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The photosensory ciliates Blepharisma japonicum and Stentor coeruleus use the hypericin-derived pigments
blepharismin and stentorin, respectively, as photoreceptor chromophores. Fluorescence quenching studies have
shown that the first excited singlet state of hypericin and the purified chromophores blepharismin and stentorin
can be deactivated by electron transfer to an acceptor molecule with a suitable reducing potential [1,2]. This
paper reports the result of a series of photobehavioral experiments performed with the aim to ascertain if the
same electron acceptors which quench the photoreceptor pigment fluorescence in vitro may also compete with
the native acceptor molecule in its natural physiological environment. Individual cell trajectories were
examined before and after light stimulation, in the presence and in the absence of potential ‘in vivo” electron
acceptors, with a microvideo-recording apparatus. Our data, on Blepharisma cells, showed that as the négative
reduction potential of the electron acceptor increases, a pronounced decrease in cell photoresponsiveness was
detected. A dramatic effect on cell photoresponsiveness was noticed in the presence of 1,4-benzoquinone that
has the lowest negative reduction potential. Such an effect on the percentage of photoreacting cells was
moderate in the case of 1,4-naphthoquinone, with a relatively higher negative reduction potential. In the
presence of benzophenone, which has the highest negative reduction potential, no significant effect on
photoreacting cells was noticed. Our results can support the hypothesis that in the pigment granules such a
light-induced charge transfer from excited blepharismin to a suitable electron acceptor triggers sensory

transduction processes in B. japonicum.
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INTRODUCTION

At present it is ascertained that blepharismin and stentorin,
the endogenous pigments of the heterotrichous ciliates Ble-
pharisma japonicum and Stentor coeruleus respectively,
are the photoreceptor molecules which transduce the light
stimulus into an intracellular signal ultimately yielding a
motile response in these cells (step-up photophobic response
and negative phototaxis) {3-5]. The pigment containing
granules, which are regularly spread all over the cell just
beneath the plasmatic membrane [6-8], were proposed to be
the cellular structures where the photosensory process ini-
tiates [5,8]. These photomotile reactions allow the cells to
avoid brightly illuminated regions, where they can be killed
by photodynamic reactions sensitized by blepharismin
[7,9,10}.

Recently, blepharismin and stentorin have been charac-
terized and found to have a molecular structure similar to
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the natural photosensitizer hypericin {11,12,13]. It remains
to ascertain the molecular mechanism through which these
chromophores can transduce photic stimuli.

Fluorescence quenching studies performed on purified chro-
mophores (blepharismin and stentorin) have shown that the
first excited singlet state can be deactivated by electron trans-
fer to an acceptor molecule with a sufficient reducing poten-
tial [1,2]. This light-driven charge transfer, which plays a
major role in the fast deactivation of the excited pigment,
has been suggested to be a possible mechanism for the pri-
mary photoprocess for photomotile responses in B. japon-
icum and S. coeruleus [1,2]. The same electron acceptors
that quench the photoreceptor pigment fluorescence could
act as electron acceptor competitors with the native accep-
tor molecule/amino-acid residue in its natural physiologi-
cal environment and could affect the normal path of the pho-
tosensory transduction chain.

This piece of work was devoted to study the effects of
some electron acceptors on the photomotile responses of Ble-
pharisma red cells. The fact that the photo-responsiveness
of the cells was significantly inhibited by efficient electron
acceptors, such as 1,4-benzoguinone, can support the hypoth-
esis that photoinduced electron transter from the excited state
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may be the signal-initiating event which the primary trans-
duction processes originate from.

MATERIALS AND METHODS

Cell culture: Blepharisma japonicum was grown as previ-
ously described [14]. The cells were collected by gentle cen-
trifugation at about 100/g, resuspended in a saline resting medi-
um (SMB, Saline Medium for Blepharisma, [15]) and kept in
the dark overnight to get them fully adapted to the new medi-
um.

Chemicals:  Electron acceptors (1,4-benzoquinone, 1,4-
naphthoquinone and benzophenone) were purchased from Sigma-
Aldrich. Mother solutions of each acceptor in SMB were pre-
pared and kept as a stock.

Sample preparation: Cell samples were transferred in the
dark into the observation chamber. The effects of different con-
centrations of the above electron acceptors on the photophobic
response were studied by adding microliters of the acceptor stock
solution to the medium and cell photoresponsiveness was exam-
ined immediately. Control measurements bave also been per-
formed in the absence of the acceptor, under the same experi-
mental conditions. The cell samples had the same concentra-
tion and all measurements were performed at 25°C.

Photobehavioral analysis: Step-up photophobic reactions
of individual cells were analyzed by means of a previously
described microvideorecording apparatus [4]. A quartz-iodine
lamp (50 Watt) was used as stimulating light source. An anti-
heat filter was provided in front of the lamp to eliminate the
extra-heat that may disturb the cells. An interference filter at
580 nm (bandwidth at half-height 10-12 nm) was also used 0
select the narrow band of light stimulus. All cell samples were
exposed to equal irradiances of about 0.2 W m™. A shutter placed
between the lamp and the cell sample controlled the actinic light
source for photic stimulation. As photoresponsiveness index the
percentage of cells modifying their motile pattern within 3 sec-
onds after stimulus onset minus the percentage of unstimulat-
ed cells modifying their trajectory in the dark within 5 seconds
was taken.

RESULTS AND DISCUSSION

Our data indicated that cell photoresponsiveness was clear-
ly inhibited with decreasing the negativity of the reduction
potentials of the electron acceptors. Acceptor of high nega-
tive reduction potential, on the contrary, did not show any
significant effect either in dark or light.

In the presence of 1,4-benzoguinone, which has a relatively
Jow negative reduction potential (E°(V)=-0.134), a pro-
nounced inhibition in cell photoresponsiveness was detect-
ed (Fig. 1). As the concentration of this electron acceptor
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Figure 1. Histograms of the percentage of cells {nverting their trajec-
tories (step-up) versus the concentration of 1,4-bepzoquinone in the dark
and following light stimulation. The difference between the percent-
age of photoresponding cells after light stimulation and in the dark is
indicative of the cell photoresponsiveness.

increases, a gradual decrease in the number of cells invert-
ing their trajectories following light stimulation was observed
(Fig. 1). In the dark too, however, cells were found to invert
their trajectories at a much higher rate than in the absence
of the electron acceptor. Cell photoresponsiveness was sig-
nificantly reduced to zero at 8 (M concentration (Fig. 1).

As shown in Fig. 2, also in the case of 1 ,4-naphtho-
quinone, an electron acceptor with a relatively high nega-
tive reduction potential (E°(V)=-0.309), similar results were
obtained. Cell photoresponsiveness was slightly decreased
and again an increase of the percentage of cells modifying
their trajectories in the dark was observed. The effect on pho-
toresponsiveness was found to be moderate compared to the
case of 1,4-benzoguinone in the same concentration range
(Fig. 2).

No significant effects, either in dark or light (Fig. 3), were
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Figare 2. Histograms of the percentage of cells inverting their trajec-
tories (step-up) versus the concentration of 1,4-naphthoquinone in the
dark and following light stimulation. The difference between the per-
centage of photoresponding cells after light stimulation and in the dark
is indicative of the cell photoresponsiveness.
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Figure 3. Histograms of the percentage of cells inverting their trajec-
tories (step-up) versus the concentration of benzophenone in the dark
and following light stimulation. The difference between the percent-
age of photoresponding cells after light stimulation and in the dark is
indicative of the cell photoresponsiveness.
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Figure 4. (A) Summary of the effects on cell photoresponsiveness of
different electron acceptors (1,4-benzoquinone, 1,4-naphthoquinone
and benzophenone in function of their concentration.

(B) Stern-Volmer plot of oxyblepharismin fluorescence quenching by
1,4-benzoquinone, 1,4-naphthoquinone and benzophenone (from N.
Angelini et al. 1998).

observed on the cells up to 16 M in the case of ben-
zophenone, which has the highest negative reduction poten-
tial among the used electron acceptors (E°(V)=-1.448).

Fig. (4A) summarizes the effects of the different electron
acceptors on cell photoresponsiveness as a function of their
concentrations. It is clear that as the acceptor negative reduc-
tion potential decreases, a pronounced decrease in cell pho-
toresponsiveness is detected. A dramatic effect on cell pho-
toresponsiveness was noticed with the highest reduction
potential acceptor, 1,4-benzoquinone. A moderate effect was
detected with the relatively lower reduction potential 1,4-naph-
thoquinone. Benzophenone, with the lowest reduction poten-
tial, did not show any significant effects on the cells.

These results suggest that the same electron acceptors, which
quench the photoreceptor pigment fluorescence, can be
responsible for the inhibition of the photomotile responses
of Blepharisma.

When added to cell suspension, these electron acceptors
may affect the photo-transduction chain by scavenging an
electron from the excited pigment, thus playing the role of
a competitor of the physiological electron acceptor.

The fact that electron acceptors that inhibit the step-up pho-
tophobic response also significantly alter the unstimulated
behavior of cells clearly indicates that these substances affect
some metabolic pathways related to cell motility regulation.
Consequently, more experiments are needed to draw unam-
biguous conclusions. Since now, however, the close paral-
lelism between the effect of these electron acceptors on the
photoresponsiveness of the cells (Fig. 4A) and on the fluo-
rescence yield of the isolated photoreceptor pigment allow
to suggest a photoinduced electron transfer can be an early
step of the photosensory perception and transduction chain
in B. japonicum.
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