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Abslract--A murine monoclonal antibody has been raised against a partially purified preparation of 
hepatic cytochrome P-448 (form c) from/3-naphthoflavone-treated rats. The monoclonal origin of the 
antibody was established by limiting dilution culture and isoelectricfocusing. The antibody has been 
designated 3/4/2. It reacts with apparently homogeneous cytochrome P-448 from rat liver in solid phase 
assay. It also cross reacts with a number of other cytochromes P-450, from rat and rabbit. In addition, 
a positive reaction was obtained with microsomal fractions from -a variety of species, including man. 
None of the species tested was negative. The antibody does not react appreciably with purified 
haemoproteins other than cytochromes P-450. 

Antibody 3/4/2 is not inhibitory, either in reconstituted systems or with intact microsomal fraction. 
However, evidence was obtained that the antibody does cause some perturbation of the tertiary structure 
of the apoprotein at or near the haem. 

The cytochrome P-4501] dependent  monooxygenase 
system plays an essential role in the metabolism of 
a wide variety of both exogenous [1] and endogenous 
[2] substrates. It is responsible, not only for deter- 
mining the durat ion of action of a wide variety of 
drugs [3], but also for the activation of a number  of 
compounds  to highly reactive electrophilic inter- 
mediates which can cause tissue damage [4]. The 
resultant effect may be cytotoxicity, mutagenicity or 
carcinogenicity. 

It is becolning increasingly apparent  that many 
oxidative reactions involving endogenous substrates 
are catalysed by a cytochrome P-450 dependent  
monooxygenase system. Obvious examples include 
the 25- [5] and the la-hydroxyla t ion [6] of vitamin 
D, many of the oxidation steps involved in steroid 
biosvnthesis [7] and degradation [8], bile acid syn- 
thesis [9] and the oxidation of fatty acids [10]. 
Recently, evidence has been presented that the 
enzymes catalysing the synthesis of both throm- 
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II There are multiple forms of cytochrome P-450 and as 
yet there is no accepted nomenclature for the different 
isozymes. The term cytochrome P-450 is used here in a 
generic sense to denote any or all forms of the haemo- 
protein, The term cytochrome P-448 is used to denote the 
maior form (designated form c by Ryan et al., J. biol. 
Chem. 254, 1365. 1979) in rat liver increased in response 
to treatment of the animals with polycyclic aromatic 
hydrocarbons. 

boxane A 2 [11] and prostacyclin [12] are unusual  
forms of cytochrome P-450. 

The substrate specificity of the monooxygenase 
system resides in the cytochrome P-450 component  
[13]. There are multiple forms of cytochrome P-450 
within a given tissue from a given species [14]. Most, 
if not all, of these forms are regulated by separate 
genes [15]. They are subject to differential induction 
[16] and inhibition [17]. They also show marked 
differences in development  [17], tissue distribution 
[18], species distribution [19] and sex distribution 
[20]. Thus each form of cytochrome P-450 is, poten- 
tially, selectively regulated both by genetic and 
environmental  factors and will have a unique profile 
of substrate specificity. The consequences of this 
diversity of enzymes for the toxicity and car- 
cinogenicity of foreign compounds has been the sub- 
ject of several recent reviews [21-23]. 

In view of the possibility that interindividual dif- 
ferences in the complement  of cytochromes P-450 
are responsible for differences in susceptibility to 
the toxicity or carcinogenicity of foreign compounds 
[23], it is important  to be able to quanti tate the 
amount  of the different forms of this haemoprotein 
in different individuals. In addition, the substrate 
specificity of each form needs to be defined to enable 
predictions to be made from the metabolism of one 
substrate to that of others. Previously this problem 
has been tackled by purifying various isozymes of 
cytochrome P-450 to apparent  homogeneity and 
investigating their substrate specificity in recon- 
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stituted enzyme systems [24, 25]. The disadvantage 
of this approach is that is is necessary to purify all of 
the forms of cytochrome P-450 before the major 
form contributing to any one oxidative reaction can 
be determined. 

Another  possibility is to raise antibodies against 
different forms of cytochrome P-450 and to inves- 
tigate what activities are inhibited in the intact micro- 
somal fraction by such antibodies [26]. This approach 
does have its merits but suffers fi'om the disadvantage 
that a pure antigen is required before an appropriate 
antibody can be raised. An additional problem has 
recently come to light in the discovery of forms 
of cytochrome P-450 differing in only a very small 
number of amino acids [27]. Such forms of cyto- 
chrome P-450 are not distinguishable by con- 
ventional polyclonal antibodies [28]. 

We [29 I, and other groups [30-33], have started 
to generate monoclonal antibodies against cyto- 
chrome P-450 as a means of overcoming many of 
these problems. The monoclonality of the cells pro- 
ducing the antibody ensures that the final product 
interacts with only a single epitope [34]. That is not 
to say that this epitope is not common to a variety 
of proteins. However,  it should be possible to obtain 
monoclonal antibodies which react with epitopes 
unique to the protein of interest. We have raised 
antibodies against rabbit cytochrome P-450 LM4 [29] 
which appear to meet these criteria. 

We now report the production of a mouse mono- 
clonal antibody directed against rat liver cytochrome 
P-448. This antibody, in marked contrast to those 
reacting with a unique epitope, appears to react with 
an epitope common to a number of different forms 
of cytoehromes P-450. Despite this cross-reactivity 
however, this antibody may have valuable appli- 
cations which are discussed. 

MATERIALS AND METHODS 

Mawrials'. Chemicals and their sources were as 
follows: most of the reagents used in sodium dodecyl 
sulphate-polyacrylamide gel eleetrophoresis (SDS- 

* Abbreviations used are: 2-AAF, 2-N-acetylamin- 
ofluorene; AHH. aryl hydrocarbon (benzo[a]pyrene) 
hydroxylase; BNF, /3-naphthoflavone; CO, carbon mon- 
oxide: DTT, dithiothreitol; ELISA, enzyme-linked immu- 
nosorbent assay; EROD, ethoxyresorufin O-deethylase: 
F(ab'): immunoglobulin fraction containing only the anti- 
gen binding sites, after pepsin digestion of Ig; FGM, full 
growth medium; HAT, hypoxanthine, aminopterin, thy- 
midine: HEPES, N-2-hydroxyethylpiperazine-N'-2- 
ethanesulphonic acid: IEF, isoelectricfocusing; Ig, immu- 
noglobulin; IgG, immunoglobulin class G; i.p., intra- 
peritoneal; MAb, monoclonal antibody; 3-MC, 3-methyl- 
cholanthrene; PB, phenobarbitone sodium; PBS, phos- 
phate buffered saline (10 mM potassium phosphate buffer. 
pH 7.4, containing 0.15 M sodium chloride); PBST, phos- 
phate buffered saline containing 0.05% (v/v) Tween 20; 
RAM, rabbit anti-mouse: SDS, sodium dodecyl sulphate; 
SDS-PAGE, sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis: TCA, trichloroacetic acid; TCDD. 2.3,7,8- 
tctrachlorodibcnzo-p-dioxin. 

PAGE)  F, Amido Black 10B, 4-chloro-1- naphthol, 
DEAE Affi-Gel Blue, and nitrocellulose membrane 
(0.45urn) were purchased from Bio-Rad Lab- 
oratories Ltd (Watford. tterts).  Bovine serum albu- 
min (fraction V), chloramine T, sorbitol, Coomassie 
Brilliant Blue R, bromphenol blue, normal rat, rab- 
bit and mouse sera, mouse IgG, cholic acid, deoxy- 
cholic acid, HEPES,  protein A, DTT, benzo[a]- 
pyrene, /~-naphthoflavone, 3-methylcholanthrene 
(practical grade), o-phenylenediamine, guanidine 
hydrochloride, pristane (2,6,10,14-tetramethylpen- 
tadecane), molecular weight standards for SDS- 
PAGE.  NADPH (tetrasodium salt, type 1), adeno- 
sine 5 '-monophosphate,  haemoproteins (see Table 
3) and Freund's complete adjuvant were all obtained 
from Sigma Chemical Co. Ltd (Poole, Dorset). 
Phenobarbitone sodium was from McArthur 's  (Lon- 
don, U.K.).  Miles Laboratories Ltd (Slough, U.K.) 
provided rabbit immunoglobulin fraction of anti- 
mouse IgG (lyophylised fraction), rabbit anti-mouse 
IgG1 (lyophylised serum), horseradish peroxidase 
conjugated rabbit anti-mouse IgG and GelBond 
flexible film. Horseradish peroxidase conjugated 
sheep anti-mouse Igs (see "Fable 1) were purchased 
from Serotec Ltd (Bicester, Oxon). 3.3' ,5.5'-Tetra- 
methylbenzidine. Tween 20, ammonium sulphate, 
Triton X-100, sodium dithionite and hydrogen per- 
oxide were purchased from BDH Chemicals Ltd 
(Poole, Dorset). Photographic materials for 
autoradiography were obtained fron Kodak Ltd 
(Hemel Hempstead,  Hefts). Pharmacia Fine Chemi- 
cals Ltd (Milton Keynes, U.K.) supplied agarose 
IEF,  Pharmalyte ptf  5-8, Sephadex IEF. Sephadex 
G25 (fine), Sephadex G50 (fine), IEF calibration kit 
standards, p i t  range 5-1(I.5. 2 ' .5 ' -ADP-Sepharose 
4B, cyanogen bromide activated Sepharose CL-4B 
and octyl-Sepharose CL-4B. [1-'5I], carrier free for 
protein iodination, 100 mCi/m[, sheep anti-mouse 
lg, p25I]-labelled F(ab ' ) :  fragment, donkey anti-rab- 
bit Ig, [l:5I]-labelled F(ab ' ) :  fragment, i,-[U-~4C] - 
leucine, >300 mCi/mmole,  in sterile aqueous solu- 
tion and [14C]-methylated protein mixture for mol- 
ecular weight calibration of autoradiographs of SDS- 
PAGE gels were obtained from Amersham Inter- 
national PLC (Amersham, U . K ) .  Materials 
required for the selection and culturing of the hybrid- 
oma cells were purchased from Gibco Ltd (Uxbridge, 
Middlesex). Koch-Light Ltd (Haverhill, Suffolk) 
supplied polyethyleneglycot 154(I. Cooke 96-well 
polystyrene microtitre plates for use in solid phase 
ELISA assays were obtained from Dynatech Ltd 
(Billinghurst, Sussex). 

Cells" and media. The mouse myeloma cell line 
P3 .NSI . I -Ag4-1  (NSI cells) was routinely main- 
tained in the Dulbecco's modification of minimal 
essential medium supplemented with L-glutamine, 
sodium pyruvate, and 10'7/c (v/v) horse serum (flfll 
growth medium, FGM). 

For hybridoma selection and cloning, cells were 
grown in FGM further supplemented with 10q/c (v/v). 
foetal calf serum, t tAT.  penicillin and streptomycin 
(HAT medium). 

Preparation o)ant@en. Male Alderley Park rats 
were injected daily with /#naphthoflavonc intra- 
peritoneally at a dose of 1¢10 mg/kg in corn oil for 4 
davs. Hepatic microsomal fraction was prepared [351 
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on the fifth day and resuspended in 0.1 M potassium 
pyrophosphate buffer containing 1 mM EDTA and 
23 uM DTT. The microsomal fraction was solubilised 
with sodium cholate and a partially purified prep- 
aration of cytochrome P-448 was prepared by hydro- 
phobic chromatography on octyl-Sepharose 4B [36]. 
The final preparation had a specific content of 
approximately 4 nmole cytochrome P-450/mg 
protein. The cytochrome P-450 fraction used to 
immunize the mice was active in a reconstituted 
system comprising the cytochrome P-450 fraction, 
rat liver NADPH-cytochrome c reductase and pho- 
sphatidylcholine with benzo[a]pyrene as substrate. 

hnmunization and fusion. A male Balb/c mouse 
received a primary intraperitoneal injection of 
0.4 mg protein in the presence of Freund's complete 
adjuvent, followed by two i.p. boosts of 0.4 mg pro- 
tein in phosphate buffered saline (PBS) at 3-weekly 
intervals. Four days after the final injection the 
mouse was killed and the spleen was asceptically 
removed. A monodispersed cell suspension was pre- 
pared by pressing the spleen through a 250 ~tm nylon 
mesh sieve. Spleen cells (108) and NS1 myeloma 
cells (107 ) were fused together in the presence of 
polyethylene glycol, mole wt. 1540, dissolved in 
serum free medium (50% w/v) for 1 min at 37 °, 
followed by continuous dilution of the cells into 25 ml 
of FGM over a period of 5 min. The cells were plated 
out into 48 × 3 ml culture wells (Linbro wells) and 
after 24hr the FGM was replaced with HAT 
medium. Hybrid growth was observed in all 48 wells, 
and 12 days after fusion spent medium from all the 
cultures was tested in an immunoradiometric assay 
to detect the presence of antigen-specific antibody. 

lmmunoassav and cloning. The partially purified 
cytochrome P-448 antigen was coated on to indi- 
vidual polystyrene microtitre wells (Dynatech) at 
a concentration of 10`ag/ml in bicarbonate buffer, 
pH9.3 ,  for 4hr  at room temperature. Specific 
adsorption of antibody from samples of the tissue 
culture supernatants was then determined essentially 
as described previously [29]. The serum of the mouse 
used for the fusion was incorporated into the assay 
as a positive control. Thirty-seven positive cultures 
were identified. Clones from the positive cultures 
were generated by the technique of limiting dilution 
into 96-well microtitre trays. Clones positive against 
the partially purified cytochrome P-448 preparation 
were recloned in the same way, to ensure mono- 
clonalitv. One of the subsequent hybridomas was 
designated 3/4/2. 

Production and purification of the antibody. Balb/  
c mice were pretreated with 0.5 ml pristane i.p. 2-4 
weeks prior to injection of 5 × I(P 3/4/2 hybridoma 
cells i.p. After  2-3 weeks ascites fluid was collected 
by syringe and centrifuging at 2000 g for 10 rain at 4 ° 
to obtain the clear supernatant. The immunoglobulin 
fraction was precipitated by saturation of the super- 
natant to 50% (w/v) with ammonium sulphate. 
Ammonium sulphate was removed by extensive 
dialysis against PBS at 4 °. Some of the ammonium 
sulphate fractionated immunoglobulin was further 
purified on DEAE Affi-Gel Blue [37]. The immu- 
noglobulin fraction in 25 mM Tris hydrochloride buf- 
fer, pH7.2 ,  was applied to the column and after 
adsorption onto the gel, was washed with several 

volumes of this buffer. The immunoglobulin was 
specifically eluted as a sharp peak by including 
25 mM sodium chloride in the buffer. 

Cells were also grown in bulk ctdture, by Celltech 
Ltd, (Slough, Bucks) to obtain a large amount of the 
antibody (800mg). The immunoglobulin was har- 
vested from the tissue culture supernatant by poJy- 
ethylene glycol precipitation. 

Solid phase immunoassav. Wells of polystyrene 
microtitre plates were coated with microsomal frac- 
tion from BNF-, PB-treated or control rats, at a 
protein concentration of O. 1 mg/mt (100 ~d/well) or 
with partially purified or apparently homogeneous 
preparations of cytochrome P-450 (at a concentration 
of 0.1 nmole/ml,  100 gl/well). The assay was per- 
formed as described previously [29], with [125I}-label- 
led RAM IgG or horseradish peroxidase conjugated 
RAM IgG as a second antibody. After each stage 
of the assay the wells of the plates were washed 
extensively with PBS containing 0.05% Tween 20. In 
recent experiments the buffer containing the second 
antibody incorporated 1% (v/v) normal rat serum to 
reduce non-specific binding. 

Labelling of proteins. Microsomal proteins, solu- 
bilized with sodium cholate were labelled with [~-'~I] 
using chloramine T [38]. All procedures involving the 
use of [125I] were performed in a suitabty designated 
"hot laboratory" in a lead-shielded, well-ventilated 
fume cupboard. 

The iodinated proteins were separated from unre- 
acted [~25I], and other reactants, by gel filtration on 
Sephadex G50 (fine) equilibrated in PBS. 

SDS-polyacrvlamide gel electrophoresis. Proteins 
were separated by SDS-polyacrylamide gel elec- 
trophoresis by the method of Laemmli [391 as pre- 
viously described [40]. Slab gels were 
1.5 x 100 x 140 mm and contained 10~,~ (w/v) acry- 
lamide. Electrophoresis was performed using a 
Model 220 cell (Bio-Rad Laboratories Ltd, Watford, 
Herts) driven by a Model 500/200 power source (Bio- 
Rad). Gels were destained overnight in a Model 222 
charcoal diffusion destainer (Bio-Rad) and dried 
under vacuum on a Model 224 slab gel drier (Bio- 
Rad). Standards, with their subunit molecular 
weights were as follows: bovine serum albumin, 
69,000; catalase, 58,000; glutamic dehydrogenasc, 
53,000; ovalbumin, 43,000; aldolase, 40,(~00. 

Western blotting. In some experiments the sep- 
arated proteins were electrophoretically transferred 
to pure nitrocellulose membranes, 0.45 am, 
15 × 9.2 cm, using a Model 160/1 Trans-Blot cell and 
Model 250/2.5 power supply (Bio-Rad Laboratories 
Ltd, Watford, Herts), using a suitable gel holder 
fitted with 6-ram sponge pads and blot adsorbent 
filter paper, The method was essentially as described 
by Towben et al. [41], with suitable modification for 
the transfer of proteins in the presence of SDS. 
Proteins thus transferred were visualized by staining 
with 1% (w/v) Amido Black [42]. Specificantibody 
interaction was detected by incubating strips of the 
membrane with the monoclonal antibody followed 
by horseradish peroxidase conjugated RAM lgG 
[41]. The presence of bound second antibody was 
detected by incubating with hydrogen peroxide, the 
substrate for the conjugated peroxidase, and 4- 
chloro-l-naphthol as cosubstrate, 2.2 mM in 20(~ 
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(v/v) methanol, 80% (v/v) 0.025 M Tris hydro- 
chloride buffer, pH 7.4, containing 0.14M sodium 
chloride. 

Isoelectricfocusing. Isoelectricfocusing of mono- 
clonal antibody was performed using a Model 3000 
flat-bed apparatus (Pharmacia (Great  Britain) Ltd, 
Milton Keynes, Bucks) with a Model ECPS 3000/150 
electrophoresis constant power supply (Pharmacia). 
The methods used were modified from those pub- 
lished by Pharmacia Fine Chemicals ("A Workshop 
on Electrophoretic Techniques" and the "Pharmacia 
Instruction Manual") .  Flat-bed analytical IEF was 
performed in agarose gels comprising 1% (w/v) aga- 
rose IEF,  12% (w/v) sorbitol and Pharmalyte pH 5-8 
diluted 1 in 16 prior to use, cast on 0.1 mm flexible 
plastic laminate (GelBond film). Gels were then 
fixed, dried in a current of warm air and then stained 
with 0.2% (w/v) Coomassie Brilliant Blue R-250. 
Destaining was accomplished in 35% (v/v) ethanol, 
10% (v/v) acetic acid. IEF-calibration kit standards 
for the determination of the isoelectric points of 
proteins in the range pH 5-10.5 were run on each 
gel. 

Preparative IEF was performed with Sephadex 
IEF containing Pharmalyte 5-8. Gels were run for 
5 hr at 45-50 W. The region of interest was scraped 
from the plate, packed into a 10 cm column and 
proteins eluted from the Sephadex with PBS, Phar- 
malyte was removed from the proteins by gel fil- 
tration on a 10 cm column of Sephadex G25 (fine) 
equilibrated with PBS. 

hnrnunoprecipitation and autoradiography. Mouse 
IgG was covalently coupled to cyanogen bromide 
activated Sepharose 4B. This gel was then used to 
affinity purify polyclonal rabbit anti-mouse IgG for 
use as the precipitating antibody in immuno- 
precipitation experiments. Monoclonal antibody was 
incubated at various dilutions with labelled micro- 
somal fractions for 16 hr at 4 ° and then with a variety 
of anti-mouse immunoglobulins for a further 4 hr at 
4 °. Any immunoprecipitate was collected by cen- 
trifugation and washed as described previously [29]. 
The pellet was finally resuspended in SDS-PAGE 
sample preparation buffer and subjected to SDS- 
PAGE.  

After separation of [ 12sI]-labelled microsomal pro- 
teins by SDS-polyacrylamide gel electrophoresis the 
gels were dried under vacuum and then exposed to 
Kodak X-Omat R8 X-ray film, 10 x 24 cm, in X- 
Omatic cassettes installed with intensifying screens 
[43] for 1-3 days at - 8 0  °. [14C]-Methylated protein 
mixture (CFA.626 from Amersham International, 
Amersham, U.K.)  was used for molecular weight 
calibration. The films were developed under a type 
GBX safelight filter in Kodak DX80 developer, 
diluted 1 in 4, and fixed in Kodak FX-40 X-ray liquid 
fixer, diluted 1 in 4, as described in the manufac- 
turer 's instructions. 

MAb sub-class identification. Sub-class of the 
monoclonal antibody was determined by ELISA. 
Wells of microtitre trays were coated with MAb 3/ 
4/2, obtained by tissue culture, at a concentration of 
10 p,g/ml (100 ~tl per well). The wells were washed 
with PBST and then incubated with horseradish per- 
oxidase conjugated, sub-class specific, sheep anti- 
mouse antibodies. 

Assay of haem. The presence of haem in immu- 
noprecipitates was detected using the method of 
Thomas et al. [44] with 3,Y,5,5'-tetramethylben- 
zidine as cosubstrate and hydrogen peroxide. The 
assay is sensitive to 1 pmole of cytochrome P-45{), 
This assay was also used to detect the presence of 
haemoproteins bound to monoclonal antibody m a 
solid phase assay. 

The wells of polystyrene microtitre plates ~ere 
coated with 100/,d of 50 ktg/ml solution of P, AM 
Ig. Unbound material was removed and the wells 
washed with PBST as described above. Serial dilu- 
tions of 3/4/2 were prepared and added to the coated 
wells. After incubation, any unbound monoclonal 
antibody was removed and the ~ells \~ashcd a~ 
before. Cholate solubilised microsomal proteins 
from liver of BNF-treated rats were then added to 
the wells, which were then incubated and washed as 
before. The presence of bound haemoprotein was 
determined by adding 95!d of the tetramethyl- 
benzidine reagent (0.125M acetate buffer, pft 5.0 
containing 3.15 mM tetramethylbenzidine and 511: ) 
(v/v) methanol) to the wells and incubating them tor 
1 hr. Hydrogen peroxide, 5,ul of 0.6 M, to gixc a 
final concentration of 3(1 raM. was added and after 
30 min further incubation absorbancc at 690 nm was 
determined. 

Reconstitution of cvtochrome P-450. In ~ectm- 
stitution experiments activity was determined as 
described by Lu and Levin [4_S[ using NADPt t-c~lo- 
chrome c reductase prepared by affinity chroma- 
tography on 2 ' ,5 ' -ADP-Sepharose 4B [~46]. Aftcr 
reconstitution of cytochrome P-450, NADPI t-c~to- 
chrome c reductase and posphatidylcholine, the fol- 
lowing reagents were added to gixe the Iinal con- 
centrations shown: sodium deoxvcholatc, 1211 uM: 
HEPES buffer, pH7.4 ,  50 raM: magnesium chlor- 
ide, 6mM; NADPH,  1.2raM. Aryl hydrocarbon 
hydroxylase activity was determined as previously 
described [35]. 7-Ethoxyresorufin O-deethvlase 147/, 
aldrin epoxidase [48] and 2-acetylaminofluorenc 
hydroxylase [49] activities were all determined hv 
published procedures. Protein concentration and 
time of incubation were selected to be in the linear 
range for each assay. 

Induction of animals and preparatiott o ] mi~ r~)- 
somal fractions. Induction by phcnobarbitolac w a s  

accomplished by treatine rats daily for 4 d[t3rs \xith 
80 mg/kg phenobarbitone sod iumm mmnal sa!inc 
by intraperitoneal injection. The firsl dosc was 
administered as 2 × 40mg/kg Shr apart aml ttle 
animals were killed 24 hr after the last dose  Induc- 
tion with 3-methvlcholanthrcne ~as accomplished 
by administering a single dose of 81)mg kg ~,f the 
hydrocarbon in corn oil by i.p. injection. -tS hr prior 
to killing the animals, l"CDD-treated animals 
received a single dose of 50 ~lgkg TCDD in dioxane 
by i.p. injection, 5 days prior to sacrifice. 

The source and conditions of maintenance oI \\:is- 
tar rats, rabbits, guinea pigs, dogs, baboons, pigs. 
hamsters and mice were as previously described [50]. 
Fischer and DA strains of rat were obtained from 
Bantin and Kingman (Hull. Yorkshirel. 

Human liver samples were obtained, with ioczd 
Research Ethics Committee permission, a~ described 
elsewhere [35]. 
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Microsomal fractions from liver of all species were 
prepared by differential centrifugation [35]. 

Other assays. Protein concentration was deter- 
mined by the method of Lowry et al. [51] with 
crystalline bovine serum albumin (fraction V) as 
standard. Cytochrome P-450 content was measured 
by reduced CO-difference spectroscopy [52] on a 
Model 555 split-beam scanning spectrophotometer 
with microprocessor-controlled background cor- 
rection (Perkin-Elmer Ltd, Beaconsfield, Bucks). 
An extinction coefficient of 91 per mM/cm was 
assumed for reduced CO-cytochrome P-450 between 
45(1 and 480 nm [52]. 

RESULTS 

The monoclonal antibody described is secreted by 
a hybridoma that has been designated 3/4/2. This 
clone was derived from the fusion of spleen cells 
obtained from a mouse immunized with partially 
purified cytochrome P-448 with NSI myeloma cells. 

3/4/2 is IgG, sub-class 1, as determined by ELISA 
using sub-class specific antibodies (Table 1). 

Evidence fbr the monoclonal origin of antibody 
 /4/2 

The original subculture from the 37 positive cul- 
tures was cloned by limiting dilution and only wells 
containing individual colonies were selected for fur- 
ther study. Clone 3/4/2 was subcloned, again by 
limiting dilution and all of the subclones were posi- 
tive by solid phase assay. In addition, the well con- 
taining subclone 3/4/2 contained only a single 
colony, determined by visual inspection under a 
microscope. 

Isoelectricfocusing of 3/4/2 gave a cluster of 2 
major and 4 minor bands with pI values in the range 
7.5-8.0 (Fig. 1) indicating possible monoclonality of 
the antibody. After  preparative isoelectricfocusing 
the bands were removed, eluted with PBS and sub- 
jected to SDS-PAGE.  Only bands corresponding in 
molecular weight to the heavy and light chains of 
immunoglobulin were observed. 

Cells producing 3/4/2 were grown in culture 
medium containing [14C]-leucine for 24hr. The 
supernatant was purified by ammonium sulphate 
fractionation and the resultant immunoglobulin frac- 
tion subjected to SDS-PAGE followed by autoradio- 

1 2 3 

Fig. 1. Isoelectricfocusing of various preparations of MAb 
3/4/2. The agarose gel was prepared and run as described 
under Materials and Methods. Lane 1, crude ascites fluid 
fraction; lane 2, DEAE Affi-Gel Blue purified fraction of 
MAb 3/4/2. Fifty micrograms of each preparation were 
applied to the gel. The cathode is at the top of the figure. 
pI values of the standards (lane 3) were as follows: 1, 8,65; 

2, 8.45; 3, 8.15; 4, 7.35; 5, 6.55; 6, 5.85; 7, 5.20. 

graphy. Labelled proteins were observed with mole 
wt 60,000 and 20,000, corresponding in molecular 
weight to the heavy and light chains of 3/4/2, 
respectively. Control NS1 myeloma cells secreted no 
labelled immunoglobulin into the medium. 

Table 1. Sub-class identification of MAb 3/4/'2 

Sub-class specific antibody against Absorbance at 492 nm 

IgG, A, M (heavy and light chain) 1.3 
IgM 0.2 
IgA 0.2 
IgG l 1.2 
IgG2 ~, 0.15 
IgG2B 0.2 

The wells of microtitre trays were coated with MAb 3/4/2 as 
described under Materials and Methods. Horseradish peroxi- 
dase. sub-class specific, sheep anti-mouse antisera were added 
to the wells and specific interaction quantitated spectro- 
photometrically after addition of hydrogen peroxide and o- 
phenylenediamine, absorbance being determined at 492 nm. 
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Fig. 2. Immunotitration of 3/4/2 purified by DEAE Affi-Gel Blue chromatography. MAb 3/4/2 was 
purified from mouse ascites fluid by DEAE Affi-Gel Blue chromatography. Serial, 2-fold dilutions of 
the MAb were assayed by solid phase ELISA (0) .  A crude fraction of 3/4/2 from ascitcs fluid (at)  and 
a fraction from clone 3/4/2 tissue culture fluid, partially purified by PEG fractionation ( I t ,  were 
similarly assayed. For each preparation the starting concentration of protein was adjusted to 0.5 mgml  

(log dilution = 0 ) .  Values are means -+ S . D .  of triplicate determinations. 

Titration of' 3/4/2 

Solid phase  E L I S A  assay against  partially purified 
rat l iver cy tochrome  P-448 was pe r fo rmed  with serial, 
2-fold di lu t ions  of 3 /4 /2  f rom tissue cul ture  fluid and 
f rom mouse  ascites fluid (Fig. 2). The  t i t ra t ion curves  
have very similar shapes,  the  P E G  f rac t iona ted  anti-  
body f rom tissue cul ture  fluid having  only 20% of 
the activity of the D E A E  Affi-Gel Blue purified 
ascites fluid fract ion.  Purif icat ion by D E A E  Affi-Gel 
Blue gave a pure r  f rac t ion than  a m m o n i u m  sulphate  
f rac t ionat ion .  This  was appa ren t  f rom bo th  Fig. 2 
and f rom SDS-gel  e lec t rophores i s  of the different  
f ract ions (da ta  not  shown) .  Radia l  immunodi f fus ion  
of the di f ferent  monoc lona l  an t ibody  fract ions 
conf i rmed tha t  the  a m m o n i u m  sulphate  f rac t iona ted  
mater ia l  con ta ined  only 40% of the  immunog lobu l in  

12) 

IO 

0 I 2 ~ 4 5 

- L o g  d i l u t i o n  o f  f i r s t  a n t i b o d y  

Fig. 3. Reactivity of MAb 3/4/2 with protein A. Individual 
polystyrene microtitre wells were coated with protein A 
and then incubated with serial, 2-fold dilutions of 3/4/2 
(At ,  at an initial protein concentration of 0.5 mg/ml, or 
with rabbit anti-mouse IgG 1, whole serum (Q), at an initial 
protein concentration of 0.13 mg/ml, as a positive control. 
Quantitation was by the addition of [usI]-Iabelled anti- 
mouse or anti-rabbit F(ab')2 fraction as described under 

Materials and Methods. 

con ten t  of the D E A E  Afl i-Gel  Blue purit ied mater ia l  
and  tha t  the P E G  f rac t iona ted  cul ture  fluid con ta ined  
only 20% of the immunoglobu l in  that  the D E A E  
fract ion con t a ined  (data  not shown).  

T i t ra t ion  curves of 3 /4 /2  against  prote in  A were 
also ob ta ined  (Fig. 3). These  revealed  that  the inono-  
clonal an t ibody  bound  only very weakly to prote in  
A. t t e n c e ,  it would not  be possible to use pmtei i l  A 
to purify 3 /4 /2 .  

A utoradiography 

Hepat ic  microsom:i[ f iac t ion from BNF- t r ea t ed  
rats was solubil ized with cholate  and labelled with 
[125I]. The  label led pro te ins  were incubated  with 
3/4/2.  I m m u n e  complexes  were prec ip i ta ted  by the 

Table 2. Reactivit,, of MAb 3/4/'2 with puriticd and partiall,, 
purified preparati-ons ol cytochronie P-450 in solid phase 

EI_ISA 

Absorbancc at 492 nm 
3 '  ''~ 3' "~ Antigen Vv'ithout , : 4 _ With 4 ,~ .  

Rabbit 
Form 2 (1.13 ' I).t)5 ~1.4~ t I1.02 
Form 3b 11.13 + 0.03 i1.41 + (1.(13 
Form 3c (),19 ~ ().ill ().35 ' (i.()2 
Form 4 11.17 + (1.112 071 ' ()ill 
Form 6 (). I l + 0.112 O.72 - i).iil 

Rat 
Microsomal fraction* 0.30 ": (),01 I.O3 ~ (J.Ol 
Cytochrome P-448;- (i.25 ~ 0.()I ()92 ÷ (L(12 

Human 
Microsomal fraction 11.2(1 ~ (}.{)t~ 1)-~7 + ()(1[ 
Cytochromc P-450-: 019 ~ 11,()3 0,67 ! ()()(~ 

Hepatic microsomal fraction tram BNF-trcatcd rats 
i-Partially purified preparation at c?,tochmmc P-448 

from liver of BNF-treated rats. 
Partially purified preparation at c~tochroinc P-45() 

from human liver. 
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addition of affinity-purified rabbit anti-mouse IgG 
and subjected to SDS-polyacrylamide gel elec- 
trophorcsis fol lowed by autoradiography.  The use of 
large amounts  of precipitat ing antibody tended to 
decrease the apparent  mole wt of the labelled 
proteins. This was due presumably to a "'snowplough 
effect".  When the antibody concentrat ions were suit- 
ably adjusted,  labelled proteins were detectable onlv 
in the molecular  weight range 53-58 K (data not 
shown). However ,  the resolution of the auto- 
radiographs was not sufficient to enable the number  
of bands recognised by 3/4/2  to be determined in 
this experiment .  

Specifici U of 3/4/2 
In solid phase haem assay, 3/4/2 specifically 

adsorbed haem-posi t ive material from cholate solu- 
bilised microsomal  fraction from BNF-t rea ted  rats. 

Solid phase E L I S A  assays were performed with 
homogeneous  preparat ions of rat cytochrome P-448 
(form c). rabbit cytochromes P-450 forms 2, 3b. 
3c, 4 and 6 and partially purified preparat ions of 
cytochrome P-450 from phenobarbi tone  treated rats 
and from humans. Results are shown in Table 2. The 
antibody showed strong cross-reactivity with all of 
the forms of cvtochrome P-450 tested. With the other  
haemoprote ins  investigated there was negligible 
cross-reactivity (Table 3). 

Western blot of proteins from 3-methylchol- 
anthrene- t rea ted  rats and rabbits revealed that 
3/4/2 recognized proteins only in the molecular  
weight region of 52-58 K (Fig. 4). With hepatic 
microsomal fraction from 3-MC treated rats a single 
protein band of molecular  weight approximately 
57 K was detected,  whereas with rabbit two proteins 
of mole wt 55 K and 57 K, corresponding to forms 4 
and 6, were recognized.  3 /4 /2  also recognized a 
single protein in blot transferred hepatic microsomal 

Table 3. Immunoreactivity of MAb 3/4/2 with various 
haemoproteins in solid phase immunosorbant radiometric 

assay 

cpm [lesI] x 10 
Haemoprotein Control* With 3/4/2 

=xC<8 i .... 

1 2 3 4 5 6 7 
Fig. 4. Western blot of MAb 3/4/2 with microsomal pro- 
teins from rats, rabbit and human. Hepatic microsomal 
fraction from BNF-treated (lane 1) and 3-MC-treated (lane 
2) rats, 3-MC-treated rabbit (lane 4), PB-treated (lane 5) 
and control (lane 6) rats and human (lane 7) and homo- 
geneous rat cytochrome P-448 (lane 3), were subjecled to 
SDS-PAGE followed by electrophoretic blot transfer on to 
nitrocellulose membrane. The reactivity of the separated 
proteins with MAb 3/4/2 was then assessed as described 
under Materials and Methods. The heaviest proteins are at 

the top of the figure. 

Cytochrome P-448~ 3.4 38.0 
Cvtochrome P-450~: 1.4 15.5 
Microsomal fraction 

from control rat 2.8 11.0 
Cvtochrome c (horse) 1.0 0.9 
Cytochrome c (pigeon) 1.0 1.2 
Cytochrome c (tuna) 0.8 1.2 
Haemoglobin (human) 0.8 1.2 
Myoglobin (horse) 0.7 1.0 
Haemocyanin (keyhole limpit) 0.8 1.9 
Catalase (bovine) 1.3 3.0 
Horseradish peroxidase 4.3 4.1 

* Controls were incubated with spent tissue culture fluid 
from NS1 myeloma cells grown under the same conditions 
as clone 3/4,/2. 

+ Partially purified preparation from liver of BNF- 
treated rats, purilied as described under Materials and 
Methods. 

~- Partially purified preparation from liver of PB-treated 
rats, purified as described under Materials and Methods. 

fraction from PB-treated rat. This protein had a mole 
wt of 56 K and did not correspond to ei ther forms b 
or e, the major  PB-inducible forms in rat liver. The 
M A b  reacted with a single protein in human hepatic 
microsomal fraction of mole wt 54 K. 

The reactivity of the antibody against hepatic 
microsomal fractions from a variety of different 
species was also investigated by ELISA.  The results 
are shown in Table 4. 3/4/2 reacted positively with 
all of the microsomal fractions tested. 

Recognition site Jbr 3/4/2 
Because of the cross-reactivity of 3/4/2 the pos- 

sible effects of this M A b  on the binding spectrum of 
cytochrome P-450 were investigated. 

Preincubation of 3/4/2 with a purified preparat ion 
of cytochrome P-448 had no effect on the reduced 
CO-difference spectrum of the haemoprote in  (data 
not shown). 
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Table 4. Cross-reactivity of MAb 3/4/2 with hepatic microsomal fractions from 
various species in ELISA 

Species Treatment Absorbance reading* 

Wistar rat None 7 
Wistar rat PBt  8 
Wistar rat 3-MC$ 8 
ICI Wistar rat BNF§ 8 
Fischer rat None 6 
Fischer rat PB 7 
Fischer rat 3-MC 7 
DA rat None 7 
DA rat PB 8 
DA rat 3-MC 7 
A K R  mouse None 6 
A K R  mouse PB 8 
AKR mouse 3-MC 6 
Balb/c mouse None 6 
Balb/c mouse PB 8 
Balb/c mouse 3-MC 7 
NZW rabbit 3-MC 5 
Dunkin-Hartley guinea pig None 8 
Syrian hamster None 4 
Pig (blue) None 4 
Baboon None 4 
Human None 5 ± 1 (N 
Control (no microsomal protein)l] - -  0 

= 9 )  

0 D 6  

Microtitre wells were coated with microsomal fraction from each species at 
the same protein concentration (50 ~1 of 0.1 mg/ml). Results are means of 
duplicate determinations, which were within 10% of each other 90q4 of the 
time. 

* Absorbance at 492 nm in solid phase ELISA was determined on a Titretek 
Multiscan plate reader (Dynatech),  operating in matrix mode. Values were 
expressed as an integral number of absorbance increments from 0 to 9, with a 
value of 10 assigned to absorbance 0.60. 

+ Animals were treated for 4 days with i.p. injections of 80 mg/kg pheno- 
barbitone sodium in saline. The first dose was administered as 2 x 40 mg/kg. 
8 hr apart. Animals were sacrificed 24 hr after the last dose. 

:I: Animals recieved a single i.p. injection of 80 mg/kg 3-methylcholanthrene 
in corn oil 48 hr prior to sacrifice. 

§ Rats were treated with 100 mg/kg /3-naphthoflavone in corn oil by i.p. 
injection daily, for 4 days. The animals were killed 24 hr after the last injection. 

II Controls, in which the MAb was omitted, were also run for each microsomal 
fraction. An additional control involved incubation of a non-cytochrome P-450 
directed MAb with microsomal fraction from BNF-treated rat. In all cases the 
absorbance reading in matrix mode was between 0 and 1. 

0 . 0 4  

O 

0 02 

I I I 1 I 
360 400 4 4 0  4 8 0  5 2 0  

W a v e L e n g t h  ( n m )  

Fig. 5. Binding spectrum of MAb 3/4/2 with cytochrome 
P-450. Hepatic microsomal fraction from BNF-treated rat 
was preincubated with 3/4/2 for 1.5 hr at 4 °. The difference 
spectrum of the mierosomal fraction was then recorded 
against microsomal fraction to which 3/4/2 was added 

immediately prior to spectroscopy. 

T h e  add i t i on  of  3 /4 /2  to  m i c r o s o m a l  s u s p e n s i o n s  
f r o m  B N F - t r e a t e d  rats  p r o d u c e d  a b ind ing  s p e c t r m n  
that  t o o k  at least  1 hr  to d e v e l o p ,  at 4 ° (Fig. 5). The  
e f fec ts  o f  o t h e r  m o n o c l o n a l  a n t i b o d i e s  against  rat 
c y t o c h r o m e  P-448, p r o d u c e d  in a s epa ra t e  fus ion ,  
w e r e  i nves t i ga t ed .  E v e n  at p ro t e i n  c o n c e n t r a t i o n s  
g r e a t e r  t han  t h o s e  used  for  3 /4 /2  t hese  an t i bod i e s  
p r o d u c e d  no  b i nd i ng  s p e c t r u m .  T h e  s p e c t r u m  pro- 
d u c e d  by 3 / 4 / 2  was s imi lar  to tha t  o f  a type 2 com-  
p o u n d  such as ani l ine ,  and  was  c o n c e n t r a t i o n - d e p e n -  
den t .  H o w e v e r ,  3 /4 /2  d id  not  p r e v e n t  the  b ind ing  of  
ani l ine  to c v t o c h r o m e  P-450. 

EJJi'ct o f  3/4/2 on monooxygenase actiuitv 

I n c u b a t i o n  of  3 /4 /2  wi th  hepa t i c  m i c r o s o m a l  sus- 
p e n s i o n s  f r o m  B N F -  or  P B - t r e a t e d  rats .  T C D I ) -  
t r e a t e d  r abb i t s  o r  h u m a n s  had  no effect  on m o n o -  
o x y g e n a s e  act ivi ty (Table  5). A p p a r e n t l y  h o m o -  
g e n e o u s  c y t o c h r o m e  P-448, 4 p m o l e  was i n c u b a t e d  
wi th  up to  0.4 m g  o f  D E A E  Aff i -Ge l  Blue pur i f ied  
3 /4 /2  for  30 min  at r o o m  t e m p e r a t u r e .  The  cvto-  
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Table 5. Effects of MAb 3/4/2 on monooxygenase activity 

Concn of 3/4/2 % Control Ig control+ 
Monooxygenase activity tested (/~g/ml) activity* (% control) 

Rat cytochrome P-4487. 
AHH 200 96 69 

400 73 
EROD 100 86 

200 75 65 
Microsomal fraction 

from BNF-treated rats 
EROD 250 99 101 

Microsomal fraction 
from PB-treated rats 

Aldrin epoxidase 250 113 105 
Microsomal fraction 

from TCDD-treated rabbits 
2-AAF N-bydroxylase 1300 89 
2-AAF 1-hydroxylase 1300 114 
2-AAF 7-hydroxylase 1300 124 

Human cytochrome P-450§ 
AHH 500 75 55 
Aldrin epoxidase 100 64 5.2 

* Activity is expressed as a percent of control values, determined in the absence of 
any antibody. 

+ Activity was determined with an equivalent amount of mouse serum immunoglobulin 
fraction and expressed as a percent of the same controls as above. 

~: Activity was determined in a reconstituted system containing apparently homo- 
geneous rat liver cytochrome P-448. 

§ Activity was determined in a reconstituted system containing a partially purilied 
preparation of human hepatic cytochrome P-450. 
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chrome P-448 was then reconsti tuted with purified 
N A D P H - c y t o c h r o m e  c reductase and phosphat- 
idylcholine and aryl hydrocarbon hydroxylase 
activity determined.  The  antibody had only a very 
slight effect on reconsti tuted monooxygenase  
activity, indicating that it had no marked inhibitory 
effect on cytochrome P-450. Similarly, 3/4/2 had 
almost no effect on 7-ethoxyresorufin O-deethylase 
activity of reconst i tuted cytochrome P-448. 

DISCUSSION 

Although antibodies against cytochrome P-450 are 
often monospecific [53] there are a number  of reports 
of such antibodies cross-reacting with, presumably,  
analogous forms of cytochrome P-450 in other  
species. This is true of both polyclonal [54] and 
monoclonal  [55] antibodies. In the present report  
we have described the generat ion of a monoclonal  
antibody against rat hepatic cytochrome P-448 (form 
c) which appears to cross react with forms of cyto- 
chrome P-450 in a wide variety of other  species, 
including man, and after induction by a variety of 
compounds.  

The amino acid sequence of several forms of cyto- 
chrome P-450 has now been elucidated [27] as has 
the nucleotide sequence of a structural gene ]56]. 
Such studies have revealed so-called "conserved 
regions" on cytochrome P-a50. These are sequences 
of up to 15 or 20 amino acids which are similar, if 
not identical, in the forms of cytochrome P-450 so 
far studied [57]. It seems quite possible that the 
monoclonal  antibody repor ted  here reacts with some 

such conserved region in cytochrome P-450. It is 
obvious that this region cannot be associated with 
the catalytic activity of the enzyme,  since the anti- 
body was non-inhibitory. This would exclude the 
active site of the cytochrome and the cytochrome 
c reductase binding site, but other  possible areas 
include the site of haem at tachment or a hydrophobic 
region which maintains the orientat ion of the enzyme 
within the membrane  [58]. We have not yet been 
able to determine which of these sites, if any, is the 
recognition determinant  for 3/4/2.  

The monoclonal  antibody did cause a perturbat ion 
of the absolute spectrum of cytochrome P-450, as 
determined by difference spectroscopy, due pre- 
sumably to an alteration in spin state. The binding 
was very similar to that occurring in the presence of 
aniline, a compound known to bind to the sixth 
ligand of the haem iron [59]. However ,  binding of 
the antibody did not prevent  aniline binding or ~,ice 

v e r s a .  Indeed,  the binding of aniline and 3/4/2 were 
additive. Nor  was the antibody inhibitory, either 
in a reconsti tuted system or in intact microsomal 
fractions. 

It was apparent  from blotting experiments that thc 
monoclonal  antibody 3/4/2 reacted with cytochrome 
P-448 to a much greater  extent than with the cyto- 
chromes present in control or phenobarbi tone 
induced animals. This was not readily apparent  from 
normal E L I S A  assay. From these experiments it 
appears that 3 /4 /2  recognises an epi tope common to 
certain hydrocarbon-inducible  forms of cytochrome 
P-450. This would include rat form c, rabbit forms 4 
and 6 and a human form of cytochrome P-450, but 
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not rat form d. It is thus tempt ing to conclude that 
3/4/2 reacts with a form of cy tochrome P-450 in 
human liver analogous to rat form c. 

The cross-reactivity of 3/4/2 in E L I S A  was some- 
what in d i sagreement  with the results of Western  
blotting. Thus,  the M A b  blot ted only forms 4 and 6 
in rabbit  liver but reacted with forms 2, 3b, 3c, 4 and 
6 in ELISA.  There  are several possible explanat ions 
for this. The ELISA assay was opt imised to detect  
any reactivity of the M A b ,  and as such is more  
sensitive than blotting. Thus,  3/4/2 might react 
weakly with forms 2, 3b and 3c due to the existence 
of a similar, but not identical,  epi tope to that found 
on forms 4 and 6. Alternat ively,  l inearization of the 
proteins  for blott ing might disrupt the epi tope on 
forms 2, 3b and 3c, while leaving that  on forms 4 and 
6 intact. This seems a less likely possibility. 

M A b  3/4/2 binds to a variety of different  forms of 
cy tochrome P-450 but does  not inhibit their  activity., 
Such an ant ibody might be particularly useful in 
immunopuri f ica t ion of cy tochrome P-450, as the anti- 
body-an t igen  complex can be used to reconsti tute 
catalytic activity in the presence  of cytockrome c 
reductase [60]. Such ant ibodies  will also find appli- 
cation in immunocytochemica l  [ocalisation of cyto- 
chrome P-450, inter- and intra-species compar isons  
of cy tochrome P-450 structure and in isozyme 
quant i ta t ion.  
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