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Short Communication

Light Regulation of Protein Phosphorylation in Blepharisma japonicum

Hanna FABCZAK, Bo¿ena GROSZYÑSKA and Stanis³aw FABCZAK
Department of Cell Biology, Nencki Institute of Experimental Biology, Polish Academy of Sciences, Warszawa, Poland
Summary. We demonstrate alterations in protein phosphorylation levels in light-exposed Blepharisma using immunological and
densitometric methods. The examinations show that cell illumination elicited a two-fold enhancement of phosphorylation of a 46 kDa protein
and a marked decrease in the phosphorylation of a 28 kDa protein over that measured in dark-adapted cells. The observed light-dependent
changes in the phosphorylation levels of both proteins were entirely reversible. In contrast, no alteration in protein phosphorylation was
detected in cells treated by external potassium, which depolarizes the cell membrane. These observations suggest that both the 28 kDa and
46 kDa proteins might be involved in the light transducing mechanism, which results in the photophobic response of Blepharisma.
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response, phototransduction.

INTRODUCTION
The ciliate Blepharisma japonicum possess a photoreceptor system that renders the cells capable of
avoiding light. The pigment granules located just beneath the plasma membrane, containing pink-colored
quinones - blepharismin, are believed to function as the
photosensor units of the cellular light-sensitive system
(Giese 1973, Tao et al. 1994, Maeda et al. 1997, Song
1997a, Matsuoka et al. 2000). On account of this
feature, the ciliates exhibit photodispersal as they tend
to move predominantly toward shady or dark regions
(Mast 1906, Fabczak H. 2000a). The light-avoiding
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behavior of Blepharisma japonicum results largely
from their motile behavior (step-up photophobic response) to a sudden increase in light intensity (Kraml and
Marwan 1983). During prolonged intense illumination, an
increase in forward movement (positive photokinesis)
and a marked elongation of the cell body also occur
(Kraml and Marwan 1983, Ishida et al. 1989). The cell
photophobic response consists of a delayed cessation of
forward swimming, a period of backward movement
(ciliary reversal) followed by restoration of forward
swimming, usually in an altered direction (Fabczak H. et
al. 1993, Fabczak S. et al. 1993). The ciliary reversal
during photophobic response is mediated by a Ca2+/K+
action potential elicited by the light-induced receptor
potential (Fabczak S. et al. 1993). The photoreceptor
system in Blepharisma japonicum seems to be coupled
to membrane potential and photomotile changes via a
sensory transduction pathway (Fabczak H. et al. 1993,
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Song 1997b). It involves, as is the case in invertebrate or
vertebrate photoreceptor cells (Rayer et al. 1990), cGMP
and inositol trisphosphate as the possible second
messengers (Fabczak H. et al. 1993, 1998, 1999;
Fabczak H. 2000b).
One of the most important mechanisms in the regulation of cellular metabolism or cell function is the
process of protein phosphorylation (Greengard 1978,
Cohen 1982, Bünemann and Hosey 1999, Dickman and
Yarden 1999, Graves and Krebs 1999). In the photoreceptor rod of vertebrate retina, there is evidence that
phosphorylated proteins may participate in the regulation
of visual function. Of particular relevance are proteins
that exhibit light-dependent changes in the extent of their
phosphorylation (Polans et al. 1979, Hermolin et al.
1982, Lee et al. 1984, Hamm 1990). In the present study
using immunological and densitometer methods, we demonstrate that protein phosphorylation or dephosphorylation occurs in the ciliate when light is applied. These
observations indicate that the light-dependent processes
of protein phosphorylation may be involved in the control
of the photophobic behavior of Blepharisma japonicum.
MATERIALS AND METHODS
Cell culture
Cells of Blepharisma japonicum were grown in 100 ml glass
vessels containing Pringsheim solution (pH 7.0) at room temperature
in darkness (Fabczak H. et al. 1993). The cells were fed with axenically cultured cells of Tetrahymena pyriformis. Prior to experiments,
the cells were starved for at least 24 h before the organisms were
collected, washed in an excess of fresh culture medium and subsequently used for assays after a further 12 h incubation in fresh culture
medium in darkness.

Cell stimulation
Before each experiment, 200 µl samples of dark-adapted cells
were first left at rest for about 10 min to avoid mechanical disturbances. They were subsequently exposed to light or ionic stimulation. The cell samples were illuminated for 2 s with light afforded by
a 150 W fiberoptic light source (MLW, Germany) equipped with an
electromagnetic programmable shutter (model 22-841, Ealing ElectroOptics, England). Ionic stimulation was performed by cell incubation
for 2 s in external 4 mM K+ solution prepared by gentle addition of
the proper amount 0.1 M KCl to the cell suspension.

Immunoblotting assay
In order to quantify protein phosphorylation levels, samples of
control (dark-adapted) cells and cells following treatment with light
or potassium ions were immediately mixed after exposure with sample

buffer containing 2% SDS, 5% 2-mercaptoethanol, 10% glycerol,
1.0 mM EDTA and 62.5 mM Tris at pH 6.8 (Laemmli 1970)
supplemented with protease or phosphatase inhibitors (50 mM NaF,
2 mM phenylmethylsulfonylfluoride, 1 µM okadaic acid, 10 µg/ml
aprotinin or 50 µM leupeptin) and then boiled for 5 min. The
equal amounts of cell proteins (30 µg) were separated on
10% SDS-polyacrylamide gels (SDS-PAGE) with the use of the
Hoefer System (Amersham, USA) and transferred to nitrocellulose
filters for 1 h at 100 V in transfer buffer consisting of 192 mM
glycine, 20% methanol and 25 mM Tris at pH 8.3 (Towbin at al.
1979). For detection of phosphoserine-containing proteins, the blots
were incubated in blocking solution composed of 2% BSA in TBS (50
mM NaCl, 25 mM Tris, pH 8.0) and 0.05% Tween-20 (BSA-TrisTween) for 2 h at room temperature. After the blocking procedure,
the blots were incubated with the primary antibody (Alexis, Switzerland) against phosphoserine overnight at a concentration of 0.05 µg/
ml in 0.3% BSA-TBS-Tween at 4 0C. The nitrocellulose filters were
finally washed several times in TBS with 0.05% Tween (TBSTween). After washing, the blots were treated for 1h with anti-mouse
IgG-horseradish peroxidase conjugates at a dilution of 1:10 000
(Calbiochem) prepared in the blocking buffer. Immunoreactive bands
were developed using an Amersham Enhanced Chemiluminescence
(ECL) detection system. Their intensities were quantified using a
molecular dynamics personal laser densitometer and ImageQuant
software. Molecular weights of polypeptides were determined based
on their relative electrophoretic mobilities using prestained molecular
weight standards (BioRad). In a control set of experiments, incubation with primary antibodies was omitted. The concentration of cell
proteins in individual samples was estimated by a method reported
elsewhere (Bradford 1976).

RESULTS AND DISCUSSION
Detection of phosphorylated proteins in cell samples
were made using three different monoclonal antibodies,
Pser-7F12, Pser-4A9 and Pser-1C8, which may specifically recognize phosphorylated serine epitopes. Two of
the applied antibodies, Pser-7F12 and Pser-4A9, revealed marked protein phosphorylation levels of similar
patterns (Figs 1 A; 2 A), while the Pser-1C8 antibody
indicated a lower number of phosphoproteins (Fig. 3 A),
possibly due to lower amino acid sequence specificity. It
is well known that antibody specificity depends on
phosphorylation of the amino acid and on the surrounding
amino acid sequence. If one of these two criteria is
unfulfilled, the antibody will not detect the phosphorylation site. Most labeled cell proteins were unaffected by
illumination, except for proteins of a molecular weight of
about 46 kDa (Figs 1 A, B; 2 A) and proteins below
28 kDa (Figs 1 A, B; 2 A; 3 A). The increased
phosphorylation of the 46 kDa protein on illumination
(Figs 1 A; 2 A and lanes 1, 2) lasts up to 180 s after
illumination (Figs 1 A, B; 2 A and lanes 1 to 4). In the
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Figs 1 A-C. Detection of light-induced protein phosphorylation in
Blepharisma by monoclonal antibody, Pser-7F12. Lane 1: cells
adapted to darkness (control); Lane 2: cells exposed to light for 2 s;
Lanes 3, 4: cells exposed to light for 2 s and then kept in darkness for
180 s and 300 s, respectively; Lane 5: dark adapted cells stimulated
by 4 mM K+ for 2 s; Lane 6: dark-adapted cells stimulated by 4 mM
K+ and subsequently exposed to light for 2 s. The arrows indicate
46 kDa and 28 kDa proteins, of which phosphorylation levels were
altered when illuminated. Immunoblot exposure to X-ray film for
10 s (A) and 2 s (B); C - quantification of protein phosphorylation
intensity of bands from B. The phosphorylation values found for
control cells were defined as 100%

dark, the most extensively labeled phosphoprotein had an
apparent molecular weight of 28 kDa (Figs 1 A, B; 2 A;
3 A and lane 1) and the phosphorylation level of this
protein was markedly reduced by illumination (Figs 1 A,

Figs 2 A, B. Detection of protein phosphorylation by light in
Blepharisma by monoclonal antibody, Pser-4A9. A - 30 s exposure of
immunoblot to X-ray film. B -quantification of serine phosphorylation of 46 kDa and 28 kDa proteins. Other details as in Fig. 1

B; 2 A; 3 A and lane 2). The light-induced dephosphorylation of 28 kDa protein was entirely reversible, as
progressive phosphorylation of the protein was observed
in dark-adapted cells for 180 s (Figs 1 A, B; 2 A; 3 A
and lane 3) and after about 300 s the phosphorylation
level reached the level observed in control cells (Figs 1
A, B; 2 A; 3 A and lane 4).
To test whether phosphorylation and dephosphorylation of cellular proteins in Blepharisma is specifically
induced by light or is simply elicited by cell membrane
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Figs 3 A, B. Detection of light-induced protein phosphorylation in
Blepharisma by monoclonal antibody, Pser-1C8. A - 20 min. exposure of immunoblot to X-ray film. B - quantification of serine phosphorylation of the 28 kDa protein. Other details as in Fig. 1

depolarization, the effect of ionic stimulation was examined. These experiments indicate that the phosphorylation level of proteins of 28 kDa and 46 kDa was
unaffected by membrane depolarization compared to
cell samples exposed to light (Figs 1 A, B; 2 A; 3 A and
lane 5). The pattern of protein phosphorylation in cell
samples, which were first treated with K+ and subsequently exposed to light (Figs 1 A, B; 2 A; 3 A and
lane 6), was similar to that obtained for cells that were
only illuminated (Figs 1 A; 2 A; 3 A and lane 2).
The results of semi-quantitative analysis of protein
phosphorylation indicated that the level of phosphorylation of 46 kDa proteins by 2 s illumination caused a twofold increase over the values found in dark-adapted cells
(Figs 1 C; 2 B). In the case of the 28 kDa polypeptide,
the level of phosphorylation is lower in all cell samples
exposed to light. The phosphorylation levels for both
these proteins returned to the control levels after about
300 s of cell incubation under dark conditions (Figs 1 C,
2 B, 3 B).
It has been shown that phosphorylation and dephosphorylation of cellular proteins play a crucial role in the
regulation of various sensory transduction pathways
(Greengard 1978, Cohen 1982, Bünemann and Hosey

1999, Dickman and Yarden 1999, Graves and Krebs
1999). In the visual system, light induces phosphorylation
of photoreceptors (rhodopsin) by a protein kinase
(Bownds et al. 1972, Kühn 1974, Frank et al. 1973). The
higher light intensity causes a marked dephosphorylation
of proteins of low molecular weight in intact rods (Polans
et al. 1979, Lee et al. 1984, Bownds and Brewer 1986).
In the present study, we showed that light is capable of
influencing the level of protein phosphorylation in
Blepharisma japonicum, as it takes place in the photoreceptor cells of vertebrates. In this ciliate, however, the
proteins being phosphorylated or dephosphorylated by
light have not yet been identified. It was recently shown
that the photosensory pigment blepharismin in
Blepharisma japonicum is associated with a 200 kDa
membrane protein (Matsuoka et al. 2000). It is likely
that the polypeptide of molecular weight of 46 kDa,
which underwent highly specific phosphorylation on
serine after light stimulation, is associated with the
200 kDa complex photoreceptor protein or it simply
represents a fragment of the high molecular weight
protein resulting from digestion by endogenous cellular
proteases during detergent solubilization (Matsuoka et
al. 2000). Further investigations are necessary regarding
the identification of this protein and elucidation of the
mechanism that governs the observed protein phosphorylation and dephosphorylation by light in protozoan
ciliate Blepharisma.
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