Photodynamic Action in Stentor coeruleus
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1. Introduction

Stentor coeruleus. an aneural and unicellular eili-
ate protozoan, exhibits both step-up photophobic
and negative photactic responses to visible light
with stentorin as the photoreceptors (Song. 1983).
And stentorin contains hvpericin as the chro-
mophore linked to apoprotein (Walker et al.
1979) Hypericin has been recognized as an ex-
tremely phototoxic sensitizer in nature (Giese.

1980).

Hypericin i1s known to be a poisonous principle
of some plants, like the genus Hypericum (Blum.
1941 : Johnson, 1982) which are also distributed
in the Cheju area (Yang. 1978). Hypencism, a
state of skin sensitivity to the visible light in
domestic animals, is apparently caused by the
ingestion of hypericin-containing food. The photo-
sensitizing effects of skin by hypericin result in
severe skin irritation, high body temperature and
sometimes death of the domestic animal. The

hypericin-sensitized skin sensitization 1s oxygen
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dependent. thus hypericism heing recognized as a
photodynamic action bv hypericin (Pace and
Mackinney. 1941)

Photosensitization is known to be carried out
usually through two diferent photochemical mecha-
nisms(Blum. 1941):

1) Type | mechanism(electron transfer mechan-
1sm) in which the light absorbed bv the sensitizer
molecule is transferred to the substrate via the
triplet state of the sensitizer. and ultimately lead-
ing to the formatin of superoxide amon radical. a
potent oxidizing agent for various substrates.
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2) Type [I mechanism(energy transfer or singlet
oxygen mechanism) in which the interaction of
triplet sensitizer with the ground state of oxvgen
(which 1s in the triplet state) results in the highly
reactive, singlet state of oxigen, 10.Z which can
potentially oxidise various substrates.
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Singlet oxygen pathways are very common in
photodynamic reactions. Stentor coeruleus cells are
found to be photodynamically sensitive to the
light absorbed by hypericin. The following experi-
ments were conducted in an attempt to understand
mechanisms involved in the photodynamic killing
of Stentor by photoreceptorchromophore hypericin
as well as in the photoprotection in Stentor

coeruleus.

II. Materials and Methods

Stentor culture.

Stentor coeruleus named “stella” strain was grown
in massive. discontinuous cultures. The growth
medium(as described by Walker et al., 1979) con-
sisted of 2.5mM CaCl,, 1.0mM MgS0,, 1.5mM

NaNos. 0.1lmM KH,PO, and 1.0mM Trizma-Base
buffer: the pH was adjusted to 7.84+0.2 with HCI.
90 boiled wheat grains were mixed with 1.6 liter
of growth medium in 26-liter glass bottles. 4000
to 6000 stentors in approximately 250ml} of
growth medium were inoculated into the fresh
medium. The culture was maintained under 12
h-light and 12 h-dark cycle at 20°+1°C. The cells
were harvested after 12—-14 days by using a pipet-
te from the densely populated wall of the contain-
er bottles. The harvested cells were resuspended
in fresh growth medium for the experiments.

Irradiation.

Approximately 500 cells were placed in a 1-cm
optical cuvette. An Osram 450 W xenon arc lamp
was used for the irradiation of the cells. The
beam of the light was filtered through a water IR
filter combination, bandpass or cutoff filter, and
finally a focusing lens which illuminated the en-
tire front side of the cell suspension in the cuvet-
te. The cuvette was air-cooled with an air blower

to maintain the solution temperature at 20C.Con-

trol batches of the cells were kept in the dark for
the duration of irradiation.

Cell counting

the ratio of dead vs. live Stentor cells were
determined after each irradiation period with a
450 watt xencn source, using a stereobinocular
(Baush & Lomb Stereozoom 5). Since the photo-
dynamically killed cells are immotile and sphere-
shaped. they are readily distinguishable from the
trumpet-shaped. live cells for visual counting.

Chemicals.

Synthetic hypericin was purchased from ICM
Pharmaceuticals (New York). Beta—Carotene was
a gift from Hoffman—La Roche. Nutley, NJ. and a
water-soluble carotenoid crocetion was obtained
from Sigma Chemical Co-- Deuterium oxide
(D;0). gold-label grade, 99 atom %. was found to

be toxic to Stentor, instantly killing the cells in

D,0. However, the toxicity of D,0 was quenched
by redistilling the heavy water. Thus, water-D,0
(1:1, v/v) mixture was used after the redistilla-
tion of D;0. All other chemicals were from Sigma
Chemical Co. and were used without further puri-

fication.

M. Results

After exposure to increasing intensities of visi-
ble light from a 450 watt xenon arc source
through a cutoff filter, Stentor coeruleus began to
lose its motility and the normal cell morphology
(shape). The cells were thus photodynamically
killed and did not recover from the photoinactiva-
tion, even after a prolonged incubation in the
dark.

According to the different wavelengths of cutoff
filters {as can be seen in Fig. 1), each irradiation
time was prolonged gradually in longer

wavelengths than 430nm cutoff for the photokill-
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ing of the cells(Fig. 2). A crude action spectrum
obtained from the previous data showed that the

long wavelength light did not seem to bhe very

effective for the photodynamic killing of Stentor

coeruleus (Fig. 3).

Fig. 4 and 5 indicate that 3 —carotene and
crocetin increase the extent of survivability of
Stentor when exposed to defferent light intensities.
Both 3 —carotene and crocetin at the concentra-
tions of 50uM showed 50-60% increase in the
tolerance of the cells towards the higher light
intensities.

When stentors were subjected to exogenous
hypericin, the cells became more susceptible to
the irradiation as compared to that of the untre-
ated ones (Fig. 6). Interestingly. 1 uM of benzo-
quinone rendered significant protection against the
hypericin-mediated photodynamic killing of sten-

tors.

The photodynamic action sensitized by endoge-
nous stentorin pigments and exogenous hypericin
added 1s considerably enhanced in solvent con-
taining D.0O. as shown in Fig. 7. The photodvna-
mic killing sensitized by stentorin is also suppres-
sed by 1% ethanol, when compared with the con-
trol. ie. sensitization by endogenous stentorin in
the absence of ethanol (Fig. 6). Again. the exoge-
the
photodynamic killing of Stentor. Both endogenous
the

cells are significantly inhibited by 3 —carotene

nously added sensitizer markedly promoted

of

and exogenous sensitizer-induced killing

(Fig. )

IV. Discussion

The photodynamic action of visible light on the

ciliate Stentor coeruleus involves a readily discerni-
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Fig. 1. The absorption spectra of each cutoff filter
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Fig. 2. Using a set of cutoff and IR—absorbing
filters, light-induced killing of Stentor me-
asured as a function of irradiation time.
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from the previous data.
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Fig. 4. Fluence-rate survival curves of Stentor
coeruleus. S50UM of crocetin gives signi-
ficant protection to the celi against
photodynamic killing.
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UM B —carotene gives significant protec-
tion to the cell against photodynamic
killing.
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Fig. 6. Fluence (time-course) survival curves of

Stentor coeruleus at the light intensity

of 5080 J/m?/sec (530nmy),

ble morphological change, transforming the trum-
pet-shaped cell to the spherical appearance and
resulting in the death of the cell which cannot be
revived after incubation in the dark. The endoge-
nous sensitizer is likely to be stentorin or its
analog in the cell, with hypericin or hypericin-like
derivative as the chromophore. Because of the
known photosensitizing toxicity of hypericin and
its derivatives in nature (Giese, 1980). it is temp-
ting to speculate that the organism developed as a
self-defense mechanism, utilizing stentorin as the
photoreceptor.

The photosensitization mechanism for the pnoto-
dynamic killing of Stentor coeruleus cannot be iden-
tified in terms of either Type I or [ or both
photosensitizations on the basis of results pre-
sented in this paper. The fact that carotenoids
effectively protect the ciliate Stentor from photo-
dynamic damage (Figs. 4, 5 and 6) is suggestive
of the involvement of singlet oxygen, as
carotenoids are known to be efficient quenchers of
singlet oxygen (Foot, 1968 Krinsky, 1968; Koka
and Song. 1978).

The extent of singlet oxygen in the photodyna-

mic killing of the ciliate Stentor cannot be quanti-
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. 7. Fluence (time-course) survival curves of
Stentor coeruleus and the effect of D,O,
hypericin and § —carotene on the photo-
dynamic killing of the cells.

Fi

S



Photodynamic Action in Steator coeruleus 5

tated on the basis of the present study. However.
the fact that the photodynamic killing sensitized
by the endogenous pigmeﬁt and the exogenous
hypericin is significantly amplified in D,O con-
taining media (Fig. 7) is consistent with the
involvement of singlet oxygen. as the lifetime of
the reactive oxygen species is considerably lenth-
ened by the isotopic solvent (Merkel and Kearns.
1972 cited by Song). The solvent isotope effect is
also quenched by carotenoids in support of the
Type [II photosensitization mechanism.

In addition to the Type ]I mechanism of
photosensitization in Stentor coeruleus. a free radic-
al mechanism of Type [ photosensitization
appears to play a supplementary role in the photo-
dynamic action. p—Benzoquinone is known for its
protective effect from the photodynamic decom-
position of proteins(e.g.. Koka and Song. 1978). It
is also a singlet oxygen quencher, although its

efficiency is relatively low(Krinsky. 1968: Koka

and Song, 1978).

In conciusion. the present study establishes
stentorin with hypericin or hypericin-like chro-
mophore as the sensitizing pigment in the photody-
namic killing of Stentor coeruleus. The photodyna-
mic killing of Stentor can be additionally sensi-
tized by exogenously added hypericin. suggesting
that the endogenous pigment 1s somewhat
“detoxicated”. possibly due to its role as an
efficient photoreceptor for photomovement under
low fluence conditions and its particular topog-
raphic orientation within the cell. The photosensi-
tization mechanism of the photodynamic killing of
the organism appears to be of Type [I. However.
Type 1 mechanism also contributes to the photo-

dynamic killing
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