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Induction of cytochrome P4501A (CYP1A) in cultured cells
can be used to determine the induction potencies of
xenobiotics or complex environmental samples. This report
describes the development of an enzyme-linked
immunosorbent assay (ELISA) for measurement of CYP1A
expression in primary cultures of rainbow trout
(Oncorhynchus mykiss) hepatocytes. Juvenile rainbow trout
were injected with b -naphthoflavone (BNF) (25 mg kg± 1 body
weight) to induce the synthesis of CYP1A. The CYP1A
isoenzyme was purified, characterized by immunological
cross-reactivity and N-terminal sequencing and used to
prepare a monoclonal antibody in Balb-C mice. The 
specificity of the antibody for CYP1A was proved by Western
blotting of samples from control and BNF-injected fish. Two
ELISA methods, a direct and a competitive one, were
evaluated, with both methods being of comparable sensitivity.
Rainbow trout hepatocytes, maintained as monolayers in
serum-free, chemically defined medium, were exposed to 

b -naphthoflavone, and the induction response was measured
both by 7-ethoxyresorufin-O-deethylase (EROD) activity and
the direct ELISA method. Comparison between EROD activity
and immunodetectable CYP1A protein can provide
information on the catalytic efficiency of CYP1A.

Keywords: cytochrome P4501A, primary culture, induction,
ELISA, monoclonal antibody.

Abbreviations not explained in the text: ABTS, 2,2Â -azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid); DTE, dithioerithrol; DTT,
dithiothreitol; EDTA, ethylene diamine tetraacetic acid; HEPES, 
N-(2-hydroxethyl)piperazine-NÂ -(2-ethanesulphonic acid); MAB,
monoclonal antibody; PBS, phosphate buffered saline; P450,
cytochrome P450; PMSF, phenylmethylsulphonylchloride.

Introduction
Teleost  f ish  are  equipp ed  with  a  cytochrom e P 450 enzym e

system  that  is involved in  the m etabolism of endogenous

com p ou nd s su ch as s tero ids an d exo gen ous com po un ds su ch

as  polycyclic  arom atic  hy drocarbons (PAHs)  or  halogenated

a rom atic  hy drocarbons (HAHs; Goksù yr and  Förlin  1992).

Metabolism  via  cy tochrom e P 450 monooxygenases  is  an

im p o rtan t factor to  control  act ivat ion or  detox if icat ion of  dru g s

an d  o rganic  xenobiot ics (Goldstein and  Falet to 1993) .  F unction

an d  regu lat ion  of  these pro teins determ ines  the susceptib i l i ty  of

a speci es to  the toxic ac tion  of  many  xenobio tics (Goksù yr  et al .

1987, Braunbeck  and Voelkl  1991)  as i t takes influence  on  thei r

bioaccum ulat ion and m etabolism  (L ech and Bend 1980).

E xp osure  of f ish to  PAH s an d H AH s re su lt s in  t he in du ction

of  CYP1A, a part icu lar  isoenzy me of th e cytochrom e P4 50

enzym e system  (Z hang et al . 1990, van  der  We id e n  et al. 1993).

Plan ar PAH s ± or  th ose  w hich are ab le  to  take a  planar shape ±

bind to  an in trace llular  cytosolic  pro tein  referred to  as the A h-

re cep to r.  T he in ductor±ligan d com plex  is coupled  to  a  secon d

p ro tein  called  Arnt  (Ary l  hy d rocarbon  nuclear  t ranslocator) ,

wh ich tran sf ers  th e com p lex to  t he n ucleus w here  i t  in teracts

with x en obiotic-resp onsive DNA elements (XRE) in  the

p ro mo to r region of  the CYP1A gene and  act ivates

transcript ion.  T he ac t ivat ion  process f inal ly  leads to  elevated

levels of  CYP1A pro t ein and,  con com it antly,  t o  enh an ced

cataly tic act iv ity (Bock  1993).

T h e re  are  diffe rent  m eth ods for  the measurement of  CYP 1A

induction.  Beside catalyt ic  assays,  w hich ut i l ize  the oxidative

dea lkyla t ion of  7-ethoxyre sorufin or  other  art if ic ia l  subst rates

(U ll r ich and Weber  1972,  Burke and Mayer  1974), speci f ic

an tibod ies for  the detect ion of  the CYP1A pro tein  or  the cD NA

p robes to  analyse  the amount of  CYP 1A mRNA  have been

dev eloped  (Haasch et  al. 1989, Fö rlin  and Celander  1993).

Measuring the induct ion  of  CYP1A so lely by 7-

eth ox yre so ru fin-O -dee thylase (EROD) ac tivi ty  could lead  to

biased  resu lts,  since (1)  th e postm icroso m al pro t e in

s u p e rnatan t of  rainbow  trout l iver  seems to  contain  an activi ty-

inhibit ing  sub stance (A chazi  et al . 1994) and (2)  var ious

en v i ronm en tal  chem ic als  hav e b een show n to inh ibi t  en zym e

act iv i ty.  S everal  polych lo rinated bipheny l congeners  resu lt  in

an  inhibi tion of  EROD ac tivity, regard less  of  the fact  that  the

am ou nt of  enz ym e p ro tein increase s (Gooch  et  al. 19 89,

Goksù yr  et al. 1991b , Boon et al . 199 2, Hah n et al. 1996).  This

si tu at io n has pro m pte d th e d ev elo pm e nt of  im m u no ch em ica l

methods as a  sup plem ent to  the ca talyt ical  detec t ion of  CYP1A

(Goksù yr et al.  1991b, Brüchschw ei ler  et al. 1996) .

T he use of  cel l  cultures  to  detec t  the CYP 1A-inducing

potentia l  of  chem icals  or  environ m ental  sam ples at tract s

growing at ten tion in  the f ie ld  of  aquat ic toxico logy (Pesonen  e t

al . 1992, Clem ons et  al.  1 994, H ahn et  al.  1996) . In vitro

bioassays not  only al low fo r  rapid and sensi t iv e screening of

CY P1 A- ind ucin g co m po und s un der hig hly  s tand ard i zab le

condi t ions, but  they also p rovide an experim ental  basis  for  the

study of  st ru c tu re±activi ty  re lat i onships in  CY P1 A indu ction

or for  the analysis of  mixture  eff ects.

W h ereas most  in  vi tro  studies on CYP1A induct ion in  f ish

have  made  use of  cel l lines (Clemons et al. 1994,  Brüschweile r e t

al. 1996,  Hahn et al. 1996)  the  presen t  s tud y em ploys pr im ary

hepatocyte  cultures from  rainbow trout . We explore  th e

possib il ity of  using primary  cultures for the  parallel asse ssm ent

of  cat aly tic EROD act iv ity and im munoche mical quan ti f icat ion
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of CYP1A pro te in ,  since  the induction response at  these  two

leve ls can  be di fferent  (Gooch et al. 1989, Hahn et al. 1996). For

this  purpose , we developed a m onoclonal  antibody against

rainbow trout CYP1A and appl ied  it in  an ELISA tech nique.

M ATERIALS AND METHODS

Animals
Rainbow trout (Oncorhynchus mykiss) of 200± 300 g body weight were obtained

from a local hatchery and caged in a flow-through tank system at a temperature

between 15 and 17°C for microsome preparation and 12 and 15°C for cell

isolations, respectively. Fish were fed daily with commercial trout pellets.

Balb-C mice were used for the preparation of syngenal peritoneal

macrophages. Mice were fed ad libitum.

Preparation of rainbow trout liver microsomes
Rainbow trout were injected intraperitoneally with 25 mg BNF kg ± 1 body weight

dissolved in cod liver oil (7.5 mg ml± 1). After 5 days, fish were killed by an

overdose of 4-ethylaminobenzoate (4 mg ml± 1) and the liver was perfused via the

heart with 0.9% NaCl. After clearing of blood, the liver was minced into small

pieces in ice-cold homogenization buffer (50 mM Tris/HCl pH 7.8, 0.25 M sucrose,

2 mM EDTA, 150 mM KCl, 1 mM DTT, 0.25 mM PMSF) using 4 ml buffer per g liver

and then gently homogenized with five or six strokes in a Potter-Elvehjem

homogenizator at 300 rpm while cooling with ice.

For the preparation of the microsomes, the homogenate was first centrifuged

at 2500 g for 10 min (Heraeus Biofuge 17RS). The microsomal pellet was

obtained from the supernatant by centrifugation for 90 min at 100 000 g

(Beckman L5-65 ultracentrifuge) and was suspended in 50 mM potassium

phosphate (pH 7.4), 20% glycerol, 1 mM EDTA, 0.1 mM DTT using 0.5 ml buffer

per 1 g original liver weight. The microsomal fractions of 58 fish were collected,

pooled, frozen with liquid nitrogen and stored at ± 80°C.

Purification of CYP1A
Microsomes were solubilized while stirring at 4°C in 100 mM potassium phosphate

(pH 7.4), 20% glycerol, 1 mM EDTA, 0.1 mM DTE and 0.25 PMSF at a protein

concentration of 10 mg ml± 1 protein in the presence of 0.8% cholate. After 30 min

the solution was centrifuged at 100 000 g for 60 min and the pellet was discarded.

The solubilized cytochrome P450 was loaded on an w -aminooctyl-Sepharose

4B column (2± 3 nmol P450 ml± 1 w -aminooctyl-Sepharose 4B; Pharmacia,

Freiburg, Germany) equilibrated with 100 mM potassium phosphate (pH 7.4)

containing 20% glycerol, 0.25 M KCl, 1 mM EDTA, 0.1 mM DTE and 0.4% cholate.

The P450 solution was adjusted to the same concentrations as the equilibration

buffer. After a washing step with the equilibration buffer P450 was eluted with

0.3% emulgen 911 (Kao Corporation, Tokyo) in equilibration buffer. Fractions

containing the P450 isoenzymes were collected and concentrated by

ultrafiltration over a PM30 membrane (Amicon, Witten, Germany).

An NAP-column (Pharmacia, Freiburg, Germany) was used to change the buffer

to 10 mM Tris/acetate (pH 7.5) containing 20% glycerol, 0.1 mM EDTA, 0.1 mM

DTE and 0.4% emulgen 911. Further purification was performed by loading the

P450 solution on a DEAE± Toyopearl 550 column (60 nmol P450 per 7 ml gel in a

1 cm ́  10 cm column equilibrated with the Tris/acetate buffer using FPLC

apparatus (Pharmacia). P450 was eluted with a step gradient (4, 10, 40 and

100%) leading to a final concentration of 0.8 M acetate. Fractions containing the

CYP1A isoenzyme were pooled and concentrated by ultrafiltration. The

subsequent purification step was performed with Pharmacia FPLC apparatus

employing a hydroxylapatite column equilibrated with 10 mM potassium

phosphate (pH 7.2), 20% glycerol, 0.3% emulgen 911, 0.1% cholate, 0.1 mM

EDTA and 0.1 mM DTE. After changing the buffer the P4501A fraction (40 nmol

P450 on 11 ml hydroxylapatite gel) was loaded on the column. The column was

washed with equilibration buffer and developed with a linear gradient of 0.15 M

potassium phosphate in equilibration buffer (total volume 100 ml).

A last purification step was performed to remove the detergents, which were

necessary to solubilize the P450 from the microsomal membranes. The CYP1A

solution was concentrated and then diluted 1:10 in hydroxylapatite column buffer.

After loading with CYP1A, the column was rinsed with 100± 200 ml emulgen- and

cholate-free buffer, while the effluent was monitored at 280 nm. CYP1A was eluted

with a buffer containing 0.4 M potassium phosphate (pH 7.2), 20% glycerol, 0.1

mM EDTA and 0.1 mM DTE.

Identification of the CYP1A isoenzyme
During purification, cytochrome P450 and total protein were detected by

measuring the on-line absorption of the effluent at 417 nm (P450) and 280 nm

(protein). The fractions containing fish CYP1A isoenzyme were identified by cross-

reaction with a polyclonal rat CYP1A1 antibody (Amersham, Braunschweig,

Germany). The purified trout P4501A showing only a single band in an SDS

polyacrylamide gel electrophoresis was further characterized by N-terminal

protein sequencing.

Preparation of antibodies
The preparation of antibodies was performed according to the method of Köhler

and Milstein (1975) as modified by Behn and Fiebig (1984). A 100± 150 m g sample

of the antigen diluted in 200 m l PBS was injected intraperitoneally in mice.

Hybridoma clones secreting a CYP1A antibody could be identified with an ELISA,

probing the supernatant of the hybridoma cultures against microtitre plates

(Becton Dickinson, Heidelberg, Germany) coated with 10 m g ml± 1 of the purified

rainbow trout CYP1A.

The antibody subtype was determined with the mouse hybridoma subtype kit

from Boehringer (Mannheim, Germany).

Isolation and culture of liver cells from rainbow trout
Liver cells were isolated and cultured based on descriptions by Blair et al. (1990)

as modified by Braunbeck and Storch (1993) with the collagen perfusion technique.

Cells were seeded at a density of 1.6 ́  106 ml± 1 in Primaria culture dishes

(Becton Dickinson, Heidelberg, Germany) in HMEM (Hank’s buffered Minimum

Essential Medium; Biochrom, Berlin) supplemented with 2 mM glutamine, 10 U ml± 1

Penicillin and 10 m g streptomycin. Every 20-cm2 dish contained 5 ml of the

suspension. Cells were cultured for 3 days and the medium was changed daily.

For CYP1A induction 0, 3.9, 31, 125, 500 and 2000 m M b -naphthoflavone (BNF)

dissolved in DMSO were added to the medium to give a final concentration of

0.1% DMSO. BNF was added after 24 h when cells had fully attached to the

culture plates.

Preparation of microsomes from trout liver cell cultures
Approximately 1 ́ 106 cells were used to prepare the microsomes. The cells were

scratched off the culture dishes, resuspended in 100 m l PBS and centrifuged at

200 g. The pellet was resuspended with 100 m l homogenization buffer, sonified

for 10 s and then centrifuged at 10 000 g for 10 min. The supernatant was

centrifuged at 100 000 g for 90 min in a Beckman Optima TL ultracentrifuge and

the resulting pellet was resuspended in coating buffer (50 mM sodium

bicarbonate, pH 9.5) and diluted to a final concentration of 10 m g protein ml± 1.

Analytical procedures

Protein concentration

Protein was determined according to Bradford (1976). Total contents of cytochrome

P450 were assayed by the spectral method of Omura and Sato (1964).

S. Scholz et al.288
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EROD activity

Erod activity was measured at 25 °C by the conversion of 7-ethoxyresorufin to the

fluorescent resorufin as described by Burke and Mayer (1974) and Pluta (1992)

with a Perkin Elmer LS50B fluorimeter (Perkin Elmer, Überlingen, Germany) or with

an SLT Fluostar fluorescence microtitre plate reader (SLT, Crailsheim, Germany).

For measuring EROD activity in cultured hepatocytes, cells were scratched off the

culture plates and resuspended in 300 m l PBS per 8 ́  106 cells. The suspension

was centrifuged at 50 g for 3 min. The pellet was resuspended in 300 m l

homogenization buffer, sonified for 10 s and stored at ± 80 °C after quick freezing

with liquid nitrogen. For analysis of enzyme activity, samples were thawed,

centrifuged for 10 min at 10 000 g, and activities were determined in the

supernatants.

Inhibition of EROD activity by antibodies

Prior to the inhibition test, antibodies were purified with a protein G column (Mab

Trap G II kit, Pharmacia, Freiburg, Germany) to avoid unspecific effects of serum

proteins of the hybridoma culture supernatant. Microsomal protein (0.004± 0.4 mg

ml± 1) of livers of induced and control rainbow trout were incubated with the same

volume of a 0.01± 0.03 mg protein ml± 1 solution of antibodies. As an unspecific

control antibodies against B-cell surface protein CD 22 (provided by Dr I. Behn,

University of Leipzig) was used. After 30 min incubation EROD activities of the

microsomes/antibody mixture were measured.

Western blotting

Samples of homogenates and microsomes of rainbow trout liver containing

0.05± 10 m g protein were separated by electrophoresis in a 10% polyacrylamide

gel. The gel was stained with Coomassie Blue (Serva, Heidelberg, Germany) to

detect protein bands. For the detection of CYP1A, proteins were transferred to

nitrocellulose (0.45 m m, Sartorius, Göttingen, Germany) in Hoefer Western blot

apparatus (Serva, Heidelberg, Germany) with a constant current of 0.5 A for 6 h

(blot-buffer: 25 mM Tris, 0.193 M glycine). Bands were detected by staining the

peroxidase activity of the secondary antibody with chloronaphthol.

Direct ELISA

Homogenate and microsome samples were diluted to 10 m g ml± 1 protein in

coating buffer (50 mM Na-bicarbonate, pH 9.5). Standard concentrations of

purified CYP1A were prepared between 5 and 60 ng ml± 1 in coating buffer.

Microtitre plates (96-well) (Becton Dickinson, Heidelberg, Germany) were coated

with 100 m l of these solutions and incubated overnight at 4 °C. After washing the

plates three times with washing buffer (0.1% Tween 20 in PBS), 200 m l of the

blocking solution (1% BSA in PBS) were added to each well and incubated for 

1± 2 h. Prior to adding 100 m l of the specific anti-CYP1A (hybridoma culture

supernatant, diluted 1:10 in PBS) antibody, plates were rinsed again three times in

washing buffer. Plates were incubated for 1 h with the specific antibody, then

rinsed again with washing buffer and incubated for 1 h with the conjugated

antibody (goat anti-mouse Ig, horse-radish peroxidase, DAKO, Hamburg, Germany,

dilution 1:500). After a final washing step the colour was developed in ABTS-

reagent (100 mM ABTS, 115 mM Na-acetate-3-hydrate, 50 mM Na2HPO4, 1 m l ml± 1

H2O2 added immediately before use; pH adjusted with acetic acid to 4.2). The

absorbance was read after 60 min at 490 nm with a reference wavelength of 405

nm in an SLT microtitre plate reader (SLT, Crailshaim, Germany).

Competitive ELISA

Plates were first coated with 0.1 m g ml± 1 CYP1A and incubated overnight at 4 °C.

Plates were then washed and blocked as in the direct ELISA. The primary antibody

was diluted 1:10 with PBS and mixed with an equal volume of microsomes,

homogenate or CYP1A solution in reaction tubes and incubated for 1 h (total

volume 400 m l). The mixtures were then added to the microtitre plates in a volume

of 100 m l per well. After another incubation for 1 h, the secondary antibody was

added at a dilution of 1:500. Development of colour was performed as described

for the direct ELISA.

Determination of enzyme activity and ELISA detection of CYP1A was done in

triplicate.

Curve fitting of dose± response curves
Dose± response curves were calculated by approximation of the

concentration/activity values ±  where x represents the concentration of the

inducer and y the CYP1A concentration or catalytic activity, respectively ±  to a

sigmoidal curve. The curve was described by the following equation:

Calculation was done by the iterative approximation of the constants ao to a3 with

the computer program SlideWrite Plus (Advanced Graphics Software, Carslbad,

USA).

Statistics
Two independent cell isolations were performed. Within each isolation data were

measured in triplicate. Dose± response curves were calculated from the mean of

both cell isolations.

Results
Preparation of the antibody
BNF-injec ted  rainbow trout  used  for  the purif ica tion of  CYP1A

p ro te in sh owed a signif ican t  induction of  h epatic  CYP1A .

EROD act iv ity in  the 10 00 0 g s u p e rn atant  of  hom ogenates of

co n t ro l  ra inbo w tro ut  in cre ased  m ore  than  10-fold from  14 ‰

1 0 p m o l m in±1 m g±1 p ro tein  in  con tro l  an im als  to  240±300

p m o l  m in±1 m g±1 in  in duced  anim als .  Activi t ies  in  micros o m e s

eleva ted up to  100-fold  from  21 ‰10  pm ol  m in±1 m g±1 p ro te in

for  contro l  m icrosom es to  42 0±29 20 p mo l m in±1 m g±1 in  BNF-

t reate d anim a ls .

I n  the pu rif icat io n pro c e d u re ,  th e CY P1A isoenzym e could

firs t be separated from  other  P450  enzym es after  the

pur if icat ion on DE AE±Toyopear l  550 (Figure  1) .  The third

peak could  be identif ied as  CY P1A by cros s- reactiv i ty  in

We st ern  blots  with  a  polyclonal  an tibody against  ra t CY P1A1

and by the N-term inal  sequ ence of  the pro t ein ,  w hic h w as

identif ied as L-M-I-L-P-I-I-G -S-V- . T his sequence w as id en tica l

to that of  rainbow  trou t  CYP 1A  pub lished by H eilman n et  al .

(1988) .

P ur if icat ion  yielded less  than 27%  and 1 5% , respectively of

the ini t ia l  amou nt of  cy to ch rom e P450 af ter  the deterg en ts  ha d

be en rem ov ed, resp ectiv ely.  Ho wever,  specif ic  contents w ere

in c rease d m o re than 15 -fold as w as  analysed  by car bon

m on ox id e d ifference spect ra  (Table 1) . SDS gel e lectro p h o res is

of  the pur if ied  pro tein  show ed only a  s ingle band after  s ta ining

with Coom assie  Blue.  T he m olecu lar  w eight  of  this pro te in

was in  the ran ge betw een  45 00 0 and  67 000  (Figure 2).

Two hy br ido m a c lon es w ere identif ied (denoted  as  HCRT 1

and HCRT2),  which produced  IgG1 antibodies again st  purif ied

rainbo w trout  CY P1A. Both antibodies  were  able  to  detect  a

si ngle  band in  m icrosom e and homog enate  sam ples of  BN F-

injected rain bow trout  an d purif ied CYP 1A in We st ern  blo ts

y = a0 + a1

1 +e

x - a2

a3

æ
èç

ö
ø÷
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(Figure  2).  In samples of  contro l  anim als ,  no  ban d co uld be

detected (con tro l  lane not  in cluded  in  F igu re 2) .  T he optimal

dilut ion  range for  th e two hybrid oma cu ltu re  su p ern at a n t s

containing the antibo dies  was 1:10.

Dep endin g o n th e epito pe reco gnized b y an antibod y, it

sh ould be expected to  inhibit  the activi ty  of  the an tigenic

enzym e. In hibit ion studies with  the pu rif ied an tibodies of  the

s u p e rnat ant  o f  the two clon es develo ped in  this  s tud y sho wed

n o inh ibi tory  eff ec t  on enzyme activi ty. Since aff inity  of  the

tw o antib odies differed,  only th e antibo dy with higher aff ini ty

was used for  the detect ion of  CYP1A pro t ein .

S. Scholz et al.290

Figure 1. Chromatogram of the CYP1A purification on a DEAE± Toyopearl 550 column. Fractions containing cytochrome P450 were detected by measuring the absorption

at 417 nm. Total protein was measured by 280 nm absorption. The fractions containing the CYP1A isoenzyme were identified by Western blotting against an anti-rat

CYP1A1 polyclonal antibody. Proteins were eluted from the column with a step gradient leading to a final concentration of 0.8 M acetate (= 100%, line without symbols).

Each fraction contained between 1.6 and 1.9 ml of effluent. The column was loaded with 61 nmol cytochrome P450.

Specific cytochrome Yield (percent of P450

P450 content (nmol mg± 1 content in liver

Purification step protein) microsomes)

Liver microsomes 1.01 100

Solubilization 1.1 95

w -Amino-octyl-sepharose 3.7 85

4B

DEAE-Toyopearl 5.8 42

Hydroxylapatite 16.95 27

Table 1. Purification of CYP1A from BNF-injected rainbow trouts.

Specific P450 content was measured as total cytochrome P450 content per

mg of total sample protein. The yield represents the recovery of cytochrome

P450, if compared with the initial amount of the microsomes. Total recovery

after removal of the detergents was 15%.

Figure 2. Western blot of liver homogenate and microsomes of BNF-induced

rainbow trout. Lanes 1 and 2: 1 m g and 0.5 m g homogenate protein; lanes 3 and

4: 0.5 m g and 0.25 m g microsomal protein; lanes 5 and 6: 0.05 m g and 0.025 m g

CYP1A. All lanes probed with supernatant of the hybridoma clone HCRT1, diluted

1:10 (homogenates and microsomes of control animals showed no bands and

were not included in the figure).
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Development of an ELISA against rainbow trout CYP1A
In  deve loping an  E LISA against t rou t  CYP1A, a dire ct  and  a

com pet it ive E LIS A were  co m p ared. A dilution ser ies of

pur if ied  CYP1A rang ing  from  3.1  to  50 ng m l±1 w a s u sed  to

d e te rm ine o ptim al con centrat ions of  anti bodies an d th e

detec tion  level . Dilut ions of 1:10 from  the  su p ernatant  of

ant ibod ies secre t ing hyb rid om as were  found to  give optim al

results in  both E L ISA s.  Under these  condit ion s the sensi t ivi ty

of bo th  ELISAs was at  6 .25  ng CYP1A ml±1 (Figure 3) . In all

f urther  inv es t igat io ns,  we therefore  used  th e direct ELISA,

wh ich saved  pur if ied CY P1A  pro tein .

No l inear  re lat ionship  betw een the am o unt of  m icro so m al

p ro te in  used for  the coat ing of  the  EL ISA plates  and the

c orresponding CYP1A concen trat ions detected  by E L ISA w as

o bserved  (Figure 4) . At higher pro tein concen tr at ions CYP 1A

show ed a sa tur at ion  effect,  w hich  had been  also foun d for

E LIS As with monoclonal antibodies against  cod CYP1A1

(Goksù yr  1991). Due  to  the m issi ng l inearity, w e took care  to

always use ex act ly  the sam e am ount o f  pro te in  i n  in du ct io n

EL ISA measu rements  (10 m g pro tein m l±1).

Induction of CYP1A in primary cultures of rainbow trout

liver cells
E x po su re  of  cultured hepatocytes to  a  concentrat ion  ser ies

betw een 3.1  and 200 0 nM BNF  led to  an  induction of  CYP 1A,

shown by EROD act iv i ty  and the EL ISA technique (F igure 5).

Sig mo idal  dose±resp o nse  re l at ion sh ips could b e estab lished

for the cata lyt ic as  well as  the im m unologica l  detec t ion

method.  Differen ces b etw een  th e tw o ind ep end ent  cel l

isolat io ns w ere  greater  for  im m u noch emical  m easurem ents  o f

CYP1A, com pared  w ith  k ine tic  m easurem en ts.  Mo reov er,

CYP1A showed a lower  induct ion factor:  while  E ROD act iv i ty

in 10 0 00 g homogenates of  l iver  cells increase d by a fac tor  of  9

for  2000 nM BNF af ter  2 days incubat ion,  EL ISAs showed only

an in duction factor  lower  than 3.  Sin ce hom ogen ates  show ed a

high signal  to  no ise rat io ,  E LISA had  to be perform e d  w i th

m icrosom es o f  cultured l iver  cells.

Discussion
T he aim of this  s tudy w as to  d evelo p a  m onoclonal-based

E LIS A technique to  detec t  the induction of  CYP 1A  in  primary

c u ltu res of  f ish hepatocy tes.  Since  rainbow  tro ut  i s t he m ost

widely used teleost  m odel ( cf .  S egner 1997) , the developm ent

of a  m on oclo nal an tib ody w as  regard ed  as im p o rtan t .

E vidence  for  the speci f ici ty  of  the pre p a red  m o no clon a l

antibody cam e from  several  observations.  F ir st ,  the an tibody

reacted on ly with  a  sing le pro t ein ban d in  Western  b lot s

p re p a red  f ro m  h om o gen ates an d m icro som al  p reparat ions of

l ivers of  BNF-induced  rainbow trou t .  T h e det ected ban d in

We st ern  blo ts  had th e sam e m olecular  weight  as  the band  of

the purif ied CY P1A detected  in  gels  stained for  pro teins (data

not  show n).  Second , a paral lel  increa se  of  the

im m un o ch em ical ly  recognizable  CYP1A pro tein  a nd  an

CYP1A ELISA for rainbow trout hepatocytes 291

(a)

(b)

Figure 3. ELISA standard curves of CYP1A using antibodies of the hybridoma

clone HCRT1. (a) Standard curve of a direct ELISA. (b) Standard curve of a

competitive ELISA. The standard deviation is the intra-assay variation.

Figure 4. Dependence of CYP1A concentration measurement on microsomal

protein concentrations. Microtitre plates were coated with different

concentrations of liver microsomes of induced rainbow trout. CYP1A was

measured by a standard curve with an ELISA.
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i n c rea se  in  EROD ac tivity could be  shown for  bo th BNF-

injected animals and  for  l iver  cell  cultures.  Since BNF  has

b een  re p o rted as  a spec if ic inducer  of  CY P1A and the

c orresponding E RO D act ivity  (S tegeman et al. 1986, Celander

and Förl in  1991, I oannides  and P arke 1993),  th is f inding

s u p p o rts the conclusion that  the antibo dy is sp ec if ic  for

CYP1A. The fact that  the an tibody could not  inhibit E RO D

act ivi ty  is no argument against i ts speci f ic i ty,  s ince possib ly

the epito pe detected by  the antibo dy is  not  located  in  the

active centre of  CYP1A.

The CYP1A ant ibodies were used  to establ ish an  ELISA.

Values obtain ed by CYP1A-ELISA re p rese nt re lat ive ra ther  than

absolu te valu es (Goksù yr  199 1). This is part ly  due  to  the amount

of var iable non- CYP1A pro tein  present  in  the sample , which  may

interfere  with  immunochem ical det ecti on  of speci fic CYP1A

p rotein s. Also , over loading of the plates could  not be excl uded ±

although comm on protoco ls suggest to  use up  to 10 m g pro tein

per  well  (Peters and Baumgarten  1988 ). However,  in  standard

solu tion s of  puri fied  CYP1A with prot ein concent rations about

60  ng ml±1 th is in terf erence cou ld  no t be observ ed.

To date , only  a  few au thors  have rep o rted the use  of

an tibod ies for  the  detection of  CYP1A in  pr imary  cultures of

f ish hepatocytes . Mil ler  et  al. (1993a, b)  measu red th e i nd uc tio n

of CYP1A by ace taminophen  over  a culture  per iod of  96 h.

Contr ary  to  our  f indings, these  authors could  not detect  CYP1A

im m un ochem ical ly  i n  co ntro l  ce l ls , but  only  in  induced ce l ls .

T his  differen ce m ight  be re la ted to  diffe rent base line levels of

CYP1A in the exper imental  anim als.  Pesonen et al. (199 2)

investi ga ted the time course of  CYP1A m RNA, pro te in  a nd

EROD activi ty in  trout  hepatocytes exposed  to  s ingle doses of

BNF or TCDD. In the pre sen t  s t ud y,  dose±resp on se  cu rves of  the

ELISA and the EROD assay for BNF were  co m pared.  Both

m etho ds sho wed  a dose±resp on se  rel ationsh ip  for  CYP1A

act ivi ty/concentr at ion accord ing to  BNF concent ration. The

c u rves were  in paralle l , but  the induc tion  factor  w as  lower with

the E LISA than  with the EROD. This cou ld be due in  part to

di fferent  sam p le preparat ions techniques:  w hile  E ROD was

m e a su red  in  hom ogenates,  ELISA had  to  be  perform e d  w i th

m ic rosom es,  since  hom ogenates gave only values close  to  the

back gro und level . These  resu lts conf l ic t with the  E ROD

activ i tie s in the  l iver  of  the BNF-inject ed  rainbow trout:  in

m ic rosom es  ± a  co ncentrated  source  of  cy tochro me P 450

isoenzymes  ± EROD showed a 10-fold  higher  induct ion if

co m p ared with h om ogenates.

D esp ite this  lower sens it ivity,  when d ef ined as an in crea se of

respon se  per  increase of dose, the ELISA off ers the advantages

that (1)  CYP1A can  be  measure d in  t he p resence  of  inhibiting

substance and chem icals or  i f  high concentrat ion of  the inducer

became inh ib ito ry  (Goksù yr  et  al . 1991b , A chaz i et al. 1994,

Brüschweiler  et al. 1996),  (2) the ELISA req ui res  only sm all

amo unts of  pro tein, which is usual ly a  limiting fac tor  in  cel l

cu l tu res, and (3)  imm unochemica l  detec t ion  is less sensi tive to

sto rage  conditions of  CYP1A pro tein. A nother  interes t ing po int

is from the work of  P esonen et al. (1992): whereas EROD

activi ty  dro pped  to  contro l levels imm edia te ly  af ter  removal  of

th e in du ce r, CYP1A pro te in remained  elevated for  a  pro lon ged

post-ex posure  per iod. S uch behav iou r may becom e im port an t

in biomonitoring  studies or  in  si tua t ions of  repeat ed exp osure .

Diffe re nce s be tw een  th e tw o in dep en den t hep ato cyt e

iso lates were great er for  E LISA detectio n of  CYP1A than  for

EROD act ivi ty. T his higher  var iation m ight  resu lt  fro m  th e

p reparat ion of  microsom es.  Difference s in  m icro som al pro t ein

contents  in  indiv idual  anim als  cou ld lead  to  al tered  CYP1A

levels, i f  va lues are  ex pressed as  per  mg micro som a l p ro tein .

T h e m ea surem ent of  CYP 1A  induction with p rim ary  liver

cel l  cultu res could  be mo re sensi t ive if  compare d  w ith

d ifferen t  p erm anen t cel l  l ines.  W hile  do se±re s p o n s e

re lationships on the induction of  E ROD and CYP 1A

im m un o de tec tab le  p ro tein can  be o btained w ith th e re lat ive

w eak  in du ce r b -naphtho flavone in  l iver  ce l l  cultures,  s imilar

results  for  perm anent cel l  l ines have been re p o rted  o n ly  w ith

st rong indu cer s such as diox ins (Lo renzen an d O key 1990 ,

Cle m on s et  al.  1994).
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Figure 5. Induction of CYP1A in primary cultures of rainbow trout hepatocytes

incubated for 2 days in medium containing 0, 3.9, 31, 125, 500 and 2000 nM of

BNF. Induction of CYP1A was measured by EROD activity or by immunochemical

detection (CYP1A± ELISA) of the protein. Two hepatocyte isolations were

performed, where each datum point represents the result of one isolation. The

dose± response curve was calculated from the mean of both cell isolations.
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Record ing of  dose±re sp on se  c urves of  EROD and CYP1A for

a dd it i on al  in du cer s  a nd  t he m ea su rem en t of  env iro n m e n ta l

sam ples for  CY P1A induction in  trout  l iver  cell  cultures h av e

been ini t ia ted in  our  laboratory. T he  combinat ion of  EROD

activ i ty  m easurem en t and  im m uno ch em ical  d etect ion  o f

CYP1A can be  a prom isin g app roach to  rev eal

s tru c tu re±ac tiv i ty  re lat ionships for  the in duction  of  pisc in e

CYP1A as well  as for  the scre ening  o n t he p resen ce of  ind ucing

c om p ou n d s i n  en vi ro nm e ntal  sam p le s.
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