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ABSTRACT: Liver and kidney tissue of dab Limanda limanda were analyzed during the Bremerhaven
Workshop by irnrnunochemical and catalytic assays for cytochrome P450 1Al induction. Antibodies to
cod P450 1Al cross-reacted with a protein of M , = 58 000 daltons in the dab liver samples, suggested to
be the dab P450 1Al protein. By employing a recently developed indirect ELISA wlth these antibodies,
we observed elevated levels of P450 1Al protein in the innermost stations of the German Bight transect
in both liver and kidney (head and trunk kidney) samples. Ethoxyresorufin 0-deethylase (EROD)
activities in trunk kidney were also elevated in the innermost stations. Along the drilling station
gradient no induction could be detected. Immuno-detection of the cytochrome P450 1Al induction
response should provide a convenient indicator for biological effects of several classes of organic
contaminants.

INTRODUCTION
Among various biological indicators studied to
detect effects of marine pollutants on organisms, the
cytochrome P450 (CYP or P450) monooxygenase induction response is considered to be of great promise
(see e.g. Payne et al. 1987, Gokssyr & Forlin 1992).The
response of this system in fish to aromatic and
chlorinated hydrocarbons has been studied in a
number of laboratory and field studies, traditionally by
catalytic assays such as 7-ethoxyresorufin O-deethylase (EROD) or aryl hydrocarbon hydroxylase
(AHH). In fish, these activities are believed to
represent the catalytic activity of a single CYP form,
CYP 1Al or P450 l A l , a member of the CYP 1A subfamily, being responsive to organic contaminants by
gene activation. The induction response can also be
studied at other levels, such as with nucleotide probes
for measuring mRNA levels (Renton & Addison 1992),
or with antibody probes for measuring the translated
protein product (reviewed in Gokseryr & Fijrlin 1992).
Catalytic measurements have certain disadvantages
compared to immunodetection of protein levels, including their critical dependence on fresh samples and
time and cost effectiveness. Sampling for catalytic determination~demands fresh processing and/or cryopreservation, conditions that may not be easily met in
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remote areas, far off-shore, or in developing regions of
the world. Simple immunoassays can overcome these
problems. By measuring the presence of immunoreacting protein with appropriate antibodies, biological integrity and freshness is not critical in this
system, and the assay can be automated so that large
numbers of samples can be processed and analyzed
simultaneously. Such systems are also more easily
adapted to low-cost laboratories.
Using polyclonal antibodies against cod Gadus
morhua P450 1Al (= cod P-450c; Goksayr 1985), we
have developed a simple, indirect enzyme-linked
immunosorbent assay (ELISA) for detecting the P450
induction response in fish samples (Gokseryr 1991). The
method has been applied to a large number of samples
from both laboratory and field studies, generally showing good correlation with contaminant exposure in different species of fish ( G o k s ~ y ret al. 1991a, 1991b,
Boon et al. 1992).
Although the induction response is generally studied
in liver tissue, other organs are also affected by inducing agents. In some cases, studies of induction in
extrahepatic tissue may give additional information to
that from liver samples (Payne et al. 1984, Pesonen et
al. 1987). The fish kidney is divided into the pronephros (head hdney) and mesonephros (trunk kidney). These organs are important in steroidogenesis,
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haematopoiesis and excretion, respectively, functions
that may be affected by changes in P450 levels and
activity through endocrine signals. Here, we describe
the application of irnrnunodetection of P450 1Al in
the analysis of liver and kidney tissue, and catalytic
measurements in kidney, of dab L i m a n d a l i m a n d a
sampled at different locations in the southern part of
the North Sea during the workshop.

MATERIALS AND METHODS

The southern North Sea is a shallow area influenced
by inputs from the large continental European rivers.
The sampling area in the German Bight is specifically
influenced by the Elbe and Weser plumes. The abandoned drilling station gradient was chosen to avoid direct influences from the rivers, but had a single domi~laiingcontaminant source (oil and driiiing mud in the
sedunent). A detailed description of the sampling areas
in the German Bight and around the abandoned oil
drilling platform in Dutch waters is given elsewhere
(Daan et al. 1992, Stebbing & Dethlefsen 1992). The
dab is the most abundant flatfish in the North Sea, and
it has therefore become an important indicator species
in pollution monitoring programmes in this area. Data
on d a b biology relevant for this study are presented by
Rijnsdorp et al. (1992). Samples were generally obtained after dissection of the fish on board ship, frozen
in liquid nitrogen, and transferred to the laboratory on
shore (Alfred-Wegener-Institut, Bremerhaven) for processing of samples. Liver post-mitochondrial supernatants were obtained after 12 000 X g centrifugation
of the homogenized tissue (Eggens et al. 1992) and
microsomes were prepared from a 100000 X g pellet,
as described elsewhere (Renton & Addison 1992).
Head kidney microsomes and trunk kidney post-mitochondrial supernatants were prepared as described
previously (Pesonen & Anderson 1987). Protein was
analyzed by the method of Bradford (1976).
Western blotting was performed as described recently ( G o k s ~ y et
r al. 1991c), using polyclonal rabbit
anti-cod P450 1 A l IgG.
Indirect P450 1Al-ELISA was performed on all these
samples by the method of G o k s ~ y (1991).
r
This method
gives results as absorbance units (which are based on
the same amount of protein from each sample), a semiquantitative reflection of P450 1Al protein levels. Liver
samples were developed for 10 min, and kidney and
gill samples for 30 min before stopping the colour
reactlon. Each sample was run in tnplicate, and
absorbance in 96-well plates (Nunc) was read by a
Titertek Multiskan MkII plate reader from Flow Laboratories.
Statistical analyses and presentations were per-

formed using the JMP Software for Statistical Visualization (SAS Institute Inc.) on a Macintosh computer.

RESULTS AND DISCUSSION

Samples were obtained from a large number of dab
from most of the stations in the German Bight gradient
and the 3 drilling site stations. Analyses were therefore
performed separately on sets of liver microsomes from
male and female fish, and on a set of liver postmitochondrial supernatants including juvenile and
mature fish of both sexes. Both head kidney microsomes and trunk kidney post-mitochondrial supernatants were obtained from male fish.

Fig. l . Limanda limanda. Western blot of liver samples of
male dab from the German Bight probed with anti-cod P450
1Al IgG. The samples (with statlons of capture Indicated) are
(1) purlfled cod P450 1 A l ( M , = 58000 daltons), (2) dab 94
(Stn g), (3) dab 823 (Stn 8), (4) dab 614 (Stn 6), (5) dab 525
(Stn 5). (6) dab 314 (Stn 3), (S) pre-stained molecular weight
standards (Bio-Rad)
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Fig. 2. Limanda limanda P450 1Al levels in liver rnicrosomes
of male dab caught at d~fferentstat~onsin the German Bight.
Levels are expressed as P450 1Al-ELISA absorbance values
(from the same amounts of sample protein). Dots: individual
samples; diamonds: group mean (horizontal line), 95 "/o confidence interval (height of diamond), and group size (width).
Compar~soncircles (nght) have a d~arnetercorresponding to
the 95 % confidence ~ntervalof each group, allowing visual
comparison of group means. Circles for means that are
significantly different (p < 0.05) either do not intersect or
intersect slightly, with an outside angle of intersection of less
than 90 "
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In Fig. 1, a Western blot with liver samples of a few
selected individuals from different stations in the
German Bight gradient is shown, demonstrating the
cross-reactivity of the anti-cod P450 1Al antibody with
a single protein band at approximately 58 000 daltons
in each of the dab samples. The differences in staining
intensity reflect different concentrations of the P450
1Al protein in total protein in the sample. Immunoquantitation using ELISA is based on a similar principle, where the absorbance reading in the sample
well reflects the level of P450 1Al protein in the
sample, again relative to total protein in the sample.
The P450 1Al - ELISA absorbance readings from the
different sets of liver samples are shown in Figs. 2 to 4.
In male liver rnicrosomes (Fig. 2), significant differences between the stations are observed, with Stn 8
being generally lowest, and significantly lower than
Stns 1, 5 & 6 (p <0.05). The overall effect of station on
the ELISA response has a borderline significance of
p = 0.0584 in ANOVA. In the set of female liver
microsomes (Fig. 3) Stns 1 & 5 were missing. Again,
Stn 8 showed the lowest levels, being significantly
lower than Stn 3. Interestingly, a few individuals at
Stns 6, 7 & 9 also had very high ELISA values.
In the set of liver post-mitochondrial supernatants,
significant differences were observed in the P450 1Al
- ELISA levels between juvenile and mature fish, with
juveniles being higher than mature fish (p < 0.01). In
the juvenile fish, no sex differences were observed,
and also no effects of station (but note that Stns 3 & 8
were not represented in the juvenile samples). In
Fig 4, these juveniles are compared with mature fish
of both sexes. In the mature fish, however, male fish
had significantly higher levels than females (p < 0.001).
Since some of the stations contain too few males to
analyze separately, and the trend in the data seem to
be the same for the 2 sexes, they are presented together here. Separate analysis of the females, however, reveals a significant difference between Stn 3
(highest) and Stns 8 & 9 (lowest).The effect of the male
samples on the mature set (Fig. 4 ) is generally to pull
the levels of all stations upwards, but especially the
levels in Stns 6 & 9. Correlation analyses of log-transformed data pooled by station showed male liver postmitochondrial supernatants to be well correlated both
with male and female liver microsomal samples (r =
0.78, p = 0.07 and r = 0.85, p = 0.07, respectively),
whereas female samples did not correlate well with
any of these.
In head kidney microsomes, a slightly different
pattern was observed (Fig. 5). Here, Stn 9 was lower
than Stn 8, and a decrease of P450 1Al levels was
observed in the innermost Stns 1 & 3. The ANOVA
shows an overall effect of station with p = 0.004, and
Stn 9 is significantly lower than Stns 3, 5 & 6, whereas
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Fig. 3. Limanda limanda. P450 1Al levels as ELISA absorbance values in liver microsomes of female dab from different
stations in the German Bight. For explanation of symbols, see
caption to Fig. 2
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Fig. 4 . Lirnanda limanda. P450 1Al levels as ELlSA absorbance values in liver post-mitochondrial supernatants of juvenile (light bars) and mature (dark bars) dab from different stations in the German Bight. Means and standard errors
are shown
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Fig. 5. Limanda limanda. P450 1Al levels as ELISA
absorbance values in head kidney microsomes of male dab
from different stations in the German Bight. For explanation
of symbols, see caption to Fig. 2
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Stn 8 is significantly lower than Stn 5 only (p < 0.05).
The ELISA pattern in trunk ludney post-mitochondrial
supernatants followed the head kidney values closely
(Fig. 6). Although only Stn 9 is significantly different
from the other stations, being lower than all of these,
the correlation between log-transformed data from
head and trunk kidney pooled by station was very
strong (r = 0.92, p = 0.009). In trunk kidney, EROD
activities were also measured (Fig. 7). Again, Stn 9 was
lowest, and Stn 3 the highest. However, Stns 5 & 6
were much lower in this case, being almost as low as
Stn 9. A correlation analysis of these data in individual
trunk kidney samples indicates these differences, with
an r value of 0.38 ( p = 0.059).
The observed responses in the P450 1Al levels in
liver and kidney all show the same trend, with
elevated levels in the innermost stations of the
gradient, especially Stn 3. At Stn 9, somewhat different
results were obtained in Liver and kidney. The reason

for this is unknown, but may be attributed to different
temporal responses of the 2 organs to contamination.
Migration into or from a contaminated area may thus
be differently reflected in the 2 organs.
Higher levels were generally observed in males
compared to females. This is in accord with other studies on the effects of reproduction on the P450-system of
fish (e.g. Forlin & Haux 1990, Larsen et al. 1992).The
lack of a complete station set of juvenile samples
makes it difficult to speculate whether these would
have reflected the contamination situation better, but
the P450 1 A l levels were generally higher in juveniles
in all stations where parallel sets were available.
Since only a limited set of results from chemical analyses were available, and these were performed on
separately sampled female dab (Cofino et al. 1992). a
thorough, multivariate analysis has not been performed. We have, however, performed correlation anaiyses between iog-transformed chemistry data (PCBs
and organochlorine pesticides), pooled by station, and
log-transformed P450 1 A l data, pooled by station.
From these studies, we found no correlation between
liver P450 data and PCBs (not shown). However,
o,p'-DDD correlated well with P450 1Al in male
liver microsomes (r = 0.90, p < 0.02), whereas P-HCH
and o,pi-DDE showed significant negative correlation
( p 0.025) with P450 1Al levels in male liver microsomes and mature male post-mitochondrial fractions,
respectively. Interestingly, p,pl-DDT correlated well
with P450 1Al in these samples as well, although this
may not be significant (p = 0.07 to 0.09).In kidney, the
best correlation with PCB data was between # 138 and
head kidney P450 1A1, with r = 0.74 at p < 0.10. Again,
Stat~on
good correlations were observed with organochlorFig. 6. Limanda limanda. P450 1 A l levels as ELISA absorbance values in trunk kidney post-mitochondrial supernaines, however this time only with P-HCH and lindane
tants of male dab from different stations in the German Bight.
giving significant results ( p < 0.02). Poor correlations
For explanation of symbols, see caption to Fig. 2. I n d ~ v ~ d u a l
were observed in all the other parameters (not shown).
values represent in this case pools of tissue from 3 to 4 fish
Although strong correlations between a chemical
and a biological response make it tempting to speculate on inducing properties and effects, great caution is
required when discussing the significance of these
results. First of all, these correlations have been performed on station means, and not on individual results.
since such data were not available from the same fish.
Furthermore, many of the organochlorine pesticides,
e.g. the DDT group, have been shown in laboratory
studies not to induce the P450 system in fish, as
opposed to the effects in mammals (Addison et al.
1977). In this field study a vast number of chemicals
have not been analyzed, many of which will have
potential inducing effects on the cytochrome P450
Stallon
system. A strong correlation may therefore indicate
Fig. 7. 7-Ethoxyresorufin 0-deethylase (EROD) activity in
only that other chemicals with similar physico-chemitrunk kidney post-mitochondrial supernatants of male dab
cal properties are present and CO-varywith the measfrom different stations in the German Bight. Samples are the
same as in Fig. 6
ured substances. The different correlation profiles ob-
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served in different tissues (in gill tissue, a strong correlation was observed between P450 1A1 levels and
PCB #52: Stagg et al. 1992) indicate not only that
various contaminants reach organs a n d tissues at different rates, but also that there may be organ-specific
responses to the different chemicals. These observations are also interesting and deserve further study.
In the liver microsomal samples from the oil platform
stations, low P450 1A1 levels and no differences
between stations were observed, indicating no effects
of inducing agents on these fish (results not shown).
The mean of the levels found with the ELISA technique was lower than the mean for the German Bight
gradient (A492 = 0.13 and 0.15, respectively). The
absence of induction indicates that the hydrocarbon
contaminants present in the sediments are not bioavailable to the d a b in this area, or the d a b caught
were just passing by during a migration.
Several factors may complicate the interpretation of
results in such a field study, e.g. sexual maturation,
migration, dietary factors, temperature, a n d synergistic a n d antagonistic effects of various contaminants. Although w e tried to minimise many of these
during sampling, their effects cannot b e ruled out. The
present results show a contamination gradient in the
German Bight, with effects on cytochrome P450 1A1
levels in liver and kidney. Imn~unodetectionof this response is a convenient way to monitor for such effects,
since a large number of samples can be screened
simultaneously. Also, sampling, storage and handling
is not critical since antibodies will detect denatured as
well a s native protein. The present study provided
useful experience with the technique in large-scale
field monitoring programmes. We have since practised
the ELISA technique on board research vessels during
cruises, a n d will continue to work with developing
monoclonal antibodies a s a basis for simple and standardized assay protocols.
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