
the aquatic ecosystem, biological effect monitoring has to be ap-
plied, in addition to chemical monitoring. Earlier research on fish
biomarkers clearly demonstrated an added value to the risk
assessment compared to traditional classification methods. Fish
biomarkers, however, also have certain limitations, such as the
site-specific impact of confounding factors. Current research is fo-
cussed on the development of more robust alternative methods
to reliably assess potential environmental risks without sacrific-
ing living animals. In the present study, an overview will be pre-
sented of promising combinations of passive sampling with
laboratory-based effect monitoring techniques that will provide
time-integrated information on both the bioavailability and the
effects of the wide range of toxic substances present in aquatic
ecosystems. Semi-permeable membrane devices (SPMDs) were
used as passive samplers that accumulated hydrophobic organic
compounds from the water phase during a four week exposure
period. Extracts were tested chemically for polycyclic aromatic
hydrocarbons (PAHs) levels as well as biologically for various
toxic effects, e.g. acute toxicity (Microtox), dioxin-like toxicity
(DR-Calux), endocrine disruption and genotoxicity (umu-C).
Preliminary results demonstrate that combinations of passive
sampling and bioassays can become valuable tools for environ-
mental risk assessment.

Comparison of gene expression profile
of atrazine, flusilazole, and tamoxifen
in bedding yeast Saacharomyces cere-
visiae
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Abstract

The measurements of global gene expression levels upon expo-
sure to a chemical can be used to provide information about both
the mechanism of action of toxicants and to form a sort of ‘‘genet-
ic signature” for the identification of specific genetic markers of
exposure and response. We have used DNA microarray analysis
to measure gene expression changes after exposure to three com-
pounds, the herbicide atrazine, the fungicide flusilazole, and to the
pharmaceutical compound tamoxifen in the budding yeast
Saacharomyces cerevisiae. For every chemical we have tested three
different concentrations, starting from very low and environmen-
tally-relevant concentrations. Some of the most interesting
changes in gene regulation have then been confirmed by Real
Time PCR. Gene expression profiling upon exposure to flusilazole
showed regulation in several genes involved in sterol and ergos-
terol metabolism, and lipid and fatty acid biosynthesis. A clear
pattern of gene expression changes is apparent also at the lowest
concentration tested of 10–2 nM (2ng/L). Atrazine exposure gives
rise to a quite different gene expression pattern with only a lim-
ited number of expression changes in genes involved in DNA
maintenance integrity and repair. These results suggest that it
should be possible to use yeast DNA microarray to discriminate
between these two classes of environmental pollutants using gene
expression profiling. Preliminary data on tamoxifen will also be
presented.

5-Aminolevulinate synthase (ALAS)
gene expression in oyster Crassostrea
gigas: A potential biomarker of
domestic sewage exposure
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Abstract

All living organisms require tetrapyroles, primarily in the form of
heme and/or chlorophyll. Heme serves as the prosthetic group in a
number of important proteins, including hemoglobin, myoglobin,
and cytochromes, whereas chlorophyll is used in photosynthesis.
Formation of tetrapyroles involves the synthesis of 5-aminolevuli-
nic acid (ALA). The enzyme 5-aminolevulinate synthase (ALAS), EC
2.3.1.37, catalyzes the condensation of succinyl-CoA and glycine
to yield ALA in a mitochondrial step. In the present study, Crassos-
trea gigas oysters were exposed to crude domestic sewage (33%
dilution) for 48 h in laboratory. RNA extract was obtained from gills
and digestive gland samples and submitted to semi-quantitative
RT-PCR experiments using specific primers. Although a significant
increase in ALAS gene expression was not seen in the digestive gland
of the exposed group, a 4-fold increase was observed in gills in the
same group when compared to the control animals. These finding
suggest that ALAS gene may be a potential candidate as a molecular
biomarker of domestic sewage exposure. Supported by CNPq-Uni-
versal to ACDB.
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ification system in a marine inverte-
brate species, the crab Carcinus
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Abstract

To test the hypothesis that invertebrates possess a significant
PAH-detoxification system, the induction of ethoxyresorufin O-de-
ethylase (EROD) activity and gluthatione-S-transferase (GST) was
studied in the crab Carcinus maenas. A bioassay was performed
by exposing the organisms to bulk sediment contaminated by
PAHs under laboratory and field conditions. Sediments were col-
lected and transferred to the laboratory where they were subsam-
pled for chemical analysis and toxicity tests. Crabs were kept
during 28 days in tanks with the collected sediment samples
and caged crabs were placed in the selected field study sites dur-
ing the same period. Sampling was performed weekly. Hepatopan-
creas samples were homogenized and centrifuged to obtain
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fractions for the biomarker determination. Results obtained show
a relationship between the change in levels of the biomarkers
measured in the crabs and the chemical characteristic of the sed-
iment. Assuming that EROD in crab represents a PAH-oxidizing
capacity, the results suggest a the capability for the detoxification
of PAH in C. maenas.

Analysis of the effects of algal PSP
toxins in the SAF-1 cell line from sea
bream (Sparus aurata) using a cDNA
microarray and DIGE
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Abstract

The primary mode of toxicity of heterocyclic guanidine toxins
(saxatoxins, STXs) produced by marine gonyaulacoid and gymnodi-
nioid dinoflagellate species is through binding to site 1 of the volt-
age dependent sodium channel in nerve cell membranes thus
causing blockage of conduction and resulting in fatal paralysis. Lit-
tle is known of other interactions or metabolism of these com-
pounds and in this study we have used ‘omic techniques to
investigate other potential effects of STX’s on non-neuronal cells.
SAF-1 cells established from sea bream were exposed to a mixture
of STX’s (10 nM STX, NeoSTX, GTX’s and others) for 48 h and then
harvested for extraction of proteins and RNA. Protein expression
profiling was performed using 2-D DIGE using a pH 4–7 gradient
and 10% SDS PAGE. Analysis was performed with DeCyder (GE
healthcare) software. Of 1300 matched protein spots, expression
of 11 spots were decreased >2-fold with significance at p < 0.1 (by
ANOVA) and only 3 were significant p < 0.05. None were elevated.
Exposure to 25 nM STX alone resulted in down regulation of three
spots of the less significant set and overexpression of 2 proteins
(p < 0.1). Microarray analysis using the GENIPOL striped sea bream
liver microarray showed upregulation of immune response genes
and glutathione S-transferases by STX and the mixture. (Supported
by EU GENIPOL Grant ENV-2001-0057 and NERC Grant NE/
C507688/1).
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Abstract

Diethylene glycol (DEG) is used during oil and gas exploitation on
offshore platforms, and a maximum concentration of 3500 ppm is
allowed in produced waters by the Italian of Ministry of Environ-
ment. The aim of this work was to investigate whether environmen-
tal levels of DEG induce molecular or cellular responses in marine
organisms, or synergistically modulate the effects of produced
waters. Juveniles sea bass (Dicentrarchus labrax) were exposed to
DEG alone (concentration range 50–5000 ppm) or to various mix-
tures of DEG and produced waters from three Adriatic platforms.
Levels of cytochrome P450, bile metabolites and acetylcolinesterase
activity were measured as exposure biomarkers. Oxidative stress
measures included the main antioxidant defences (catalase, gluta-
thione S-transferases, glutathione reductase, glutathione peroxi-
dases, levels of total glutathione and accumulation of
malondialdehyde), integrated with the measurement of total oxy-
radical scavenging capacity (TOSC) toward peroxyl and hydroxyl
radicals. The loss of DNA integrity (single strand breaks and fre-
quency of micronuclei) was analyzed as an index of cellular dam-
age, and vitellogenin gene expression was selected as a marker of
estrogenic effects. Results did not reveal marked effects in organ-
isms exposed to DEG alone. On the other hand, significant differ-
ences were observed between the produced waters from the three
platforms in modulating the biotransformation system, the oxida-
tive stress indices and the onset of DNA damage. Co-exposure
experiments revealed synergistic effects of DEG only during some
experimental conditions, further confirming the chemical complex-
ity and the different biological reactivity of produced waters from
various off-shore platforms.
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Abstract

The PAH detoxification system in the clam Ruditapes philippina-
rum was studied by analyzing the kinetics of phase I and phase II
detoxification enzymes in digestive gland. Levels of phase I cyto-
chrome P450A (CYP1A)-like enzymes were measured as ethoxy-
resorufin O-deethylase (EROD) activity and phase II by
gluthatione-S-transferase. Analyses were performed on clams
exposed to PAH-contaminated sediments after 7, 14, 21 and 28
days of exposure. Contaminated sediments were collected
from two areas of the Spanish coast affected acutely (Galician
Coast) and chronically (Bay of Algeciras) by oil spills; bioassays
were performed under both laboratory and field conditions.
Sediments from the selected sites were chemically characterized
and the data obtained were compared with the biomarker
results. A kinetic approach to the induction of these biomark-
ers potentially related to PAH detoxification in clam was
performed.
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