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Responses of the Antarctic microalga Koliella antarctica
(Trebouxiophyceae, Chlorophyta) to cadmium contamination
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Abstract

Ultrastructural and physiological effects of exposure to 1 ppm and 5 ppm of cadmium (Cd) on cultured cells of Koliella
antarctica, a green microalga from Antarctica, were investigated. The amount of Cd in the alga rose with the increase of
the metal concentration in the growth medium and most Cd remained outside the cells, bound to the components of the
cell walls. The increase of Cd in the microalga was concomitant with the decrease of other elements, mainly calcium
(Ca). Exposure to 1 ppm Cd slowed culture growth by inhibiting cell division and also caused the development of some
misshapen cells with chloroplast showing disordered thylakoids. However, this concentration did not substantially affect
the chlorophyll (Chl) content or photosystem (PS) activity. At 5 ppm, Cd cell growth suddenly stopped and some cells
lysed. After a week of Cd contamination, the cells were enlarged and severely damaged. The chloroplasts showed great
ultrastructural alterations and a reduced Chl content. Cd exposure negatively affected PSII, whose activity was almost
completely lost after four days.
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Introduction

Heavy metal pollution is a major environmental problem
progressively affecting wider areas of our planet due to
increasing levels of these contaminants by anthropogenic
activity. Heavy metals represent a hazard for virtually all
biological components of ecosystems. In fact, they can
move throughout the food chain, reaching toxic levels
and negatively affecting numerous developmental and
physiological events of plants and animals.

Antarctica, regarded as the most remote environment
on Earth, is the least influenced, until recently, by the
human activities responsible for production of heavy
metals and other pollutants.

Thus, Antarctic organisms, naturally exposed to
minimum levels of contamination are particularly suitable
for studying accumulation, sensitivity and toxic effects of
pollutants that they have never experienced during their
evolution.

Interest in this kind of research is strengthened by the
peculiar characteristics of Antarctica that may influence
the sensitivity of the inhabiting organisms to anthropo-
genic stress leading to unexpected and even contrasting
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responses (Duquesne ef al. 2000). At low temperatures, to
which Antarctic organisms are adapted, growth and
metabolic processes occur very slowly (Clarke 1988).
This might reduce the detoxifying ability of these
organisms, thus enhancing their susceptibility to contami-
nants. Conversely, a slow metabolism might lead to lower
accumulation of pollutants, making the organisms less
sensitive to their concentrations (Duquesne et al. 2000).
Studies carried out so far on heavy metal accu-
mulation and responses have essentially dealt with
Antarctic animals (Duquesne et al. 2000, Carginale et al.
2002, Kahle and Zauke 2003), while less attention has
focused on algae, which are mainly represented by
phytoplanktonic microalgal populations in Antarctica.
However, microalgae are ubiquitous in aquatic eco-
systems and, like most living organisms, suffer heavy
metal toxicity. The damaging effects of heavy metals on
microalgae are of particular significance considering the
essential role played by these photoautotrophic organisms
as primary producers and initial link in the food chain.
For this reason, heavy metal pollution might lead to
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changes in the biological balance of an ecosystem by
lowering the productivity of microalgal populations and
interfering with energy and biomass production. This
might be particularly relevant in the Antarctic
environment where microalgae are the major component
of the photoautotrophic organisms and as such, the major
source of food for the whole ecosystem (El-Sayed 1984).

The first steps in appraising the harmfulness of
contaminants in aquatic systems are the investigations of
their accumulation and toxic effects in organisms under
laboratory conditions (Duquesne et al. 2000). To this
purpose, we carried out a study on heavy metal pollution
in K. antarctica, an Antarctic microalga isolated from
ice-free water of the Ross Sea at Terra Nova Bay
(Andreoli et al. 1998), and maintained in culture in our
laboratory.

We studied some responses of K. antarctica to the
exposure to Cd, one of the most toxic heavy metals,
which can exert its negative effects on algal organisms at
very low concentrations (Vymazal 1987). No physio-
logical function of Cd is known in algae and higher plants
with the exception of its role as cofactor for a carbonic
anhydrase in the marine diatom Thalassiosira weissflogii
(Lane and Morel 2000). Although non-essential, Cd can
be readily taken up by algal cells (Khoshmanesh et al.
1996, Mendoza-Cozatl et al. 2002) through an

Materials and methods

Microalgae and culture conditions: K. antarctica is a
green microalga belonging to the Trebouxiophyceae
(Chlorophyta) (Andreoli et al. 2000).

Since Koliella is typically a genus of freshwater
microalgae (Hinddk 1984, Katana et al. 2001), it was
supposed that K. antarctica, although isolated from sea
waters, was actually an Antarctic freshwater form
adapted to the marine environment (Andreoli et al. 2000).
This idea was convincingly supported by demonstration
that this microalga could grow equally well in both saline
and freshwater media (Zanetti et al. 2001, Baldisserotto
et al. 2005, Ferroni et al. 2007). Moreover, at very low
salinities, K. antarctica showed the typical spindle-
shaped cell morphology of the genus, while at higher salt
concentrations, the algal cells changed their shape
becoming curled or even sigmoid (Andreoli et al. 1998,
2000, Zanetti et al. 2001).

For this reason, we cultured K. antarctica in
a freshwater medium to obtain regularly shaped cells in
order to better recognize eventual morphological and
ultrastructural alterations caused by Cd exposure.

Axenic cultures of K. antarctica were grown in a
growth chamber at a temperature of 4 °C, photoperiod of
12 h and light of 70 pmol(photon) m > s (PAR) in the
freshwater f/2 medium (Guillard 1975). For Cd-treated
cultures, the heavy metal was added to the growth
medium as Cd nitrate from a stock solution to obtain a
concentration of 1 ppm (parts per million i.e. pg g of
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opportunistic transport occurring in competition with
other bivalent ions, such as Ca (Welch and Norvell 1999,
Zhao et al. 2002).

Cd is present in the Ross Sea of Antarctica at concen-
trations much lower than those of other heavy metals
such as Ni, Pb, Cu and Zn, in both surface sediments
(mean 0.35 ppm) and water column (<1 nmol )
(Bargagli 2005). The lowest values of Cd occur in water
after ice melting, due to Cd uptake or scavenging by
bloomed phytoplanktonic populations (Scarponi et al.
2000).

In order to evaluate the responses of K. antarctica to
Cd exposure, cultures of this microalga were treated with
different concentrations of the heavy metal. The
concentrations used were in the range of those used in
other studies on Cd-contamination in microalgae. Heavy
metal accumulation by the cells, as well as its effects on
algal growth and cell ultrastructure were analyzed during
7 days of exposure to the metal. Particular attention was
paid to the Cd effects on the chloroplast organization, Chl
content and photosynthetic efficiency of the algal cells.
This because the photosynthetic apparatus is notoriously
very sensitive to environmental stresses among which
those due to heavy metals (Joshi and Mohanty 2004,
Sharma and Agrawal 2005, Kiipper et al. 2007).

solution, corresponding to 8.9 umol I'') or 5 ppm
(44.5 pmol I'"). Cultures were initiated with an inoculum
of 6 x 10° cells ml"' in 11 transparent plastic flasks
containing 500 ml of growth medium. Cd was added to
the growing culture with an algal cell concentration of
9 x 10° cells ml™'. Initially, also the concentration of
10 ppm Cd was tested. However, this Cd-dose caused the
rapid death of the algal culture. For this reason, the
experimental analyses were carried out only on cultures
exposed to 1 ppm Cd and 5 ppm Cd.

Assessment of algal growth: The growth of microalgal
cultures was measured daily by counting the cells of
culture aliquots in a Biirker hemocytometer chamber
under a Leitz Dialux 22 microscope (Leica, Wetzlar,
Germany). The cell values for each day are mean +
standard deviation (SD) of those measured in four
independent experiments. The growth rates of control
culture and cultures treated with Ippm Cd and 5 ppm Cd
were calculated as the percent growth rate after seven
days of treatments.

Cd determination: Algal cells from control or Cd-treated
cultures were collected by centrifugation (2000 x g) for
10 min at room temperature. The algal pellets were
resuspended and carefully washed either with distilled
water or with 1M HCI followed by 1M Na,EDTA in
order to remove the heavy metal bound to components of
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cell walls (Rascio et al. 2008). The washings were
repeated three times. The samples were then dried
at 80 °C until constant mass and digested in concentrated
HNO; in a microwave oven (MDS-2000 CEM,
Buckingam, UK). Cd amount was determined using
a flame atomic absorption spectrophotometer (Perkin-
Elmer 4000, Norwalk, Conn, USA) and expressed on the
basis of dry mass. The results are shown as mean =
standard deviation (SD) of four independent experiments.

Chl analysis: Algal cells from control or Cd-treated
cultures were collected by centrifugation (2000 x g) for
10 min at room temperature. The algal pellets were
resuspended in 1 ml of N,N-dimethylformamide and kept
in darkness at 4 °C for two days. The Chl extracts were
analyzed in a double-beam spectrophotometer (GBC
UV/VIS 918, GBC Scientific equipment Pty Ltd., Victoria,
Australia). The pigment concentrations were calculated
using the extinction coefficients proposed by Porra et al.
(1989) and expressed on the basis of cell number. The
Chl values are mean + standard deviation (SD) of four
independent experiments. The pigment values were
expressed as rate of Chl decline per day in control culture
and in cultures treated with 1 ppm Cd and 5 ppm Cd,
calculated from the fitted linear trend lines.

Electron microscopy and X-ray microanalysis: Algal
pellets from control or Cd-treated cultures were fixed in
glutaraldehyde, post-fixed, dehydrated and then included
for transmission electron microscopy as described
previously by Rascio et al. (1999). The ultrathin sections,
cut with an Ultracut Reichert-Jung ultramicrotome
(Wien, Austria), were observed with a transmission
electron microscope (TEM 300, Hitachi, Tokyo, Japan)
operating at 75 kV.

Fresh algal pellets from control or Cd-treated cultures
were directly observed with an environmental scanning
electron microscope (XL 30 ESEM, Philips, Eindhoven,
Netherlands) equipped for X-ray microanalysis. The
analysis of Cd and some other essential elements (Ca,
Mg, K, S and P) was carried out on the algal pellets.

Chl a fluorescence analysis: /n vivo Chl fluorescence
was measured with a pulse amplitude modulated fluoro-
meter (PAM 101, 102, 103 Walz, Effeltrich, Germany).
The system is based on the pulse-amplitude principle
described by Schreiber et al. (1986). Cell suspensions
[20 ug(Chl) ml'] were placed in a stirrer cuvette and the
maximal quantum efficiency F,/F,, was determined after

Results

Algal growth: The growth rate of K. antarctica control
culture, measured as increase in cell number, was very
slow at 4 °C and light intensity of 70 pmol(photon) m=> s,
remaining linear after four months from inoculation (not
shown).

10 min of ‘dark adaptation’. F, was measured with a red
measuring light pulse [~ 0.3 pmol(photon) m? s,
650 nm], and F,, was determined with a 800 ms fully
saturating white light pulse [~ 9200 pmol(photon)
m? s']. The results are shown as mean + standard

deviation (SD) of four independent experiments.

Fluorescence decay Kkinetics: Single turnover flash
fluorescence decay kinetics experiments were performed.
These measurements provide information on how an
electron generated by charge separation is equilibrated
between the first stable acceptor, the plastoquinone Qa,
firmly bound to the D2 subunit and the second
plastoquinone molecule Qg reversibly bound to the D1
subunit of PSII. Perturbation of the Qg binding site is
reflected in a change of the QA to Qg electron transfer
time course (Crofts and Wraight 1983).

An initial fast (A1) decay phase (a few hundred ps)
after flash excitation reflects reoxidation of Q, through
electron transfer to the quinone bound at the Qg site. An
intermediate (A2) phase (ms range) derives from Qa
reoxidation in centres with an empty Qg site, reflecting
the kinetics of plastoquinone binding from the plasto-
quinone pool. Finally, a slow (A3) phase (time range of
seconds) reflects Q4 reoxidation via recombination with
the S-state (mainly S2) of the Mn cluster of the oxygen
evolving complex. Therefore this complex kinetics of the
complex can be described, to a first approximation, as the
sum of three exponentials (Crofts and Wraight 1983):

3
F(t)-Fo= ZAi exp(-t/t;),

i=1

where A /ZAi represents the fraction of fluores-
1
cence which is decaying with rate 1/t .

The analyses were carried out with a pulse amplitude
modulated fluorometer (PAM 101, 102, 103 Walz,
Effeltrich, Germany) and were repeated three times in
three independent experiments.

Statistical analyses were performed with SPSS 9.0
(SPSS, Chicago, USA) (Norusis 1993). All probabilities
are two-tailed. Data were checked for normality and
homogeneity of variances. Where these assumptions were
not met, homogeneity of variances was attained by log
transformation (Levene test for homogeneity of
variances).

Growth was greatly affected by the addition of Cd to
the culture medium (Table 1). After 7 days of treatment, a
slowing down of the growth rate over 60 % with respect
to that of the control was observed in the culture exposed
to 1 ppm Cd. A negative value of the growth rate, due to
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Table 1. Percentage of the growth rate (= SD) of a control
culture of Koliella antarctica and of cultures exposed to 1
ppm Cd and 5 ppm Cd for one week. The initial number
of cells before the treatments was 9 x 10° cells ml™". The
differences between growth of control and Cd-treated
microalgae after one week were highly significant
(P<0.0001).

C lppm Cd 5 ppm Cd

28.89+0.52 9.78+1.8 -556=+0.3

Fig. 1. Micrographs at the transmission electron microscope of
Koliella antarctica cells of a control culture. 4: Note the single
tapering-cylindrical cells and the cells which have just divided
(arrows). B: A cell showing the well organized chloroplast (ch)
with regularly distributed thylakoids (t). (cw — cell wall,
m — mitochondrion, n — nucleus).
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Fig. 2. Cells of Koliella antarctica after 7 days of 1 ppm Cd-
exposure. 4: Some cells are enlarged and curved (arrows) with
vacuolated cytoplasm (arrow heads). B: A cell showing a
chloroplast (ch) with rather disordered thylakoids (t).

an actual decrease of cell number, was found in the
culture exposed to 5 ppm Cd.

Cell morphology and ultrastructure: Transmission
electron microscopy showed that K. antarctica cultured
in our experimental conditions, but not-exposed to Cd,
had a tapering-cylindrical shape (about 2.5 pm x 7.5 pm).
Moreover, K. antarctica was present as single cells or cell
pairs (Fig. 14). No vesiculations were visible in the
cytoplasm, which contained electrondense masses of
reserve materials. At higher magnification, the microalga
exhibited a peripheral chloroplast devoid of pyrenoid, and
with regularly grouped thylakoids (Fig. 1B). Starch was
rarely present in the chloroplast stroma.

Ultrastructural changes were induced in K. antarctica
by the heavy metal treatment. The algal cells exposed for
7 days to 1 ppm Cd showed slight alterations. Some cells
were enlarged and curved, with some cytoplasm
vesiculations (Fig. 24). Moreover, in some cells the
chloroplast had lost its regular shape and exhibited
disorderly distributed thylakoids (Fig. 2B). Like
in control cells starch was rarely found in this organelle.
Worse damage was experienced by the cells exposed
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Fig. 3. Cells of Koliella antarctica after 7 days of 5 ppm Cd-
exposure. 4: Most cells appear enlarged and severely damaged
with vesiculated cytoplasm. Starch granules are visible in the
chloroplasts. Lysed cells can be also seen (arrow heads). B:
A cell showing the vesiculated cytoplasm (double arrow) and
a chloroplast with disrupted envelope (arrow) and starch grains
(s). C: Cell with a chloroplast showing numerous starch grains
(s) among disorganized thylakoids.

Table 2. Cadmium contents [pg(Cd) g'(DM — dry mass)] in
control culture of Koliella antarctica and in cultures exposed
for a week to 1 ppm Cd and 5 ppm Cd, after washing with water
or with EDTA. The differences between the metal contents in
cultures exposed to 1 ppm Cd and 5 ppm Cd were highly
significant after both water (P<0.0001) and EDTA (P<0.01)
washing.

H,0 EDTA
C ND ND

lppmCd  1767.90+64  24.07+4.2
SppmCd 6132274210  36.7246.1

to 5 ppm Cd (Fig. 34,B,C). Most of them showed
increased size, deformed shape and disorganized and
vesiculated cytoplasm. Furthermore, in the cells the
chloroplasts showed severe alterations such as envelope
rupture (Fig. 3B) and thylakoid disorganization (Fig. 3C).
A feature of these organelles was also the presence in the
stroma of a large number of starch granules (Fig. 3B,C).
Finally, lysed cells devoid of recognizable contents were
also present in the culture (Fig. 34).

Table 3. Rate of chlorophyll (a+b) decline per day (+ SD) of a
control culture of Koliella antarctica and of cultures exposed to
1 ppm Cd and 5 ppm Cd. The chlorophyll (a+b) amount of the
cultures before the treatments was 340.5 + 16.8 ng per 10° cells.
After one week, the differences between chlorophyll amounts of
control and Cd-treated microalgae were significant. (control —
1 ppm Cd, P<0.001; control — 5 ppm Cd, P<0.0001; 1 ppm Cd —
5 ppm Cd, P<0.0001). The values are shown as mean + SD
(n=4).

C 1 ppm Cd S ppm Cd

0+ 0.06 -0.83 £0.09 -3.62+£0.17

Cd accumulation: The Cd content in the treated algal
cultures, analyzed by atomic absorption (Table 2),
showed a great Cd accumulation increasing with the rise
of heavy metal concentration which they were exposed
to. Interestingly, the cell washing with EDTA before the
analysis led to a falling down of the Cd amount, proving
that most of the heavy metal had been retained in the cell
walls and only a very small quantity had entered the cells.

X-ray microanalysis: The microanalysis, accomplished
by an environmental scanning electron microscope on
fresh algal pellets, confirmed the accumulation of Cd in
the polluted cultures in proportion to its concentration in
the culture medium (Fig. 4). This analysis also showed
the percentage increment of Cd with respect to the other
measured elements. Particularly noteworthy was the
decrease in Ca percentage, while the lowering of Mg, S
and K was less prominent, and no substantial change
occurred in P percentage.

Chl content and photosynthetic efficiency: The heavy
metal effects on Chl content and photosynthetic
efficiency were evaluated in K. antarctica exposed to
different Cd concentrations.

The Chl analysis in algal culture treated for one week
with 1 ppm Cd showed a significant, although not sub-
stantial, reduction in pigment content, compared to the
control (Table 3). Instead, total Chl content underwent
a decrease of more than 20 % in the culture exposed to
5 ppm Cd (Table 3).

As an index of photosynthetic efficiency, the fluo-
rescence parameters of Chl a (F,/F,) were measured at
intervals of one day from the beginning of Cd treatment.
The analysis (Fig. 5) revealed that, upon exposure to
1 ppm Cd, the value of the F,/F, ratio underwent a small,
even if significant, reduction. However, this value
remained almost constant throughout the time considered
(7 days).

On the contrary, in microalgae exposed to 5 ppm Cd,
a nearly complete loss of PSII activity was observed with
F\/F., values dropping to 0.2 after 4 days of treatment.

To better investigate the effects of Cd on PSII
activity, the percentage values of Al, A2 and A3, which
represent the fractions of excited PSII units decaying
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at the corresponding rates (see Materials and methods)
(Crofts and Wraight, 1983), were measured during five
days of Cd exposure.

In the control cells as well as in those esposed to
1 ppm Cd, comparable and rather constant percentage
values of A1 (around 60-65 %), A2 (around 20-25 %) and
A3 (around 10-15 %) were maintained, showing that the
fraction of reaction centres efficient in the electron
transport did not decrease during the period analyzed. In

Discussion

Our experimental data showed that the Cd-exposure had a
very strong negative effect on the growth of K. antarctica
cultures, which, compared to the control, was more than
halved even at 1 ppm Cd concentration.

Growth inhibition is a common symptom of heavy
metal phytotoxicity. The negative effect of Cd on growth
of algal cultures was noticed in other microalgae, among
which Scenedesmus quadricauda (Angadi and Mathad
1998), Tetraselmis chuii (Da Costa and de Franga 1998),
Euglena gracilis (Mendoza-Cozatl et al. 2002), Tetrase-
Imis suecica (Pérez-Rama et al. 2002), Chlamydomonas
reinhardtii and different species of Chlorella (Kaplan
et al. 1995, Khoshmanesh et al. 1996). In some of these
species, however, the inhibition was less drastic than that
observed in K. antarctica and required higher Cd
concentrations. In the marine microalga Tetraselmis chuii
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Fig. 4. Microanalysis at the environmental
scanning electron microscope on fresh pellets of
a control culture (C) of Koliella antarctica and
of cultures exposed to 1 ppm Cd and 5 ppm Cd
for one week, and ion percentages in the
different cultures.

the 5 ppm Cd-treated cells, on the contrary, a reduction in
Al and A2 (from 60 to 40 % and from 15 to 5 %,
respectively) and a correspondent rise in A3 (from 15 to
55 %) occurred, starting from the third day of Cd
exposure. However, since under these conditions only 15-
20 % are still photochemically active, we cannot infer a
direct action of Cd at the acceptor side but only conclude
for a general poisoning of the PSII reaction centres.

the growth was inhibited but not stopped after 8§ days
of exposure to 10 ppm Cd (Da Costa and de Franga
1998). For Tetraselmis suecica exposed for 6 days to Cd,
the heavy metal concentration that reduced the population
growth to 50 % of the control was 7.9 ppm Cd, whereas
the total inhibition of growth was observed at 45 ppm Cd
(Pérez-Rama et al. 2002).

According to the heavy metal concentration, the
growth inhibition of K. antarctica led to a lower increase
in cell number (at 1 ppm Cd) or even to a decrease
(at 5 ppm Cd). This suggests interference of Cd with cell
division and, in the case of its higher concentration, the
occurrence of severe toxic effects causing lysis and loss
of a certain number of microorganisms over time.

In the control cultures, the microalga exhibited correct
ultrastructural organization. Structural damages, instead,
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Fig. 5. Values of F,/F,, ratio in control culture of Koliella

antarctica and in cultures exposed to 1 ppm Cd and 5 ppm Cd

after different days of treatment. After one week, the differences

between F,/F,, ratios of control and Cd-treated microalgae were

significant. (control — 1 ppm Cd, P<0.001; control — 5 ppm Cd,

P<0.0001; 1 ppm Cd — 5 ppm Cd, P<0.0001). The values are
shown as mean + standard deviation (SD) (n = 4).

occurred in Cd-treated cells of K. antarctica that were
particularly serious in those exposed to the higher Cd
concentration. In this last condition, most cells were
enlarged and deformed, with altered and vesiculated
cytoplasm. Of particular seriousness was the damage
suffered by chloroplasts, which showed envelope ruptures
and thylakoid disorganization and which also accu-
mulated large amounts of starch. Interference of Cd with
normal growth and cell division might be responsible for
the increased size of the algal cells. Also, the appearance
of starch in the chloroplasts might depend on the
drastically inhibited growth, which would fall down the
nutritional requirement of the cells. Similar changes, such
as cell enlargement, cytoplasm vesiculation and starch
accumulation, were also noticed in cells of Chlorella
(Wong et al. 1994) and Chlamydomonas acidophila
(Nishikawa et al. 2003) when exposed to the same heavy
metal. Moreover, in K. antarctica cultures treated with
Sppm Cd, the remains of deeply damaged and
dismantled cells were present. This could account for the
loss of a certain number of algal organisms over time
under this experimental condition.

Great quantities of Cd were accumulated by
K. antarctica cultures contaminated with the heavy metal.
Several authors noticed that in microalgae exposed to Cd
a high percentage of the accumulated Cd remained
outside the cells, bound to cell wall components
(Wehrhem and Wettern 1994, Geisweid and Urbach
1983, Trevors et al. 1986, Harris and Ramelow 1990,
Zhou et al. 1998, Da Costa and de Franca 1998). This
agrees with our finding in K. antarctica, where the Cd
accumulated outside the cells was more than 98 % of the
total amount. However, despite its sequestration in the

extracellular environment, Cd can exert negative effects
on the microalga growth, as also shown by us in
K. antarctica. According to Trevors et al. (1986), a
possible explanation is that the accumulation of Cd in the
cell wall might interfere with the availability of other
nutrients and with their supply to the cells. This
hypothesis fits well with the results of microanalysis
accomplished on K. antarctica which showed changes in
percentages of essential elements in the algal cultures.
Particularly prominent was the decrease in Ca, con-
comitant with the Cd rise in the microalga exposed to the
heavy metal. It is generally believed that Cd can compete
with other bivalent cations, principally with Ca, for
extracellular binding sites as well as for cell uptake
(Welch and Norvell 1999, Zhao et al. 2002). This can
alter the cellular levels of Ca>" which is an important ion
for numerous events of cell growth and development.

It is known that the photosynthetic apparatus is a
target of Cd, which can interfere with its organization and
functionality by affecting it at different steps, such as Chl
biosynthesis and/or degradation, electron transport or
activity of Calvin cycle enzymes (Stobart et al. 1985,
Nagel and Voigt 1995, Chugh and Sawhney 1999). Thus,
particular interest has been paid to the Cd effects on some
parameters of chloroplast functionality.

Our experimental data showed that the exposure to Cd
for a week led to different responses of K. antarctica,
depending on Cd concentrations. The 1 ppm Cd-treat-
ment showed significant but not substantial negative
effects on the Chl contents of the algal cultures as well as
on their photosynthetic efficiency, evaluated as both
F,/F, ratios and electron flows through PSII.

Conversely, the treatment of K. anfarctica with 5 ppm
Cd led to the loss of more than 20 % of Chl and greatly
inhibited PSII activity. This was clearly shown by the
drop in time of F,/F,, values.

Negative Cd effects on PSII were noticed in Chlorella
vulgaris and Scenedesmus acutus by llangovan et al.
(1998). In a recent paper, Pagliano ef al. (2006) showed
that Cd can exert its adverse effects on this photosystem
by altering the functionality of the water splitting system.
In our analyses of fluorescence decay kinetics at concen-
tration of 5 ppm Cd there is no evidence for impaired
acceptor side, although a drop of the photosynthetic
activity to 20 % of the initial was observed. This finding
is in agreement with the suggestion of an effect of Cd on
the donor side of PSII (Pagliano ef al. 2006).

The experimental evidences, taken as a whole, show
that K. antarctica, original of an environment so far least
contaminated by anthropogenic pollution, has a rather
high Cd sensitivity. Negative effects of the heavy metal
exposure are already seen at 1 ppm Cd. Interestingly, this
Cd concentration shows significant, even if not relevant,
effects on Chl contents and PSII activity as well as on the
chloroplast ultrastructure of the microalga, whereas it
already severely affects the algal growth. This
demonstrates that the sensitivity to the heavy metal can
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be different for distinct vital processes.

The concentration of 5 ppm Cd, instead, proves to be
a lethal dose that, among other dramatic effects on algal
growth and cell organization, completely inactivates
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