Mycoscience 41: 641-644, 2000

Short Communication

641

Activation of intracellular and extracellular phenol oxidases
in photoinduced fruit-body formation of Favolus arcularius
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The activation of intracellular phenol oxidase {PO) was associated with the photoinduced fruit-body initiation in Favolus
arcularius. The second activation of PO activity was also photoinduced in the rapidly developing stipe after the forma-
tion of pileus primordium under light exposure. However, the activity levels in the pileus and the mycelium remained
low even in the cultures exposed to light. The extracellular PO activity in the culture filtrate also appears to be develop-
mentally regulated: it rose sharply after primordium formation in the light, then decreased rapidly during further develop-

ment of the fruit-body.
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The initiation of fruit-body formation in Favolus arcularius
(Fr.) Ames Fr.: Fr. is induced by blue light (Kitamoto et
al.,, 1968, 1972). Light is also required for the initiation
of pileus formation in fruit-body of F. arcularius
(Horikoshi et al., 1974; Kitamoto et al., 1974, 1999). If
the dark grown vegetative mycelium was exposed to
light, the buff-colored mycelium was produced on a part
of colony, at which fruit-body primordium was subse-
quently formed (Kitamoto et al., 1968). The mycelium-
color development in fruit-body initiation suggests the in-
volvement of the activation of intracellular phenol oxi-
dase (PO: EC 1.14.18.1, tyrosinase: o-diphenol: oxygen
oxidoreductase) to produce phenolic color compound(s),
and the regulation of PO was closely associated with the
induction and developmental processes of fruit-body for-
mation in this mushrooms.

This paper describes a study on the photoinduced ac-
tivation of intracellular and extracellular PO activities dur-
ing the initiation and development of fruit-bodies in F. ar-
cularius.

The dikaryotic strain (ATCC24461/69B) of F. ar-
cularius was used in the present study. The static cul-
tures by using a semi-synthetic liquid medium (Kitamoto
et al., 1972) was used for all experiments presented
here. The culture vessels were 50-ml Erlenmeyer flasks,
in which 8 ml of the liguid medium was poured into the
vessels. Cultures were autoclaved at 105°C for 10
min. For preparing inoculum agar blocks, 16 ml of agar
plate medium, which consisted of glucose 20 g, the ex-
tract from 200 g of diced potatoes, agar 15 g and dis-
tilled water 1 L, at pH 5.6. After autoclaving at 115°C

for b min, it was inoculated with the mycelium of the
stock culture. The plate cultures were incubated at
25°C in darkness for 7 d. The mycelial colony of the
plate cultures was cut by c.a. 3 x 3 x 3 mm for the inocu-
lum agar blocks, and an agar block was placed onto each
liquid culture. The static cultures were preincubated at
25°C to allow mycelial growth for 6 d in the dark, and
they were then moved into a culture room at 25°C under
continuous illumination from daylight fluorescent tubes
at about 200 Ix for inducing fruit-body initiation and sub-
sequent development of fruit-bodies.

For preparing the experimental samples, the vegeta-
tive mycelium and fruit-bodies at different culture ages
(c.a. 1 gin fresh weight) were separately harvested, and
washed sufficiently with distilled water, and then with
0.1 M potassium phosphate buffer (pH 6.5). Excess
water in the samples was removed by using filter paper.
The fungal materials were put into a glass homogenizer
with 6 ml of 0.1 M potassium phosphate (pH 6.5), and
homogenized for 3 min at 1,500 rpm. The resulting
homogenate was centrifuged at 15,000 rpm for 30 min,
and the supernatant solution was applied as the cell ex-
tract for determining PO activities. All procedures de-
scribed as above were conducted at 0~5°C. Protein
content was determined by the method of Lowry et al.
(1951).

The PO activity was determined by measuring with
DOPA (3,4-dihydroxyphenylalanine) as the substrate.
The reaction mixture composed of 1.5 ml of 10 mM
DOPA and 1 ml of 0.5 M acetate buffer (pH 5.4), and an
appropriate amount of the cell extract in the total volume
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Fig. 1. Time course of fruit-body formation in Favolus arcular-
ius.

of 3.5 ml. The enzyme reaction was carried out at 30°C
by starting the addition of the cell extract, and the in-
crease of absorbance at 475 nm by the formation of
dopachrome from DOPA was determined by a
spectrophotometer with a recorder (Shimazu mode} UV-
2100S). One unit of PO is defined as an increase of ab-
sorbance of 0.001 per min by the enzyme reaction.

Time course of photoinduced fruit-body formation in
the strain ATCC24461/69B was shown in Fig. 1. When
the dark grown colony of vegetative mycelium was ex-
posed to light, the buff-colored mycelium appeared on a
part of the colony on the first day after the start of light
exposure. The formation of fruit-body primordium, 0.5
mm in height, occurred in almost of the colonies on the
2nd day. Primordium developed into cylindrical stipe,
and then pileus primordium was produced under light ex-
posure on the apex of the stipe on the 4th day (cf.
Horikoshi et al., 1974; Kitamoto et al., 1999). They ma-
tured on the 8th day, and the maximum dry weight of the
fruit-body was attained on the same day.

The light requirements for the photoinduction of
primordium and pileus primordium formations have been
established in Favolus arcularius (Kitamoto et al., 1968;
1972; 1974; Horikoshi et al., 1974). A similar require-
ment of light in fruit-body formation of Schizophyllum
commune Fr.: Fr. has been demonstrated by Perkins and
Gordon (1969). Leonard (1971) and Leonard and Phil-
lips (1973) reported that the intracellular PO activity was
associated with fruit-body formation in S. commune. A
variety of wild and mutant homokaryons and dikaryons
were examined, and only those mycelia that produced
fruiting structures were found to exhibit PO activity in S.
commune (Leonard, 1972). In order to examine the cor-
relation between photoinduced primordium and pileus
primordium formations in F. arcularius and the activation
of intracellular PO in the course of primordium and pileus-
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Fig. 2. Changes in specific activities of intracellular phenol oxi-
dase in the mycelium and fruit-bodies of Favolus arcularius
incubated in the DL and the continuous dark regimens.

primordium formations, the changes in the enzyme activi-
ties were determined under the different light-
programmed culture conditions for the Favolus colonies.
The results are shown in Figs. 2 and 3.

When the 6 d-old dark grown cultures were exposed
to continuous light (the DL regimen), the activity of PO
was activated in the mycelium immediately after the start
of light exposure (Fig. 2A). Fruit-body formation of F.
arcularius was necessarily preceded by the production of
melanin-buff-colored pigment in a corresponding part of
the colony, in which fruiting might be initiated. The
buff-colored mycelia might appear on the colony immedi-
ately after the initial increase in PO activity. Further, the
PO level was increased by about four times on the second
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Fig. 3. Changes in specific activities of intracellular pheno! oxi-
dases in the mycelium and the fruit-bodies of Favolus ar-
cularius incubated in the DLD regimen.



Phenol oxidase and fruiting of Favolus arcularius 643

to the third day as compared with that in the dark grown
mycelium. However, the PO activity in the vegetative
mycelium during the period of vigorous mycelial growth
in the dark remained at low level and it might not be sig-
nificantly varied during their incubation for another 8 d
(Fig. 2B). From these results, it is suggested that the ac-
tivation of the PO activity in F. arcularius may be regu-
lated by a mechanism of the photoinduction of primordi-
um formation. Further, it is supposed that the PO should
mediate the buff-color development of a part of mycelial
colony where the primordium rises.

The activity of PO in the stipe seems to be also asso-
ciated with the photoinduced pileus formation in F. ar-
cularius. The specific activities of PO in the light grown
cultures were stepped up, and maintained the same level
until the completion of primordium formation. Subse-
quently, the second stage of increase of activity in the
stipe occurred with pileus primordium formation and the
further development, in which rapid elongation of stipe
preceded (Fig. 2A). The activity level in the pileate stipe
was attained at the maximum level on the 5th day, at
which the value about 7 times as compared to that in the
dark grown mycelia of the same culture age, and then de-
creased thereafter. On the other hand, if the culture
with fruit-body primordium was moved into the dark
chamber at the 3rd day after the start of photoinduction
(the DLD regimen), it elongated in the dark, but it did not
form pileus primordium. In this case, the PO activity
gradually decreased after the slight increase in the activi-
ty at the early phase of epileate stipe growth (Fig. 3).
However, the PO activity in the mycelium incubated in
the dark only decreased to the basal level during the fol-
lowing days.

A relationship between morphogenesis and extracel-
lular PO (laccase) activity in fungi has been investigated
for several basidiomycetes, such as Agaricus bisporus
{Lange) Imbach (Turner, 1974; Wood and Goodenough,
1977), Phanerochaete chrysosporium (Ander and Erik-
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Fig. 4. Changes in specific activity of extracellular phenol oxi-
dases in the mycelium and the culture filtrates of Favolus ar-
cularius incubated in the DL and the continuous dark regi-
mens.

sson, 1976), Lentinula edodes (Berk.) Pegler (Leatham
and Stahmann, 1981; Ohga, 1992), Coprinus cinereus
(Schaeff.:Fr.} S. F. Gray (Vnenchak and Schwalb, 1989).
Figure 4 shows the changes in extracellular PO activities
of the Favolus cultures under different light-programmed
experiments. The PO activity in the culture filtrate under
the 6-d dark-continuous light {the DL regimen) raised radi-
cally up to the maximum level on the 2nd day after the
start of light exposure, and the activity suddenly de-
creased to the basal level on the 4th day. The maximum
value of the specific activity was reached at 34 units/mg
protein. On the other hand, the corresponding value in
the culture filtrate of the dark grown cultures remained at
very low level, and the pattern of the enzyme activities
did not show any significant changes during the incuba-
tion period. In conclusion, the extracellular PO activity
in Favolus arcularius also appears to be developmentally
regulated enzyme, as well as those as described in the
above articles. Leatham and Stahmann (1981) have
postulated that the PO activity found in fruit-bodies of L.
edodes and other higher fungi may produce extracellular
pigment, which aids in oxidation polymerization of cell
wall components. Coprinus cinereus produced a de-
velopmentally regulated PO, which appeared to be re-
sponsible for the black pigmentation of fruit-bodies
(Vnenchak and Schwalb, 1989). However, the role of
extracellular PO in Favolus arcularius is still unclear.

Literature cited

Ander, P. and Eriksson, K. E. 1976. The importance of phenol
oxidase activity in lignin degradation by the white-rot fun-
gus Sporotrichum pulverulentum. Arch. Microbiol. 109:
1-8.

Horikoshi, T., Kitamoto, Y. and Kasai, Z. 1974. Effect of light
on the initiation of pileus formation in a basidiomycete,
Favolus arcularius. Plant Cell Physiol. 15: 903-911.

Kitamoto, Y., Akita, K. and Horikoshi, T. 1999, Effects of high-
temperature treatment on two essential light processes and
an intervening dark process in photoinduced pileus primordi-
um formation of a basidiomycete, Favolus arcularius. Myco-
science 40(2) 103-108.

Kitamoto, Y., Horikoshi, T. and Suzuki, A. 1974. An action
spectrum for photoinduction of pileus formation in a basidio-
mycete, Favolus arcularius. Planta 119: 81-84.

Kitamoto, Y., Suzuki, A. and Furukawa, S. 1972. An action
spectrum for light-induced primordium formation in a
basidiomycete, Favolus arcularius (Fr.) Ames. Plant Physiol.
49: 338-340.

Kitamoto, Y., Takahashi, M. and Kasai, Z. 1968. Light-induced
formation of fruit-bodies in a basidiomycete, Favolus ar-
cularius (Fr.) Ames. Plant Cell Physiol. 9: 797-805.

Leatham, G. F. and Stahmann, M. A. 1981. Studies on the lac-
case of Lentinus edodes: specificity, localization and associ-
ation with the development of fruiting bodies. J. Gen.
Microbiol. 125: 147-157.

Leonard, T. J. 1971. Phenoloxidase activity and fruiting body
formation in Schizophyllum commune. J. Bacteriol. 106:
162-167.

Leonard, T. J. 1972. Phenoloxidase activity in mycelia car-
rying modifier mutations that affect sporocarp development
in Schizophyllum commune. J. Bacteriol. 111: 292-293.



644 Y. Kitamoto et al.

Leonard, T. J. and Phillips, L. E. 1973. Study of phenoloxi-
dase activity during the reproductive cycle in Schizophyllum
commune. J. Bacteriol. 114: 7-10.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J.
1951. Protein measurement with Folin phenol reagent. J.
Biol. Chem. 193: 265-275.

Ohga, S. 1992. Comparison of extracellular enzyme activities
among dif- ferent strains of Lentinus edodes grown on saw-
dust-based cuitures in relationship to their fruiting abilities.
J. Jap. Wood Res. Soc. 38: 310-3186.

Perkins, J. H. and Gordon, S. A. {1969) Morphogenesis in

Schizophyllum commune. |. Effect of white light. Plant
Physiol. 44, 1706-1711.

Turner, E. M. 1974. Phenoloxidase activity in relation to sub-
strate and development stage in the mushroom, Agaricus
bisporus. Trans. Br. Mycol. Soc. 63: 541-547.

Vnenchak, P. and Schwalb, M. N. 1989. Phenol oxidase activi-
ty during development of Coprinus cinereus. Mycol. Res.
93: 546-548.

Wood, D. A. and Goodenough, P. W. 1977. Fruiting of Agari-
cus bisporus: Changes in extracellular enzyme activities dur-
ing growth and fruiting. Arch. Microbiol. 114: 161-165.



