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ABSTRACT

Recently it was shown that the unicellular flagellate Euglena

gracilis changes the sign of gravitaxis from negative to positive

upon excessive radiation. This sign change persists in a cell

culture for hours even if subsequently transferred to dim light. To

test the ecological relevance of this behavior, a vertical column

experiment was performed (max. depth 65 cm) to test distribu-

tion, photosynthetic efficiency and motility in different horizons

of the column (surface, 20, 40 and 65 cm). One column was

covered with a UV cut-off filter, which transmits photosynthet-

ically active radiation (PAR) only, the other with a filter which

transmits PAR and UV. The columns were irradiated with a

solar simulator (PAR 162 W m)2, UV-A 32.6 W m)2, UV-B

1.9 W m)2). The experiment was conducted for 10 days, nor-

mally with a light ⁄ dim light cycle of 12 h:12 h, but in some cases

the light regime was changed (dim light instead of full radiation).

Under irradiation the largest fraction of cells was found at the

bottom of the column. The cell density decreased toward the

surface. Photosynthetic efficiency, determined with a pulse

amplitude modulated fluorometer, was negligible at the surface

and increased toward the bottom. While the cell suspension

showed a positive gravitaxis at the bottom, the cells in the 40 cm

horizon were bimodally oriented (about the same percentage of

cells swimming upward and downward, respectively). At 20 cm

and at the surface the cells showed negative gravitaxis. Positive

gravitaxis was more pronounced in the UV + PAR samples. At

the surface and in the 20 and 40 cm horizons photosynthetic

efficiency was better in the PAR-only samples than in the

PAR + UV samples. At the bottom photosynthetic efficiency

was similar in both light treatments. The data suggest that high

light reverses gravitaxis of the cells, so that they move downward

in the water column. At the bottom the light intensity is lower

(attenuation of the water column and self shading of the cells)

and the cells recover. After recovery the cells swim upward again

until the negative gravitaxis is reversed again.

INTRODUCTION

Euglena gracilis is a unicellular freshwater flagellate. As it is
a photosynthetic organism it needs to expose its chloroplasts
to light. However, cellular targets, such as photosynthesis,

motility and proteins are affected by intensive solar radi-
ation (1–4). This means that the cells have to find positions
in their habitat, in which solar radiation is not too high, but

delivering sufficient light for photosynthesis. The regulation
of the optimal position is achieved by a combination of a
negative gravitaxis (cells swim upward in the absence of
other stimuli) and positive (at low irradiances) or negative

(at high irradiances) phototaxis. Additionally, the cells react
to changes (increase or decrease) in ambient illumination
with tumbling photophobic responses (5). Light perception

in Euglena was found to be regulated by a perception
mechanism based on a novel photoreceptor. The photore-
ceptor is a photoactivated adenylyl cyclase, which produces

cAMP upon blue light illumination (6,7). Similar perception
mechanisms were found in other organisms (8). Gravitaxis is
also based on a physiological mechanism, partially aided by

a passive alignment in the water column (9). Physiological
experiments as well as detailed movement analysis strongly
suggest the involvement of mechano-sensitive ion channels in
a signal transduction chain of gravitaxis (9–11). The whole

cell body acts as a statocyst, activating these channels when
the cells deviate from a vertical swimming direction (12).
Recently, it was found that negative gravitaxis is converted

into a positive one upon environmental stress, such as high
irradiance (13). There is evidence that this sign change is
mediated by reactive oxygen species (ROS), probably hydro-

gen peroxide (14). Induced positive gravitaxis can persist for
several hours even when the cells are transferred to dim light
after high light exposure. The aim of this work was to
investigate the importance of the gravitactic sign change in

E. gracilis when exposed to ultraviolet solar radiation in a
natural habitat.

MATERIALS AND METHODS

Organisms and growth conditions. The flagellate E. gracilis Z was
obtained from the algal culture collection at the University of
Göttingen (15). The cells were grown for about 10 days in a mineral
medium as described earlier (16,17) in 3000 mL Erlenmeyer flasks at
about 20�C under continuous light of about 18 W m)2 from mixed
cool white and warm tone fluorescent lamps.
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