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BIOPRINT

Objective

1 Introduction

A joint research project entitled "Biochemical fingerprint
techniques as versatile tools for the risk assessment of chemicals
in terrestrial invertebrates" (BIOPRINT) funded by the
Environmental Research Programme II of the EU was started on
April 1Ist, 1994, A first meeting was held on May 9-10, 1994 in
Wageningen, The Netherlands, to enhance collaboration and
adjust the experimental design among participants. This manual
outlines basic concepts and approaches which were discussed and
which will be used within the project.

The main objective is the development of biochemical fingerprint
techniques (biomarkers) for assessing the exposure and effect of
toxicants in terrestrial invertebrates. The applicability of
biomarkers for exposure and effect will be investigated for
different taxonomic groups including representatives of various
trophic levels: Nematoda, Gastropoda, Oligochaeta, Isopoda, and
Collembola. These groups serve as a key intermediary in
decomposition processes of organic matter in the soil. For
example, they play important roles in the fragmentation of plant
material and/or the enhancement of the soil structure by
burrowing activities. The quality of the soil depends, among
others, on the optimal functioning of these soil organisms.

In order to obtain specific relationships between the biomarker
response and adverse effects at the population level, the sublethal
effects on reproduction and somatic growth will be investigated.
Additionally, attention wil be paid to the feasibility of using
biomarkers as indicators for chemical stress in the field. The
research programme can be divided into 4 main topics:

1.  Investigation and characterisation of the biomarker response
in representatives of each of the aforementioned animal
groups.

2. Assessment of the correlation between the biomarker
response and sublethal effects on somatic growth and
reproduction.

3.  Exploration of the potential applicability of biomarkers in
the field as indicators of exposure and effect.

4, Selection of suitable biomarkers for exposure and effect
assessment in key organisms of the soil fauna.

A manageable number of biomarkers will be selected on the basis
of present ecotoxicological knowledge: Heat shock proteins
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(HSP), metallothioneins (MT) or metal binding proteins (MBP)
for the detection of heavy metals and esterases (EST) for the
detection of organic contaminants. In addition, advanced
spectroscopic  techniques will be wused to discover novel
biomarkers (NB) in the organisms used.

Chapter 2 will focus on the selection of different biomarkers and
the test chemicals which will be used by participating members of
the BIOPRINT project. Culture techniques for the different
species are described in chapter 3. In chapter 4 the relationship
between biomarker induction and population parameters (for
example reproduction and growth) is discussed. The usefulness of
biomarkers in risk assessment procedures is briefly outlined in
chapter 5. In chapter 6 attention is paid to meeting GLP (good
laboratory practice) standards and chapter 7 outlines the different
biochemical techniques to be used in this project. Chapter 8
proposes the future outlook of the project and finally chapter 9
outlines the links between different participants. Annex 1 contains
the work programme of each participant and finally Annex 2 a list
of participants.
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2 Characterisation of the selected
biomarkers and test chemicals

2.1 Validation and characteristics of biomarkers

Validation is the process used to establish the qualitative and
quantitative relationship of the biomarker to both (a) exposure to
a chemical and (b) to the selected response parameter. Desirable
characteristics of our selected biomarkers include the following:

1. the marker (measurement);

1.1. reflects the interaction (qualitative or quantitative) of the
host biological system with the chemical of interest.

1.2. has known and appropriate specificity and sensitivity to the
interaction.

1.3. is reproducible qualitatively and quantitatively with respect
to time (short- and long-term).

2. the analytical measurement has a defined and appropriate
accuracy and precision.

3.  the marker is common to individuals within a population,
and is of defined variability within the normal, non-exposed
population or group of interest.

4.  the marker is common between species.

2.2 Selected biomarkers

A manageable number of biomarkers has been selected on the
basis of our present ecotoxicological knowledge:

1.  heat shock proteins for recognition of stress.

metallothioneins and other metal binding proteins for

indication of heavy metals.

esterases for recognition of organic contaminants.

4.  novel biomarkers for dectection of gross changes in levels
of endogeneous and xenobiotic metabolites in body fluids.

W

The first three biomarkers have been studied previously as
indicators for exposure and effect in mammals and aquatic
organisms. The latter technique has hithero been used primarily in
medical research. This proposal will focus on the applicability of
these biomarkers to soil invertebrates. In addition, the advanced
spectroscopic techniques will be used to discover novel biomarkers
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in the organisms used.

Stress proteins can be divided into two main groups (a) heat
shock proteins (HSP), and (b) metallothioneins (MT) and metal
binding proteins (MBP).

The HSP response was discovered in heat exposed Drosophila
tissue (Ritossa, 1962) and has since been detected in prokaryotic
and eukaryotic cells. The response is now appreciated as one of
the most phylogenetically distributed and highly conserved genetic
systems (Lindquist and Craig, 1988). Different size classes or
families can be distinguished of which HSP90 (90 kDa), HSP70
(70 kDa) and HSP60 (60 kDa) are well known representatives.

All HSP have molecular chaperonin functions (Ellis, 1987) and
HSP70 and HSP60 are involved in protein folding pathways
(Ostermann et al., 1989; Beckmann et al., 1990). In stressed cells
HSP72, a member of the HSP70 family, redissolves denatured
pre-ribosomal complexes and restores nucleolar functions (Welch
and Feramisco, 1984). HSP60 plays an important role in the
assembly of complex proteins in mitochondria (Cheng et al.,
1989).

In addition to heat, HSP are induced following exposure to heavy
metals (Hammond et al., 1982; Sanders et al., 1991) and
xenobiotics (Cochrane et al., 1989). It has been demonstrated that
HSP induction was correlated with increased survival in marine
molluscs (Boon-Niermeijer et al., 1986). Both HSP70 and HSP60
are suitable as potential biomarkers, as they are both rapidly
induced and highly conserved proteins (Sanders, 1990).

Monoclonal antibodies (MAB) have been used for the detection of
HSP and are already commercially available. Also, immunologi-
cal cross-reactivity for different species has succesfully been
obtained for some HSP60 and HSP70 clones (Welch and Suhan,
1986; Webb et al., 1990; Boog et al., 1992). Anti-HSP antibodies
have been used to investigate the impacts of heavy metals on
HSP70 induction in different invertebrates (Kohler et al., 1992).
Antibodies raised against HSP60 have been used to study the
effect of copper on HSP60 accumulation in blue mussels (Sanders
et al., 1991) with great success.

MT are structurally well defined, low molecular weight cystein-
rich (up to 30% Cys) proteins, which have a high affinity to
certain metal ions such as copper, cadmium and zinc (Fowler et
al., 1987; Kidgi and Schiffer, 1988). The role of these proteins in
the cellular metabolism is complicated and manifold. On the one
hand, they contribute significantly to the cellular homeostasis of
essential trace elements, such as copper and zinc (Engel and
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Brouwer, 1987; Bremner and Beattie, 1990; Andrews et al.,
1991), and on the other they protect cells and organisms against
toxic metal stress (Hamer and Thiele, 1985; Czaja et al., 1991;
Luce et al., 1993). As MT synthesis can be induced not only by
metals but also by radiation and different organic chemicals
(Bauman et al., 1992; Kobayashi et al., 1992), it has also been
assumed that these proteins play an important role in protecting
cells against stress caused by oxidants and free radicals. More
generally, MT are involved in gene regulating processes related
to cellular stress situations (Zeng et al., 1991). MT are
considered now to belong - like HSP - to the great family of
cellular stress proteins.

The most extensive studies on the structure and function of these
proteins have been carried out with vertebrates, particularly with
mammals, but also with fishes (Kay et al., 1986; Benson et al.,
1990; Veldhuizen-Tsoerkan et al., 1990). In contrast, only few
studies are available concerning aquatic (Engel and Brouwer,
1991) or terrestrial invertebrates (Maroni et al., 1986). An
inducible cadmium binding MT-isoform has been isolated from
the snail Helix pomatia (Dallinger et al., 1993 a, b). However,
even fewer reports deal with MT as biomarkers for pollution
stress in invertebrates (Roesijadi, 1992).

Induced changes in MT concentration in addition to the
expression of different isoforms may be promising as biological
markers for metal or organic chemical exposure although
consideration has to be given to the influence of external ambient
conditions and other biotic factors (Petering et al., 1990).

Apart from MT, there exists a variety of different MBP which
are not related to MT. Some of these molecules are glyco-
proteins, as shown for a marine gastropod (Dohi et al., 1983).
Non-MT metal binding proteins have also been detected in
oligochaetes (Nejmeddine et al., 1992) and insects (Clubb et al.,
1975). It was revealed that zinc and copper in the haemolymph of
isopods appeared to be associated with a monomer of haemo-
cyanin, however, heavy metals in the isopod hepatopancreas were
bound to proteins of low molecular weight, less than 6 kD
(Donker et al., 1990). More recently, a metal-binding glyco-
protein has been purified from the midgut gland of the isopod
species Porcellio scaber (Dallinger, 1993). The function of these
proteins seems to be related to metal binding and detoxification
processes. It is believed that these proteins might also be used as
biomarkers for metal stress.

Two important classes of pesticides namely the organophosphates
(OP) and carbamates (CM) directly affect the nervous system by
the inhibition of esterases. The most documented examples of this
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inhibition are for cholinesterase, which is inhibited transiently,
and for neurotoxic esterases which mediate longer term neuro-
logic effects. Esterases can be classified into A’ and ’B’-type
esterases (Aldridge, 1953) depending on the regeneration of the
enzyme after inhibition. The B-type can be readily inhibited by
organophosphate pesticides.

From the viewpoint of ecotoxicology the major B-type esterase is
acetylcholinesterase (AChe) (Peakall, 1992). OP and CM inhibit
the AChe activity of the nervous system leading to the accumula-
tion of the nerve transmitter acetylcholine at the nerve synapses
and disruption of the nerve function. AChe activity has been
found in many different organisms including mammals, birds,
fishes, insects, and nematodes. Variation in sensitivity to OP
appears to be a combination of affinity and phosporylation rate of
the enzyme (Wang and Murphy, 1982). In general it is agreed
that inhibition of AChe will measure the impact of OP and CM
adequately.

Advanced spectroscopic techniques will be applied to recognize
biochemical perturbation and as a means of detecting novel
biomarkers of sublethal toxicity. Proton Nuclear Magnetic Reso-
nance (NMR) spectroscopy can detect both changes in levels of
endogeneous and xenobiotic metabolites in body fluids. There-
fore, this technique has great potential as an important
exploratory tool for the ecotoxicologist. A major analytical
advantage of NMR spectroscopy is that it provides a rapid, non-
destructive probe of the biochemical composition of low
molecular weight compounds in small samples (ul) of untreated
fluids, and is therefore ideal for soil invertebrate studies.

2.3 Selection of test chemicals

For all experiments carried out within the framework of the
project the same chemicals will be used by each participant.
These are three metals - copper, zinc and cadmium - and one
organophosphorus compound - dimethoate. The metals shall be
in the form of the chloride salt. Copper and dimethoate have
similarly been adopted by the SECOFASE project.

Copper has been chosen because it is an essential trace element
which at the same time has a relatively large importance as a
pollutant metal, especially in connection with heavy industry and
mining activities. It is well known, for instance, that copper can
cause severe toxicological effects in soil organisms (Hopkin,
1993).
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Cadmium

Dimethoate

Zinc is usually considered to be a metal exhibiting only a low
degree of toxicity (at least as vertebrates are concerned), it has
been demonstrated to cause severe toxicological effects in several
species of terrestrial invertebrates if present in abundance.

The third metal on which the participants of BIOPRINT will
focus, is cadmium. This is a non-essential, toxic trace element.
Cadmium concentrations are still gradually increasing in
terrestrial ecosystems throughout the world, mainly due to
emissions from industrial sources and through the burning of
fossil resources. It is well known that cadmium can lead to severe
toxicological effects in terrestrial species and ecosystems.
Moreover, it is a potent inducer of HSP, MT, and possibly other
stress proteins (see chapter 7).

Dimethoate has been selected as the only organic compound to be
tested within the framework of BIOPRINT. Dimethoate is an
organophosphorus compound, the toxicity of which is based on
the inhibition of the enzyme acetylcholinesterase. Dimethoate is
metabolized in invertebrate tissues by virtue of several unspecific
esterases, the activities of which could be a potential tool in
biomarker studies.
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Nematoda

Gastropoda

Oligochaeta

3 Culturing techniques

Laboratory cultured organisms will be used preferentially. All of
the chosen invertebrate species can be kept in the laboratory,
however, for several when maintained under laboratory conditions
reproduction occurs at such a low rate (or not at all) that it is not
possible to maintain sufficient numbers in culture. These species
therefore have to be either collected in the field or obtained from
commercial suppliers.

As most of the intended invertebrate species to be used within the
BIOPRINT project are also used within the SECOFASE project,
reference is made to the culture methods outlined in more detail
within the SECOFASE First Technical Report (Lekke and van
Gestel, 1993), similar conditions will apply to the maintenance of
soil invertebrate cultures within BIOPRINT to ensure hygiene and
quality of the cultures.

Culturing techniques are available for the following species:
Plectus acuminatus, Heterocephalobus pauciannulatus, Deroceras
reticulatum, FEisenia fetida, Porcellio scaber, and  Folsomia
candida.

The nematodes Plectus acuminatus and Heterocephalobus
pauciannulatus  will be cultured on agar substrates with
Acinetobacter sp. as a food source. Synchronized cultures can be
obtained by culturing adult animals individually in multi-dish
plates. Any juveniles produced will be used for the tests.

Deroceras reticulatum shall be cultured on wet filter paper in
plastic boxes at 10°C and allowed to feed upon slices of carrot
(Daucus carota) and lettuce (Lactuca sativa) with the provision of
the occasional sprinkling of calcium carbonate. Culture boxes
shall be cleaned every third day. Any eggs produced will be
removed and incubated on wet filter paper in smaller boxes; they
hatch after a few weeks. For the tests, juveniles or adults at the
age of 3-4 months are used.

Helix pomatia will be purchased from a commercial supplier.
These snails will be kept on a soil substrate in plastic boxes at a
constant temperature of 21°C and with a lighting regime of 12:12
light:dark. They will be fed twice a week with fresh lettuce
(Lactuca sativa). Helix pomatia will for some experiments be
collected in the field and kept in the laboratory prior to testing.

Culturing methods for Eisenia fetida have been described by the
OECD (1984) and the ISO (1993). The principle of these methods
is outlined as follows: adult earthworms will be kept on a
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substrate of cow or horse dung in a culture box at 20°C for 3-4
weeks to produce cocoons. After this period, the worms will be
transferred to a new culture box. Any cocoons produced will
hatch within 3-4 weeks, and the resultant juveniles will reach
adulthood within 10-12 weeks.

It should be noted that Eisenia fetida is very similar in appearance
to another species both having similar ecological characteristics.
Eisenia fetida may be differentiated from E. andrei by the
presence of a yellow banding on its segments, Eisenia andrei
lacks this and has a variegated reddish colour. Within BIOPRINT
only Eisenia fetida will be used.

The earthworm Lumbricus rubellus may easily be collected in the
field or obtained from commercial suppliers; a number of
techniques ranging from formaline expulsion to hand digging may
be used. Earthworms of this species may be held in captivity for
longer durations, and when provided with optimal conditions they
may produce cocoons in the laboratory. In order to keep these
earthworms successfully in the laboratory, it is preferable to use a
soil similar to that from which they were collected in the field.

Lumbricus rubellus will for some experiments be collected in the
field and kept in the laboratory prior to testing.

Porcellio scaber may be cultured in the laboratory in aquaria
filled with a layer of moist quartz sand covered by a layer of
decaying leaf litter. Preferably, using poplar and birch leaves for
the culture. The temperature should be maintained between 15
and 20°C, with a light:dark cycle of 12:12 hours. Isopods have a
rather long life cycle and produce juveniles only once or twice a
year. This makes it more difficult to obtain synchronized cultures.
It may be possible, however, if pregnant females are present,
these can be incubated separately and the resultant juveniles
reared and subsequently used for testing.

From our experience, animals cultured for a long time in the
laboratory may become less "fit" compared to field collected
animals. Therefore, for some of the experiments isopods will be
collected in the field (from non-polluted locations).

Porcellio scaber can easily be collected in the field from decidu-
ous forests by handsorting. For BIOPRINT, animals will be
collected from various non-polluted and polluted sites. These
animals will be kept in the laboratory as described above. The
animals will be kept on litter material collected from the same site
as the animals.
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Collembola

Culturing techniques for Folsomia candida have been described
by the ISO (1994). These collembola can be cultured in plastic
containers with a bottom covering with plaster of Paris mixed
with activated charcoal and supplied with baker’s yeast as a food
source. Synchronized cultures can be obtained by incubating a
number of adult collembola for 2-3 days on plaster of Paris for
egg-laying. After this period the adults are removed and the eggs
allowed to hatch. At 20°C this would take approximately 14 days.
Usually animals of 7-10 days are used for toxicity testing.
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SECOFASE

Early warnings

4 Correlation between biomarker
response and population parameters

The use of biomarkers in environmental risk assessment is of little
value if the relationship to higher organisation levels is unknown.
Estimation of enzyme activity or protein induction should be
coupled with population parameters. This research project focuses
on the effects on population parameters by studying the impact of
chemicals on selected parameters such as growth or reproduction.

Therefore close cooperation will be established between the
participants of the SECOFASE project, who have undertaken to
investigate such sublethal effects on further population
parameters. As the same species and chemical compounds are
used in both the BIOPRINT and the SECOFASE project, close
connection between the different methodologies will be ensured.

The obtained results will be calibrated against the biomarker
response to obtain insight into their use as early warning for
sublethal stress.
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Risk characterisation

Monitoring

5 Biomarkers and the risk assessment
process

The process for the assessment of health risks to soil invertebrates
associated with exposure to chemicals is multifaceted and incor-
porates the following major components:

1. Hazard identification - to confirm that the chemical is
capable, subject to appropriate circumstances of causing an
adverse effect in invertebrates.

2. Dose-response assessment: to establish the quantitative
relationship between dose and effect in soil invertebrates.

3. Exposure assessment: to identify and define the exposures
that occur, or are anticipated to occur in soil invertebrate
populations.

Risk characterisation is the synthesis of the qualitative and
quantitative information, that describes the estimated risk to health
from the anticipated environmental exposure. Hazard identifi-
cation and dose-response assessment make use of all available
data for each test species when appropriate. The relevance of
biomarkers to the phases of risk assessment process is not clear
and is subject for more intense research. Measurements, carried
out for many years within the context of biomonitoring, have
served to assess the exposure to individuals and populations to
chemicals. These measurements have historically failed to provide
the critical link between chemical exposure, internal dose and
health impairment and are consequently of little value in the
assessment of risk. Biomarkers provide a means of circumventing
this problem. There is a need, however, to identify and validate
for each target tissue (organ) or species characteristic
parameter(s) that are indicative of induced dysfunction or
pathological change, as well as to establish the specificity and
sensitivity of each biomarker and its method of measurement.
Biomarkers can be used to assess the exposure of individuals or
populations to a particular substance, providing a link between
external exposures and internal dosimetry. Biomarkers may be
used to document sublethal alterations or adverse health effects
elicited by external exposure and absorption of a chemical. Thus,
the linkage of biomarkers between exposure and effect contributes
to the definition of a dose-response relationship.

Biomarkers may be used to confirm the exposure of individuals in
a population to a particular substance, for screening and for
monitoring (repeated at timed intervals) and may be determined
and applied on an individual basis or to a population group.
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Population groups at risk may be identified by deviations from
normal mean values for biomarkers of exposure or effects,
individual variations will be reflected in statistical terms. For
example, when the inter-individual variation of the biomarker is
large in comparison to the intra-individual variation, analysis of
paired samples (before, during and after the exposure) may
greatly enhance the power of the biomarker to detect exposure,
e.g., serum acetylcholine esterase measurements in relation to
exposure to an organophosphorus compound.

Biomarkers of exposure or effect may be used to evaluate
compliance with advice for minimising exposure or for remedial
measures, i.e., to confirm reduced exposure to chemicals from
environmental sources in a population group. In addition,
biomarkers may be used to assess the value of regulatory values.

Biomarkers may serve as a basis for assessing individual or
populations exposed to chemicals from any source. Biomarkers
will serve as a means for reviewing the adequacy of
environmental protective measures from regulatory processess.
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Considerations

Accreditation

6 Good laboratory practice

The process of selection and validation of a biomarker requires
careful consideration of the specificity and sensitivity of that
particular biomarker as a measure of the contribution of the
exposure to an observed adverse health outcome. A similar
process will be applied to establishing the accuracy, precision and
quality assurance of the analytical procedures for measurement of
the selected biomarkers. Measurement of biomarkers will range
from molecular events to functional outcomes such as reproduc-
tive success; the same consideration should be given to all
biomarkers.

Analytical considerations will include defined and appropriate
precision and accuracy, and quality assurance and control, as well
as the availability of automated instrumentation or alternative
simple, but specific technology and methodology. Specimen
collection, handling and storage will be accomplished according
to strict precautions, although these will be kept to a minimum, to
avoid contamination and/or deterioration. Critical to the
successful and effective application of biomarkers is a well
documented quality assurance and control programme. It is
beyond the scope (or requirement) of this programme to discuss
in detail such procedures, but these have been reviewed (Aitio,
1981; WHO, 1992). It is important to note that good analytical
performance does not necessarily guarantee accurate results in
biomarker analyses since greater errors may be introduced during
sampling. Thus, our quality assurance protocol will cover the
entire process. Major impediments to quality assurance of bio-
marker analyses include the lack of suitable certified reference
material and external quality control programmes. The require-
ments for suitable certified reference materials will be circum-
vented by the coordinated exchange of "blind" samples for
internal quantification and standardisation between participants.

The BIOPRINT group is aware that Good Laboratory Practice
(GLP) is an essential and inevitable need in the ratification of
derived results.

None of the participants’ host laboratories has accreditation
hithero, although two of the labs are at various stages of
application (NERI and ITE). However, existing guidelines for
GLP will whereever possible be strictly adhered to by each
participant. GLP procedures apply to all stages of the project and
include for example, the planning of the experiments, internal
standardisation of the methods, registration of the raw data, and
standardisation of data-analysis.
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Many of the GLP principles adopted by SECOFASE (Lgkke and
van Gestel, 1993) shall similarly be adopted for use within
BIOPRINT and thus circumvents the need for reiteration here.
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7.1 Heat shock proteins

HSP Semi-quantification of the stress response at the protein level will

be performed in nematodes, gastropods, isopods, and collembola.
Work will focus on the detection and characterisation of HSP
(70kD or 60kD class) in a standardized assay. Total protein will
be extracted from homogenates of either whole individuals
(although for the collembola at least 5 to 10 individuals per
sample will be pooled) or from dissected tissues in an ice-cold
buffer. After centrifugation, a subsample of the supernatant shall
be analyzed for total protein concentration by the Bradford assay.
A constant quantity of protein will be separated by 1D-SDS-
PAGE (and if necessary, by 2D-gels) and transferred to a
nitrocellulose membrane. Subsequently, stress proteins shall be
stained with monoclonal antibodies (anti-HSP70 or anti-HSP60)
on a Western blot. Cross-reactivity of the antibodies to a wide
variety of species of invertebrates has been proved in the past.
With regard to isopods and slugs an established assay to detect
HSP already exists. These techniques will be modified to enable
the determination of the stress response of the other taxa to be
investigated.

To quantify the results, blot pattern will be recorded by a high-
resolution camera for some of the species. After digitalization of
the pictures the grey value of the protein bands in the Western
blot will be determined densitometrically by an electronic image
analyser.

Furthermore, the toxicant-induced stress response will be
estimated semi-quantitatively at the molecular level in slugs
exposed to different concentrations of the chosen toxicants. The
methods to be used in this field are similar to those applied to the
MT encoding genes (see section 7.2). After preparation of total
mRNA and reverse transcription into cDNA, amplification of the
HSP70 gene(s) will be performed using PCR techniques. An
oligonucleotide primer can easily be obtained, as the sequence of
the HSP70 encoding gene is well known for a wide variety of
species and is highly conserved within phylogeny. Initial
concentrations of HSP70-cDNA will be examined semiquantita-
tively by Northern blot (or slot blot) techniques with comparison
to a reference DNA fragment of definite concentration, which
will be amplified by a corresponding PCR procedure.
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7.2 Metallothioneins

The BIOPRINT project will perform studies on MT synthesis in
gastropod and earthworm tissues. In particular, the suitability of
MTs as potential biomarkers will be studied following exposure
of the animals to the chosen chemicals as mentioned in section
2.2. MT studies will be performed at two levels: First, at the
protein level, and second, at the molecular level and the
subsequent relevance and implications for field studies will be
examined.

At the protein level, MT concentrations will be measured after
induction with the chosen chemicals by means of a metal
saturation technique (termed the "cadmium Chelex assay"). This
technique is based on an exact knowledge of the molecular
properties of MT (including for instance, the exact molecular
weight and the number of equivalent metal atoms bound per
protein molecule) and enables one to detect specifically for MT
concentrations as low as 0.1 pg/g of tissue (wet weight). For
terrestrial gastropods, the method has been used successfully at
the Institute of Zoology in Innsbruck. The primary structure of
snail MT (Helix pomatia, Arianta arbustorum) and their
molecular characteristics have been elucidated recently by
participant 3 and his collaborators (see for example, Dallinger et
al., 1993b). At the same institue, this method has been slightly
modified in order to also quantify the percentage loading of the
protein with cadmium. Both parameters (MT concentration as
well as percentage cadmium loading of the protein) will be tested
for their suitability as a biomarker in experimentally exposed
snails and earthworms. Additionally, MT isoform patterns in
chemical exposed individuals will be studied by means of gel
permeation chromatography and Reverse-Phase HPLC techniques.
The reason for this approach is because in terrestrial gastropods,
metal-specific MT isoforms appear to be synthesized in response
to different species of metals to which individuals have had prior
exposure to. Thus the suitability of MT isoform patterns for the
purposes of biomarker studies in the field will also be tested.

At the molecular level, MT synthesis and induction will be
investigated by virtue of a semi-quantitative estimation of the MT-
mRNA level in induced animals. However, such studies can only
be performed on the basis of an exact knowledge of the MT gene
sequence. Thus their application in terrestrial gastropods and
earthworms requires the elucidation of gastropod and earthworm
MT gene sequences. In the case of gastropods, the amino acid
sequence of the protein is already known. For earthworms, the
primary sequence of MT has to be elucidated in collaboration
with the Department of Biochemistry (University of Ziirich,
Switzerland).
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MBP

EST

The gene sequencing strategy for both species will be based on
PCR amplifications using total genomic DNA and cDNA
templates generated from mRNA preparations. Suitable primers
will be designed on the basis of conserved sequences in the non-
coding region of the MT gene, and according to known amino
acid sequences in the coding region of the protein. Comparison of
the sequences between total genomic DNA and ¢cDNA will lead to
the location of possible introns and exons.

mRNA concentrations in induced animals will be estimated semi-
quantitatively, using PCR amplification techniques. Moreover,
RNA extracts from induced animals will be compared to extracts
from control individuals via Northern and slot blot techniques.

7.3 Metal binding proteins

At the Vrije Universiteit metal binding proteins (MBPs) will be
analysed using Fast Protein Liquid Chromatography (FPLC) in
combination with Atomic Absorption Spectrophotometry (AAS).

Whole animal samples or tissues thereof shall be homogenized in
an appropriate buffer and the protein separated by means of
FPLC into different fractions on the basis of the different weights
when eluted over a gel column. These different fractions will be
digested in an acid mixture (HNO,/HCIO, 7:1) at 165°C.
Following heating of the digests to dryness at 185°C they will
subsequently be ressolved in known volumens of 0.1 M HNO,.
These samples shall be analysed by graphite furnace AAS in
order to establish which (if any) of the protein fractions is
responsible for binding the different chemical toxicants.

7.4 Esterases

The soil invertebrates chosen for this part of the project will be
Eisenia fetida, Porcellio scaber, and Folsomia candida. In
accordance with other participants in the project, laboratory
cultures of the animals will be used. Cultures of Eisenia fetida
will be supported by either Dr Holmstrup (NERI), or by Dr
Weeks (ITE). Porcellio scaber will be obtained from Dr van
Gestel (VU), and a corresponding laboratory culture will be
established at Silkeborg from field collected animals. It will be
possible to obtain different cultures of Folsomia candida from Dr
van Gestel (VU) and a single culture from Dr Krogh (NERI).

The esterases shall be analysed by means of either starch gel
electrophoresis or isoelectric focusing in thin-layer agarose gels
(100pm). The esterases will be grouped into at least three groups
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by using various substrates and inhibitors (Augustinsson 1961).
Individual laboratory cultures of invertebrates kept under optimal
conditions will be analysed for the occurrence of esterase activity
and an esterase profile for each species will be described. If
possible the relative amount of each type of esterase for each
individual will be estimated using the CREAM programme in
coorporation with the Biological Institute, University of Aarhus.

Representatives of the chosen animal species will be exposed to
the chosen chemicals in order to obtain the esterase profile for
exposed animals.

In addition to the use of esterases other enzymes may be included
in the survey, for example, superoxide dismutase (SOD) which is
known to have an increased production in plants following stress
may complement the studies on esterases (McKersie et al. 1993).

7.5 Novel biomarkers

The study of absorption of radio-frequency radiation by nuclei is
called nuclear magnetic resonance (NMR); it has proved to be
one of the most powerful tools available for determining the
structure of both organic and inorganic species. NMR spectro-
metry is basically another form of absorption spectrometry,
absorption being a function of certain nuclei in the molecule. A
plot of the frequencies of the absorption peaks versus peak
intensities constitutes a NMR spectrum, it is these spectra that
shall be compared in this part of BIOPRINT. The usual NMR
sample cell consists of a 5 mm (O.D.) glass tube containing about
0.4 ml of liquid. Invertebrate body fluid samples will be placed
into such a tube and ‘H NMR spectra recorded on a Bruker
WH400 spectrophotometer at an ambient probe temperature (298
+ 1 °K). Typical 'H NMR parameters will be as used by Holmes
et al. (1992). An important analytical advantage of NMR
spectroscopy is that it provides a rapid, non-destructive probe of
the biochemical composition of low molecular weight compounds
in small (ul) samples of untreated fluids. Alterations (markers) in
the coelomic fluid of the species such as Lumbricus rubellus and
Porcellio scaber following laboratory and field exposure to the
chosen chemicals will be explored and the dynamic interactions
occuring within these fluids interpreted. Simultaneous scanning
(both qualitatively and quantitatively) of the fluid by inductively-
coupled plasma source mass spectrometry (ICP-MS) will produce
complementary information on the mineral profiles of the exposed
individuals. The ICP-MS (VG Elemental, U.K.) will be operated
according to the manufacturer’s recommendations.
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Starting point

Biomarkers - health

8 Future Outlook - Where do we go from
here

At the completion of the BIOPRINT project a range of suitable
biochemical biomarker techniques will have been selected, their
fundamental mode of operation (i.e. the mechanistic linking of
"stress" to a recognizable physiological/biochemical perturbation)
will be known for a range of common soil invertebrates normally
used for traditional toxicity studies. This is, however, just a start-
ing point. Having established a suite of suitable biomarkers the
next stage involves more complex proofing of their field
validation. Environmental risk assessment requires legislators to
use a set of validated criteria, further studies on the ecological
relevance and significance of biomarker expression in wild
collected invertebrates from a range of habitats is required. A
biomonitoring-biomarker concensus, employing the range of
developed biomarkers, will contribute towards this. It is widely
accepted from the use of medical biomarkers for human toxico-
logical studies that epidemiological problems can be circumvented
by the utility of appropriate biomarkers. Such, biomarkers are
widely accepted by for example, the WHO (1992) for the
recognition of detrimental conditions to human health. It is hoped,
that having established and validated a suite of suitable
biomarkers in the laboratory and having made some initial
assessments of their roles in terms of ecological and physiological
damage, we can use them in the wider context of the environment
to predict and circumvent harm to soil invertebrates.

8.1 Future applications
The aims for future applications are as listed:

1.  To develop a practical protocol for the use of biomarkers in
terrestrial invertebrate studies, taking into account scientific
aspects and including guidelines for risk communication.

2.  To encourage the production of certified techniques and
certified reference materials for biomarker analyses and
support the functioning of international quality assurance
programmes.

3. To consider the need to update the scientific basis of
principles and concepts of biomarkers at an early date, and
to incorporate new evidence into an amended workable
system of risk assessment.

4, To include consideration of biomarkers of exposure, effect
and susceptibility in future environmental health criteria.
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Environmental health

Validation of endpoints

Knowledge

Fundamental problems

8.2 Summary

The BIOPRINT group recognized that the use of biomarkers in
terrestrial soil invertebrates can improve, and should be used in
the process for the assessment of environmental health caused by
exposure to chemicals. Biomarkers may be applied to the
estimation of exposure and internal dose in individuals and in
groups and may allow identification of those at greater or lesser
risk.

Biomarkers must be validated before application in the risk
assessment process, i.e. the relationship between the biomarker,
the exposure and the final chosen "endpoint" (health) outcome
must be established. The selection, validation and application of
any biomarker is a complicated process, which will vary for
different markers. The examples chosen during the BIOPRINT
programme illustrate the broad range of concepts and principles
of biomarkers. The use of biomarkers in risk assessment and risk
management decision requires careful consideration prior to any
application.

It is recommended:

1. To promote the wider use of validated biomarkers in the
risk-assessment process.

2. To promote interdisciplinary cooperation and communica-
tion in order to facilitate application of our research
findings.

The BIOPRINT programme will serve to facilitate our knowledge
of the identification of biomarkers in relation to known chemical
doses. Furthermore it will relate biomarkers of exposure and
effect to qualitative and quantitative measurements, particularly
for physiological and ecological end-points other than population
changes.

In the future it is required to address the more fundamental
ecological problems concerning the widescale use of biomarkers:

1.  To validate the relationship of biomarkers to chemical and
inter-individual variation in response and to investigate
genetic polymorphism as a basis for individual susceptibilty.

2.  To assess the use of information on individual susceptibilty
in relation to the protection of health with due respect to the
legal issues.

3.  To develop strategies to link exposure and internal body
residues with higher order ecological consequences and
outcomes by integration of mechanistically validated
biomarkers of exposure, effect and susceptibility.
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9 Adjustment between participants

All experiments will be performed with close cooperation and
collaboration between the participants. Though culture conditions
and often subsequent chemical exposure routes will necessarily be
different for many of the participants where the same species is to
be used in more than one member laboratory the experimental
protocols will be allied together at the onset. Information
concerning the more fundamental aspects of culturing for
example, rearing temperature, lighting regimes, etc. will be
formalized and circulated to each participants, and attempts made
to use the results of the SECOFASE project as a further basis for
which to conduct experiments.

Within BIOPRINT there is a requirement for the mobility of
samples between participants. Frozen samples will be shipped
from the laboratory in which the initial exposure or primary
stages have been undertaken to the corresponding recipient for the
proceeding analytical stages. More specifically the intended
sample exchanges as planned are listed below (see also Table 1):

Nematodes: Experiments will be carried out by participant 1.
Participant 6 (and also participant 5 if techniques are amenable to
modification) will receive samples from participant 1.

Gastropods: Experiments will be carried out by participants 2 and
3. Participant 5§ will receive samples from both participants 2 and
3. Additionally, participants 2 and 3 will exchange samples for
analysis.

Oligochaetes: Experiments will be carried out by participants 3,
4, and 5. Participant 2 will receive samples from participants 3
and 5. Participant 4 will eventually receive samples from
participant 5.

Isopods: Experiments will be carried out by participants 4, 5, and
6. Participant 2 and 4 (eventually also participant 3) will receive
samples from participant 6.

Collembola: Experiments will be carried out by participants 4 and
6. Participants 2, 4, and 5 will receive samples from participant
6.
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Next meeting

Table 1. Summary of exchange of samples among the
participants.
Nema- | Gastro- | Oligo- Iso- | Collem-
todes pods chaetes | pods bola
Participant 1 X
Participant 2 X,3 3,5 6 6
Participant 3 X, 2 X,5 (6)
Participant 4 X X X, 6
Participant 5 O 2,3 X X 6
Participant 6 1 X X
X: Participants will carry out the experiments and analyse the
samples.
Numbers:  Participants will receive samples for analysis from the

respectively numbered participants. Participant numbers in
brackets require preadaptations of their respective method for

the new species.

Scientific exchanges of information and results will take place
among all participants throughout the duration of the BIOPRINT
project. Results will be published where appropiate as multi-
authored papers in international peer-reviewed scientific journals.
The next meeting on the progress of the BIOPRINT project is
planned to take place as a joint meeting with the participants of
the SECOFASE project during November 28 - 30 1994 in
Southampton, U.K.
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Annex 1

WORK PROGRAMME
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BIOCHEMICAL FINGERPRINT TECHNIQUES AS
VERSATILE TOOLS FOR THE RISK ASSESSMENT OF CHEMICALS
IN TERRESTRIAL INVERTEBRATES

(BIOPRINT)

PL931510



38 BIOPRINT

2. OBJECTIVES

The main objective of this international collaborative effort is the development of biochemical
fingerprint techniques (biomarkers) for assessing the exposure and effect of toxicants in terrestrial
invertebrates. The applicability of biomarkers for exposure and effect will be investigated for
different taxonomic groups including representatives of important trophic levels: Nematoda,
Collembola, Gastropoda, Isopoda and Oligochaeta (Figure 1).

To obtain specific relationships between the biomarker response and adverse effects at the
population level, the sublethal effects on reproduction and somatic growth will be studied.
Additionally, attention will be paid to the feasibility of biomarkers as indicators for chemical stress
in the field. The BIOPRINT project will be closely linked to the ongoing SECOFASE project (see
section 5) which aims at the development of soil toxicity tests.

BIOMARKERS
1,2 S
‘ —  HSP |——
Gastropoda
______ 36 —
Nematoda : — MT/MBP |— — = 1
: e 1.2.3 ‘ Potential
Oligochaeta : il — ¥| applicability
| 4 4,5,6 in the field
! Isopoda ‘ —\ EST T —_———
i Collembola I ‘
—————————————————————— s
L 4{ NB | —
i
E
i POPULATION PARAMETERS
SECOFASE '
G
(toxicity tests) rowth W
1,2,5,6 | Reproduction ‘ 1,2,3,4,5,6
BIOMARKER
SELECTION

Figure 1 Contribution of each participant, main task and collaboration. (HSP = heat shock
proteins, MT = metallothioneins, MBP = metal binding proteins, EST = esterases, NB = novel
biomarkers). Four of the five species used in the BIOPRINT project are also studied in the
SECOFASE-project.
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2.1 TASK OF EACH PARTICIPANT

A number of species will be selected which are also studied in the SECOFASE project. It is
proposed to use two chemicals which are currently used in SECOFASE e.g. copper and
dimethoate. In addition other heavy metals (Pb, Zn, Cd) and organic compounds
(pentachlorophenol) may be used. At the start of the BIOPRINT project a workshop will be
organized to tune all activities thus ensuring a smooth progress of the project.

Participant 1.
Heat shock proteins (HSP) in two different nematode species

- To quantify the induction of HSP in bacterivorous nematodes using 1 and 2-dimensional gel
electrophoresis techniques.

- To apply monoclonal antibody techniques against specific HSP in nematodes.

- To perform sublethal toxicity experiments using growth and reproduction as effect parameters.

- To quantitatively link sublethal effects to changes in the HSP response.

Methodology

Different nematode species will be used to determine the HSP response to toxic insults. Two bacterivorous
nematodes, Plectus acuminatus and Heterocephalobus pauciannulatus, will be exposed to copper, cadmium, zinc
and dimethoate. Both nematode species are iteroparous, have different life cycles and show their differences in
dose-response relationships to various contaminants. Preliminary experiments concerning short term exposure
will be conducted in water and agar. Afterwards chronic experiments will be performed in soil. During
exposure, growth and reproduction are recorded after which they are homogenized and screened for HSP
induction. Monoclonal antibodies will be used to detect specific proteins from the HSP60 and 70 family. Also
classical silver staining techniques will be applied for detection.

The results of the sublethal studies and electrophoresis experiments will be linked to gain insight into the
relation between these different responses.

Participant 2.
Heat shock response in gastropods, isopods and collembola

- To reveal presence of the stress protein, HSP70 (or HSP60, HSP90) in gastropods, isopods
and collembola.

- To characterize the members of the aformentioned protein families.

- To quantify the stress response at the protein level and mRNA level.

- To develop an immunological screening assay for multiple specimen.

To perform sublethal toxicity tests which can be linked to biochemical screening methods.

Methodology

The experiments will be carried out with three species: gastropods (Deroceras reticulatum), isopods (Porcellio
scaber) and collembola (Folsomia candida). The animals will either be derived from established laboratory
cultures or will be collected from pristine areas near Heidelberg (FRG). The experiments will be conducted
under "semi-natural” conditions on either natural or artificially contaminated soils (including contaminated food.
Uptake of heavy metals will be quantified by graphite furnace atomic absorbtion spectrophotometry (AAS).
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Duration of the experiments is planned for three weeks, respectively. Isopod and collembolan samples will be
obtained from participant 6.

Total protein will be quantified according to the Lowry method and protein separation will be conducted through
gel electrophoresis. Identification of proteins will be achieved in close cooperation with participant 1 by
immunological staining via monoclonal antibodies. Quantification of the results will be performed using image
analysis. In a second step the stress response will be investigated at the mRNA level using HSP70-mRNA by
reversed transcription into ¢cDNA and amplification of this DNA probe via PCR. In addition sublethal
experiments on growth will be performed for linkage to aforementioned biochemical and molecular changes.

Farticipant 3.
Metallothionein in gastropods and oligochaetes

- To study the induction of metallothionein (MT) synthesis in terrestrial gastropods (Helix
pomatia and Deroceras reticulatum) and oligochaetes (Eisenia fetida) after exposure to metals.

- To study the role of different MT isoforms in detoxification and protection of individuals.

- To elucidate the MT gene sequence in gastropods and oligochaetes and to study mRNA
induction.

- To test the suitability of MT synthesis and mRNA induction as biomarkers in laboratory and
field exposed animals.

Methodology

Laboratory cultures of terrestrial gastropods will be established according to the experience of the laboratory.
Snails and earthworms will be reared at constant temperatures in plastic boxes on moistened soil and plant
substrate. MT concentrations will be detected at the protein level using a modified Chelex-assay, thus enabling
the assessment of protein saturation with heavy metals. MT isoforms will be assessed by using conventional gel
chromatography techniques, followed by separation on a Reversed-Phase HPLC. The application of MT-mRNA
requires the elucidation of the MT gene sequence. The sequencing strategy will be based on PCR amplifications
using total genomic DNA and cDNA templates generated from mRNA preparations. Primers will be designed
on the basis of conserved core sequences as found in all class I-MT. Comparison of the sequence between total
genomic DNA and ¢cDNA will lead to the location of possible introns and exons. mRNA concentrations in
induced animals will be estimated using the Polymerase Chain Reaction (PCR). RNA extracts will be compared
from induced animals with those from control individuals via Northern and Slot-Blot techniques.

Participant 4.
Esterases in oligochaetes, isopods and collembola

- To develop electrophoretic procedures with the main emphasis on isoelectric focusing for
analysing various esterases in different species of invertebrates e.g. oligochaetes (Eisenia
Jetida), isopods (Porcellio scaber) and collembola (Folsomia candida).

- To develop inhibition studies of esterases by means of the aforementioned techniques in order
to detect sensitivity in the response of different alleles.

- To perform studies of esterases in selected field populations in accordance with other
participants.
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Methodology

Electrophoretic studies will be performed using the oligochaete (Eisenia fetida), isopod (Porcellio scaber) and
collembolan (Folsomia candida). The specimen used for the development of the methods will be collected in the
neighbourhood of NERI or obtained from laboratory cultures. Various electrophoretic methods will be applied
depending on the species chosen, but the main emphasis will be on isoelectric focusing in 0.1 mm 1% agarose
gels. The inhibition studies will be carried out for identifying various types of esterases present in the species
selected. Amalysis of esterases will then be performed on animals exposed to the test chemicals. Field
investigations at selected sites will be carried out to obtain informations on the effects in natural populations.

Participant 5.
Detection of novel biomarkers in terrestrial invertebrates using proton-NMR

- To determine alterations in body fluid composition following a toxic heavy metal insult by
means of NMR (Nuclear Magnetic Resonance)

- Scanning of the haemolymph on mineral profile by means of ICP-MS (Inductively-coupled
plasma source mass spectrophotometry).

- To establish relationship between metabolic dysfunction and sublethal effects.

Methodology

Replicated series of tubes cut from PVC piping will be driven into field plots at Monks Wood. These tubes will
be arranged in rows, 1 m apart and sealed with a mesh at their base. Earthworms (Eisenia Jetida), isopods
(Porcellio scaber) and collembola (Folsomia candida) will be placed into each field microcosm. An increasing
range of contaminant concentrations will be applied to the surface of the soil. At regular intervals replicated
samples will be dug up and species extracted. Population variables such as fecundity and survival will be
recorded and surviving worms will be analysed using NMR and ICP-MS. Biochemical changes induced by the
metals will be identified and corresponding changes in mineral profiles quantified. Abiotic factors such as
temperature and food availability will be manipulated. Corresponding laboratory experiments will be undertaken
to determine the dose/response relationship. Appropriate statistical interpretations will be made and the resulting
data published.

Participant 6.
The role of metal binding proteins in the effect on isopod and collembolan performance

- To develop and optimize the homogenisation and separation technique for analysing metal
binding proteins in tissue of individual isopods (Porcellio scaber).

- To determine the effect of cadmium on metal binding proteins in isopods in relation to effects
on growth and reproduction.

- To investigate if the effects of cadmium are due to competition for binding places of essential
metals.

- To investigate the applicability of the developed techniques for the detection of metal binding
proteins in collembola (Folsomia candida). In addition metal binding proteins will be studied in
nematode species obtained from participant 1.

- To evaluate the potential suitability of metal binding as a biomarker by analysing isopods from
metal polluted areas.
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Methodology

Isopods obtained from a reference population (Spanderswoud, The Netherlands) will be reared in a climate
chamber under controlled conditions. Animals fed with metal contaminated poplar leaves will be studied for the
effect on growth and reproduction. At different time intervals the isopods will be sacrificed, dissected and their
tissue will be homogenised and analysed. Metals will be analysed by graphite furnace AAS and the proteins will
be separated by FPLC (Fast Protein Liquid Chromatography). At a later stage participant 2 will analyse the
animals for stress proteins (HSP). To explore the usefulness of protein induction as a predictive indicator of
metal toxicity the final step will be to link the presence of MBP and HSP to effects at the individual level.

2.2 MILESTONES

During the project three reports will be produced:;
1. A work document at the onset of the project.
2. A progress report after 12 months.

3. A final report after 24 months presenting achieved goals and recommendations.

Additionally obtained results will be published in international peer reviewed journals. When
possible joint papers will be produced by all participants.

3. ROLE OF PARTICIPANTS

Participant 1: LUW (ir J.E. Kammenga) will be responsible for the coordination of this project to
obtain suitable biochemical finger-print techniques as potential tools for the risk assessment of
pollutants in terrestrial invertebrates. The department will study the heat-shock response in
different nematode species with diverging life cycles.

Participant 2: UHEL.ZOO (Dr H.-R. Kohler) will be responsible for the investigation into the heat-
shock response in gastropods, isopods and collembola.

Participant 3. IFZIBK (Dr R. Dallinger) will be responsible for the study on the metallothionein in
gastropods and oligochaetes.

FParticipant 4. NERI (Dr V. Simonsen) will be responsible for the application of esterases in
biomarker research in oligochaetes, isopods and collembola.

Farticipant 5: ITE (Dr J.M. Weeks) will be responsible for the detection of novel biomarkers in
terrestrial invertebrates using proton-NMR.

Earticipant 6: VU (Dr C.A.M. van Gestel) will be responsible for the study of metal binding
proteins in isopods and collembola and the relation to sublethal parameters.
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4. DELIVERABLES AND WORK PLANNING

months

1. Determination of HSP
induction in nematodes

Application of monoclonal

antibody techniques against
specific HSP

Linkage to sublethal

toxicity experiments

2. Dectection of HSP60

Screening different HSP

Metal and protein content

mRNA quantification
3. Laboratory cultures

MT synthesis and

1soform patterns

MT gene sequence
gastropods, oligochaetes

4.Development of electro-
phoretic procedures

Inhibition studies

Field investigations

5.NMR determination of
alterations in body fluid
composition

Mineral scanning of the
haemolymph using ICP-MS

Determination of relationship

between metabolic dysfunc-
tion and sublethal effects

6. Protein pattern and metal
distribution in isopods

Application to collembola

and nematodes

Application to isopods
from the field
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5. COMPLEMENTARY PROJECTS - tuning to SECOFASE

The BIOPRINT project is closely linked to the SECOFASE project, contract no. EV5V-CT92-
0218. SECOFASE is dedicated to the development of soil toxicity tests using a wide variety of
invertebrates. Different sublethal variables are tested for their suitability as a test parameter.
BIOPRINT will focus on the versatility of biochemical markers in some of the same terrestrial
invertebrates as indicators of chemical stress or exposure. The obtained results will be related to
the outcomes of the SECOFASE experiments.
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The Netherlands
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Institute for Zoology
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Tel. + 49 6221 56 3251
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University of Innsbruck
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Tel. + 43 512 218 6182
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Vejlsavej 25
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Fax + 458920 14 13

Dr J.M. Weeks

Institute of Terrestrial Ecology
National Environmental Research Council
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Huntingdon
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Tel. + 44 4873 381

Fax + 44 4873 467
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The Netherlands
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