 1976). The initial rate of formation of colored
products was taken as a relative measurement of
polyphenol oxidase activity. )

Gel filtration chromatography

Culture filtrate was fractionated on a column
(2.5 x 70cm) packed with Sephadex G-75 (Phar-
macia Fine Chemicals). The column was equili-
brated with 0.25 M CaCl, and eluted with the
same solution. Fractions of 3ml were collected at a
flow rate of 9ml h''. Absorbance at 280nm was
measured for each fraction with Giford spec-
trophotometer (Model No. 250) for the estimation
of lignin quantities (Kern, 1983).

RESULTS AND DISCUSSION

When L. edodes JAO1 was grown in a 0.1%
lignosulfonate-NH, salts medium, the exponential
phase observed between 6 to 18 days and any pH
change was not detected during this period (Fig. 1).

The effect of pH on the enzyme activity was
examined with 0.1 M citrate buffer, 0.1M acetate
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Fig. 1. Growth and pH variation of L. edvdes JAOT in
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Fig. 2. influence of pH on the activity of the polyphenol
oxidase produced by Lentinus edodes JAOT.

buffer and 0.1M phosphate buffer. The enzyme
was active over the pH range of 4.0 to 6.5 and
maximum activity was attained pH 4.5 (Fig. 2). It
was slightly higher than the activity of the Botrytis
cinerea laccase which had its maximum activity at
pH 4.0 (Marbach et al, 1983). The effect of
temperature on the enzyme activity was shown in
Fig. 3. The reaction was carried out for 60min at
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Fig. 3. influence of temperature on the activity of the
polyphenol oxidase produced by L. edodes JAOT.
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Fig. 4. pH stability of polyphenol oxidase from L. edodes
JAOT.

various temperature in 0.1M acetate buffer pH
4.5. The enzyme was active over the temperature
range of 25°C to 50°C, with the maximum activity
at 45°C. The optimum and maximum temperature
of the enzyme was similar to that of the-poly-
phenol oxidase from Alternaria tenuis (Motoda,
1979).

The effect of pH on the enzyme stability was
examined by incubating the enzyme with 0.1M
citrate buffer, 0.1M acetate buffer and 0.1M pho-
sphate buffer at various pH values for 120 min at
25°C. The enzyme was fairly stable in the pH
range of 4.0 to 5.0, and unstable above pH 5.5. Fif-
ty percent of the initial activity was lost at pH 7.0
(Fig. 4). The effect of temperature on the enzyme
stability was examined in 0.1M acetate buffer (pH
4.5). After incubation for 100min at various tem-
peratures, the remaining activity was measured
(Fig. 5). The enzyme was found to be stable on the
temperature range of 30°C to 60°C, and fifty per-
cent of the initial activity was lost at 70°C.

In lignosulfonate medium, polyphenol oxidase
activity was appeared 2 day and 14 days after the
inoculation (Fig. 6). According to Tadakazu and
Eriksson (1976), the activity of Pleurotus ostreatus
polyphenol oxidase was appeared 10 days and 30
days later.
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Fig. 5. Thermal stability of polyphenol oxidase from L.
edodes JAOT,

It was demonstrated earlier by Selin and Sund-
man (1972) that, when a commercial lignosul-
fonate was decayed by the white-rot fungus Poly-
porus dichrous, a significant decrease of the
lignosulfonate content was accompanied by poly-
merization. In addition to polymerization, there
was also some loss of lignosulfonate which causes
a strong darkning of the cultivation medium due
to the action of polyphenol oxidase.

The importance of polyphenol oxidase activity
in lignin degradation has been clearly demon-
strated by Ander and Eriksson (1976). They com-
pared the lignin degradation caused by a wildtype,
a polyphenol oxidase less mutant, and a poly-
phenol oxidase positive revertant of Sporotrichum
pulverulentum. The polyphenol oxidase less mu-
tant could not degrade lignin in wood, while the
revertant could degrade lignin to the same extent
as the wildtype. After addition of highly purified
laccase to Kraft lignin agar plates, the phenol ox-
idase less mutant could also degrade lignin.

Haars and Hiitterman (1980) treated ligno-
sulfonate with a purified laccase from the white-
rot fungus Fowmes annosus and found that laccase
brought about polymerization of the lignosulfon-
ate. But in the prescence of thioglycolic acid
which totally inhibited extracellular laccase activi-
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Fig. 6. Changes of poiyphenol oxidase activities on hg-
nosulfonate-NHy4 salts meduim.

ty, Fomes annosus cleaved high molecular weight
lignosulfonate with a molecular weight ranged 2
% 108 to 1000.

On the other hand, lignolytic activity of L.
edodes has been demonstrated by OKki et al. (1981).
They reported that the changes in polyphenol ox-
idase activity of this fungus was not responsible
for regulating delignification.

In our experiments, we obtained the similar
results as Oki et el As shown in Fig. 7,
lignosulfonate was slightly degraded by the 2 day
culture filtrate and spectrum was shifted to the
low molecular region. But, 8 and 14 days later, the
spectrum was moved back to the initial region.

As a results, it is concluded that extracellular
polyphenol oxidase from L. edodes JAO1 was not
effective on large scale lignin biodegradation, but
can transform small amount of lignin.
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Fig. 7. Gel permention chromatography of the crude ex-
tract of lignosulfonate medium,; contro/ (Q}, 2
days (@), 8 days (L) and 14 days (B culture.
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