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UV-B radiation and selenium affected energy availability

in green alga Zygnema
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Abstract: Green alga Zygnema was exposed to three concentrations of selenium and two levels of UV-B radiation. The
combined effects of both treatments on energy availability; photochemical quantum yield and respiratory potential were
studied. Our findings show that traces of selenium enhance metabolic process connected with photochemical quantum yield
and mitochondrial respiration. Surprisingly, selenium does not diminish the effects of UV-B radiation; on the contrary, the
combined action of UV-B radiation and traces of selenium leads to pronounced negative effects on photochemical quantum
yield and the respiratory potential. Selenium is involved in the activation of energy resources in green alga Zygnema. The
importance of selenium for activity of the mitochondria is possibly an evolutionary recollection from an endosymbiotic

bacterium.
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Introduction

Selenium (Se) is of metabolic importance in cyanobac-
teria (Li et al. 2003) and in some plants, being involved
in their antioxidative processes (Harrison et al. 1988;
Ekelund & Danilov 2001; Fu et al. 2002; Seppénen et
al. 2003). Se is widely distributed on the Earth’s sur-
face and available for plants in at least small traces.
However, some regions like Slovenia, suffer from a rel-
ative deficiency of Se (Kreft et al. 2002). Se is known
as a trace element, essential in very small quantities
for antioxidative functions in higher animals and hu-
mans. Whether it is essential for higher plants and in-
volved in their metabolism is poorly understood. There
is evidence for its involvement in antioxidative pro-
cesses in higher plants (Seppénen et al. 2003); as se-
lenocysteine in the glutathione peroxidase homologue
in Chlamydomonas (Fu et al. 2002), and in protect-
ing Euglena against UV-B radiation stress (Ekelund &
Danilov 2001). Thus it could be important in mitigating
the effects of increasing UV-B radiation at the Earth’s
surface, which is harmful to organisms.

The deleterious effects of UV-B on plants include
damage of molecular targets, causing disturbance to
photosynthetic carbon fixation (Hazzard et al. 1997;
Rozema et al. 1997; Bjorn 1999), and consequently
changing the community structure and productivity of
aquatic ecosystems (Mittler & Tel-Or 1991; Hader et
al. 2001). Various mechanisms mitigating UV damage
have evolved in phototrophic organisms. The most im-
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portant are excision repair, photoreactivation (Eker et
al. 1990), the accumulation of detoxifying enzymes for
eliminating UV-induced oxygen radicals (Mittler & Tel-
Or 1991) and the production of UV absorbing com-
pounds (Karsten et al. 1999; Yao et al. 2005). Estab-
lishing protective and repair mechanisms is costly in
energy (Cullen & Nealle 1994).

Chlorophyll fluorescence is a very informative in-
dicator of primary photosynthetic electron transport in
PSII (Schreiber & Bilger 1992). The optimal quantum
yield of PSII (Fv/Fm) quantifies its potential photo-
chemical efficiency (Schofield et al. 1995). Any devia-
tion from the optimal quantum yield can be used as
an integrative measure of stress to which a plant is ex-
posed (Schreiber et al. 1995). Measurement of electron
transport system (ETS) activity of mitochondria is a
good tool for estimating the respiratory potential of or-
ganisms (Toth 1993).

This study was aimed to examine the effects of the
addition of Se traces to the growth medium on primary
and terminal electron transport activity, and thus the
availability of energy in green alga Zygnema sp. from
Alpine Lake Krisko Inferior, exposed to two levels of
UV-B radiation; high dose (7.4 UV-Bgg kJ m?/day),
and low dose (1.1 UV-Bgg kJ m?/day).

Material and methods

Plant material and growth conditions
Filamentous alga Zygnema sp. was collected in a moun-
tain lake, Krisko Inferior (altitude 1880 m, N 46°24'32",
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E 13°48’34"”) in NW Slovenia, about 0.5 m under the wa-
ter surface. Algae were cultured in a growth chamber at
20 4+ 2°C under 200 umol m~2 s™! photosynthetic active
radiation (PAR), immediately after bringing from the lake,
for 24 hours before the measurements (12/12 h light/dark).
Q-Panel UV-B 313 fluorescent lamps were used as a UV-
B source. Lamps were wrapped in Mylar foil to eliminate
wavelengths below 320 nm (Gehrke et al. 1996) for low
UV-B dose (UV-B (L)), and in cellulose diacetate filters
to eliminate UV-C radiation (lower than 290 nm) for high
UV-B dose (UV-B (H)). Sufficient aeration was provided
to exclude possible phytotoxic effects of cellulose diacetate
(Krizek & Mirecki 2004). The low and high UV-B doses
corresponded to 1.11 and 7.4 kJ m?/day of UV-Bgg respec-
tively, using the generalized plant action spectrum (Cald-
well 1968). The doses applied were comparable to the sum-
mer (UV-B (H)) and winter (UV-B (L)) doses, measured
in Slovenia in the last years (Gabersé¢ik et al. 2002). UV-B
radiation and PAR were measured at the surface level of
the algal suspension using the ELDONET dosimeter (Euro-
pean Light Dosimeter Network). Algae were exposed to two
levels of Se concentration 24 hours before measurements.
UV-B radiation treatment was performed for 6 hours in the
beginning of 12 h light period. Six different treatments were
applied: UV-B(L), UV-B(L) + Se-1, UV-B(L) + Se-2 and
UV-B(H), UV-B(H) + Se-1, and UV-B(H) + Se-2. Se-0 was
natural lake water, with 10% addition of distilled water,
and did contain any detectable amount of Se; Se-1 and Se-
2 was the same lake water with 10% addition of distilled
water containing Na selenate, to give final concentrations
0.001 mg Se/L (Se-1) and 0.1 mg Se/L (Se-2) in the growth

medium.

Fluorescence measurements

The quantum yield of PSII was measured using a fluorome-
ter OS-500 (Opti-Sciences, Tyngsboro, MA, USA). The op-
timal quantum yield expressed as Fv/Fm, is a measure of
the efficiency of energy conversion in PSII. Fv is a variable
fluorescence, Fo and Fm are minimal and maximal chloro-
phyll a fluorescence yield in dark adapted sample; Fv = Fm-
Fo. Algae were kept in dark for 15 min before measurement
at ambient temperature. Fluorescence was excited with a
saturating beam of “white light” (PPFD = 8 000 pmol m 2
s !, 0.8 s). The effective quantum yield of PSII gave the ac-
tual efficiency of energy conversion in PSII (Bjorkman &
Demmig-Adams 1995). It was measured under saturating
irradiance at the prevailing ambient temperature by pro-
viding a saturating pulse of “white light” (PPFD = 9 000
pumol m~2 s7!, 0.8 s) using a standard 60° angle clip. The
effective quantum yield of PSII was defined as yield = (Fm’-
F)/Fm’= AF/Fm’. Fm’ is maximal fluorescence of an illu-
minated sample and F is steady state fluorescence (Schreiber
et al. 1995).

Measurement of terminal electron transport system activity
Respiratory potential was estimated via the terminal elec-
tron transport system (ETS) activity of mitochondria as
described by Packard (1971) and modified by Kenner &
Ahmed (1975). Algae were homogenized in cold buffer (0°C,
0.1 M sodium phosphate buffer pH 8.4, 75 pM MgSQOu,
0.15% (w/v) polyvinyl pyrrolidone, 0.2% (v/v) Triton-X-
100) in a mortar and with an ultrasound homogeniser
(4710; Cole-Parmer, Vernon Hills, IL, USA) and centrifuged
(8,500 g at 0°C for 4 min) in a top refrigerated ultracen-
trifuge. The supernatant was mixed with substrate solution
(0.1 M sodium phosphate buffer pH = 8.4, 1.7 mM NADH,
0.25 mM NADPH, 0.2% (v/v) Triton-X-100), and 20 mg
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2-p-iodo-phenyl 3-p-nitrophenyl 5—phenyl tetrazolium chlo-
ride (INT) in 10 ml of bidistilled water; the assay mixture
was incubated for 40 min at 20°C. INT was used as the elec-
tron acceptor, being reduced to formazan, whose absorbance
is measured at 490 nm. ETS activity was calculated from the
rate of INT reduction, which was converted to the amount
of oxygen utilized per g of alga dry mass (DM) per hour.

Statistical analysis

Measurements were carried out on 4 to 8 parallel sam-
ples. The significance of differences between treatments
was tested by ANOVA (Statgraphics Version 4, Statistical
Graphics Corp.).

Results

It follows from Fig. 1A that neither UV-B irradiation
nor Se, either singly or together, affected Fv/Fm.

The higher Se concentration in the growth medium,
0.1 mg Se/L (Se-2), considerably increased the effective
quantum yield under low (UV-B (L)) radiation dose
(Fig. 1B). The effect of Se on high UV-B dose (UV-B
(H)) treated algae was opposite to that on algae ex-
posed to UV-B (L) dose. Se, at concentrations of 0.001
mg Se/L (Se-1) and 0.1 mg Se/L (Se-2), lowered the ef-
fective quantum yield of UV-B (H) irradiated algae. In
the absence of Se there was no difference in the effects
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Fig. 1. Optimal quantum yield (Fv/Fm) (Fig. 1A) and effective
quantum yield - yield (AF/Fm’) (Fig. 1B) of Zygnema sp.. UV-
B - (L) stands for UV-B low doses and UV-B — (H) for UV-B
high doses. Se-0 means no Se in the medium, Se-1 means 0.001
mg Se/L, and Se-2 0.1 mg Se/L. Means, and error bars show
95% confidence intervals. Different lower case letters (a, b and c)

represent significant differences (P < 0.05).
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Fig. 2. Terminal electron transport system (ETS) activity per
dry mass (DM) of Zygnema sp. UV-B — (L) stands for UV-B low
doses and UV-B — (H) for UV-B high doses. Se-0 means no Se in
the medium, Se-1 means 0.001 mg Se/L, and Se-2 0.1 mg Se/L.
Means, and error bars show 95% confidence intervals. Different
lower case letters (a, b, ¢, d and f) represent significant differences
(P < 0.01, except for a and b, where the level of significance is
P < 0.05).

of high dose (UV-B (H)) and low dose (UV-B (L)) ra-
diation, while in the presence of Se, effective quantum
yield was lower in (UV-B (H)) treated algae.

The addition of Se to growth medium was found
to enhance ETS activity in UV-B (L) treated Zygnema
(Fig. 2). When Zygnema was exposed to UV-B (H)
dose in the presence of either concentration of Se in
the growth medium, ETS activity was observed to be
lower than in algae exposed to UV-B (L) dose (Fig. 2).
Addition of Se significantly decreased ETS activity in
UV-B (H) irradiated algae.

Discussion

Neither UV-B irradiation nor Se, either singly or to-
gether, affected the optimal quantum yield of PSII
(Fv/Fm) (Fig. 1A). According to Bischof et al. (1998)
unaffected Fv/Fm is an indication that the antenna
complex is not damaged irreversibly.

It is of much interest, that effective quantum yield
of PSIT and ETS activity in Zygnema showed the same
pattern regarding different UV-B doses and addition of
Se. Effective quantum yield of PSII was lower in the
presence of Se in UV-B (H) treated algae comparing to
UV-B (L) treated algae (Fig. 1B). Similarly ETS activ-
ity in algae, exposed to UV-B (H) dose, was observed
to be lower than in algae exposed to UV-B (L) dose
(Fig. 2). Both parameters showed that UV-B radiation
negatively affected the flow of electrons in PSII and res-
piratory chain. Additionally, effective quantum yield of
PSII and ETS activity were lower in the presence of Se
in UV-B (H) treated algae (Figs. 1B and 2). Present
results supported the proposal that Se added to UV-B
(H) irradiated algae disturbed targets on the electron
transport side of the PSII reaction center and respi-
ratory chain, resulting in less efficient use of energy.
Schofield et al. (1995) reported that the decrease in ef-
fective quantum yield reduces the flow of electrons out
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of PSII and lowers the rates of ATP and NADPH, for-
mation. UV-B radiation thus interferes with the mech-
anisms involved in the utilization and beneficiary effect
of Se.

Under low UV-B dose (UV-B (L)) radiation algae
responded to elevated level of Se by both sources of
energy, namely by higher photosynthetic yield and by
enhanced ETS activity (Figs. 1B and 2). That indi-
cated that Se was beneficial for the plant metabolism,
although it did not mitigate UV-B stress in this par-
ticular alga. The enhancement of ETS activity by the
addition of Se in UV-B (L) treated Zygnema (Fig. 2) is
consistent with findings that supplementation of Se in
the medium of Vigna radiata enhanced respiratory and
succinate dehydrogenase activity and the involvement
of Se in mitochondrial membrane functions (Easwari &
Lalitha 1995). Present observations on ETS activity in-
dicated that some of the respiratory enzymes or other
molecules of mitochondria require Se for their activity.
It is evidenced (Ursini et al. 1999), that Se is needed
for proper function of mitochondria in animal sperma-
tozoa. The importance of Se for activity of the mito-
chondria is possibly an evolutionary recollection since
these organelles originate from an endosymbiotic bac-
terium.

The results of this investigation clearly show that
Se is involved in the activation of energy resources in
green alga Zygnema, and establish the importance of
this trace element for lower plants.
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