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Abstract

Résumé

Grzebyk D., F. Galgani, Aquat. Living Resour., 1991, 4, 53-59,

The purpose of this study was to adapt the ethoxyresorufin O-deethylase (EROD) assay to the
microplate technique. In addition to showing the practical advantages related fo the intrinsic properties
of such systems, we wished to demonstrate their potential value for biological monitoring of contaminta-
tion in natural environments. A simplified procedure was developed for the preparation and fluorime-
tric assay of EROD activity using only basic laboratory equipment: The use of plate readers allows
measurements to be done rapidly and provides nmumerous advantages in comparison with traditional
methods. Within the context of our study, this test could be substitutéd to advantage for the enzyme-
linked immunosorbent assay (ELISA).

Keywords : Mixed function oxidase, ethoxyresorufin O-deethylase; cytochrome, enzyme, plate reader,
organic pollution.

Mesure dé Ieﬂel de la pollution organique sur les organisthes marins : détermination rapide de I'indietion
de PEROD é& laide des microplagues.

L'objet de cetfe étude est d’adapter k¢ dosage de Péthoxyrésorufin Odeeﬁ‘ryl’asc (ERODY i a
méthode des microplaques. Au-deld des avantages liés aux: proprictés du systeme nous démontrons le
potentiet de cette technique pour la surveillamce de Peffet de Ia contamhination de Penvironnement
naturef par les poiychlorobnphenyls (PCB) et les: hydrocarburés polyaromatiqués (HAP) Urie provés
dure simplifice a ét¢ développée pour la préparation et la réalisation du dosage de Factivit¢ enzymahque
n’utilisant que des équipements de base d’un laboratoire. L’ utilisation du lecteur de plague permet la
mesare rapide de nombreuses activités et présente de nombreux avarntages par rapport aux méthodes
tragrtlon‘nelles En particulier, ¢e test peut remplacer avantageusement les fests mnmuroetizymatiques
(ELISA).

Mots=clés : Ethoxyrésorufin O-deethylase; lecteur de plaques, enzyme; surveillance biologigie, environ-
nement.

INFTRODUCTION

environments has been the subject of fumerous stud-
jes it recent years. At the same time, am aﬁtcmpt kas
been made to relate the leval of contamination of the

Evaluation of the respoise’ of aquatic’ orgamismis natural environment fo organism response i ofder
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of biological monitoring to survey changes in this
response depends on the availability of a battery of
biochemical tests capable of indicating rapidly and
with good sensitivity the response of organisms sub-
jected to a pollutant effect.

In this respect, the cytochrome P-450 dependent
mixed function oxidase (MFO) enzymatic system is
of considerable interest. Thanks to several of its iso-
zymes, cytochrome P-450 is implicated in the degra-
dation of numerous endogenous (vitamins, steroids)
and xenobiotic [e. g. petroleum products and polych-
lorinated biphenyl (PCB) derivatives] organic mole-
cules. Some of these isoforms are specifically induced
by pollutants used as substrates and enter into the
processes of decontamination and detoxification of
organisms. These isozymes, which have broad sub-
strate specificities, can be detected as a result of the
particular catalytic activities exercised on standard
substrates. EROD, one of these MFO activities, is
supported by induced specific forms of cytochrome P-
450 which has been purified in several species of
teleosts, including scup (Stenotomus chrysops) (Klotz
et al., 1983), rainbow trout (Oncorhynchus mykis)
(Williams and Buhler, 1983) and cod (Gadus morrhua)
{Goksoyr, 1985). These isoforms are induced in natu-
ral environments by polycyclic aromatic hydrocar-
bons (PAH) present in petroleum and by PCB.
EROD activity is characterized by the degradation
(dealkylation) to 7-ethoxyresorufin in resorufin.

At the present time, there are two established
methods for assessing the level of EROD induction.
The first is by direct assay of enzymatic activity using
either a fluorimetric (Burke and Mayer, 1974) or
spectrophotometric (Klotz et al., 1984) technique to
measure the appearance of resorufin. The second is
to assay the specific isoform of EROD by immunoch-
emical tests (Stegeman ef al., 1987, 1988). A third
method, currently being developed, is the mRNA
assay (Lloepper-Sams and Stegeman, 1989). The
microplate technique has been shown to be well
adapted to routine use for colorimetric and enzymatic
assays (Galgani et Bocquené, 1989). The conditions
for optimal measurements of this enzymatic activity
were studied in several species (from the N, E. Atlan-
tic) useful for a monitoring system.

MATERIALS AND METHODS

Chemicals

All chemicals were obtained from Sigma Chemical
Co. (St-Louis, MO): 7-ethoxyresorufin, NADPH,
metyrapone and  polyethylene  glycol 8000
(PEG 8000). Goat-LM4 rabbit polyclonal antibodies
were provided by C. Dalet (INSERM, Montpellier,
France).
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Animals

Plaice (Pleuronectes platessa) were obtained from
St-Brieuc Bay, and flounder (Platichthys flesus) and
eels (Anguilla anguilla) from the Loire estuary. Several
species of invertebrates from a Nantes fish market
were also tested: mussels (Mytilus edulis), oysters
(Crassostrea gigas), crayfish (Nephrops norvegicus),
shrimp (Crangon crangon) and crabs (Cancer pagurus).
All these animals were collected in March and April.

Preparation of extracts

Organs were removed from living animals, washed
in buffer A (Tris 50 mmol, pH7.4; KCI 150 mmol;
EDTA 1 mmol and glycerol 20% vol) and then minced
(5ml/g of tissue) for 5 to 10 secondes in an Ultratur-
rax, Centrifugation was performed at 9000g for
15minutes at 4°C. Supernatant was removed and
stored at —85°C. The protein assay was performed
using the method of Bradford (1976}, with spectro-
photometer plate reader at 595 nm.

EROD activity assay

This assay was performed in buffer (Tris-HCl
0.1 M, pH8; NaCl 0.1 M) containing 2umol of 7-
ethoxyresorufin and 0.25mmol of NADPH (Nicoti-
amide ademine dinucleotide phosphate). Activity was
determined by kinetic measurements at room temper-
ature on supernatants diluted according to Addison
and Payne (1986), and the quantity of resorufin, a
specific product of EROD activity, was measured.
The method of Klotz et al., was used for spectropho-
tometric determinations. In this case, supernatant
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Figure 1. — Two ways of measuring fluorescence: (A) with a

cuvette fluorimeter, (B) with a microplate fluorimeter,
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dilution levels ranged from 2 to 25. Classical spectro-
photometry was done at 572 nm using a Hitachi 2 000
apparatus. Plate measurements were performed at
578 nm using a MCC/340 P Multiskan which can pro-
vide a complete reading in 7 seconds. Each plate con-
tained 96 wells which were filled with 380 pl to obtain
an optical course of 10 mm.

Fluorimetry was performed according to the
method of Burke and Mayer (1974). Excitation occur-
red at 544nm, and resorufin fluorescence emission
was maximum at 584 nm. Enzyme kinetics were deter-
mined using supernatant extracts diluted to 1%.
Classical readings were obtained on a Turner 430
apparatus. Plate measurements were done on a
Fluoroskan II: illumination by excitation light, as well
as reception of emission light due to resorufin fluo-
rescence, was done vertically for each well (fig. 1).
Determination for an entire plate required about
1 minute.

Microsome preparation

Microsomes were prepared according to the tech-
nique of Van Der Hoeven (1981) using PEG 8000 at
a final solution (w/v) of 5%. After 10 minutes of
incubation, the supernatant was centrifuged at 8000 g
for 10 minutes, and the pellet representing the micro-
somal fraction was resuspended in 1 vol of buffer.

RESULTS

In spectrophotometry , sensitivity was comparable
for readings of microplates and classical cuvettes in
the resorufin dilution assay (fig. 2). However, kinetic
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Figure 2. — Relationship between a classical cuvette spectrophoto-
meter at 572nm and a microplate spectrophotometer at 578 nm
for a resorufin dilution scale from 0.140 to 1.050 umol.
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Figure 3. — Relationship between fluorimetric microplatc and
classical cuvette measurements: (A) Assays for a resorufin dilution
scale from 0.140 to 1.050pmol. (B) EROD activity assays for
various samples values are expressed in fluorimetric units.

studies performed in plates with supernatants of unin-
duced plaice liver extracts showed only slight vari-
ations in optical density. This low sensitivity was
undoubtedly due to the excessive turbidity of the
reaction solution which contained a high proportion
of supernatant.

In fluorimetry, microplate and cuvette readers gave
closely correlated results (fig. 3). However, the plate
reader was twice as sensitive as the classical cuvette
reader for the EROD activity assay. This may have
been due to the way in which excitation lighting
and fluorescence reception were performed on each
apparatus. For the cuvette reader, excitation light
passed through the reaction solution and may have
been reduced in intensity by a slight turbidity and
a greater dispersion of fluorescence. This effect, as
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Figure 4. — Dilution scales of resorufin in (C) buffer and in reaction mixture [buffer, diluted supcrnatant and NADPH] obtained with a

microplate fluorimeter.

determined by comparison of curves for resorufin
dilution in buffer C and the reaction solution, is
apparently not as great for plates (fig. 4).

With the plate reader, the coefficient of variation
was less than 7%. The fluorimetric method thus pro-
ved to be markedly more sensitive, whereas the super-
natant concentration in the reaction solution was
much more reduccd than with the spectrophotometric
method.

Our essential results concern three species of fish
(plaice, flounder and eel), and our study was limited
to determining EROD activity in the livers of these
fish since it seemed apparent that this organ had the
highest EROD levels ( fig. 5).

Variations in EROD activity as influenced by pH
showed a peak at pH 8 with our standard assay buf-
fer. However, a slightly improved activity can be
noted at pH7.0 to 7.2 for plaice and eels (fig. 6).
The kinetic parameters (K, V,,) for the three species
are shown in table 1. It should be noted that V,
values relate to total supernatant proteins
(nmol.min~ 1), among which microsomal
cytochrome P-450 proteins represented only a part
and those proteins responsible for EROD activity
much' less [2 to 50% of cytochrome P-450 values
according to the level of EROD activity (Stegeman
et al., 1987)].

As the MFO system was NADPH-dependent, its
affinity for this cofactor was determined. The values
(table 1) indicate that NADPH saturation of the
system was attained in our reaction solution.

The effect of temperature on the maintenance of
EROD activity was also of importance in determining
the best experimental conditions. The extract was
exposed to different temperatures for 15 minutes, and

muscle

gllis

Kldney

heart

Intestine

liver

EROD activity (F.U.)

Figure 5. — EROD activity in various organs from floundecr.
Activitics were obtained with the same dilution level of 9000 g
supernatant.

Table 1. — Kinctic parameters for EROD activity of liver from
plaice flounder and cel. K,,: Michaelis constant (nmol per mg of
protein); V,,: maximum vclocity.

NADPH

Vo affinity

Species K, (nmol) (nmol.min *mgprotein) (umol 1)
Plaice 140 0.057 1.368
Flounder 237 0.087 —

Eel 415 0.009 3.05

residual EROD activity was then measured and com-
pared to the room temperature (22°C) activity of an
extract not subjected to this latency period. The
results indicate that the activity was well maintained
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Figure 6. — pH dependency of 7 EROD activity in liver of plaice, flounder and eel. Activities are expressed as percentage of activity at pIi

8.0 with our standard baffer,
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Figure 7. — Temperature effect on EROD activity in liver from
plaice and cel. Residual activities were measured after the reaction
mixture was subjected to different temperatures for 15 minutes.
These activities are expressed as the percentage of activity at 22°C
without incubation.

during a time period sufficient to obtain good kinetic
measurements (fig. 7). But when temperature incre-
ascd, sizeable activity loss was readily apparent,
making it no longer possible to obtain good results.
This activity loss can be attributed in part to the
degradation of the cytochrome P-450 system, which
is known to be very unstable as well as to a drop in
saturation of the oxygen dissolved in the reaction
solution. Accordingly, it would appear that perform-
ance of the assay at room temperature (19 to 22°C)
provides for a good compromise between the stability
of the enzyme and its activation by temperature.

Finally, two inhibitors were tested on the microso-
mal fractions obtained as indicated above. Metyr-
apone, a known inhibitor of MFO activities, was
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Figure 8. — In vitro inhibition of EROD activity by metyrapone
on liver PEG microsomes from plaice and flounder. Results are
expressed as the percentage remaining activity. Incubation with
inhibitor was performed during 15 minutes before the assay.
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Figure 9. — /n vitro inhibition of EROD activity by antibodies on
liver PEG microsomes from plaice and flounder. Results are expres-
sed as the percentage remaining activity. Because of the ionic
requirement of antibodies, activities were assayed in buffer (Tris
0.1M, pH8, NaCl0.16 M).
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effective in inhibiting EROD activity (fig. 8 A). Inhi-
bition was also obtained with rabbit anti-LM4 anti-
body (fig. 8 B). Such cross-reactivity between an anti-
body directed at the EROD isoform of a mammal
(rat P-450C) and the EROD isoform of a fish (scup
P-450E) has already been observed (Klotz et al.,
1986). These results demonstrate that EROD activity
was actually measured in the fish species.

However, not the slightest EROD activity could be
detected in the various invertebrates studied, regard-
less of the species and organs tested (hepatopancreas,
gonads, muscle, whole animal).

DISCUSSION AND CONCLUSION

EROD activity is one of the biochemical para-
meters most often mentioned for inclusion in the
battery of tests proposed for the implementation of
biological monitoring programs. Numerous studies
have in fact shown that induction of EROD activity
is related to contamination level (experimentally) of
fish (Melancon and Lech, 1983) as well as to environ-
mental contamination level (Stegeman et al., 1988,
Addison and Payne, 1986, Payne et al., 1988) with
respect to some organic pollutants. Moreover, the
direct assay of this activity is technically very easy
and rapid to perform compared to that of other
induced MFO activities. This simplicity allows
routine use of the EROD activity assay and, particu-
larly, in terms of this study, the facility of adaptation
to the microplate technique.

The microplate technique itself has many advanta-
ges. In addition to reproducibility of results and a
good sensitivity identical to that of the classical
cuvette technique, its greatest advantage is the rapid-
ity of measurements, allowing multiple simultaneous
assays and thus long kinetic studies of interest for
measuring low activities and avoiding interruption of
the acetone reaction. Finally, it is possible to auto-
mate the technique, distribution of reagents and meas-
urement and processing of data. The direct assay is
preferable to immunochemical techniques such as the
enzyme-linked immunosorbent assay (ELISA) that
determine the isoform quantity of cytochrome P-450
catalyzing EROD activity. In particular, the direct
technique makes it possible to eliminate numerous
steps in the assay such as antigen coating, washings
and antigen-antibody reactions, so that EROD activ-
ity can be determined in several minutes instead of
several hours as for the ELISA method. Moreover,
response is identical, as indicated by the very good
correlation of results with the two methods (Stegeman
et al., 1987; Kloepper-Sams and Stegeman, 1989).

Furthermore, the use of immunochemical tech-
niques, is limited by the specificity of antibodies.
Although interspecific crossed assays have been devel-
oped (Stegeman et al., 1987; Stegeman et al., 1988)
based on apparent similarities between the isoforms
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of different species, use of the direct technique for
measuring catalytic activity (Stegeman and Kloepper-
Sams, 1987) makes it possible to get around the
problem of species without preliminary antibody pre-
paration and the fastidiousness of the ELISA method.

The application of our method is of particular
interest for a biological monitoring system in which
a large number of samples must be handled. Elimin-
ation of the long and tedious ultracentrifugation step
not only speeds up the assaying procedure but also
makes it unnecessary to acquire expensive and techno-
logically sophisticated equipment.

In the context of biological monitoring relative, in
particular, to PAH and PCB, the direct EROD activ-
ity assay using the microplate reader technique is a
very interesting tool that combines the advantages of
simplicity and rapidity essential to such surveillance
conditions,
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