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To study the impact of solar UV radiation (UVR) (280 to 400 nm) on the filamentous cyanobacterium
Arthrospira (Spirulina) platensis, we examined the morphological changes and photosynthetic performance
using an indoor-grown strain (which had not been exposed to sunlight for decades) and an outdoor-grown
strain (which had been grown under sunlight for decades) while they were cultured with three solar radiation
treatments: PAB (photosynthetically active radiation [PAR] plus UVR; 280 to 700 nm), PA (PAR plus UV-A;
320 to 700 nm), and P (PAR only; 400 to 700 nm). Solar UVR broke the spiral filaments of A. platensis exposed
to full solar radiation in short-term low-cell-density cultures. This breakage was observed after 2 h for the
indoor strain but after 4 to 6 h for the outdoor strain. Filament breakage also occurred in the cultures exposed
to PAR alone; however, the extent of breakage was less than that observed for filaments exposed to full solar
radiation. The spiral filaments broke and compressed when high-cell-density cultures were exposed to full solar
radiation during long-term experiments. When UV-B was screened off, the filaments initially broke, but they
elongated and became loosely arranged later (i.e., there were fewer spirals per unit of filament length). When
UVR was filtered out, the spiral structure hardly broke or became looser. Photosynthetic O2 evolution in the
presence of UVR was significantly suppressed in the indoor strain compared to the outdoor strain. UVR-
induced inhibition increased with exposure time, and it was significantly lower in the outdoor strain. The
concentration of UV-absorbing compounds was low in both strains, and there was no significant change in the
amount regardless of the radiation treatment, suggesting that these compounds were not effectively used as
protection against solar UVR. Self-shading, on the other hand, produced by compression of the spirals over
adaptive time scales, seems to play an important role in protecting this species against deleterious UVR. Our
findings suggest that the increase in UV-B irradiance due to ozone depletion not only might affect photosyn-
thesis but also might alter the morphological development of filamentous cyanobacteria during acclimation or
over adaptive time scales.

The depletion of the stratospheric ozone layer, mainly due
to anthropogenically released pollutants such as chlorofluoro-
carbons, has resulted in an increase in the solar UV-B radia-
tion (280 to 320 nm) that reaches the Earth’s surface (10, 26).
Ozone depletion is expected to increase and to spread over a
broader range of altitudes and latitudes throughout most of the
current century (49). UV-B radiation is potentially detrimental
to all forms of life but is more detrimental to photosynthetic
organisms, including cyanobacteria (21, 47, 48). The cyanobac-
teria are the largest and most widely distributed group of
photosynthetic prokaryotes on the Earth, and they contribute
markedly to global CO2 and N2 fixation (7, 15). It has been
reported that UV-B not only impairs the motility and photoori-
entation of cyanobacteria (13) but also affects a number of
physiological and biochemical processes, such as growth, sur-
vival, pigmentation, nitrogen metabolism enzymes (28, 43),
CO2 uptake, and ribulose 1,5-bisphosphate carboxylase activity
(27, 46). On the other hand, cyanobacteria are the oldest au-

totrophic inhabitants of the planet, and they may have been
exposed to high UV radiation (UVR) levels during the early
Precambrian era (12, 17). Therefore, they must have devel-
oped effective mechanisms to counteract detrimental effects of
these highly energetic wavelengths (at present levels of UVR
and possibly at higher levels that may occur in the future).
Many species of cyanobacteria show wide variation in toler-
ance to UV-B and possess a variety of defense strategies, such
as avoidance of brightly lit habitats (2, 8, 53), production of
UV-absorbing compounds, such as mycosporine-like amino
acids (MAAs) and scytonemin (19, 45), and active repair or de
novo synthesis of DNA (41, 42). However, despite the large
amount of literature on the effects of UVR on cyanobacteria,
we are not aware of studies documenting the impact of solar
UVR on their morphology.

Arthrospira (Spirulina) platensis is an economically well-
known filamentous cyanobacterium that is commercially pro-
duced as a source of human health food (9), animal feed (31),
and cosmetic colorants (11), and considerable efforts have
been made to optimize the growth conditions of this organism
for massive production (24, 40, 50, 52). The morphological
features of Arthrospira species include characteristic regular
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