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1.

INTRODUCTION

According to recent statistics, only 64% of the world population had access to improved sanitation (hygienically separation of human excreta from human contact) in 2012 [1].

Additionally, rapid urbanization, fast population growth, migration into urban centers, and insufficient urban coverage of sanitary sewage collection system, contribute to the sanitary issues [START_REF] Langergraber | Ecological Sanitation-a way to solve global sanitation problems?[END_REF]. Consequently, urban sewage contamination is an increasing concern not only due to its hazards to human health but also due its potential adverse effects on aquatic ecosystems. Raw or untreated urban sewage is a complex mixture, typically composed of pathogens, inorganic nitrogen and phosphorous, metals, chlorides, organic compounds (including proteins, carbohydrates, and urea), surfactants, phenols, polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), pesticides, and emerging contaminants such as phthalates, pharmaceuticals, and personal care products [START_REF] Deblonde | Emerging pollutants in wastewater: A review of the literature[END_REF][START_REF] Sperling | Wastewater Characteristics, Treatment and Disposal[END_REF]. Moreover, as only 64% of the world population had access to improved sanitation in 2012, lower rates of access to sewage treatment (primary, secondary and tertiary) are expected. But even if sewage treatment options are available, none of the sewage treatment plants are 100% efficient [START_REF] Gardner | Performance of UK wastewater treatment works with respect to trace contaminants[END_REF]. Furthermore, sewage treatment process generates a sludge that contains toxic by-products, which can contaminate groundwater when applied as a fertilizer [START_REF] Deblonde | Emerging pollutants in wastewater: A review of the literature[END_REF]. Therefore, both raw and treated urban sewage may threaten aquatic ecosystems, thus raising concerns within the ecotoxicology and environmental health scientific community.

Sewage effluent contains various classes of contaminants, and many of these contaminants possess pro-oxidant properties [START_REF] Winston | Prooxidant and antioxidant mechanisms in aquatic organisms[END_REF], which may lead to oxidative damage and subsequent reversible and/or irreversible alterations in the structure and function of various cellular components, thereby negatively impacting cellular metabolism [START_REF] Go | The cysteine proteome[END_REF]. Cysteine (Cys) residues are among the main targets of reactive oxygen species (ROS), as their thiol groups are very sensitive to alterations in the cellular redox state. Reversible post-translational modifications of proteins include intra or intermolecular disulfide bridges (-SS-), glutathionylation (-SSG) or S-nitrosylation (-SNO), and oxidation to sulfenic acid [START_REF] Go | The cysteine proteome[END_REF].

Irreversible oxidation forms can also be produced, such as sulfinic (-SO2 -) and sulfonic acid (-SO3 -) [START_REF] Go | The cysteine proteome[END_REF]. Critical Cys residues on proteins are well evolutionary conserved, and due to this chemical flexibility of the thiol group and its oxidation states, Cys residues are frequently associated with important protein characteristics, such as enzyme catalysis, transcriptional regulation, protein folding, and metal coordination [START_REF] Go | The cysteine proteome[END_REF].

Given the sensitivity of thiol groups to ROS, assessment of protein oxidation in bivalves could be a useful biomarker for aquatic contamination, and several recent studies support this idea. For example, Cys oxidation after exposure to contaminants has been identified in proteins involved with cellular and metabolic functions, including glycolysis, citric acid cycle, stress response, lysosomal processes, and muscle contraction [START_REF] Hu | Toxicity of copper oxide nanoparticles in the blue mussel, Mytilus edulis: A redox proteomic investigation[END_REF][START_REF] Pedriali | A redox proteomic investigation of oxidative stress caused by benzoylecgonine in the freshwater bivalve Dreissena polymorpha[END_REF]. However, the direct link between thiol oxidation, loss of protein function/activity, and metabolic impairment in bivalves is yet to be fully understood. This is not the case for mammals, as Cys oxidation has been linked to conformational changes in proteins, leading to impaired function [e.g. microtubule elongation (tubulin) and DNA-binding (human estrogen receptor)] [START_REF] Riederer | Oxidation Proteomics: The Role of Thiol Modifications[END_REF]. Since oxidative stress is a common toxicity mechanism to several classes of contaminants, identifying proteins targets of oxidative damage in bivalves could help to identify cellular and metabolic functions that may be impaired due to contaminants (pro-oxidants) exposure.

As for detecting protein oxidation in various organs, studies in mussels suggest that hemolymph can be an important target of protein oxidation in bivalves [START_REF] Kaloyianni | Oxidative effects of inorganic and organic contaminants on haemolymph of mussels[END_REF]. This tissue also calls the attention to the presence of abundant thiol-containing proteins in different bivalve species.

For example, in oysters Crassostrea gigas and Crassostrea virginica, the major abundant hemolymph protein is the Extracellular Superoxide Dismutase or Cavortin (C. gigas) and Dominin (C. virginica) [START_REF] Gonzalez | Evidence in oyster of a plasma extracellular superoxide dismutase which binds LPS[END_REF][START_REF] Scotti | Characterisation of cavortin, the major haemolymph protein of the Pacific oyster (Crassostrea gigas)[END_REF][START_REF] Itoh | Characterization of the major plasma protein of the eastern oyster, Crassostrea virginica, and a proposed role in host defense[END_REF]. Both proteins have similar molecular weight (~20 kDa), contain 4 Cys residues, one lipopolysaccharide (LPS), and one integrin-binding domain, and are able to sequester iron. Interestingly, both Cavortin and Dominin have minimal (if at all) superoxide dismutase activity, despite having domains related to copper-zinc superoxide dismutase.

Although these proteins comprise ~50% of the plasma protein abundance, their functions remain unclear, but it is thought that they could be involved in bacterial recognition and phagocytosis events, antioxidant protection via superoxide dismutase activity, as well as metal transport. As abundant thiol-containing proteins, these and other hemolymph proteins may be susceptible to oxidation events due to contaminants and/or pathogens, leading to loss of protein function and potentially adverse outcomes.

Balneário Camboriú is an important tourist destination in southern Brazil, especially during summer. Although not a very populous city (~124,000 residents), Balneário Camboriú receives several millions of tourists over the course of a summer. Despite having urban sewage collection and treatment facilities that serve most of the regular population, this significant increase in population due to tourism may be a challenge to sewage treatment and to the water quality along the bay. In fact, microbiological seawater analyses by the local environmental agency indicate that Balneário Camboriú bay has poor water quality in several regions along the shoreline (available at http://www.fatma.sc.gov.br/). Notably, the water quality in these regions is persistently poor (i.e. not only during peak tourist season), suggesting that the sewage treatment facility is likely overwhelmed. Continuous worsening of water quality could pose a threat to many economic activities in the region.

Thus, taking into account that the urban sewage is a concerning issue and that Cys oxidative damage is a mechanism of toxicity shared by different class of contaminants, the present study investigated for the first time the effects of urban sewage on protein thiol oxidation in bivalves, and aimed to identify proteins sensitive to Cys oxidation in the hemolymph as potential biomarkers of oxidative stress. Consequently, we examined the extent of urban sewage contamination at Balneário Camboriú coast by assessing standard water quality parameters and organic contaminants. In addition, oysters Crassostrea brasiliana were exposed to seawater samples collected at Balneário Camboriú, followed by analysis of total protein thiol status in the gills, digestive gland, and hemolymph. The thiol oxidation profile of specific abundant hemolymph proteins was further explored as a simple and efficient method to assess pro-oxidant effects of environmental contaminants in bivalves. and stored in 100 L high-density polyethylene gallons, and an aliquot was collected for water quality analysis. In addition, approximately 250 g of sediment were collected at each site for chemical analysis using a Van Veen Grab Sampler.

MATERIAL AND METHODS

Study area and seawater sample collection

Animals and exposure conditions

Oysters C. brasiliana (males and females, 6 -8 cm length) were obtained from an aquaculture laboratory at Federal University of Santa Catarina (Marine Mollusks Laboratory, LMM). Animals were maintained at LMM in a flow through system for 11 d prior to the experiments, using filtered (0.45 μm) and UV treated seawater with constant temperature (25 °C) and salinity (33 ‰). During this period, animals were fed with a mixture of microalgae (50% Isochrysis galbana and 50% Chaetoceros muelleri, 20 x 10 4 cells/mL).

Following their transport to the laboratory, the animals were acclimated for 24 h in highdensity polyethylene tanks containing filtered seawater (0.45 μm, 25 °C and 33 ‰ salinity, 1 animal/L) with no further feeding. At the same time, seawater samples collected at Balneário Camboriú were maintained in the same high-density polyethylene plastic gallons used for water sampling and were allowed to stabilize to 25 °C for 24 h in the same laboratory.

Following the acclimation period, a group of oyster (1 pool of LABs, steroids and organochloride pesticides were carried out according to the procedures detailed elsewhere [START_REF] Flores-Nunes | Changes in protein expression of pacific oyster Crassostrea gigas exposed in situ to urban sewage[END_REF][START_REF] Souza | Evaluation of tropical water sources and mollusks in southern Brazil using microbiological, biochemical, and chemical parameters[END_REF]. Briefly, samples (1 g for oysters and 20 g for sediments) were Soxhlet-extracted with a 50% mixture of residue grade n-hexane and dichloromethane. The organochlorine extract was purified in an alumina chromatographic column. The hydrocarbon extracts were fractionated into F1 (LABs), F2 (PAHs), and F3 (steroids, only for sediment) by silica gel-alumina column chromatography. F3 was evaporated to dryness, and steroids were derivatized to form trimethylsilyl ethers using bis(trimethylsilyl) trifluoroacetamide with 1 % trimethylchlorosilane. Organochlorine pesticides were analyzed in an Agilent Technologies gas chromatograph in splitless mode using an electron capture detector (GC-ECD). Steroids were determined on a gas chromatography with flame ionization detector (GC-FID). PAHs, PCBs, and LABs were analyzed by an Agilent 6890 gas chromatograph coupled to a 5973N mass spectrometer (GC/MS) in a selected ion mode (SIM). Certified standards at five different concentrations were used for calculations. PAH, PCB, and LAB identification were based on mass/charge ratio of the individual quantitation ion (m/z) and retention times of certified standards.

Sample preparation

Gills and digestive gland (approximately 100 mg wet weight each) were homogenized

(1:4 w:v) in 10 mM TRIS buffer pH 7.2, containing 1 mM EDTA, 0.5 M sucrose, 0.15 M KCl, and 1 mM PMSF, followed by centrifugation (12,000 g for 60 min at 4 °C). The supernatant was collected and used for further procedures. Hemolymph was used without any additional treatments. Total protein content was determined using Coomassie blue [START_REF] Bradford | A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding[END_REF] and serum bovine albumin standards.

Reduced protein thiol groups (PSH) were assayed using the fluorophore 5iodoacetamide-fluorescein (5-IAF) based on a protocol with marine bivalves [START_REF] Tedesco | Gold Nanoparticles and Oxidative Stress in the Blue Mussel, Mytilus edulis[END_REF], with minor modifications. For this purpose, 100 µg protein for gills and digestive gland or 50 µg protein for hemolymph were incubated at room temperature for 30 min with 0.1 M TRIS pH 7.5 containing 0.2 mM 5-IAF. This fluorophore specifically recognizes reduced PSH. Excess 5-IAF was removed by acidification with 10% trichloroacetic acid (TCA) for 5 min at 4 °C, centrifuged (11,000 g for 3 min at 4 °C) and washed twice with cold acetone. Samples were further resuspended in SDS-PAGE sample buffer containing 5% β-mercaptethanol and stored at -20°C for further analyses.

Reversibly oxidized protein thiol groups (R-PSX) were also assayed using the fluorophore 5-IAF, but with the addition of steps for PSH alkylation and reduction of R-PSX [START_REF] Baty | Detection of oxidant sensitive thiol proteins by fluorescence labeling and two-dimensional electrophoresis[END_REF]. Briefly, 100 µg protein for gills and digestive gland or 50 µg protein for hemolymph were incubated with 100 mM N-ethylmaleimide (NEM) and 1 % sodium dodecyl sulfate (SDS) for 15 min at room temperature for PSH blocking, followed by NEM removal by protein precipitation with 10 % TCA and cold acetone washing. Proteins were resuspended in 6 M urea containing 1 % SDS and 10 mM dithiothreitol (DTT) for 30 min for the reduction of R-PSX. DTT was removed by 10 % TCA precipitation and the newly reduced thiols groups (originated from the reduction of R-PSX by DTT) were labeled by incubation for 30 min at room temperature in 6 M urea containing SDS 1 % and 0.2 mM IAF. Excess 5-IAF was removed by 10 % TCA precipitation and cold acetone washing. Samples were resuspended in SDS-PAGE sample buffer containing 5% β-mercaptethanol and stored at -20°C for further analyses.

In vitro exposure of hemolymph to oxidants

Hemolymph from reference animals (REF) was used for further exposure to hydrogen peroxide, cumene hydroperoxide (CHP) or hypochlorous acid (HOCl). A total of 4 samples (n = 4) were used for this experiment. Proteins extracts (60 µg) were incubated with 0.01, 0.1, 1, and 10 mM (in phosphate saline buffer pH 7.4 adjusted to 3 % NaCl) of each oxidant for 1.5 h in the dark and at room temperature. By the end of the incubation period, samples were immediately separated in two aliquots (30 µg each): the first was used for PSH determination, with the addition of 10 % TCA, while the second was used for R-PSX determination, with the addition of 100 mM NEM. Samples were further prepared and analyzed as stated in sections 2.4 and 2.5. An additional group was maintained in 3 % NaCl -phosphate saline buffer pH 7.4 under the same conditions described above for 1.5 h, and used as control (Ctl) for each sample. 

Quantification of PSH and R-PSX

Protein digestion and MALDI-TOF and MALDI-TOF/TOF analyses of hemolymph

Computational analysis of C. brasiliana Dominin

After protein identification by mass spectrometry, the most abundant protein in the hemolymph of C. brasiliana (Dominin, see section 3.4) was investigated for amino acid sequence similarity with homologous extracellular superoxide dismutase in other oyster species by molecular phylogeny and multiple alignments analysis. The presence of reactive and surfaceexposed Cys residues was also investigated by 3D structural modeling. These analyses aimed to detect Cys residue prone to oxidation events in C. brasiliana Dominin, and based on the similarity of their amino acid sequences and domains, to predict such events in homologous oyster proteins.

The molecular phylogenetic analysis was carried out using the Maximum Likelihood Method [START_REF] Whelan | A General Empirical Model of Protein Evolution Derived from Multiple Protein Families Using a Maximum-Likelihood Approach[END_REF]. Protein sequences were initially analyzed by multiple alignments at MUSCLE 3.8 [START_REF] Edgar | MUSCLE: a multiple sequence alignment method with reduced time and space complexity[END_REF], and suitable alignment blocks were filtered on GBlocks Server [START_REF] Talavera | Improvement of Phylogenies after Removing Divergent and Ambiguously Aligned Blocks from Protein Sequence Alignments[END_REF] using default parameters. Resulting blocks were of filtered sequences were re-aligned at MUSCLE 3.8 and analyzed by MEGA6 [START_REF] Tamura | MEGA6: Molecular Evolutionary Genetics Analysis Version 6.0[END_REF], testing for the substitution model and using the lowest BIC scores (Bayesian Information Criterion) to define the best substitution pattern. Based on this model, a bootstrap consensus tree inferred from 1000 replicates was taken to represent the evolutionary history of the analyzed taxa.

Multiple alignments of C. brasiliana Dominin protein sequence against homologous proteins from Ostrea edulis (extracellular SOD, ADF80415.1), Saccostrea glomerata (extracellular SOD, ACQ73551.1), C. virginica (dominin, BAF30874.1), Crassostrea gigas (extracellular Cu-Zn SOD-like, 011414395.1; cavortin, AAT44352.1) were carried out using MUSCLE 3.8. The protein sequence was also analyzed for the presence of peptide signal [START_REF] Petersen | SignalP 4.0: discriminating signal peptides from transmembrane regions[END_REF] and putative conserved domains [START_REF] Punta | The Pfam protein families database[END_REF]. Motifs related to lipopolysaccharide (LPS) and integrin binding were identified based on C. gigas extracellular superoxide dismutase [START_REF] Gonzalez | Evidence in oyster of a plasma extracellular superoxide dismutase which binds LPS[END_REF], a homologous protein to C. brasiliana Dominin.

The protein 3D model was built using I-Tasser suite [START_REF] Yang | The I-TASSER Suite: protein structure and function prediction[END_REF][START_REF] Zhang | I-TASSER server for protein 3D structure prediction[END_REF][START_REF] Roy | I-TASSER: a unified platform for automated protein structure and function prediction[END_REF] for ab initio modeling following default parameters including multiple SOD sequence alignments. The quality of PDB structural model was checked by Procheck [START_REF] Laskowski | AQUA and PROCHECK-NMR: Programs for checking the quality of protein structures solved by NMR[END_REF] and LigPlot software was used to map copper and zinc coordinated amino acids [START_REF] Wallace | LIGPLOT: a program to generate schematic diagrams of protein-ligand interactions[END_REF].

Statistics

All data were checked for normality by Kolmogorov-Smirnov test prior to analyses. PSH and R-PSX levels from the in vivo exposure to water samples from Balneário Camboriú were analyzed by one-way ANOVA followed by Duncan post hoc or Kruskal-Wallis ANOVA & Median test when appropriated. Data from the in vitro exposure to oxidants were analyzed by repeated one-way ANOVA followed by Dunnet post hoc test. Differences were considered statistically significant at p < 0.05.

RESULTS

Water quality and chemical analysis

Analysis of seawater samples (Table 1) indicates an input of urban sewage at CAM1: higher coliforms levels (both TC and TtC), as well as higher organic nitrogen and total phosphorous. Suspended solids, detergents, and total phenol concentrations were similar among all groups while REF had the lowest BOD and highest COD.

Levels of organic contaminants were also measured in sediments collected at the two sites of Balneário Camboriú (CAM1 and CAM2), as well as in oysters prior to exposure (Preexposure) and after the laboratory exposure (REF, CAM1, and CAM2) (Table 2). Detailed tables presenting all analyzed organic compounds in sediments and in oysters are available as supplementary material (Supplementary Data, Tables S1-S5). Total PAHs concentrations were 4fold higher in the sediment sampled at CAM1 compared to CAM2. PCBs were detected in sediments from the CAM1 group, but not at other sites. Low concentrations of organochlorine pesticides were also detected, as traceable amounts of DTT in sediments from CAM2 (0.04 ng/g dry weight). LABs, an important group of markers of urban sewage, were also found in sediments from CAM 1 (52 ng/g), but not CAM2 ( 

Total PSH and R-PSX in tissues of oysters exposed to seawater samples from Balneário

Camboriú Levels of total protein thiol status in gills, digestive gland, and hemolymph (Figure 2 [START_REF] Baty | Detection of oxidant sensitive thiol proteins by fluorescence labeling and two-dimensional electrophoresis[END_REF]. Total PSH levels remained unaltered in gills and digestive gland after 24 h of exposure to Balneário Camboriú water samples (Figure 2A and C), while in hemolymph there was a 42 % decrease in CAM1 group in comparison to REF (Figure 2E). Total R-PSX levels did not change significantly in any analyzed tissues (Figure 2B, D and F).

PSH and R-PSX levels of hemolymph proteins after oyster exposure

As hemolymph contained proteins sensitive to PSH oxidation, the profile of protein thiol was assessed in the most abundant proteins detected in 1D SDS-PAGE gels (Figure 3).

Coomassie staining indicated 3 abundant proteins, namely P1 (~35 KDa), P2 (~55 KDa) and P3 (~71 KDa) (Figure 3A). While P1and P3 had significant and measurable 5-IAF signal for both PSH and R-PSX, P2 had detectable signal only for PSH (Figure 3A).

Quantification of PSH levels indicated a decrease in 5-IAF signal for P1 (25%, Figure 3B), P2 (50%, Figure 3D) and P3 (47%, Figure 3E) in the CAM1 group when compared to REF, similarly to total PSH levels in hemolymph (Figure 2E). R-PSX levels remained unaltered in P1 (Figure 3C) while it decreased in P3 at CAM1 group when compared to REF (Figure 3F).

The bands labeled as P1, P2, and P3 (Figure 3A) were excised, and in-gel trypsinized for later protein identification by MALDI-TOF and MALDI-TOF/TOF. Based on MASCOT analysis using a C. brasiliana protein database (see section 2.7), P1 was further identified as Dominin, P2 as Actin, and P3 as Segon (Table 3).

Sensitivity of Dominin thiols to oxidants

C. brasiliana Dominin accounted for approximately 60 % of total protein in coomassiestained SDS-PAGE gels, with an easily detectable 5-IAF signal for both PSH and R-PSX. Data showed decreased PSH levels for Dominin after exposure to CAM1 water samples. Therefore, it was considered a good candidate for protein thiol oxidation studies in oysters and the reactivity of its Cys residues was further assessed in vitro using H2O2, CHP, and HOCl.

Hemolymph sampled from REF organisms was further exposed in vitro for 90 min to oxidants, and Dominin PSH and R-PSX levels were analyzed by 5-IAF labeling, followed by 1D SDS-PAGE (Figure 4). Data indicate that free/reduced Cys at Dominin are promptly oxidized by all tested oxidants, as detected by the PSH levels (Figure 4A): 33 -40% decrease for H2O2, 40-56% for CHP and 70-72% for HOCl. On the other hand, no changes in R-PSX levels were observed for all oxidants and concentrations tested (Figure 4B). It was not possible to investigate the effects of 1 and 10 mM HOCl due to the high protein degradation rate at these concentrations (data not shown).

Computational analysis of Dominin

While reducing SDS-PAGE suggests a molecular weight of approximately 35 kDa for the Dominin, non-reducing electrophoresis revealed a 25 kDa band (Supplemental Data, Figure S1).

This shift in the apparent molecular weight indicates the presence of internal disulfide bridges, as already demonstrated for homologous proteins [START_REF] Gonzalez | Evidence in oyster of a plasma extracellular superoxide dismutase which binds LPS[END_REF][START_REF] Itoh | Characterization of the major plasma protein of the eastern oyster, Crassostrea virginica, and a proposed role in host defense[END_REF]. Intramolecular disulfide bridges can maintain a compact structure under non-reducing conditions, allowing for faster migration in the SDS-PAGE. Disulfide bridges can be readily disrupted by the addition of reducing agents, such as DTT and β-mercaptethanol.

The localization of the 4 Cys residues in the mature Dominin (without signal peptide) was investigated by 3D structural modeling through multiple alignment sequences (Figure 5). By assuming the presence of Cys residues as disulfide bridges, which are not further oxidized by ROS, it was expected the presence of free Cys residues close to the protein surface, which would be available and prone to oxidation events. The 3D structural model predicts a high conserved βsheet core with two pairs of cysteines (30-165 and 94-164) connecting a short helix, similar to the human extracellular Superoxide Dismutase (Hsapiens EcSOD, PDB ID: 2JLP) [START_REF] Antonyuk | The Structure of Human Extracellular Copper-Zinc Superoxide Dismutase at 1.7 Å Resolution: Insights into Heparin and Collagen Binding[END_REF]. Only 1 of these pairs was close enough to form a disulfide bridge (94-164), as the distance between the Cys 30-165 lateral chains is 2.4 Å and presents uncertainties about the feasibility of a disulfide bridge (Figure 5A; upper box). Assuming that the model was built using multiple alignments we are also considering the possibility of two disulfide bridges on C. brasiliana Dominin, but our in vivo and in vitro experimental data support the idea of the existence of at least 1 free and accessible cysteine residue. This hypothesis is based on our experimental data showing a direct 5-IAF labeling of Dominin, indicating the presence of reduced thiol groups.

Additionally, Dominin presents several loops, some of them involved in LPS and integrin binding sites (Figure 5A). The loop and short helix involved in Cu coordination are shorter, lacking the key residues Asn180, Asn182 and Arg 186 (Figure 5B; upper box). Other residues related to Cu bound are also substituted in C. brasiliana (His113 and His163 to Leu, His96 to Gln), as well as to Zn binding (His121 and His124 to Asp) (Figure 5; lower panel). Dominin also has a shorter C-terminus with no α-helix in the heparin binding site, as compared to Hsapiens EcSOD (Figure 5B). Dominin 3D.

Phylogenetic analysis of complete Dominin protein sequence (including peptide signal) revealed that it is homologous to extracellular SOD-like proteins from oysters, fishes, birds, amphibians and mammals (Supplemental Data, Figure S2). This same analysis grouped Dominin with extracellular SOD-like proteins from other oysters while sequences from vertebrates were grouped as another branch. Multiple alignments of Dominin against homologous proteins from other oyster species (Supplemental Data, Figure S3) indicate that the 4 Cys residues are conserved among the studied species, with O. edulis containing and additional Cys residue at the N-terminal end, and that both LPS and integrin-binding motifs are conserved among the genus Crassostrea while they are not shared with O. edulis and S. glomerata. In addition, while protein sequences related to the Cu/Zn SOD domain are similar among the oyster species, many amino acids are not conserved within the family domain (Figure 5).

DISCUSSION

Water analyses indicated that CAM1 is influenced by urban sewage more than CAM2.

CAM1 TC values were 15 and 175 times higher than those of REF and CAM2, respectively.

These data are in accordance with the higher concentrations of total phosphorous and nitrogen at CAM1, compounds commonly associated with urban sewage discharge [START_REF] Fuhrmeister | Estimates of Nitrogen, Phosphorus, Biochemical Oxygen Demand, and Fecal Coliforms Entering the Environment Due to Inadequate Sanitation Treatment Technologies in 108 Low and Middle Income Countries[END_REF]. CAM1 also presented the highest TtC levels, an indication of fecal contamination in this area. These levels were an order of magnitude lower than the TtC detected at the mouth of Bücheler river, an area heavily contaminated by urban sewage at Santa Catarina State [START_REF] Flores-Nunes | Changes in protein expression of pacific oyster Crassostrea gigas exposed in situ to urban sewage[END_REF][START_REF] Souza | Evaluation of tropical water sources and mollusks in southern Brazil using microbiological, biochemical, and chemical parameters[END_REF]. TtC levels detected in the present study in REF and CAM2 groups are in the same range as the ones found in aquaculture sites at Florianópolis (Santa Catarina State), the major oyster producer in Brazil [START_REF] Flores-Nunes | Changes in protein expression of pacific oyster Crassostrea gigas exposed in situ to urban sewage[END_REF].

Interestingly, data pertaining to BOD and COD were contrasting. According to BOD measurements CAM1 and CAM2 had higher concentrations of organic compounds relative to REF; however, according to COD measurements, REF had higher concentrations of organic compounds. It is noteworthy that although BOD and COD are similar in function, BOD is more specific as it measures the levels of only the biodegradable organic matter. Thus, in an effort to address the contrasting BOD and COD data, more specific chemical analyses were performed in sediments and oysters.

Sediments from CAM1 had the highest concentrations of total PAHs, PCBs, LABs, and steroids, while CAM2 had the highest concentrations of DDT. Notably, total PAHs were considerably lower (1 -3 orders of magnitude) when compared to contaminated areas with known petrogenic and pyrolytic inputs [START_REF] Rinawati | Distribution, source identification, and historical trends of organic micropollutants in coastal sediment in Jakarta Bay, Indonesia[END_REF][START_REF] Sinaei | Polycyclic aromatic hydrocarbons in the coastal sea water, the surface sediment and Mudskipper Boleophthalmus dussumieri from coastal areas of the Persian Gulf: source investigation, composition pattern and spatial distribution[END_REF], and similar to values found at major oyster farming areas in Brazil [START_REF] Flores-Nunes | Changes in protein expression of pacific oyster Crassostrea gigas exposed in situ to urban sewage[END_REF]. Total PCBs and DDTs were also detected at relatively low concentrations when compared to other contaminated areas [START_REF] Rinawati | Distribution, source identification, and historical trends of organic micropollutants in coastal sediment in Jakarta Bay, Indonesia[END_REF][START_REF] Janssen | PCB-induced changes of a benthic community and expected ecosystem recovery following in situ sorbent amendment[END_REF][START_REF] Veljanoska-Sarafiloska | Presence of DDT metabolites in water, sediment and fish muscle tissue from Lake Prespa, Republic of Macedonia[END_REF][START_REF] Wu | Significance of antifouling paint flakes to the distribution of dichlorodiphenyltrichloroethanes (DDTs) in estuarine sediment[END_REF]. Moreover, PAHs, PCBs and organochlorines pesticide concentrations in sediments at both sites were below the maximum concentration recommended by MMA, the Brazilian environmental agency (http://www.mma.gov.br/port/conama/legiabre.cfm?codlegi=693). LABs and steroid concentrations in sediments are not included in the Brazilian environmental agency regulations, but total LAB concentrations in the sediment of CAM1 were close to the values detected in industrialized areas of China [START_REF] Zhang | Assessment of aquatic wastewater pollution in a highly industrialized zone with sediment linear alkylbenzenes[END_REF] and areas with pronounced input of urban sewage in Brazil [START_REF] Flores-Nunes | Changes in protein expression of pacific oyster Crassostrea gigas exposed in situ to urban sewage[END_REF], suggesting a significant sewage input in the region. Total steroid concentrations in CAM1 were also high. In fact, it is possible to estimate the steroids specific to fecal contamination by applying the 5β/(5α+5β) stanol index and the coprostanol/epicoprostanol (c/e) ratio. The 5β/(5α+5β) index aids to discriminate between sewage and biogenic sources of steroids, where values greater than 0.7 indicate urban sewage pollution [START_REF] Reeves | Faecal sterols as indicators of sewage contamination in estuarine sediments of the Tay Estuary, Scotland: an extended baseline survey[END_REF]. For the c/e ratio, values above 1.55 indicate human waste as the fecal source of coprostanol [START_REF] Reeves | Faecal sterols as indicators of sewage contamination in estuarine sediments of the Tay Estuary, Scotland: an extended baseline survey[END_REF]. CAM1 presented values of 0.79 for the 5β/(5α+5β) and 10.4 for c/e ratio. It was not possible to calculate these ratios at CAM2 as epicoprostanol concentrations were below the limit of detection. Together, these data indicate a low input of effluents related to industry or agriculture at Balneário Camboriú, but the moderate contribution of urban sewage effluents as indicated by the concentrations of LAB and steroids (and the 5β/(5α+5β) and c/e ratios) at CAM1.

The presence of contaminants at CAM1 and CAM2 was also investigated in oysters exposed for 24 h under laboratory conditions to water samples collected at both sites. Oysters had relatively higher concentrations of total PAHs (mostly containing 2 or 3 rings) and PCBs before the exposure, which decreased in all groups after the 24 h exposure. It is not clear what would be the cause of such bioaccumulation in pre-exposure animals. Oysters were obtained from an aquaculture laboratory located in a bay with weaker circulation than Camboriú Bay, and motorized boats are used in the area for the aquaculture activities and by the local community.

This could be one of the causes of the higher PAHs and PCBs concentrations in pre-exposure oysters. In fact, di and trimethylated forms of naphthalene accounted for 67% of total PAHs in oysters prior to exposure, indicating a possible source of petrogenic activity (such as diesel fuel for boats), while other PAHs remained at considerably lower concentrations at pre-exposure organisms. Either way, according to the environmental assessment criteria used by the OSPAR Commission (http://www.ospar.org/documents?v=7167), PAHs and PCBs concentrations in pre-exposure animals can be considered low and acceptable, and suggests that they may not cause great effects on cellular function and animal physiology. Following exposure to REF, CAM1, and CAM2 water samples, oysters had a fast depuration of PAHs and PCBs, indicating that these classes of contaminants were not major components of the exposure protocol. It is not clear if the storage of water samples in high-density polyethylene plastic containers may have released chemicals to the water samples, what could contribute to the chemical bioaccumulation and toxicity observed in this study. On the other hand, the urban sewage input is clear at Balneário Camboriú bay, as the most significant bioaccumulation was related to total LABs concentrations at CAM1 (from <0.88 ng/g to 180 ng/g dry weight). Together with the higher LABs concentrations in the sediment from CAM1, these data reinforce the urban sewage input in the region. Even if pre-exposure animals were subjected to a pre-existent PAHs and PCBs contamination, the urban sewage-related exposure in animals from the CAM1 group was evident.

The potential toxicity of such effluents was further addressed by analyses of protein oxidative modifications in oysters C. brasiliana.

Considered as a complex mixture of chemicals and microorganisms, exposure of bivalves to urban sewage could result in adverse effects due to oxidative stress and damage as reported previously [START_REF] Souza | Evaluation of tropical water sources and mollusks in southern Brazil using microbiological, biochemical, and chemical parameters[END_REF][START_REF] Wan | Biochemical responses in the gills of Meretrix meretrix after exposure to treated municipal effluent[END_REF][START_REF] Bianchi | Biomarker responses to sewage pollution in freshwater mussels (Diplodon chilensis) transplanted to a Patagonian river[END_REF][START_REF] Flores-Nunes | Effect of linear alkylbenzene mixtures and sanitary sewage in biochemical and molecular responses in pacific oyster Crassostrea gigas[END_REF]. As such, protein thiol groups are likely the primary targets of chemicals present in the urban sewage; however, this has not been addressed extensively in aquatic species.

In the present study, PSH levels decreased in the hemolymph of oysters exposed for 24 h to seawater samples collected at CAM1. This decrease suggests the occurrence of thiol oxidation events in this tissue. Unchanged levels of R-PSX together with decreased PSH levels indicate that these oxidation events in hemolymph may lead to irreversible protein thiol modification. In fact, there are few studies regarding protein oxidative damage in hemolymph or hemocytes of invertebrates and most of them analyzed protein carbonylation. For example, increased protein carbonyl concentrations were reported in crabs and mussels in response to seasonal changes [START_REF] Schvezov | Baseline defense system of commercial male king crab Lithodes santolla from the Beagle Channel[END_REF] and exposure to organic contaminants, metals [START_REF] Kaloyianni | Oxidative effects of inorganic and organic contaminants on haemolymph of mussels[END_REF] and nanoparticles [START_REF] Taze | Toxicity assessment and comparison between two types of iron oxide nanoparticles in Mytilus galloprovincialis[END_REF]. Protein oxidation in other tissues, including gills and digestive gland, is also studied. In this context, it was suggested that thiol levels, such as PSH and glutathione (the major cellular non-protein thiol) in gills or digestive gland are important markers of toxicity in bivalves in oxidative stress scenarios [START_REF] Trevisan | Antioxidant deficit in gills of Pacific oyster (Crassostrea gigas) exposed to chlorodinitrobenzene increases menadione toxicity[END_REF][START_REF] Trevisan | Selenium in water enhances antioxidant defenses and protects against copper-induced DNA damage in the blue mussel Mytilus edulis[END_REF][START_REF] Trevisan | Zinc causes acute impairment of glutathione metabolism followed by coordinated antioxidant defenses amplification in gills of brown mussels Perna perna[END_REF][START_REF] Franco | Antioxidant status and stress proteins in the gills of the brown mussel Perna perna exposed to zinc[END_REF][START_REF] Grintzalis | Total thiol redox status as a potent biomarker of PAHmediated effects on mussels[END_REF][START_REF] Trevisan | Gills as a glutathione-dependent metabolic barrier in Pacific oysters Crassostrea gigas: Absorption, metabolism and excretion of a model electrophile[END_REF]. We did not find alterations in PSH or R-PSX levels in these tissues, but our data include hemolymph as another potential tissue for investigating the toxicity of environmental contaminants and protein thiol oxidation.

SDS-PAGE analysis indicated that the hemolymph of C. brasiliana contains 3 highly abundant proteins that are sensitive to thiol oxidation. They were identified by MALDI-TOF and MALDI-TOF/TOF as Dominin (ANB49597.1), Actin ( ANB49595.1) and Segon (ANB49596.1). Actin may be related to the presence of a cellular fraction (hemocytes, as total hemolymph was used for the present study), and it is also a protein known to be a target for thiol oxidation [START_REF] Hu | Toxicity of copper oxide nanoparticles in the blue mussel, Mytilus edulis: A redox proteomic investigation[END_REF]. Dominin and Segon (as well as homologous proteins) are the two most abundant plasma proteins that are presumably associated with the immune system, antioxidant defenses, wound repair, metal transport, and shell mineralization [START_REF] Gonzalez | Evidence in oyster of a plasma extracellular superoxide dismutase which binds LPS[END_REF][START_REF] Itoh | Characterization of the major plasma protein of the eastern oyster, Crassostrea virginica, and a proposed role in host defense[END_REF][START_REF] Xue | Identification of a novel metal binding protein, segon, in plasma of the eastern oyster, Crassostrea virginica[END_REF][START_REF] Duperthuy | Use of OmpU porins for attachment and invasion of Crassostrea gigas immune cells by the oyster pathogen Vibrio splendidus[END_REF]. PSH levels of these proteins decreased at CAM1 group while Dominin R-PSX levels remained unaltered. R-PSX levels of Segon also decreased at CAM1 group. These data also reinforce the existence of oxidation events in the hemolymph of animals exposed to CAM1 water samples, probably leading to irreversible modifications. As PAHs, PCBs and organochlorine pesticides levels at CAM1 appear to be low, it is possible that the oxidation could be associated with other compounds, such as LABs or bacterial pathogens (due to fecal contamination at this site), as well as metals, personal care products, pharmaceuticals, and nanomaterials (compounds not analyzed in the present study but commonly detected at urban sewage [START_REF] Sperling | Wastewater Characteristics, Treatment and Disposal[END_REF]). The toxic effects of LABs to aquatic species are still unknown, but it may cause upregulation of antioxidant defenses (e. g. glutathione reductase, glucose 6-phosphate dehydrogenase, superoxide dismutase) in oysters [START_REF] Flores-Nunes | Effect of linear alkylbenzene mixtures and sanitary sewage in biochemical and molecular responses in pacific oyster Crassostrea gigas[END_REF] as a possible response to a pro-oxidative scenario. Sewage-related bacterial pollution can cause accumulation of pathogens in bivalves [START_REF] Stabili | Sewage-exposed marine invertebrates: survival rates and microbiological accumulation[END_REF], causing an immune response to bacterial infection that may induce the production of reactive oxygen and nitrogen species by hemocytes [START_REF] Donaghy | The known and unknown sources of reactive oxygen and nitrogen species in haemocytes of marine bivalve molluscs[END_REF] with the potential to cause unspecific damage to plasma proteins [START_REF] Torreilles | In vitro production of peroxynitrite by haemocytes from marine bivalves: C-ELISA determination of 3-nitrotyrosine level in plasma proteins from Mytilus galloprovincialis and Crassostrea gigas[END_REF]. The other cited substances can have different mechanisms of toxicity, but commonly include induction of oxidative stress and cellular damage [START_REF] Kaloyianni | Oxidative effects of inorganic and organic contaminants on haemolymph of mussels[END_REF][START_REF] Martín-Díaz | The use of biochemical responses to assess ecotoxicological effects of Pharmaceutical and Personal Care Products (PPCPs) after injection in the mussel Elliptio complanata[END_REF][START_REF] Gagné | Occurrence of pharmaceutical products in a municipal effluent and toxicity to rainbow trout (Oncorhynchus mykiss) hepatocytes[END_REF][START_REF] Trevisan | Gills are an initial target of zinc oxide nanoparticles in oysters Crassostrea gigas, leading to mitochondrial disruption and oxidative stress[END_REF]. It is not clear which contaminants could be acting as pro-oxidants at CAM1 group, but our data point to hemolymph as a favorable tissue for the analysis of protein oxidative damage in bivalves exposed to urban sewage, and possibly to other contaminants. It is possible that higher PAHs and PCBs concentrations in pre-exposure oysters could have resulted in a pre-existing pro-oxidant scenario that decreased the sensitivity of thiol-containing proteins to further oxidative challenge. However, according to the OSPAR environmental assessment criteria, pre-existing concentrations of PAHs and PCBs would have minimal effects on basal protein oxidation levels. Even though, the susceptibility of Actin, Dominin, and Segon to Cys oxidation remains clear according to the current exposure protocol.

C. brasiliana Dominin was further studied in vitro to understand how the thiol groups might be oxidized by pro-oxidants, such as peroxides (H2O2 and CHP) and HOCl. The sensitivity to thiol oxidation was higher for HOCl and CHP, which are reported as potent thiol oxidants [START_REF] Pullar | Living with a Killer: The Effects of Hypochlorous Acid on Mammalian Cells[END_REF][START_REF] Chen | An oxidation-sensing mechanism is used by the global regulator MgrA in Staphylococcus aureus[END_REF]. The unchanged R-PSX levels indicate the possible irreversible thiol oxidation in Dominin after H2O2, CHP or HOCl. In both in vivo and in vitro experiments, this could be easier achieved in the plasma due to the absence/low abundance of thiol reducing systems such as the glutathione and thioredoxin systems [START_REF] Toledano | Functions and Cellular Compartmentation of the Thioredoxin and Glutathione Pathways in Yeast[END_REF]. Furthermore, the extracellular environment is typically oxidative, which would favor maintaining thiols in oxidized forms [START_REF] Jones | Redox analysis of human plasma allows separation of pro-oxidant events of aging from decline in antioxidant defenses[END_REF]. The presence of abundant proteins with thiols as sites of oxidation in hemolymph resembles the serum albumin, the most abundant plasma protein in mammals. It also has a partially accessible cysteine (Cys34) on the surface, whose oxidation state is associated with oxidative stress and commonly used as a biomarker of thiol oxidation in many pathological conditions [START_REF] Anraku | Redox properties of serum albumin[END_REF].

Detailed computational analysis of C. brasiliana Dominin suggest that 2 (Cys30 and Cys165) of the 4 available Cys residues would not be pairing as an intramolecular disulfide bridge, and the direct 5-IAF labeling points to the presence of reduced thiols in Dominin. It is possible that one or both Cys30 and Cys165 would be in the reduced state and could be the target of thiol oxidation detected at CAM1 group and by the in vitro experiments. As this protein appears to be a target of reactive oxygen and nitrogen species in the hemolymph, additional studies are necessary to identify which Cys residues are reactive to oxidants in Dominin.

Moreover, phylogenetic analysis indicates that these four Cys residues are also present in homologous proteins of O. edulis, S. glomerata, C. gigas and C. virginica. Therefore, it is possible that such events of protein thiol oxidation may also occur in other oyster species, not only after exposure to urban sewage but also to other environmental contaminants, biotic and abiotic stressors. Taking into account the suggested multiple functions of this protein in oysters, it could be a promising molecule for toxicity studies in marine bivalves.

CONCLUSIONS

The present study investigated the water quality of two sites at Balneário Camboriú, an important tourist destination at Santa Catarina State (southern Brazil) and an area with emerging 
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Figure 1: Area of study at Balneário Camboriú (Santa Catarina, southern Brazil). Two sites were analyzed: one close to the mouth of Camboriú River (CAM1), which contributes to the input of urban sewage to the bay, and another site approximately 1 kilometer away from the mouth of the river (CAM2) that could potentially be influenced by urban discharge. Table 1.

Table 2. Table 3. 

  Two sites located at Balneário Camboriú, Santa Catarina State, southern Brazil (27° S and 48°38' W) were investigated (Fig1): (a) an area near the mouth of Camboriú River (CAM1), which receives urban effluents along its course and is a known source of pollutants to the Balneário Camboriú bay; and (b) an area approximately 1 kilometer away from the mouth of Camboriú River (CAM2). According to the local governmental environment agency (FATMA -SC), water quality at CAM1 or close regions was considered inadequate in approximately 20 -25% of the analyzed periods (available at http://www.fatma.sc.gov.br), demonstrating the negative impact of urban sewage in this region.On December (1 st ) 2014, seawater samples (70 L) were collected at CAM1 and CAM2

After 5 -

 5 IAF labeling, protein extracts (10 µg, except for the in vitro experiments with hemolymph which used 5 µg) were assayed by SDS-PAGE in 12 % polyacrylamide gels and immediately scanned for 5-IAF signal in a FUJIFILM FLA-9000 scanner (473/510 excitation/emission wavelengths). Gels were further stained with colloidal Coomassie and protein abundance was quantified in a Bio-Rad ChemiDoc MP. The 5-IAF signal was normalized to the Coomassie staining signal, and this ratio was used to quantify PSH and R-PSX levels. Total PSH and R-PSX were based on the signal intensity of the whole electrophoresis lane, while PSH and R-PSX of individual proteins were based on the signal intensity of the individual bands (n = 4 for in vitro experiments and n = 6 for in vivo experiments).

  ) of C. brasiliana exposed in the laboratory (24 h) to water samples collected at Balneário Camboriú (CAM1 and CAM2) or from a university aquaculture facility (REF) were investigated. After 24 h of exposure, tissues were collected and analyzed by fluorescent labeling and 1D SDS-PAGE. The fluorophore 5-IAF was used to label protein thiols by two different approaches: (i) direct labeling, where 5-IAF reacts specifically with reduced protein thiols (PSH) [19], and (II) indirect labeling, where PSH are first blocked by NEM, and reversibly oxidized protein thiols (R-PSX) are reduced by DTT and tagged by 5-IAF

  fishing and aquaculture activities. The investigation was based on standard water quality measurements, organic contaminants, and laboratory exposure of oysters to water samples collected in the area. Data suggest the influence of urban sewage, mostly near the mouth of Camboriú River (CAM1), which is probably related to an urban input. Such effluents were able to induce protein oxidation in oysters C. brasiliana. In fact, our data showed for the first time the use of 1DE SDS-PAGE to identify thiol oxidation in 3 hemolymph proteins. Additional studies with one of them (Dominin) indicated the presence of Cys residues (Cys30 and Cys165) as sites of thiol oxidation by classical pro-oxidant agents. These data were indicative of a potential toxicity of such urban sewage input to the local aquatic species and call for protective and preventive actions in the region. Moreover, Dominin computational analyses indicated that Cys oxidation events could also occur in homologous proteins of other oysters species, suggesting the use thiol oxidation of hemolymph proteins as a viable tool and a new biomarker of toxicity in bivalves exposed not exclusively to pro-oxidant contaminants or cellular stressors.

Figure 2 :

 2 Figure 2: Protein thiol status in tissues of oysters Crassostrea brasiliana exposed for 24 h in the laboratory to seawater collected at Balneário Camboriú (Santa Catarina, southern Brazil). Water sampling sites consisted of CAM1 and CAM2 (see legend to Figure 1 for details). The reference group (REF) consisted of water collected at the local university aquaculture laboratory from where the oysters were obtained. 1D SDS-PAGE analysis of reduced protein thiol (PSH, left) by direct 5-IAF labeling and reversibly oxidized protein thiol (R-PSX, right) by NEM/DTT incubation followed by 5-IAF labeling. PSH (left) and R-PSX (right) were assayed in gills (A

Figure 3 :

 3 Figure 3: Thiol status of abundant proteins in the hemolymph of oysters Crassostrea brasiliana exposed for 24 h in the laboratory to seawater collected at Balneário Camboriú (Santa Catarina, southern Brazil) at CAM1 and CAM2, as well as REF group (see legend to Figure 1 for details). (A) A representative SDS-PAGE of hemolymph from 3 C. brasiliana individuals (1 -3) after colloidal Coomassie staining, and visualization of reduced protein thiols (PSH) or reversibly oxidized protein thiols (R-PSX). The 3 most abundant proteins from hemolymph are shown as P1, P2, and P3 in the Coomassie-stained gel, with their respective signals for PSH and R-PSX, indicated by arrows. Molecular weight markers are shown as (M). Levels of PSH (left) and R-PSX (right) were assayed in P1 (B and C), P2 (D) and P3 (E and F) proteins. It was not possible to quantify R-PSX for P2 due to the faint fluorescent signal. Data were analyzed by one-way ANOVA followed by Duncan post hoc test. Groups not sharing letters are significantly different at p < 0.05 (n = 6).

Figure 4 :

 4 Figure 4: Thiol status of Dominin from the hemolymph of oysters Crassostrea brasiliana exposed in vitro to oxidants. Hemolymph from reference animals was incubated with hydrogen peroxide, cumene hydroperoxide (CHP) or hypochlorous acid (HOCl) at the indicated concentrations for 1.5 h. Samples were further assayed for reduced protein thiols (PSH) and reversibly oxidized protein thiols (R-PSX) by 1D SDS-PAGE. Data (n = 4) were analyzed by paired one-way ANOVA followed by Dunnet posthoc. * (p < 0.05), ** (p < 0.01) and *** (p < 0.001) indicate significantly differences to the respective control group (n = 4).

Figure 5 :

 5 Figure 5: Crassostrea brasiliana Dominin 3D model. (A) Dominin overall folding showing the β-sheet core in green and α-helices in red. The LPS binding site (DDED) and the integrin binding site (RGB) motifs are represented by sticks. The upper box shows the Cys pairs between positions 30-165 and 94-164. Only Cys 94-164 pair forms a disulfide bridge. (B) Overlay of Dominin and human Extracellular Superoxide Dismutase 3 (Hsapiens EcSOD, PDB ID:2JLP, in
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  and 50 % acetonitrile) was used for MALDI-TOF and MALDI-TOF/TOF analyses, with an internal peptide calibration standard for MS (Bruker Daltonics 206195). Mass spectra of peptides were collected with positive reflectron MS and MS/MS on a MALDI auto flex III smart beam (Bruker Daltonics). The resulting mass spectra were searched by MASCOT v2.3 software installed on a local server. A C. brasiliana protein database was constructed based on an in-house de novo assembled transcriptome (gills and digestive gland) of C. Brasiliana (kindly provided by Dr. Karim H. Lüchmann, Santa Catarina State University, Brazil). The

	55 mM iodoacetamide in 100 mM ammonium bicarbonate pH 8.5 for 20 min at room
	temperature. Samples were further distained with 50 % acetonitrile and 45 mM ammonium
	bicarbonate pH 8.5 at 37 °C, dehydrated with 100 % acetonitrile and air dried. Gel pieces were
	saturated with trypsin (20 µg/mL in 40 mM ammonium bicarbonate pH 8.5 and 9 % acetonitrile)
	and digested overnight at 37 °C. Remaining peptides were extracted from the gel with 0.1 %

proteins

After SDS-PAGE, proteins of interest from hemolymph samples were excised and digested in-gel with trypsin

[START_REF] Shevchenko | In-gel digestion for mass spectrometric characterization of proteins and proteomes[END_REF]

. Briefly, samples were reduced with 10 mM DTT in 100 mM ammonium bicarbonate pH 8.5 for 30 min at 56 °C, washed with acetonitrile, and alkylated with trifluoroacetic acid and 50 % acetonitrile at 37 °C for 30 min and samples were dried out in a vacuum centrifuge. The α-cyano-4-hydroxy-cinnamic acid matrix (5 mg/mL in 0.1 % trifluoroacetic acid following parameters were adopted: tryptic peptides with ≤ 1 missed cleavage site, complete carbamidomethylation of cysteines and partial oxidation of methionines, peptide mass tolerance ranging from ± 75 to 250 ppm (MS) or ± 1 Da (MS/MS).

Table 2

 2 to CAM2 (1.45 µg/g dry weight). Steroids related to animal feces (cholesterol, coprostanol, epicoprostanol, and cholestenol) were detected at higher concentrations in sediment from CAM1 (3.39 µg/g) compared to CAM2 (0.08 μg/g).Pre-exposure organisms had the highest total PAHs concentrations (540 ng/g dry weight). This value decreased 67% at REF and was almost completely eliminated (>95% decrease) after 24 h of exposure to water sampled at both CAM1 and CAM2 sites. Pre-exposure organisms presented the highest concentrations (35 ng/g dry weight) of total PCBs, which decreased to 60 % at REF and to 22 -25 % at CAM1 and CAM2, respectively. Organochloride pesticides were relatively stable in oysters of all exposed groups (0.99 -1.85 ng/g dry weight), except at CAM2,

). Steroids concentrations were also detected in the sediments, presenting higher concentrations at CAM1 (4.92 µg/g dry weight), compared where they were not detected. LABs were not detectable in pre-exposure oysters, or in the CAM2 group, but reached 180 ng/g dry weight in CAM1 group. Steroids were not analyzed in oysters.
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