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Fig. 4.2. Representative 2-DE maps obtained in 2006, 2008 and 2009 from plants showing high
(left) or low (right) total phenol content. Specific protein spots expressed in the two phenol

conditions samples are highlighted and labelled.
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Heavy metal/element content

The analysis of element/metal content in environmental matrices such as
seawater or sediments provides a picture of the total contaminant load, while the
use of organisms allows the evaluation of their biological availability and effects on
the biota. P. oceanica has been utilised by several authors as a trace metal
biomonitor as reported by Conti et al. (2010).

Our results on metal/element concentrations in seawater and sediment and
in P. oceanica tissues are generally in the order of magnitude of those found in the
literature; the absolute metal contents recorded in this study fall in the range of the
lowest reported values (Campanella et al., 2001; Gosselin et al., 2006; Conti et al,,
2010; Tovar-Sanchez et al., 2010; Ruiz Chacho et al,, 2010; Llorente-Mirandes et al.,
2010).

In S. Marinella meadow Cd, Pb and Zn concentrations in P. oceanica tissues
were higher in leaves than in rhizomes. The preferential accumulation of Cd and Zn
in leaves rather than in rhizomes is a well-established pattern; our results match
those of many previous studies (Warnau et al., 1995; Schlacher-Hoenlinger and
Schlacher, 1998, Campanella, 2001). This model of accumulation seems based upon
surface uptake; ie. in leaves the wider surfaces promote absorption kinetics. An
active carry over in leaves is strongly suggested by the dramatically lower metal
content in the abiotic compartment.

Cu levels do not differ between leaves and rhizomes. An almost constant Cu
content in plant tissues has already been observed; it can be supposed to arise from
a certain regulation capability of the phanerogams. (Warnau et al., 1995; Campanella
etal., 2001)

For As levels, no significant differences were found between leaves and
rhizomes but concentrations in the abiotic compartment were higher than those
registered in P. oceanica tissues. As concentrations in leaves are in the same order of
magnitude reported in the literature (Ruiz Chacho et al., 2010; Llorente-Mirandes et
al, 2010). Concentrations in rhizomes are original data and cannot be compared
with others. A particularly meaningful result is the difference between plant tissues
and abiotic compartment contents. The inverted accumulation ratio suggests a
different uptake mechanism and/or a specific defence capability towards this

element.



DISCUSSION

In plant tissue concentrations decrease according to the order:
Zn>Cu>As>Cd>Pb in rhizomes and Zn>Cu>Pb>Cd>As in leaves. This is the sequence
commonly observed, although sometimes with the occasional inversion of Cd and Pb
(Costantini et al., 1991; Warnau et al.,, 1995; Schlacher-Hoenlinger and Schlacher,
1998a; Conti et al.,, 2010).

The Zn/Cd and Cu/Cd ratios were also estimated. These ratios could be
utilized as indicators of deficiencies and imbalances in contaminated areas, as Zn
and Cu are involved in many metabolic pathways (Hansch and Mendel, 2009).

This study confirms that P. oceanica can be considered a sentinel organism
for the evaluation of metal and element contamination in marine environments. P.
oceanica leaves (which have a lifespan of months) can give indications of the
metal/element occurrence in the environment on a short time, while rhizomes give
indications over a wider time period because of their longer lifespan (years),

maintaining memory of historical contamination.

RAPD genetic analysis

Genetic analysis must be included within P. oceanica descriptors, because the
lowering of genetic diversity (often caused by a dominance of clonal growth in P.
oceanica) may result in a low resistance, low resilience and a limited adaptability to
environmental changes (Procaccini et al., 2007; Arnaud-Haond et al., 2010).

The genetic analysis conducted in S. Marinella meadow demonstrates a low
variability in the specimens. RAPD analyses showed a high similarity value within
the population (0.87), much higher than that found at the Monterosso al Mare
meadow (0.66) or at the Mediterranean basin (0.81) scale (Micheli et al,, 2005).

Samples from the same station cluster in a well characterized groups and
differences among stations can be found.

These results confirm that this repeatable, cheap and easy technique is

suitable for the genetic screening of P. oceanica populations.
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Antioxidant enzyme activity and photosynthetic pigments

Posidonia is a recalcitrant material (Wang et al, 2006), from which high-
quality proteins, maintaining their enzymatic activity, are difficult to be isolate.
Notwithstanding, enzymatic activities are widely utilized to evaluate the
physiological status of many organisms; in particular, antioxidant enzymes are
considered suitable stress biomarkers. In fact, several environmental stressors are
known to induce activation of antioxidant mechanisms in different species (Ferrat et
al., 2003; Monserrat et al., 2007).

The method to quantify the activity of two enzymes involved in antioxidant
defence (DHAR and APx) has been developed for the first time on P. oceanica leaves
to be included as a putative descriptor of health status of P. oceanica plants. An
increment of ROS formation and the consequent increase in ROS scavenging enzyme
activity are a common response to several environmental stresses. Enzymatic
activities were analyzed exclusively in leaves, because leaf tissues represent an easy
to handle source of enzymes compared to rhizomes, which harbour a negligible
antioxidant activity as demonstrated by preliminary assays. These methods will be
further implemented to check their reproducibility and the enzymatic activities may

be included as putative descriptors of the health status of P. oceanica plants.
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Fig. 4.3. Superoxide dismutase-ascorbate-glutathione pathway for H,0: removal in plants,
which involves ascorbate peroxidase and dehydroascorbate reductase, highlighted by green
box (modified from Pennsylvania State University site:

http://cropsoil.psu.edu/Courses /AGRO510xygen.htm#biological last access 2005).
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DISCUSSION

Both APx and DHAR enzymes are involved in the ascorbate-glutathione
pathway (i.e. the removal of H202 and regeneration of ascorbate, see fig. 4.3; Noctor
and Foyer,1998; Mittler and Puolus, 2005). Reliability of our results is supported by
the high correlation found between their activity levels (r=-0.8; p<0.01, see fig. 4.4).
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Fig. 4.4. Correlation between the activity levels of ascorbate peroxidase (APx) and dehydro
ascorbate reductase (DHAR) measured in each sample.

Comparison between S. Marinella and Monterosso 2010 samples showed
significant differences in mean enzymatic activity. This superimpose to the
environmental conditions of the two sites: S. Marinella is a disturbed meadow, while
Monterosso is exposed to better environmental conditions. These data are also in

agreement with the total phenol content in plants.

Photosynthetic pigments content was also quantified in samples collected in
2010 from S. Marinella and Monterosso meadows. Chlorophyll a and b and
Carotenoid concentrations represent additional information which may give an
indication of oxidative stress due to the light regimes. In fact, stressed plants
increase their carotenoid content to provide protection against free radicals. A
decrease in the ratio chlorophylls/carotenoids is often found under stressed

conditions (Lichtenthaler and Badani, 2004).



Antioxidant enzyme activity and photosynthetic pigments

In the 2010 samples from §S. Marinella and Monterosso meadow
photosynthetic pigments (Chlorophylls a and b and total Carotenoids) content was

quantified. Significant differences were not found between the two sampling sites
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5. CONCLUSIONS

Deleterious effects on P. oceanica meadows are often difficult to detect in time:
the health status of the interconnected shoots - generally expressed in terms of
biomass and production - does not directly reflect the environmental degradation.
By the time that P. oceanica meadow shows signs of regression, the rest of the
ecosystem has been already largely affected. Furthermore, when Posidonia meadow
is endangered, it is often too late to plan a management procedure that recovers the
meadow; to this end, early-warning indicators of seagrass health are necessary. The
choice and combination of measurable, sensitive and integrative variables that
adequately reflect the environmental alterations is a challenge for the whole

scientific community.

All methodologies developed and/or tested in this research project were
aimed to fulfil this goal: results provide evidences of their convenient application as
markers of the health status of P. oceanica and/or other seagrass meadows; some of
them are early-warning indicators of plant stress responses. Furthermore, the
proposed tools are standardizable, provide detailed information about physiological
status of the plants and can be integrated to the traditional methods of investigation.
According to the variability of the disturbances (e.g. nutrient inputs, decrease of
water transparency, modified hydrodinamism, kind of pollution), a combination of
the proper descriptors can be used. Due to the low amount of biological material
necessary for each determination, it is also possible to evaluate several descriptors
on a single shoot with a double result: to get a picture of the health status of each
individual, improving our understanding of stress-response processes in seagrasses,

and to reduce the impact of these 'destructive' indicators.

The increasing pace of human-induced environmental change worldwide has
created a demand for effective bioindicators; particularly important are those able
to monitor marine systems. The approach proposed by this research project makes
available several tools to establish the linkage between stressor and seagrass
response and to better understand the effects of complex disturbances.
Biomonitoring is an expensive and time-consuming activity, therefore, the
appropriate choice of indicators can provide the most unequivocal information

about the quality of the environment at the relevant spatial scale is crucial.



7. ANNEX A - Reagent list

3-10 Bio-Lyte Ampholyte

Bio-Rad Laboratories

Ascorbate

Sigma

Bovine Serum Albumine

Sigma

Bradford reagent

Bio-Rad Laboratories

Chlorogenic acid Sigma
Dehydroascorbic Acid Sigma
Dimethyl-formamide Sigma

DNA ladder 1kb Applied Biosystems
dNTPs Applied Biosystems
Folin-Ciocalteau reagent Sigma

Glutathione reduced Sigma

H20; 30% Merck

HCl Merck

HNO3 Merck

KCl Merck

MgCl; Merck

Na,CO3 Merck

pl markers SERVA Electrophoresis
Precast Gradient Gels Nupage 4%-12% acrylamide | Invitrogen
proteases and phosphatases inhibitors Sigma

PVPP (insoluble polyvinylpolypyrrolidone) Merck

Readystrip Immobilized pH Gradient, pH 3-10 NL

Bio-Rad Laboratories

Sea sand Merck

Sephadex G-25 PD-10 column Pharmacia

Taq DNA Polimerase Applied Biosystems
Triton-X Sigma




