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Abstract - Melatonin is present in Tetrahymena and its synthesis can be enhanced by pretreatment (imprinting) with melatonin. Two
days after imprinting melatonin level is elevated in the cells and more elevated in the supernatant. Such a minute quantity, as 10-12 M
melatonin for 1 hour is able to provoke imprinting, however the effect is more expressed using 10-6 M. Maintenance in light conditions
further elevated the amount of melatonin in the cells and supernatant alike, related to the melatonin content of cells kept in darkness.
The experiments call attention to the light-sensitivity of imprinting-provoked melatonin production in Tetrahymena and to the
possibility of using this property for important physiological functions in higher grades of phylogeny.
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INTRODUCTION

Melatonin (N-acetyl 5-methoxytryptamine) belongs
into the group of indoleamines possessing a conserved
phylogenetical significance (27). Its endogeneous forms
wereendogenous form has been described in almost all
main groups of organisms including bacteria (32), protozoa
e.g. Trypanosoma cruzi (31), Gonylaux polyedra (17),
Tetrahymena pyriformis (25); fungi Saccharomyces
cerevisiae (15) and in edible plants Lycopersicon
esculentum or Brassica hirta (36)) even as in invertebrate
and vertebrate animals. The main and phylogenetically
considerable biological role of this universal bioactive
substance is the mediation of photoperiodic signals which
determines circadian rhythms in unicellular and
multicellular organisms as well (16). Among the above
mentioned function, melatonin works as an intracellular
antioxidant (1) and scavenger of free radicals which ability
is promoted by its lipophilic character which provides an
excellent intracellular permeability to this molecule in all
levels of phylogeny. There is a list of other activities
regulated or modulated by melatonin including calcium

influx and phospholipase C activity (33), microtubule
based processes (3), cell division (2,24), chemotaxis or
phagocytosis (24).

Tetrahymena is a widely used model cell of
investigations in cell-physiologycell physiology and
biochemistry (6,7). Membrane receptors (4), second
messenger systems (20,26) and cell-physiological and
metabolic processes (6) described in Tetrahymena show
close homologies to vertebrates. Several studies have
proved that vertebrate-type hormones and hormone-like
substances e.g. insulin (29), ACTH (30), histamine (18),
serotonin (19), cytokines, e.g. IL-6 (22) are endogeneous
substances of this cell. At the first encounter between a
mammalian hormone and its receptor in Tetrahymena,
hormonal imprinting takes place, which dramatically
influences the hormone binding capacity of the progeny
generations (5,6,10). Recently it was also demonstrated
that this pretreatment (imprinting) durably enhances the
production of the imprinter hormone by the cells, if they
are able to do this at all (11,12,13). As it was mentioned
above melatonin is also present in these cells and melatonin
treatment can induce essential cell-physiological activities
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in them (8,24). However, though presence and activity of
melatonin was described in a range of models including the
ciliated protozoan Tetrahymena pyriformis, backgrounds
of regulation are still obscure at this level. For this reason
in the present study our objective was to characterize,
whether (a) pretreatments (imprinting) with melatonin
have the ability to modify synthetic activity of melatonin in
Tetrahymena and (b) whether lighting conditions - the most
fundamental environmental factor – are in synergy or in
controversy with the effect of melatonin pretreatments.

MATERIALS AND METHODS

Tetrahymena pyriformis GL cells were maintained in axenic cultures
containing 1% tryptone and 0.1% yeast extract (Difco, Michigan, USA).
According to the certificate analysis, the two basic components of media
were free of melatonin. However, the potential of interference of
melatonin with the media composing peptides is given, the non-synthetic
type of media was used as reference works in our earlier publications
(21,23,25) and in the literature (28). The starting density of cultures was
5 x 102 cell/ml.

Pretreatment of cultures
Tetrahymena cultures were pretreated with 10-12 and 10-6 M

melatonin (Sigma, St. Louis, USA) for 1 hr. Following the treatments the
samples were washed twice with fresh culture medium and the cells were
transferred into fresh culture media. Control samples were treated with
the solvent (fresh culture medium) of melatonin. The cultures were
obtained for 48 hr, then cellular and supernatant samples were
fractionated by high pressure lipid chromatography (HPLC) and assayed
radioimmunologically for melatonin.

Schedules of lighting
Melatonin synthesis was monitored in light- and darkness-stressed

cultures. For light stress, an intensity of 7500 lux was applied, while
flasks containing the darkness-stressed cultures were wrapped in special
aluminium foil. Duration of incubation was 48 hr.

Isolation and measurement of melatonin
Melatonin was studied in the supernatants and in the cells.. The

supernatant samples were assayed for melatonin as described previously
(35). Briefly, samples (1 ml) were first extracted with chloroform (4 ml),
washed with distilled water (2 ml) and the evaporation residue of the
chloroform phase was diluted into RIA buffer (250 µl phosphate-
buffered saline) and assayed for melatonin using a-MT-K1 antiserum and
125I-melatonin tracer (34). The cell pellets were first sonicated for 3-4 sec
in 0.5 ml of RIAbuffer and further diluted into 1.2 ml of RIAbuffer. After
centrifugation of 10 min (4,000 g) the 1 ml samples were extracted with
chloroform and assayed for melatonin as described above.

Identity studies of immunoreactive melatonin
Melatonin immunoreactivity was studied by comparing the

displacement of different amounts of a culture medium sample with that
of synthetic melatonin. Furthermore, medium samples of high melatonin
immunoreactivity was run in reverse-phase HPLC using Vydac C18
218TP54 column and a methanol gradient of 0.5%/min from 12% to
32% in 0.05% trifluoroacetic acid.

Measurement of protein content of samples
Protein was measured with a commercial dye-binding (Coomassie

Brilliant Blue G-250) assay method by Bio-Rad (Richmond, CA).
Statistical analysis of data

Data of experiments were analyzed with an ANOVA test. Standard
deviations (S.D.) and levels of significance are shown in the figures
(z: p<0.001; y: p<0.01; x: p<0.05).

RESULTS AND DISCUSSION

Our melatonin measurements were validated in
parallelism and HPLC studies: a) melatonin
immunoreactivity of the cell and supernatant samples
displaced tracer parallelly with synthetic tracer; b)
additionally melatonin immunoreactivity of the cell and
supernatant samples eluted in HPLC as synthetic
melatonin. The results show that pretreatments (imprinting)
with different concentrations (10-12 and 10-6 M) of
melatonin can significantly induce melatonin synthesis of
Tetrahymena cells (Fig. 1).

This synthesis is embodied in two distinct and additive
compartments: endogeneous melatonin content of cellular
fraction and the detectable melatonin of supernatant which
is a result of the release from the cells. Pretreatments both
with the low and high concentrations of melatonin could
positively modulate melatonin content of cultures, in both
cases an increased release of endogeneous melatonin was
the dominant over the increased melatonin content of
cellular fraction (average ratios: 1.55 in light-stressed and
1.83 in dark-stressed cultures).

As light conditions have a crucial role in the case of
melatonin-associated biochemical and physiological
mechanisms we intended to study the effect of these
environmental stresses on the synthesis and release of
melatonin following a single pretreatment with the
homologue substance. Our present data –in good
correlation with our previous results (25)– showed that
constant 48 hr lighting can induce melatonin synthesis and
especially its release. However, pretreatments could result
to a 300-500% enhance of endogeneous melatonin, the
detected amplitude was also influenced by the lighting:
constant light-stress could duplicate the concentration of
the released melatonin in the supernatant.

The measurement of melatonin was done 48 hr after
treatment, and this means that in the 14th generation. This
time and generation change seems to be enough for the
emptying the melatonin pools possibly formed during
treatment. However, theoretically it can be imagined that
the exogeneously given melatonin elevated the melatonin
content of cells as well, as that of the supernatant.
Nevertheless, the facts oppose the theoretical possibility:
imprinting (pretreatment) with the smaller concentration
(10-12) gives such a minute amount of melatonin, which is
not enough for the elevation of this material after 48 hr.
However, it is understandable that imprinting with the
higher (10-6) concentration produced higher increase, as
this concentration had the optimal imrinting effect also in
case of other hormones (9).
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As our data show, we can not consider melatonin
synthesized by Tetrahymena as an example of "trials" of
early phylogeny with the later repertoir of hormones or as
an endogeneous "side product". However, the reaction-
ability of melatonin level in this very low phylogenetic
level establishes the possibility of using this system in

higher animals, when it is necessary from physiological
point of view. This imprinting effect of pretreatments with
this indoleamine verifies our previous data gained on
insulin (21), histamine (14) and other hormones.
Concentration dependence of induction as well as active
and illumination-dependent melatonin release points to that

Fig. 1 Melatonin content (pg/ml) of Tetrahymena cultures pretreated with 10-12 and 10-6 M melatonin for 1 hr. Cell: cellular; 
Medium: supernatant fraction of cultures. z: p<0.001;  y: p<0.01; x: p<0.05



melatonin is joined into a fine-adjusted signalling
mechanism of the unicellular ciliate studied.
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