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Plasmodia of the acellular slime mould Physarum nudum change their color from yellow to dark brown when irradi-
ated with white light of a moderate intensity. The investigation of this phenomenon using the electron paramagnetic
resonance spectroscopy (EPR) technique revealed its correlation with the appearance and increase of a strong, narrow
EPR singlet line characteristic of free radicals. An analogous EPR signal was detected for the dark pigment isolated
from the irradiated plasmodia. The features of the EPR signals of both the irradiated plasmodia and the dark pigment
isolated from them strongly suggest that the plasmodia turn deep brown due to melanin synthesis in the organism.
This is the first demonstration of a melanin-type pigment production in a vegetative phase of the acellular slime mould

plasmodia as a consequence of irradiation.

INTRODUCTION

The acellular slime moulds (Myxomycetes) are
relatively simple organisms belonging to
Eucaryota. In their life cycle the plasmodium is a
predominant vegetative stage which in some spe-
cies attains large size (up to several square inches).
The plasmodium is a multinuclear form in which
the nuclei divide synchronously so that it can be
considered as a single giant cell. Plasmodia of
many species of the slime moulds are pigmented.
The color of a plasmodium may change with the
change in some environmental conditions, e.g. pH
and light (Seifriz & Zetzmann, 1935; Rakoczy,
1980). An example of such a change is Physarum
nudum. Plasmodia of this slime mould are yellow
in standard conditions of culturing them in the
dark, but the color turns easily to deep brown when
they are continuously irradiated with short wave-
lengths of visible light (Rakoczy 1965). For many
species of the myxomycetes including Physarum
nudum it has been established in the last years that
the melanin-type pigment is present in their spore
walls (Loganathan, Paramasivan & Kalyanasunda-
ram, 1988; Rakoczy & Panz, 1994).

The aim of the study was to characterize the dark
brown pigment produced in growing plasmodia of
the acellular slime mould Physarum nudum syn-

thesized under light. The darkening of the plasmo-
dium of this species caused by the action of light
on this microorganism resembles "human skin
tanning" as a result of spending a lot of time in the
sun. This phenomenon found in a simple organism
such as the slime mould is very interesting from the
physiological point of view and may suggest a way
for a detailed study in this field. The results may
lead to the better understanding of some photobi-
ological problems still awaiting solution.

MATERIALS AND METHODS

Plasmodia culture and irradiation

Plasmodia of Ph. nudum MacBride were cul-
tured on a semi-defined agar medium according to
Daniel and Baldwin (Daniel & Baldwin 1964) in
Petri dishes and were kept in the dark at 22°C.
Plasmodia were subcultured every 5 days with
inoculum of ca. 1.0 cm in diameter. Three day old
plasmodia used for experiments were continuously
irradiated with 71 mmol/m*/s white light for vary-
ing periods of time (6 to 170 hours). Miniature
fluorescent tubes ("cool day light", LF 6 W Telam,
Poland) served as the light source. The fluence rate
of light was measured by means of LI-Cor spectro-
radiometer, (U.S.A.), the temperature during irra-
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Fig. 1. EPR spectra of the plasmodia and dark pigment of Physarum nuclum. (A) Irradiated plasmodium, and plasmodial
pigment. (B) Fluence rate of white light - 71 mmol/m*/s.(C) non-irradiated plasmodium, and extracted compeunds - (D),
(E) EPR spectrum of DPPH - a free radical standard. Parameters of the EPR measurements are described in the section:

"Materials and Methods”.

diation was maintained at 22 to 23°C. The control
organisms were kept in the dark, respectively.

Pigment extraction

Brown pigment was extracted from irradiated
plasmodia, according to the method of Chet and
Hiittermann (1977). The weighed samples of plas-
modia were treated for 2 h with boiled 1 M KOH
and centrifuged. The procedure was repeated twice
and each time the supernatant was collected. The
precipitation of the pigment took place after low-
ering pH to 3 with HCl. The remaining proteins
were removed by acid hydrolysis of the sedimented
pigment with 7 M HCI for 2 h at 100°C. The dark
brown pigment was centrifuged, washed a few
times with distilled water and stored at low tem-
perature in the redistilled water. Non-irradiated

control plasmodia were treated in the same way.

EPR analysis

For the EPR measurements two kinds of samples
from irradiated plasmodia were used: extracted
pigment and living plasmodia collected from the
surface of agar. Samples of material were put into
glass tubes, frozen in liquid nitrogen and removed,
so that icicles of identical geometry (diameter
4 mm, length 15 mm) and mass (0.2 g) were ob-
tained. They were stored and measured at 77 K.
The control samples were treated and measured in
the same way. The EPR measurements were car-
ried out using "Varian" E3 X-band spectrometer
with a rectangular TE 102 resonant cavity and
modulation frequency of 100 kHz, at microwave
power 2 mW, microwave frequency 9.25 GHz, and
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Fig. 2. Kinetics of the changes in the
EPR signal amplitude of irradi-
ated Physarum nudum plasmo-
diaEach point represents the
mean + SEM from EPR assay of
more than 6 plasmodia. Parame-
ters of the EPR measurements -
see: "Materials and Methods".
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modulation amplitude 0.1 mT; amplification
(instrumental gain) was adjusted according to the
strength of an EPR signal. Quantitative analysis
was made at higher microwave power (16 mW)
and modulation amplitude (0.5 mT). The samples
were placed into a quartz Dewar flask filled with
liquid nitrogen and put into the resonant cavity,
each time in the same position according to the
modulation field. A tiny crystal of diphenylpicryl-
hydrazyl (DPPH) was used as an internal free radi-
cal standard.

RESULTS

The EPR measurements of frozen irradiated plas-
modia revealed a narrow singlet line (Fig. 1A), and
amuch stronger, narrow singlet of similar kind was
detected in the isolated dark pigment (Fig. 1B).
The signals of such character were not detected
either in non-irradiated plasmodia or in compounds
isolated from them (Fig. 1C, D). The paramagnetic
properties and the general character of the EPR
signals of the dark pigment synthesized in plasmo-
dia growing under light indicate its belonging to
the group of melanins.

Continuous irradiation of the growing plasmodia
of Physarum nudum brings about a change in their
pigmentation from yellow to brown. At a constant
fluence rate of light this phenomenon depends on
the duration of the irradiation. Under conditions
used in the work, (i.e. 71 mmol/m*/s), the maximal
degree of deep brown pigmentation was attained
when plasmodia were exposed to continuous ra-
diation for about 3 days. This process was corre-
lated with the steep increase of free-radical EPR
signal amplitude during the first 60 hours of irra-
diation and its further stabilization at the level of
plateau (Fig. 2.).

DISCUSSION

For some years, till now, the EPR spectroscopy has
been widely used for melanin investigation and the
EPR characteristics of this pigment is well estab-
lished (Commoner, Townsend & Pake, 1954; Ma-
son, Ingram & Allen, 1960; Lukiewicz, 1965;
Sarna & Lukiewicz, 1972; Felix, Hyde, Sarna &
Sealy, 1978; Sealy, Hyde, Felix, Menon & Prota,
1982; Vsevolodov, Ito, Wakamatsu, Kuchina &
Latypov, 1991). Also for a quantitative determina-
tion of melanin the EPR spectroscopy method was
adopted (Pilas & Sarna, 1985; Stominski, Paus,
Plonka, Chakraborty, Maurer, Pruski & Lukiewicz,

1994). Consequently, the strong paramagnetism of
a free radical character, revealed in this study with
EPR in the dark-brown pigment isolated from the
irradiated plasmodia of Physarum nudum, con-
vincingly support its belonging to melanins. Some
physical and chemical properties of the Physarum
nudum dark pigment (insolubility in water and in
organic solvents, decoloration when treated with
oxidizing agents such as H,O, NaOCI, ready pre-
cipitation with HCI) (Rakoczy, 1985) confirm its
melanin-like character.

Up to now, the acellular slime mould Physarum
nudum has been the only species of myxomycetes,
which vegetative stage (i.e. the plasmodium) was
found to change its pigmentation to dark due to the
action of light. This was first observed by Rakoczy
(1965). In this case, the synthesis of the dark pig-
ment is not due to induction of sporulation by light.
Growing plasmodia did not sporulate even in the
presence of light. To induce the processes leading
to the formation of sporangia with spores, irradia-
tion must follow a starvation period of the plasmo-
dia (Daniel & Baldwin, 1964). With a sufficient
amount of nutrient, plasmodia irradiated even for a
long time are able to grow (though the growth is
slower under light than in the dark), they easily
regenerate when cut for subculturing, and in the
dark they are again able to produce yellow pig-
ments typical of a non-irradiated organism. The
brown pigment is preserved in plasmodia trans-
ferred to medium and kept in the dark following
irradiation, even in several subsequent generations
of subcultures, but its content is smaller and
smaller with the period of culturing while pigments
typical of dark cultured plasmodia are synthesized
in a great amount. The synthesis of dark pigment
can be, therefore, switched on and off in vegetative
plasmodia without inducing sporulation or any
other evidences of the onset of the generative
phase.

The present study is the first Demonstration of
melanogenesis in plasmodia of the acellular slime
mould Physarum nudum in the vegetative phase of
its development. It makes this species a new, con-
venient, interesting and attractive model in the field
of photobiology and melanin investigations.
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