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Abstract-The cytochrome P-450-mediated coumarin 7-hydroxylase (COH) was studied in microsomal 
preparations from Wistar rat, DBA/2N mouse, and human liver, Human liver contained the highest 
constitutive COH activity of up to about 500 pmol/mg microsomal proteinlmin. The rat liver contained 
low levels of COH (about 3-Spmol/mg protein/min) which could be demonstrated only with high 
substrate concentrations. Rabbit polyclonal antibody generated against P-450,, (a P-450 isozyme 
purified from pyrazole-treated DBA/2N mouse liver showing high activity for coumarin 7-hydroxylation) 
inhibited COH activity by almost 100% in human liver microsomes and 8&99% in mouse liver 
microsomes. Also the deethylation of 7-ethoxycoumarin was inhibited somewhat by the antibody, 
whereas no inhibition was obtained in ethoxyresorufin O-deethylase and aryl hydrocarbon hydroxylase 
activities. None of these enzyme activities was affected by the antibody in the rat liver microsomes. In 
Ouchterlony immunodiffusion analysis precipitin lines were obtained with human, mouse and rat liver 
microsomes. Complex coalescence patterns were obtained suggesting full identity between human and 
pyr~ole-treated mouse antigens, partial identity between mouse and rat antigens, and no identity 
between human and rat antigens. Western blot analysis with the anti-P-450,, antibody revealed a 
distinct 48-kDa protein in all four human samples tested. A 50-kDa protein comigrating exactly with 
P-450,, was observed in microsomes from PB and pyrazole-treated mouse liver microsomes. No distinct 
protein bands appeared in rat liver samples. These data suggest that despite slightly differing molecular 
masses, the human and mouse P-450s supporting COH are structurally conserved at their active centers. 
The corresponding rat P-450 appears to differ from that of mouse and man. 

Coumarin occurs naturally at high concentrations 
in several plants. It is being used, although decreas- 
ingly, as a fixative and enhancer of odors in cosmetic 
preparations [l]. In uiuo and in uitm studies have 
demonstrated a wide interspecies variation in the 
metabolic disposition of coumarin [2]. In man cou- 
marin is excreted mainly as free or conjugated 
7-hydroxyderivative, while in the rat the amount of 
excreted 7-hydroxycouma~n is less than 1% of the 
dose administered [3]. 

These differences are also reflected in the hepatic 
enzymes involved in the metabolism of coumarin. 
Human liver contains an active cytochrome P-450- 
linked coumarin 7-hydroxylase (COH)! system 141, 
whereas this activity in the rat liver is negligible or 
absent [S, 61. In recent reports we have confirmed 

t To whom all correspondence and requests for reprints 
should be addressed. 

‘fl Abb;;i;tions used: A;HH, aryl hydrocarbon hycp;;- 
lase; , coumann 7-hydroxylase; 
7-ethoxycoumarin 0-deethylase; ERDE, 7: 
ethoxyresorufin O-deethylase; MC, 3-methylcholanthrene; 
P-450-, purified cytochrome P-450 highly active in the 7- 
hydroxylation of wumarin; PB, phenobarbital; TBS, Tris- 
buffered saline. 

these differences and extended the analysis of the 
human liver COH [7]. In addition to humans, some 
inbred strains of mice are also known to have a high 
COH activity, most notably the DBA/Z strain [ES- 
101. 

Characterization of human xenobiotic-metaboliz- 
ing enzymes is difficult because of limited availability 
of tissues and ethical considerations involved. Livers 
from renal transplant donors and from other surgical 
patients have been used in the purification and char- 
acterization of human P-Ml-linked enzymes [ll- 
131. Another kind of approach is to do comparative 
studies using antibodies raised against rodent P-450 
enzymes. We 1141 and others [S-17] have suc- 
cessfully employed monoclonal antibodies raised 
against specific rat P-450s in the characterization of 
the human P-450-mediated monooxygenase system. 

In this study we have used a poly~lonal antibody 
raised against purified murine hepatic P-450 associ- 
ated with high CQH activity to do interspecies 
comparisons. We show here by catalytic activity and 
immunochemical analyses that human and mouse 
liver couma~n 7-hydroxylating P-450s are imm~o- 
logically closely related whereas the COH activity in 
rat liver differs from that of these two species. 
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MATERIALS AND METHODS 

Chemicals. Coumarin and 7-ethoxycoumarin were 
purchased from Aldrich (Beerse, Belgium). 
Benzo(a)pyrene, 7-hydroxycoumarin, and 7-ethoxy- 
resorufin were from Sigma Chemical Co. (St. Louis, 
MO). Biotinylated Protein A and biotinylated strep- 
tavidin-horseradish peroxidase complex were from 
Amersham (Buckinghamshire, U.K.). 4-Chloro-l- 
naphthol was obtained from Bio-Rad (Richmond, 
CA). 

Liver preparations. Human liver wedge biopsy 
samples (about l-log) were taken during lap- 
arotomy from four patients with either hepatomas 
or cholestatic disease. The liver samples were his- 
tologically normal-looking. However, the extent to 
which the disease process affects P-450 enzyme 
activities is not fully known [18]. Parts of the biopsies 
were used for this study on approval by the Ethical 
Committee of the Faculty of Medicine, University 
of Oulu. Groups of four adult male DBA/2N mice 
and Wistar rats were given single daily i.p. inject- 
ions of 3-methylcholanthrene (MC, 25 mg/kg), sus- 
pended in corn oil, or pyrazole (200 mg/kg, dissolved 
in physiological saline), both for three consecutive 
days. Phenobarbital (PB) was administered in drink- 
ing water (500mg/l) for 7 days. Control animals 
received corn oil as single daily i.p. injections for 
three days. The animals were killed by decapitation 
24 hr after the last treatment, and liver microsomal 
fractions were prepared by standard differential cen- 
trifugation [19]. For COH assays, aliquots of the 
individual samples were pooled. The other enzymes 
were assayed from the individual samples. 

Preparation of the antibody. Pyrazole-inducible 
P-450 associated with high COH activity (designated 
as P-450& was purified to apparent electrophoretic 
homogeneity from livers of DBA/2N mice as 
reported elsewhere [19], and antiserum against it 
was raised in rabbits. Of several monooxygenase 
activities tested, the antibody inhibits significantly 
only the activities of COH and ECDE (Jarvinen et 
al., unpublished). The antibody does not cross-react 
with purified ethanol and pyrazole-inducible rat liver 
P-450 (P-4501) and its associated monooxygenase 
activities (Honkakoski et al., unpublished). 
Ammonium sulphate-precipitated fractions of the 
antiserum containing approximately 13 mg of IgG/ 
ml were used in this study. 

Enzyme assays. COH activity was determined 
according to Aitio [20] as described in detail earlier 
[19]. In studies on the effect of substrate con- 
centration on COH activity, 0.1-10 mM coumarin 
was used as the substrate. In subsequent experi- 
ments, 0.1 mM coumarin was used as the substrate 
with mouse and human liver preparations and 10 mM 
coumarin was used with rat liver preparations. Aryl 
hydrocarbon hydroxylase (AHH) activity was 
measured according to Nebert and Gelboin [21] and 
7-ethoxycoumarin 0-deethylase (ECDE) was deter- 
mined as described by Greenlee and Poland [22]. 
Ethoxyresorufin 0-deethylase (ERDE) activity was 
assayed according to Burke et al. [23]. The substrate 
concentrations were 80pM for AHH, 500pM for 
ECDE and 1 PM for ERDE assays. Protein deter- 
minations were done according to Bradford [24]. 

Inhibition of enzyme activities by the antibody. The 
antibody was added to the incubation mixture of the 
enzyme assays at concentrations ranging from 1: 1 to 
5 : 1 (IgG protein : microsomal protein) 2 min before 
initiation of the appropriate reactions. Preimmune 
serum controls were always assayed in parallel with 
the antibody. 

Zmmunodiffusion analysis. Immunodiffusions 
were carried out essentially as originally described 
by Ouchterlony [25] in 1% agarose gels. The micro- 
somal fractions were solubilized in 1% sodium chol- 
ate and 0.2% Emulgen 911 (which were also used in 
the gels), and 0.3 mg of microsomal protein were 
applied to the wells. An equal amount of IgG protein 
(0.3 mg) was used in centre wells. The gels were 
incubated at 4” for 48 hr. 

Protein electrophoresis and Western blots. Sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) was done by the method of Laemmli 
[26]. Proteins were transferred onto nitrocellulose 
sheets according to Towbin et al. [27]. For P-45Oc,, 
detection, the nitrocellulose sheets were first blocked 
with 3% (w/v) gelatin in TBS (50 mM Tris-200 mM 
NaCl, pH 7.4) for 1 hr at 37”. The sheets were sub- 
sequently serially reacted with (a) anti-P-450&,, anti- 
body at 1:200 dilution in TBS, (b) biotinylated 
Protein A (1:400 dilution), and (c) streptavidin- 
biotinylated horseradish peroxidase complex (1: 400 
in TBS). Between each step the sheets were washed 
3 x 10 min in TBS-O.05% Tween-20. The sheets 
were developed with 4-chloro-1-naphthol and hydro- 
gen peroxide as substrates. 

RESULTS 

Effect of substrate concentration on COH 

Figure 1 illustrates the dependency 
activity on the substrate concentration in 

of COH 
DBA/2N 

and C57BL/6 mice and Wistar rats. Raising the 
substrate concentration from 0.1 to 10 mM did not 
markedly affect COH activity in either mouse strain. 
With substrate concentrations above 5 mM, some 
COH activity could also be demonstrated in rat liver 
microsomes (Fig. 1). The reaction product formed 
with rat liver microsomes co-chromatographed with 
authentic 7-hydroxycoumarin in thin layer chroma- 
tography and had identical fluorescence properties 

_ r 

+-------------02 

SUBSTRATE CONCENTRATION h,HI 

Fig. 1. The effect of substrate concentration on the reaction 
velocity of rat and mouse hepatic microsomal COH. D2 

denotes DBA/2 mice and B6 denotes C57BL/6 mice. 
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with it (data not shown). In the Lin~w~aver-Burk 
analysis, the rat liver COH exhibited a kYm value 
of about 10 mM and a V,, value of 5 pmol/mg 
microsomal protein/min. Human and DBA/ZN 
mouse K,,, values are approximately 2 PM (data not 
shown). Experiments with several monooxygenase 
inhibitors such as alpha-naphthoflavone, SKF 525A, 
metyrapone and anibne, all shown to be inhibitory 
with human liver COH (71, demonstrated that the 
same compounds also inhibit the rat liver enzyme 
(data not shown). 

~mm~~oinhibitiun of rno~ooxyg~~~~ activities by 
unti-P-450c,h antibody 

Four human liver microsomal preparations were 
assayed for COH, ECDE, ERDE and AHH 
activities. The COH activities in these preparations 
varied between 150 and 492 pmol/mg microsomal 
protein/min. Anti-P-450ah antibody very efficiently 
in~bited human liver COH activity to a level of 12% 
or less of the basal activity in each preparation when 
equal amounts of IgG and microsomal protein were 
added to the incubation mixture (Fig. 2). With higher 
concentrations of the antibody (5: 1) the COH 
activity was inhibited 98--99% in each case. Pre- 
immune serum caused either a slight inhibition 
(patient l), or activation (patient 3) of COH activity 
with high antibody : microsomal protein concen- 
trations. 
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Fig. 2. Inhibition of human COH by anti-P-450, antibody. 
The activity of COH was assayed in the presence of the 
antibody at concentrations ranging from 1: I (IgG protein: 
microsomal protein) to 5: 1 (0-O). Preimmune serum 
was used at same concentrations (O-O). Basal activity 
was determined in assays without the antibody. Numbers 

1-4 denote individual patients. 

Ratio antibody : microsomal protein 

Fig. 3. Inhibition of mouse COH by anti-P-450,h antibody. 
The experiment was done with microsomai samples pooled 
from four indi~dua1 animals as in Fig. 2. Solid circies 
denote anti-COH antibody and open circles preimmune 

serum. 

Table 1. Inhibition by anti-P-450,,, antibody of human 
liver monooxygenase activities 

Enzyme 
Preimmune 

Antibody serum 
Per cent of activity 

COH 1 r 1* 107 L?L 24 
ECDE 58 + 14 96 2 2 
ERDE 98 t 4 95 r 8 
AHH 111 rt 6 118 2 12 

A 5 : 1 ratio of antibody or preimmune serum: 
microsomal protein was used. 

* Each figure is the mean rt SD of 4 individuals. 

Of the other monooxygenase activities tested, 
ECDE was inhibited to a variable extent by the 
antibody. As listed in Table 1, the mean inhibition 
of human liver ECDE activity by the antibody at a 
5: 1 concentration was 42%, whereas ERDE and 
AHH activities were not affected. 

The effects of PB, pyrazole and MC on DBA/ZN 
mouse liver monooxygenase activities are listed in 
Table 2. Also in the mouse liver microsomal prep- 
arations, COH activity was efficiently inhibited by 
the antibody. As shown in Fig. 3, the COH activity 
was reduced by the antibody to less than 10% in 
control, PB-treated and p~azole-treated mouse 
microsomes. In MC-treated mice, the inhibition was 
approximately 85% with all three antibody con- 
centrations tested. 
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Table 2. Effect of inducers on monooxygenase activities in DBA/2N mouse liver 

Treatment COH ECDE ERDE AHH 

Control 0.03* 0.28 k 0.05 0.69 2 0.14 0.20 ? 0.05 
PB 0.38 4.02 + 0.38 3.34 2 0.68 1.04 k 0.08 
Pyrazole 0.65 1.47 ‘- 0.65 0.13 -e 0.03 0.06 2 0.03 
MC 0.01 0.43 t 0.11 1.02 k 0.43 0.27 c 0.08 

All enzyme activities are given in nmoles/mg microsmal protein/min. 
* COH activities were assayed from pooled liver microsomal preparations. The others 

are means *SD of 4-6 individual preparations. 

Table 3. Inhibition by anti-P-450,, antibody of mouse liver 
monooxygenase activities 

Antibody Preimmune serum 
Enzyme Treatment Per cent of activity 

COH Control 10* 66 
PB 1 58 
Pyrazole 6 52 
MC 14 68 

ECDE Control 
PB 
Pyrazole 
MC 

71 2 14t 
56 2 4 
13 2 3 
83 5 3 

97 r 3 
94 k 3 
93 2 9 
92 f 3 

ERDE Control 
PB 
Pyrazole 
MC 

86 2 5 
90 2 19 
83 f 3 

104 t 3 

100 2 3 
87 k 12 
92 2 3 

107 + 1 

AHH Control 
PB 
Pyrazole 
MC 

106 2 8 
126 2 14 
199 2 39 
129 + 9 

112 k 9 
109 k 8 
194 k 37 
131 + 13 

A 5 : 1 ratio of antibody or preimmune serum: micro- 
somal protein was used. 

* Figures for COH are duplicate measurements of 
pooled samples from four mice. 

t Figures for ECDE, ERDE and AHH are means 2 SD 
of four individual mice. 

As with the human preparations, mouse liver 
ECDE activity was also blocked by the antibody 
(Table 3). The inhibition was dependent on the 
pretreatment with pyrazole-treated mice showing the 
greatest response (an average of 87% inhibition). 
ERDE and AHH activities were not markedly affec- 
ted by the antibody. 

Since the constitutive COH activity in rat liver 
microsomes was too low for meaningful inhibition 
studies with the antibody (Table 4), only PB-pre- 
treated rat liver microsomes were tested for their 
response to the antibody. No inhibition of COH 
activity was observed with any antibody con- 
centrations used. A summary of the monooxygenase 
activities tested is given in Table 5. In addition to 
COH, also the other activities, ECDE, ERDE, and 
AHH, did not respond to the antibody. 

Immunochemical analyses 

In Ouchterlony double-diffusion experiments 
clear precipitin lines were obtained with all four 
human liver preparations (Fig. 4A). Under these 
conditions, one major and another minor precipitin 
line were formed with control and MC-treated DBA/ 
2N mouse liver microsomes, whereas only one line 
was seen using PB and pyrazole-treated mouse liver 
microsomes (Fig. 4B). Also the rat microsomes 
yielded precipitin lines with the anti-P-450c,s anti- 
body (Fig. 4C). Coalescence patterns suggesting par- 
tial identity between mouse and rat anti-P-450c,,,- 
detectable antigen, no identity between human and 
rat antigens, and full identity between pyrazole- 
treated mouse and human antigens were obtained 
(Fig. 4D). No identity was apparent between control 
mouse and human antigens. 

The immunological relatedness between human 
and mouse enzymes was finally verified by Western 
blot analysis. The anti-P-450c,, antibody revealed a 
distinct protein band in a human liver microsomal 
preparation which migrates slightly faster (minimum 
M, 48 kDa) than the purified P-450c,, (minimum M, 
50 kDa) (Fig. 5). The nature of the faint heavier 
band (approximately 55 kDa) also detected by the 
antibody is not known. Figure 6 illustrates the detec- 
tion by the antibody of the respective antigen in 

Table 4. Effect of inducers on monooxygenase activities in Wistar rat liver 

Treatment COH ECDE ERDE AHH 

Control 0.003* 0.36 f 0.06 0.85 k 0.07 0.51 2 0.06 
PB 0.032 1.20 2 0.19 1.93 2 0.07 0.69 k 0.13 
Pyrazole 0.007 0.54 2 0.13 1.08 k 0.36 0.30 k 0.13 
MC 0.003 2.77 k 0.39 7.07 ” 0.09 1.08 2 0.08 

All activities are given in nmoles/mig protein/min. 
* COH activity was assayed from pooled preparations. The other activities are the 

means + SD of 4-6 individual assays. 
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Fig. 4. Ouchterlony immunodiffusion analysis of human, mouse and rat liver microsomal preparations. 
The center wells contained 0.3 mg anti-P-450,, antibody. (A) Human liver microsomes from patients 
1-Q. (B) Liver microsomes from control (l), PB-treated (21, MC-treated (3), and pyrazote-treated (4) 
DBA/Z mice. (C) Microsomes from control (I), PB-treated (21, MC-treated (3), and pyrazole-treated 
Wistar rats (4). (D) Microsomes from control DBA/iN mouse (11, human liver (2 and 5), control rat 

(3 and 6), and pyrazole-treated mouse (4). 0.3 mg of microsomal protein was used in each case. 

human, mouse, and rat liver microsomal 
preparations. All four human samples showed 
distinct bands the relative intensities of which cor- 
related with the actual COH catalytic activities (Fig. 
6, upper panel). As expected, microsomes from PB- 
and pyrazole pretreated DBA/2N mice showed 
intense bands comigrating exactly with purified 
P-450cor, (Fig. 6, middle panel). Weak uniform dif- 
fuse staining in the 47-55 kDa region was visible in 
rat preparations (Fig. 6, bottom panel). 

DISCUSSION 

In a previous report we showed that the human 
liver COH is more active than that of any other 
species studied to date [7]. Especially the rat has 

Table 5. Inhibition by anti-P-450,, of rat liver mono- 
oxygenase activities 

Antibody Preimmune serum 
Enzyme Treatment Per cent of activity 

1 2 

50-w -48 

COH* 

ECDE 

ERDE 

AHH 

PB 

Control 
PB 
Pyrazole 
MC 

Control 
PB 
Pyrazole 
MC 

Control 
PB 
Pyrazole 
MC 

96t 

93 -c 7$ 
90 2 6 
98 r+ 1 
94 ‘- 5 

92 f 3 
98 f 3 
99 2 4 

101 5 2 

123 2 9 
113 -+ 12 
112 rt 4 
93 * 5 

100 

96 & 4 
91 -t 10 
97 r 4 
93 2 2 

107 f 4 
107 f 7 
99 -+ 3 

101 It 1 

117 -e 16 
101 t 15 
104 2 a 
84 ” 7 

Fig. 5. Western blot with purified P-450c,s (lane 1, 50 ng) 
and human liver microsomes (lane 2, 5 pg). The proteins 
were visualized with anti-PG500,,, as described in Materiais 
and Methods. The minimum M,s are given in kilodalton 

(kDa). 

* COH activity was high enough for inhibition studies 
only with microsomes obtained from PB-treated rats. 

t The figure is the result of a duplicate assay of a micro- 
somal sample pooled from four rats. 

$ ECDE, ERDE and AHH figures are means 2 SD of 
four individual rats. 
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Fig. 6. Western blots with anti-P-4500,h antibody in human, 
mouse and rat liver microsomal preparations. 5 pg of liver 
microsomes from patients l-4 were applied (upper panel, 
lanes l-4, respectively). Specific COH activities were 491, 
294, 150 and 285 pmol/mg microsomes/min in patients 1, 
2, 3 and 4, respectively. 5 pg of liver microsomes from 
control (lane l), MC (lane 2), PB (lane 3), and pyrazole- 
treated (lane 4) mice (middle panel) and rats (bottom 
panel) were applied. Lane 6 contained 50ng of purified 

P-450,,, in each panel. 

negligible COH activity when assayed at low sub- 
strate concentrations [S-8]. 

In the present study we show, however, that low 
but detectable COH activity actually exists in rat 
liver microsomes, but it can be demonstrated only 
with very high substrate concentrations of up to 
10 mM. Although the Michaelis-Menten constant 
for the rat liver enzyme is considerably higher than 
that of the human or mouse enzyme, the rat COH 
is inhibited by the same inhibitors as the mouse and 
human enzyme [7,28, this work], thus demonstrating 
similar properties. One possibility could be that the 
rat liver COH is in evolutionary terms an analogous 
P-450 form with a mutation affecting substrate 
binding. The present results, however, strongly sug- 
gest that this is not the case. 

Clear evidence that COH activities in rat and man 
(and mouse) are distinct at least concerning the 
active sites comes from the present experiments with 
the anti-P-450c,r, antibody. The human COH activity 
was invariably inhibited 98-99% by the antibody 
at the antibody: microsomal protein ratio of 5 : 1, 
whereas the rat PB-induced COH level was not 
appreciably affected. Analogously with the human 
enzyme, DBA/2N mouse liver COH was also 

inhibited more than 85% regardless of the 
pretreatment. 

Conclusions from the inhibition experiments with 
the antibody are that (1) coumarin 7-hydroxylating 
P-450s or at least epitopes at or near the enzyme 
active site, are immunologically quite similar in 
human and mouse liver, and (2) although there is 
marked variation in COH activity in human liver 
microsomal preparations from different individuals, 
the response to immunological inhibition is uniform. 
The immunological relatedness between human and 
mouse enzymes was further assessed by immuno- 
chemical techniques. In Ouchterlony 
immunodiffusion analysis, all human, mouse and rat 
microsomes gave prominent immunoprecipitation 
bands with the anti-P-450c,h antibody. The precipi- 
tation patterns suggested almost full identity between 
mouse and rat antigens and no identity between rat 
and human antigens. 

Western immunoblot analysis yielded more insight 
into the immunochemical properties of the enzyme. 
In all four human preparations anti-P-450c,,, anti- 
body recognized a distinct protein species with a 
molecular mass of 48 kDa. The relative intensity of 
this band correlated with the catalytic activity of 
COH in each preparation. In the mouse microsomes, 
staining was seen with control, BP and pyrazole- 
treated mouse samples. The possibility that the 
microsomal proteins recognized by the antibody are 
coincidentally related to P-45Oc,,, is practically 
excluded by the findings that (1) the antibody 
efficiently inhibits COH catalytic activity without 
interfering with two other P-450-mediated activities 
(ERDE and AHH) and that (2) the anti-P-450c,h- 
reactive protein in mouse microsomes comigrates 
exactly with purified P-45Oc,,,. In the rat microsomal 
preparations, weak diffuse staining with no promi- 
nent band was seen, suggesting that the precipitin 
line obtained in Ouchterlony immunodiffusion 
analysis is due to the presence of other anti-P-450c,h- 
detectable epitopes besides the coumarin 7-hydroxy- 
lating protein in rat liver microsomes. 

COH belongs to the P-45011B subfamily of the 
P-450 gene product superfamily (see Ref. 29). To 
delineate the effect of the anti-P-450c,, antibody on 
catalytic activities associated with other subfamilies, 
we examined the response to the antibody of ECDE 
and AHH, which are partly, and ERDE, which is 
fully associated with the P-4501A subfamily (see Ref. 
30). The results show that of these three activities 
only ECDE is inhibited, most notably in pyrazole- 
treated mice (87%). This is consistent with our pre- 
vious studies showing that reconstituted P-450c,h 
also catalyzes 7-ethoxycoumarin 0-deethylation in 
addition to coumarin 7-hydroxylation (Jarvinen et 
al., unpublished) and with other studies showing that 
the deethylation of 7-ethoxycoumarin is mediated by 
several P-450 isozymes in both P-4501A and P-450IIB 
families [22]. 

In conclusion, the present data show that the 
human and mouse P-450 isozymes catalyzing the 
7-hydroxylation of coumarin are immunologically 
similar at their active centers although they have 
slightly differing molecular masses (48 kDa in the 
human vs 50 kDA in the mouse). On the other 
hand, the rat appears to lack a specific coumarin 7- 
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hydroxylating protein, and any COH activity 
detected in the rat may be a side-reaction by other 
P-450 isozymes principally involved in the oxy- 
genation of other substrates. 
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