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Chapter VII 

Synthesis 

Aim of the present thesis was to examine the value of gene expression as biomarker to 

analyse responses to environmental pollution in Mytihis edalis. We selected genes with 

known functions in detoxification processes, that belong to the so-called multixenobiotic 

resistance (MXR)-mediating genes (Kurelec 1995). Detailed examination of regulation of 

gene expression by RT-PCR showed distinct responses to experimental chemical stimuli in 

laboratory experiments, chemical exposure in the field as well as variations in natural 

environmental parameters such as anaerobiosis, salinity and environmental temperature 

(Chapters III-VI). Levels of mRNA of a specific metallothionein have been suggested as 

biomarker of heavy-metal contamination (Lemoine et al. 2000, Soazig & Marc 2003) 

Therefore, analysis of expression of a series of genes is a promising tool for further 

evaluation. The results of the present study may serve as a first step towards future 

applications such as microarray analysis of gene expression patterns, frequently used in 

human toxicology, to identify hazardous effects of chemicals in a high-throughput approach. 

For developments into this direction, detailed information is essential with respect to 

inducibility of genes, expression levels in different tissues, interference of natural 

environmental parameters and population-specific gene expression dynamics. 

The presence of xenobiotics in the environment always represents a risk for marine 

organisms. One of the most promising and worldwidely-applied approaches to quantify the 

impact on organisms is biological-effect monitoring with the use of biomarkers. Biomarkers 

can provide information on exposure, toxic effects and the individual susceptibility to 

anthropogenic chemical compounds and help to assess and predict the risk of long-term 

effects of exposure to xenobiotics such as heavy metals, aromatic hydrocarbons, pesticides 

and polychlorinated biphenyls (PCBs). Proteins of MXR-mediating genes play a key role in 

the first line defence of aquatic organisms against environmental xenobiotics. The mixed 

function monooxigenase (MFO) system is the main detoxification system for xenobiotics in 

vertebrates but MFO activity and inducibility in molluscs is low (Livingstone 1998, Table 1). 

Moreover, an aryl hydrocarbon receptor (AHR) which is closely linked to CYP1A regulation 

has not been detected in mussel yet (Hahn et al. 1992, Stegeman 1994). Therefore, the MXR 

system of detoxification is of vital importance for marine invertebrates to survive and 

reproduce successfully in polluted areas since the family of proteins involved hampers 

xenobiotics to accumulate in cells before damage occurs. 
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Chapter VII 

Species 

Fish 

Crustacean 

Mollusc 

Total CYP' 

322 

415 

73 

GST2 

776 

1202 

4230 

Rate of hydrocarbon 
uptake 

__* 

5.8 

8.4 

Rate of 
hydrocarbon 
metabolism 

__* 

0.4 

0.0 

EROD3 

486 

0-29 

0-53 

Table 1. Comparison of phase I1 (mixed oxygenase system or total cytochrome P450 (CYP) activity expressed as 

pmol mg"1 microsomal protein), phase II2 (glutathione S-transferases (GST) expressed as nmol min"1 mg"1 

cytosolic protein) systems in aquatic animals. Rat total CYP = 920 pmol mg"1. Rates of uptake and metabolism 

of hydrocarbons in crustacean and molluscs are compared (calculated for a tissue hydrocarbon concentration of 

10 nmol g"1 body wet weight as rates in pmol"1 g"1 body wet wt. EROD (7-ethoxyresorufin O-deethylase) 

activity expressed as pmol min"1 mg"1 microsomal protein. Mean values are shown only. -,data are not available. 

* Fish metabolise hydrocarbons so fast that rates of uptake and metabolism cannot be measured. 

With respect to 'seafood quality control', these biomarkers may be used to monitor human 

health care in relation to sea food consumption. For example, chemosensitizers, as described 

in chapter VI, may accumulate and/or be generated by biotransformation of originally inert 

substances in mussel tissue. Consumption of these substances may lead to a reduction of 

protective barrier functions (e.g. blood/brain barrier) in humans and cause an additional, and 

until now, less regarded risk by the disruption of inherent resistance against xenobiotics 

(Schinkel 1997, Abu-Qare et al. 2003, Eisenblatter et al. 2003). Recently, the site investigated 

during the Norway expedition (Chapter VI) that was identified as highly affected by PAHs 

and organic contamination was closed down by the Norwegian government for human 

activities. This decision was made on the basis of data of the early biomarkers investigated as 

part of the BEEP project (Biological Effects of Environmental Pollutants in Coastal Areas, 

EU, Fifth Framework). This is of special interest, since routinely-used monitoring methods 

such as chemical analysis and analysis of changes in the composition of the marine 

community at this site failed to identify the highly-negative impact on marine life and marine 

food safety in this site. 

Identification of detoxification and biotransformation genes in M. edulis. 
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Chapter VII 

Based on the information available, the marine invertebrate M. edulis was identified as one of 

the most suitable organisms for the present study. The selection was made on the basis of the 

use of blue mussel in a broad range of scientific studies that provide basic information on the 

physiology of this species, because of its use in the 'Mussel Watch' program (Galloway et al. 

1983, Beliaeff et al. 1997). Moreover, MXR-like mechanisms are known to exist in M. edulis 

on the basis of transport activity assays (Kurelec 1992). 

Since the present study is mainly based on RNA isolation, it was essential to optimise the 

species-specific isolation procedures of RNA. It is known that molluscs contain high amounts 

of polysaccharides with RNA-like behaviour in phase separation-based isolation procedures 

that interfere with the quantification of RNA concentrations since the amount of 

polysaccharides may vary greatly between individuals. Furthermore, polysaccharides can 

block columns that are used as an alternative for RNA isolation. This problem was solved by 

the sequential use of phase separation and column-based RNA isolation. Together with 

improvements in purification of RNA from polysaccharides and proteins, columns were used 

to remove residual DNA that often is a contaminant in PCR procedures. Quality of the 

starting RNA material appeared to be a critical factor in the reproducibility of RT-PCR 

results. Only the combination of both methods resulted in sufficient quality and 

reproducibility. The use of this isolation procedure ensured a reproducibility of RT-PCR in 

the range of 20%. 

Chapter III and IV show that MXR genes and biotransformation genes are present and 

detectable in M. edulis Partial cDNA sequences of the selected genes pgp, mrp, mvp, gst-pi, 

hsp70, CYP4A, topoll and actin were amplified by degenerate primers which were designed 

to bind to conserved regions in the cDNA. Degenerate primers are single-stranded synthetic 

oligonucleotides designed to hybridise to DNA encoding a particular protein sequence (for 

technical reviews see von Eggeling & Spielvogel 1995, Mitsuhashi 1996). Degenerate primers 

are widely used for screening DNA libraries and in degenerate PCR to identify homologues of 

genes in animals (Wechselberger 1998, Kobayashi et al. 1999), plants (Schmidt et al. 1994, 

Hertzberg & Olsson 1998, van Tegelen et al. 1999), bacteria (Laging et al. 2001) and fungi 

(Record et al. 1999). In our experience, this method is fast and effective to identify genes in 

evolutionary-distinct species. The obtained sequence information can be used in PCR-based 

approaches or for probe synthesis. Promising fragments were cloned into a plasmid vector and 

sequenced Further characterisation by Northern blots and PCR with specific primers affirmed 

the predicted identity of the genes. 
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Partial sequence homologies of the identified genes varied between 44% and 96% as 

compared with the homologue in H. sapiens. Sequence homologies for the MXR-related 

genes ranges from 44-70%. In our study, we used DNA sequence information to set up a 

multiplex PCR for semi-quantitative RT-PCR and investigated tissue-specific expression and 

regulatory mechanisms. The multiplex system enabled us to investigate expression levels of 

genes of interest in a single PCR reaction, saving time and money. 

Actin expression was taken as internal standard, but basal actin expression was relatively low 

in gill and muscle. As a consequence, actin cannot be recommended as internal standard. 

Additionally, expression of actin appeared to be regulated in relation to the reproductive cycle 

in mantle tissue. During egg and sperm development, high levels of actin expression inhibited 

expression of other genes in the multiplex PCR as described in Chapter III. Identification of 

the developmental status of mantle tissue is difficult and therefore, mantle tissue cannot be 

recommended in gene expression studies as biomarker. 

We selected hsp70 expression as an alternative for actin as an internal standard in our 

experiments. Hsp70 expression was detectable in all tissues investigated and showed to be 

constant in individuals within one experiment. Therefore, hsplO was used as internal standard 

to calculate expression levels of pgp, mrp, mvp, topoll and gstpi. The decision whether hsp70 

could be used as internal standard was made for every experiment on the basis of the 

identification of a similar expression level in control and treated organisms. Hsp70 could be 

used as internal standard for all our studies except for those on temperature effects (Chapter 

V). In that case, hsp70 was substituted by mvp as internal standard. 

CYP4A expression was not further investigated after tissue-specific expression experiments. 

Induction 'or repression were not detectable and tissue-specific differences were low. After the 

discovery of the mrp genes (Chapter IV), cyp4A was replaced in the multiplex PCR by mrp2. 

The late discovery of mrp2 illustrates the difficulties with the degenerate primer-based 

approach. Application of this approach depends on the degree of evolutionary conservation of 

amino acid sequences of the protein of interest. Additionally, the approach is limited by the 

availability of sequence information from other species. For example, when information is 

only available for Homo sapiens, Mas musculus and Rattus nonvegicas, which is often the 

case, the evolutionary boundary may not be sufficient to successfully design degenerate 

primers. 

Our study revealed a tissue-specific expression pattern for pgp, mrp2 and mvp with high 

expression in epithelial tissues such as gill and digestive gland This is not surprising as pgp 

and mrp2 encode transmembrane transporters and mvp encodes for a transport protein 
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involved in removal of xenobiotics from the nucleus (Juranka et al. 1989, Barrand et al. 

1997). Epithelia form a major barrier and are predominantly exposed to xenobiotics and these 

genes are usually highly expressed (Thomas et al. 1994, Kavallaris et al. 1996, Lehmann et al. 

2001). 

Gstpi expression was highly regulated at the individual level. Expression was detectable in all 

or in none of the tissues of an individual. In individuals, that expressed gst pi, it was 

predominantly found in digestive gland. In Northern blot experiments, we detected a second 

band for gstpi which appeared at approx. 1000 bp. This band was dedicated first to a GST of 

the mu class because of high sequence similarity of GST pi and GST mu class proteins. In 

further experiments, we showed that this band is of an isoform of GST pi. By screening a 

cDNA library, we identified an isoform of gst pi that explains the appearance of the second 

band in Northern blot experiments. It was named gst pi2. Sequencing of gst pi2 revealed a 

1116 bp mRNA with an extended 3' region as compared with the gst pil. Gst pi2 is currently 

under further investigation. 

TopoII showed to be a useful marker for mitotic activity. During the reproductive cycle, 

elevated mRNA levels were detectable in the reproductive mantle tissue. Since TopoII is a 

useful marker for cellular turnover, it was considered as an indicator of animal fitness as 

mussels do not stop to grow. Additionally, it may be a useful tool to estimate aquaculture 

stock quality and breeding efficiency. 

In summary, our experiments showed that it is possible to identify evolutionary highly-

conserved genes at the mRNA level by the degenerate primer approach in Mytilus edulis. All 

genes showed tissue-specific expression patterns. Hsp70 was identified as a suitable internal 

standard whereas actin expression showed to be regulated in relation to the reproductive 

cycle. Furthermore, a correlation was found between mitotic activity and topoll expression. 

Environmental parameters that influence gene expression. 

After implementation of the method, we analysed whether RT-PCR-based analysis of gene 

expression can be applied in field studies for implementation in monitoring programmes. 

However, fluctuations of parameters such as temperature, salinity and anaerobiosis often 

occur within sampling sites. Estuaries, endangered by high loads of xenobiotics, are especially 

subject to fluctuations of salinity due to the tide. Fluctuations in temperature and oxygen 
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availability (anaerobiosis) in relation to the tidal rhythm should be taken into account for 

biomarker application in costal areas. 

In the present thesis, the effects of environmental parameters on gene expression patterns 

were analysed in detail in laboratory experiments. The experiments were designed to identify 

regulation mechanisms by naturally-occurring factors in the North Sea. Changes in expression 

levels were detectable for all investigated parameters and were gene-specific. P-gp showed to 

be affected by different salinities and anaerobiosis. Expression levels at low salinity were 

decreased to nearly zero in all individuals while anaerobiosis increases expression levels. For 

mvp, an increase in gene expression levels was observed after anaerobiosis. The question 

remains open whether the observed differences in gene expression levels of pgp and mvp are 

directly regulated or are a consequence of physiological changes in the metabolism of the 

organisms. Decreased expression levels of topoll was observed at low salinity. Thus, we 

conclude that growth efficiency of M. edulis is suppressed at low salinity. The ecological 

consequence of growth suppression by reduced salinity is clearly demonstrated by the small 

size of mussels in the Baltic Sea as compared with mussels of the North Sea at similar age as 

salinity is much lower in the Baltic sea. 

Additionally, the effects of environmental parameters showed to be tissue-specific. None of 

the regulatory effects occurred in parallel in gill and digestive gland. Since our experiments 

indicated that environmental parameters may affect expression patterns and definitely do not 

cover all parameters that occur in the marine environment, further research in this direction is 

necessary. For example, food availability may be considered to be an important factor. 

Sampling strategies should be designed to eliminate as many variables as possible. In the 

context of field studies, sampling or caging strategies have to be considered in order to avoid 

these effects interfering with biomarker responses to contamination. 

Environmental parameters affect gene expression of MXR-related genes in M. edulis. To 

avoid false positive or negative results in field sampling, the sampling strategy should take 

these effects into consideration. Ecological consequences of decreased expression of 

detoxification genes due to fluctuations in environmental factors should be further 

investigated. 

Predisposition as a consequence of life history. 

Current investigations often fail to take 'predispositions' into consideration as a result of 

genetic differences or the ecological 'habitat memory' that makes organisms more sensitive or 
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resistant to exogenous exposure and endogenous processes. In our study, we focussed on two 

habitats that differ with respect to their ecological conditions and were considered to be 

relatively clean but were estimated to be equally contaminated. It is generally accepted that 

organisms exposed to different environmental parameters may differ in their metabolism as 

described in Chapter VI. These differences can be distinguished into those effects which are 

reversible and those which are irreversible. In the case of irreversible differences it is still 

unclear whether this is due to a selection or an adaptation process. 

In the present thesis, results are presented that indicate differences in the inducibility of 

expression of the investigated genes as a result of different life histories. Mussels from traffic 

buoys around the island Helgoland and mussels from the so-called Felswatt, a rocky shore 

habitat, were incubated in the presence of chemicals with known effects on gene expression. 

The Felswatt represents an extreme habitat as it is strongly exposed to tidal influences e.g. 

wave impact, anaerobiosis, temperature and salinity fluctuations and predation by seabirds. In 

contrast, mussels from the buoys are constantly in the water column with optimal food supply 

and less predation pressure. Mussels from the two sites showed different condition indexes 

(CI). Meys et al. (2003, unpublished data) found a direct correlation between CI and energy 

reserves and energy turnover measuring the CI and the protein, lipid and glycogen contents. 

This is supported by our finding that mussels at the Felswatt have to use a considerable 

amount of energy to build up a thick shell whereas mussels from buoys have thin shells and 

faster growth rates. This different allocation of energy is a well-known mechanism also found 

in caging and aquaculture experiments. It is a well known mechanism that mussels use 

increased amounts of energy for basic metabolism in polluted areas at the cost of growth and 

reproduction (Stiven & Gardner 1992, Sukhotin & Kulakowski 1992, Feinstein et al. 1996). 

Our experiments indicate that different habitats also result in differences in inducibility oïpgp 

and mrp2 gene expression. Mussels from buoys showed a higher inducibility in our 

experiments than mussels from the Felswatt. The biochemical background of this effect has to 

be investigated in more detail in future studies. A possible interpretation is that non-tidal 

mussels, as collected from the buoys, express higher protein turnover rates as compared to 

tidal mussels. This enables these animals to adapt faster to changes in the environment. 

Another indicator for this explanation is that mussels from tidal habitats, like the rocky shores 

around Helgoland, suffer from prolonged times of shell closure as compared to mussels from 

non-tidal habitats At the conference 'Biological effects of polutants, environmental 

proteomics and genomics' of the European Society for Comparative Physiology and 

Biochemistry in Allessandria December 2003 (ESCPB-meeting), Meys et al. (2003) presented 
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unpublished data on the effects of general condition and sampling location of mussels on 

induction of metallothionein (MT). They evaluated the impact of these factors during a field 

study in the Scheldt-delta in Belgium. A strong gradient in metal pollution exists in the 

estuarine part. Mussels were collected at three sites along the metal gradient in the estuary and 

at one less polluted site in a nearby marine bay (Eastern Scheldt) that is less exposed to tidal 

impacts. The MT levels in the Western Scheldt reflected the pollution gradient and a 

significant difference was found in induction of MT expression between mussels from Eastern 

and Western Scheldt. Results of the field study were evaluated by laboratory experiments. 

Multiple regression revealed a significant relation between the CI and induction of MT. In 

summary, these considerations indicate two general strategies: fast adaptation versus sitting 

the crisis out dependent on the general condition of the mussel. These results would also 

imply different risk potentials within populations living in different habitats and may affect 

the abundance of mussels at high risk habitats under pollution pressure. 

Mussel beds never consist of a homogenous community. Individual variance at the level of 

gene expression is relatively high and represents another difficulty for the use of biomarkers. 

Data on the effects of environmental parameters and life history of mussels demonstrate that 

further research is needed to identify and eliminate as many interfering parameters as 

possible. However, even then changes in gene expression levels due to anthropogenic 

xenobiotics may be a result of biological adaptation processes. Lipophilic chemicals 

accumulate preferably in sediment sinks from where they are remobilised and released into 

the water column even after years after their release into the environment. Chronic exposure 

to contamination may lead to a selection process at the habitats under study as has been 

shown ibr the estuarine fish Fimdithts heteroclitus. This population that was resident in a 

PCB-contaminated site became resistant against those PCB congeners categorized as dioxin-

like compounds (DLCs) that act via the aryl hydrocarbon receptor (AHR) pathway (Nacci et 

al. 2002). In response to DLC exposure, DLC-resistant F, heteroclitus showed poor 

inducibility of enzymes such as CYP450 known to be regulated by the AHR pathway. In this 

way, these fish protected themselves against biotransformation-derived toxic metabolites of 

DLC compounds. In contrast to mussels investigated in our experiment, adaptations in these 

fish were not easily distinguished by morphological characteristics or their CI. Transferring 

this phenomenon to our experiments, these adaptation responses would falsify the 

interpretation of the data. 

As a solution for these possible interfering factors, we suggest a combinational approach by 

caging experiments and field studies in which one-year-old mussels from aquaculture are 
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combined with natural field habitat mussels in short term caging experiments In this case 

caged mussels will serve as an internal standard to calibrate data obtained from mussels 

growing in the natural habitat. First experiments toward this strategy are underway in our 

laboratory. 

Besides fluctuating environmental parameters, different life histories and habitat structure 

effects have to be taken into consideration with respect to the general metabolism of 

xenobiotics in mussels. Differences in protein turnover rate and energy household may 

affect expression levels of detoxification genes in response to stress. Consequences of these 

results for monitoring programs are obvious. Beside wild catches, caged mussels obtained 

from aquaculture or a clean site have to be used as internal controls when different habitats 

are investigated. 

Site-specific expression. 

In the marine ecosystem we are confronted with the multiple effects of a broad mixture of 

xenobiotics rather than specific point source contamination. When interactions occur, they 

appear to be toxicokinetic in nature and often two or more toxic substances compete for the 

same biotransformation enzymes. A threshold is frequently observed for such interactions, so 

that it may affect the relationship between the bioaccumulated levels and the value of the 

relevant biomarker response. The extent of the interactions between cocktails of chemicals 

also depends on the extent of biotransformation of each compound. As a result, measurements 

of the parent compound or its metabolite are affected by the presence of interfering chemicals. 

Since laboratory experiments often fail to simulate the complex situation in the field, a 

potential biomarker has to be tested under field conditions to evaluate its value and 

applicability during exposure to a broad mixture of chemicals including interfering factors. 

Therefore, we sampled mussels along the Norwegian South West coast line. The sampling 

sites were selected on the basis of their contamination either by heavy metals or 

hydrocarbons. Each site was characterised by a discrete point source input of specific 

contaminants as investigated by chemical analysis of sediment and water samples. 

Site-specific expression levels were detectable for the genes pgp, mvp and mrp2. For pgp and 

mvp, decreased expression was observed at two sites that were exposed to PAHs, kelp 

residues and biocides. The two sites are geographically close to each other and influenced by 

the same water current. Therefore, it is not surprising that gene expression patterns were 
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identical at both sides. Decreased expression of the two genes was detectable in the digestive 

gland but not in gill as compared with reference sites A link between regulation of mvp gene 

expression and toxicological interactions with known chemicals has not yet been shown in 

marine organisms. Recently, Stegeman et al. reported at the ESCPB-meeting in Alessandria in 

December 2003 a 2-fold induction of mvp in zebrafish as a result of exposure to 0.5-5 nM 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). This indicates a role of MVP in detoxification 

of dioxin-like substances in the marine environment and therefore a potential protective 

function in marine organisms. 

Chemicals causing inhibition of detoxification pathways are also known as 'chemosensitizers' 

because they inhibit defence mechanisms of organisms against a broad spectrum of chemicals 

(Kurelec 1995). This effect seems to be tissue-specific since no such effect was observed in 

gill in our study. The digestive gland is the main organ of biotransformation in M. edulis and, 

therefore, first line of defence proteins are especially important in this organ. 

Biotransformation of some chemicals is known to lead to increased toxicity by the production 

of reactive metabolites. This may explain tissue-specific transcriptional inactivation of pgp 

and mvp at the two sites. 

Additionally, we found an increased expression of mrp2 gene expression in the digestive 

gland at two other sites. One site is highly contaminated with copper whereas the other site 

was considered to be a reference site. Recent results of Viarengo et al., presented at the 

ESCPB-meeting in Alessandria, December 2003, confirmed our results with respect to the 

induction of gene expression of mrp2 in the presence of copper in M. galloprovincialis. A low 

density microarray was developed, partly based on our sequence data. The array contained 

sequences of mrpJ, mrpl, actin, gst pi, hsp70 and mvp besides 19 other genes. After a 3 day 

exposure of mussels to copper, mrp2 gene expression was induced 2-fold. In agreement with 

our data, other genes, investigated by us, were not affected by experimental treatment. Based 

on results of long-term and short-term exposure, further investigations of a putative function 

of mrp2 in heavy-metal resistance in the blue mussel seems to be promising. We suggest a 

protective effect of mrp2 by elimination of oxyradicals during copper exposure. At the so-

called reference site, induction of gene expression was limited to the digestive gland. We 

concluded that this site is affected by contamination of unknown origin, since no induction or 

repression of gene expression was detectable at the two other reference sites. The thin oil 

layer that was observed at the doubtful reference site may have played a role here. 

On the basis of our results, we conclude that toxicogenetic analysis is, in principle, applicable 

in field sampling. This conclusion was made on the basis of the fact that expression of all 
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genes was detectable with our approach. Some genes showed similar expression patterns in all 

sites. The two reference sites showed an average expression of the investigated genes. 

Expression of specific genes was significantly altered at some of the contaminated sites 

whereas sites with similar contamination showed similar gene expression patterns. 

Sampling of point-source contaminated sites in comparison with clean reference sites at a 

Norway fjord system affirmed the usefulness of MXR-related gene expression analysis for 

environmental biomonitoring to detect effects of PAHs and heavy metals. Sampling at two 

sites, exposed to similar contamination, gave similar results and proved the reliability of 

MXR-related gene expression analysis in field situations. On the basis of gene expression, we 

were able to identify an until now unknown contaminated site, formerly used as reference 

site. 

Perspectives. 

The data in this thesis demonstrate that gene expression analysis can be applied as biomarkers 

in monitoring biological effects of contaminants. However, the studies also showed problems 

that are either specific for the genetic approach or characteristic for biomarker research in 

general. Specific problems of the genetic approach start with the relatively few genetic data of 

marine invertebrates that are available. Genebank lists 743 entries for the search term Mytilns 

edalis in Mai 2003. Eliminating all entries that consist of ribosomal or mitochondrial 

information, 135 entries remain that are informative only for phylogeny, such as satellite 

DNA sequences or anonymous length polymorphism loci. By a search entry of: Mytilus edulis 

NOT spacer NOT ribosomal NOT mitochondrial NOT precursor NOT length NOT satellite 

NOT Lambda NOT Vibrio NOT PCR, a list of 47 entries was obtained. This fact 

demonstrates that little information is yet available for M edulis. 

In general, there are two promising strategies for application of gene expression analysis in 

the field of biomarkers that will cover a broad range of contaminants: 'Shotgun versus 

microscope'. One application is gene expression-pattern screening (shotgun). In this 

approach, expression patterns of a large number of genes in a particular experimental 

conditions are compared with expression patterns that result from known chemical or 

environmental condition with a known negative outcome for the organism. This implies a 

high number of genes to be investigated which are only available of species already used for 

DNA arrays, for example mouse and rat. In M. edulis, this approach is not feasible yet, due to 

120 



Chapter VII 

little sequence information available. An estimated number of approx. 150 open reading 

frames are necessary to generate reproducible and significant data for a set of chemicals. For 

such an approach, future research has to concentrate on the identification and sequencing of 

additional expressed genes, for example, expressed sequence tag (EST) sequencing. 

Another promising way is to focus on key points in the metabolism of the mussel 

(microscopy). This approach produces specific information on disturbances of the 

physiological balance as a result of a (toxic) stimulus. Therefore, less genes deliver sufficient 

information to predict a detrimental consequence of exposure to toxic compounds. In this 

case, the number of genes needed is lower but the degree of characterisation of the genes and 

proteins has to be higher. For this purpose, endogenous functions, physiological regulation, 

putative receptors, substrate specificity and the putative existence of isoforms have to be 

investigated. 

As finances and manpower will not be available in sufficient amounts in this field of research 

in the future, a compromise may be possible by the use of substractive hybridisation to 

identify a list of candidate genes that are up- or downregulated as a result of incubations of 

explants with crude extracts of contaminated sediments and water samples. In a further 

itemisation, individual toxic candidates may then be determined by subfractionation of 

extracts or by purification of single compounds. This approach can be easily combined with 

further degenerate primer-based identification of expressed genes which is limited to highly 

conserved proteins. This approach is recommendable since rare transcripts may remain 

undetectable by substractive hybridisation and/or are not inducible or repressible by specific 

stimuli. Combinations of these two approaches may enable us to identify a sufficient number 

of relevant genes and may be the method of choice. 

Finally, a 'Bacterial Artificial Chromosome' library of mussel would be a useful tool to 

investigate regulatory regions of genes, screening for isoforms and improve access to 

sequence information. 

Primary cell cultures as a future tool in ecotoxicology. 

Responses to xenobiotics depend on numerous events, each presumably controlled by 

different gene products. Multiple genes may interact with environmental factors to result in a 

large variation in toxic effects. Pharmacogenetic and toxicogenetic factors rarely act 

separately; they produce a phenotype in concert with other variant genes influenced by 

environmental factors. Environmental factors may affect gene expression in many ways For 

instance, numerous drugs not only induce their own but also the metabolism of other 
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xenobiotics by interacting with nuclear receptors such as aryl hydrocarbon receptor (AhR), 

peroxisome proliferator-activated receptor (PPAR) and pregnane X receptor (PXR) (Waxman 

1999, Handschinetal. 2000). 

Genomics provide the information and technology to analyse these complex situations in 

order to obtain species-specific genotypic and gene expression information to assess the risk 

of toxicity. Of course, knowledge of changes in gene expression profiles in the presence of 

toxicants alone is only of limited value. A correlation of these changes with cellular processes 

in a dose- and time-dependent manner is of basic interest. Commonly-used tools are cell 

culture-based applications. Cell cultures can be tightly controlled and provide a broad 

spectrum of in vitro methods that are essential to characterise the physiological functions of 

proteins and their regulation. Cell culture serves as an effective model for in vivo research, 

and gene transfer in cell cultures is useful for screening promoters and genes in a larger scale 

than it is possible with individual organisms. Since a cell line from marine bivalve molluscs 

has not been established, yet, we are restricted to primary cell cultures. 

Until recently, primary cultures were only available to heart and mantle cells of M. ednlis on a 

time scale and quality, necessary for transient expression studies The proof of principle of in 

vitro gene delivery in bivalve cells was demonstrated with the Pacific oyster Crassostrea 

gigas. Transient expression of the luciferase gene under transcriptional control of several 

heterologous promoters was obtained in heart primary cell cultures of C. gigas. Drosophila 

heat shock protein 70 promoter, cytomegalovirus, and simian virus early promoters, 

controlling the luciferase gene, were transfected into the cell cultures using liposomes (Boulo 

et al. 1995, Delsert & Cancela da Fonseca 1998). Cells were transfected after two days of 

culture. Highest expression rates were obtained at 16-24 hours after transfection. In contrast to 

mantle cells, our improved primary cell culture of toxicologically more relevant gill cells 

enables us to obtain high amounts of intact cells independent of the season (Luedeking et al. 

in preparation). The isolation and culture methodology may serve as the basis for 

immortalisation experiments towards steady cell lines of marine invertebrates. 
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