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A photoreceptor with characteristics of phytochrome triggers sporulation
in the true slime mould Physarum polycephalum
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Abstract Phytochrome is a ubiquitous photoreceptor in plants
that controls a variety of responses to light, including gene ex-
pression, differential cell growth and intracellular movement of
organelles. All phytochromes analysed so far are reversibly inter-
converted by light between an inactive and an active conforma-
tion, each of which has a different and characteristic absorbance
spectrum. Based on photophysiological measurements we provide
evidence, that a photoreceptor with these unique properties of
phytochrome triggers sporulation in the true slime mould Phy-
sarum polycephalum.
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1. Introduction

Plasmodia of Physarum polycephalum are giant cells that
contain many thousands of nuclei, exhibiting perfect synchrony
with respect to cell cycle and differentiation [1]. Naturally, P,
polycephalum feeds on bacteria and other micro-organisms and
continues cell growth as long as nutrition is available. Starving
plasmodia take a developmental decision: either they encapsu-
late by forming macrocysts or, alternatively, the plasmodial
mass differentiates to form sporangia each of which contains
hundreds of spores, allowing the mould to spread. Visible light
induces sporulation and inhibits macrocyst formation [2]. Al-
though the effectiveness of blue and red light has been reported
qualitatively [3], no action spectrum has been worked out.

2. Materials and methods

The albino strain LU897 x LU898 [4] was grown in the dark as
microplasmodia in axenic shaken cultures [S]. After 4 days of growth
at 26°C the plasmodial mass was harvested and transferred to starva-
tion agar [6] plates (4.5 cm ) as described [7]. Plasmodia were starved
for six days in complete darkness at 22°C to obtain competent speci-
mens. Plasmodia were exclusively handled in complete darkness if not
indicated otherwise. Irradiation was performed on a thermostated stage
at 22°C. Light of a 450 W xenon lamp (Leica, Wetzlar, Germany) was
filtered through bandpass and interference filters with 10-20 nm half-
bandwidth (Schott, Mainz, Germany) and the monochromatic beam
passed through an array of beam splitters (Spindler & Hoyer, Gottin-
gen, Germany). This arragement allowed a batch of plasmodia to be
simultaneously irradiated with different intensities of monochromatic
light to give a fluence response curve out of three experiments. The
setup was crucial for managing the many plates that had to be irradi-
ated. Plasmodia were returned to the dark after a one hour exposure.
The percentage of sporulated plasmodia was estimated on the next day.
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3. Results and discussion

Plasmodia of the albino strain LU897 x LU898 [4] were
starved on minimal agar plates for six days in complete dark-
ness to give competent specimens. When irradiated with a pulse
of monochromatic light, sporulation of a plasmodium is an
all-or-none response, i.e. the entire plasmodial mass is con-
verted into sporangia if induction was sufficient. The percent-
age of sporulated plasmodia was a function of light intensity.
Blue and far-red light were most effective in a sense that all
plasmodia sporulated if enough light was applied. At other
wavelengths, however, only part of the plasmodia sporulated
even under saturating irradiation (Fig. 1). This phenomenon of
wavelength-dependent saturation levels of stimulus-response
curves in general can be the result of alternative molecular
mechanisms: (1) a photochromic photoreceptor, the signalling
state of which is formed by light of one wavelength and de-
stroyed by another; or (2) two separate, antagonistically acting
photoreceptor molecules, one activating, the other repressing
sporulation.

When plasmodia were irradiated with far-red light followed
by a red light exposure, no response was obtained. In contrast
all plasmodia sporulated, if the sequence of irradiation was
inverted. Red light was active in inhibiting sporulation only if
far-red light has been applied before (Fig. 2). This result clearly
suggests that a red light and a far-red light-absorbing interme-
diate are reversibly interconverted upon irradiation as it is the
case in the plant photoreceptor phytochrome [8,9].

Based on the kinetic minimal model of a photochromic pho-
toreceptor
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the light-dependent change in the concentration of the active
species P, is

dp]
F = Ufrkfr[Pfr] - orkr[Pr]

where F is the photon fluence, o, and o, are wavelength-de-
pendent absorption cross sections of the two intermediates and
k¢ and k, account for the quantum yield. When the concentra-
tion of P, is low as compared to Py, the photochemical back-
reaction to P;; can be neglected. Under this condition, d[P,}J/dF
is proportional to the absorption cross-section o,. This rela-
tionship was used to construct an action spectrum from stimu-
lus-response curves recorded at different wavelengths. Since
photoconversion of Py, to P, causes sporulation, P, is referred
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Fig. 1. Wavelength-dependent saturation levels of fluence-response
curves. Plasmodia were irradiated for one hour with light of the wave-
length indicated. For each data point 12 plasmodia were evaluated.

to as ‘active’ in the model. The alternative mechanistic possibil-
ity that P, actively represses sporulation and far-red irradiation
reversibly inactivates the repressor cannot be excluded. How-
ever, the equation given above holds for either possibility.

The percentage of sporulated plasmodia (S) was plotted ver-
sus the photon fluence (F). As expected, a linear relationship
was obtained for the initial part of the stimulus-response curves
(Fig. 3). The slope (dS/dF) was estimated to give the relative
photon effectiveness at each wavelength. The action spectrum
obtained in this way peaks around 738 nm in the far-red and
around 488 nm in the blue (Fig. 4, open circles). Since induction
by blue light (unlike that by far-red) is only partially reversible
by red light (not shown), an additional blue light-absorbing
photoreceptor seems to be present.

To characterize the active intermediate P, spectrally, plasmo-
dia were first irradiated with far-red light choosing an intensity
to produce a relatively high, but not saturating amount of the
P intermediate (i.e. 80-90% sporulation). Then a second irra-
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Fig. 2. Activation or inhibition of sporulation depends on the sequence
of irradiation with far-red and red light. Competent plasmodia were
exposed to a pulse of far-red (755 nm, 28 gmol-m™2-s™!, 10 min) or/and
red light (644 nm, 12 gmol-m™-s*, 20 min) in the sequence indicated.
Sporulation was assayed on the next day. In the experiment represented
by the two lower bars, far-red (1 gmol-m™-s7") and red light (4.1
umol-m™-s™'} was applied during a one hour exposure. Sixteen plasmo-
dia were evaluated to give one data point.
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Fig. 3. Linear fluence-response relationships used to construct the
action spectrum for the induction of sporulation. Plasmodia were irra-
diated for one hour at the wavelengths indicated. For each data point,
12 plasmodia were evaluated.

diation at a different wavelength was applied and the inhibition
of sporulation (/) recorded as a function of photon exposure
(F). The action spectrum for the P, intermediate was obtained
by plotting the initial slope of the stimulus-response curves
(d{/dF) against the wavelength of the second irradiation (Fig.
4, closed circles).

The two action spectra for the induction of sporulation and
its photoreversibility indicate that a photoreceptor with charac-
teristics of phytochrome controls sporulation in P. polycepha-
lum. The Physarum photoreceptor is synthesized as P, in the
dark and photomorphogenesis occurs upon photoconversion
to P,. This is exactly opposite to what is known in plant phyto-
chromes. Homologous phytochrome genes have been identified
in higher plants, ferns, mosses and algae (for review, see [10]).
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Fig. 4. Action spectrum for the induction (0) and inhibition (@) of
sporulation. The relative photon effectiveness was calculated from flu-
ence-response curves as shown in Fig. 3 in the way described in the text.
For most of the data points a set of fluence-response curves that was
obtained in independent experiments was evaluated. For each set a
reference wavelength was included to correct for small variations in the
sensitivity of different Physarum batches. The data points were con-
nected by straight lines to guide the eye.
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In the fungus Aspergillus nidulans a red/far-red light reversible
photoreceptor has been shown to control conidiation [11]. Phy-
logenetically, slime moulds have emerged from the eukaryotic
branch of life long time before the common anchestor of ani-
mals, plants and fungi evolved [12]. In this light, our results
suggest that phytochrome may be an ancient eukaryotic photo-
receptor.
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