
Arch Toxicol (1987) 60:16-21 
Archives of 

Toxicology 
�9 Springer-Verlag 1987 

Review 

Alcohol-inducible cytochrome P-450 (P'450ALC)* 
Minor J. Coon and Dennis R. Koop 

Department of Biological Chemistry, Medical School, The University of Michigan, Ann Arbor, M| 48109, USA 

Abstract. Of the family of P-450 cytochromes occurring in 
rabbit liver microsomes, only isozyme 3 a (P-450ALC) is in- 
duced by alcohol administration and is effective in cata- 
lyzing the reaction: ethanol + 02 + NADPH + H + ~ ace- 
taldehyde +2  H20+ NADP +. As judged by immuno- 
chemical quantitation, P-450ALC is also induced in the ani- 
mals by other diverse agents, including imidazole, trichlor- 
ethylene, acetone, pyrazole, and isoniazid. Evidence has 
been obtained for the occurrence of a protein immuno- 
chemically related to P-450ALC in human liver microsomes 
and of a similar alcohol-inducible protein in the rat and in 
the normal and alcohol dehydrogenase-deficient deer- 
mouse. P-450ALC catalyzes the activation of foreign com- 
pounds such as acetaminophen, various nitrosamines, and 
carbon tetrachloride and is therefore believed to play an 
important role in the enhanced toxicity of these substances 
accompanying alcohol administration 
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Introduction 

A role for cytochrome P-450 in the oxidation of ethanol 
and other aliphatic alcohols was controversial until the 
isolation in this laboratory of a unique isozyme of P-450 
from liver microsomes of ethanol-treated rabbits (Koop et 
al. 1982). This P-450 was designated as isozyme 3a on the 
basis of its electrophoretic behavior relative to that of the 
previously known isozymes, and it is also referred to as 
P-450ALC to indicate that alcohol is both an inducer and a 
substrate. This alcohol-oxidizing enzyme system is desig- 
nated as APO for "alcohol P-450-oxygenase", a term that 
suitably indicates the nature of the oxygenating catalyst 
and is comparable to ADH for alcohol dehydrogenase 
(Coon and Koop 1985). The term APO has the advantages 
of indicating that alcohols in general are substrates, not 
just ethanol, that the P-450 family of catalysts is involved, 
and that the mechanism is one of oxygenation. The term 
"microsomal ethanol oxidizing system" proved useful in 
the early days of investigation of this pathway (Lieber and 
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DeCarli 1970) but has the drawbacks of emphasizing mi- 
crosomes (whereas P-450 also occurs in mitochondria and 
nuclei), of designating ethanol as the substrate whereas the 
system has much broader substrate specificity, and, of 
greater concern, of referring to a biochemically undefined 
oxidizing system. Designation by a term that specifies P- 
450 brings to mind the chemical and physical properties of 
this unique family of heme proteins and its role in the me- 
tabolism of an almost unlimited number of lipids and 
other xenobiotics as well as alcohols. No attempt has been 
made in this brief review to cover the extensive literature 
on the general effects of chronic alcohol administration on 
the toxicity of other chemicals (cf. Mezey 1976; Lieber et 
al. 1979), but rather to emphasize the central role played 
by cytochrome P-450 and in particular P-450ALC. 

Characterization of P-450ALC, including substrate specificity 

Several criteria indicate that the electrophoretically homo- 
geneous ethanol-inducible cytochrome, which has a mini- 
mal molecular weight of 51000, is distinct from the other 
isozymes of P-450 (Koop et al. 1982). As judged spectraily, 
P-450ALC is high spin in the oxidized state, as is form 4, but 
differs in that the spin state is unperturbed by nonionic de- 
tergents. The absolute spectrum of the ferrous carbonyl 
complex is red-shifted as compared to that of forms 2, 3 b, 
3 c, 4, and 6 and exhibits a maximum at 452 nm. The ami- 
no acid composition is different from that of the other iso- 
zymes, and both the NH 2- and COOH-terminal sequences 
are distinct; P-450ALc has an amino-terminal Ala residue 
followed in turn by a largely hydrophobic sequence, Val- 
Leu-Gly-Iso-Thr-Val-Ala-Leu-Leu-Gly-Trp-Met-Val-Iso- 
Leu-Leu-Phe-Iso-Ser-Val-Trp-, and a carboxyl-terminal 
Leu residue. Peptide mapping by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis following treatment 
with papain, chymotrypsin, or Staphy lococcus  aureus  V 8 
protease and by high performance liquid chromatography 
following trypsinolysis indicated that this enzyme is a 
unique gene product. 

P-450ALC, isolated from hepatic microsomes of rabbits 
treated chronically with ethanol, was found to have a 
unique substrate specificity when compared with isozymes 
2, 3b, 3c, and 4 (Morgan et al. 1982). This form has un- 
usually high activity in both the p-hydroxylation of aniline 
and the oxidation of alcohols to aldehydes and ketones, 
which is reflected in the increased activities of these sub- 
strates in microsomes from ethanol-treated rabbits as com- 
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pared to microsomes from untreated animals or those ad- 
ministered phenobarbital or 5,6-benzoflavone. The etha- 
nol-oxidizing activity of P-450ALC, which requires the pres- 
ence of NADPH and NADPH-cytochrome P-450 reduc- 
tase and is stimulated by the presence of phospholipid, 
was shown not to be due to contaminating catalase or an 
NAD- or NADP-dependent alcohol dehydrogenase. This 
isozyme catalyzes the oxidation of methanol, 1-propanol, 
and 1-butanol as well as ethanol; the relationship between 
the apparent K M values for the alcohols and their respec- 
tive octanol-water partition coefficients is in accord with 
the presumed hydrophobic nature of the P-450 binding 
site. Whereas typical substrates of isozyme 2 are known to 
be metabolized with the stoichiometry predicted of a 
monooxygenase reaction, with P-450ALC the sum of ace- 
taldehyde formed from ethanol and of hydrogen peroxide 
generated is inadequate to account for the NADPH and 
oxygen consumed (Gorsky et al. 1984). Free hydroxyl radi- 
cals are suggested to mediate the slow oxidation of ethanol 
in the presence of the reductase alone but not the much 
faster rate catalyzed by P-450 isozyme 3 a. The results ob- 
tained, however, do not rule out the involvement of hy- 
droxyl radical equivalent generated and bound at the ac- 
tive site of the cytochrome. 

Sheep antibodies raised against P-450ALC were used to 
determine the role of this enzyme in the microsomal oxida- 
tion of alcohols and the p-hydroxylation of aniline (Koop 
et al. 1984). P-450 isozymes 2, 3b, 3c, 4, and 6 do not 
crossreact with anti-3a IgG as judged by Ouchterlony 
double diffusion, and radioimmunoassays indicate a 
crossreactivity of less than 1%. Greater than 90% of the ac- 
tivity of purified P-450ALC toward aniline, ethanol, n-buta- 
nol, and n-pentanol is inhibited by the antibody in the re- 
constituted system. The catalytic activity of liver micro- 
somes from control or ethanol-treated rabbits is unaffected 
by the addition of either desferrioxamine (up to 1.0 mM) 
or EDTA (0.1 mM), suggesting that reactions involving the 
production of hydroxyl radicals from H202 and any con- 
taminating iron in the system do not make a significant 
contribution to the microsomal activity. The addition of 
anti-P-450ALC IgG tO hepatic microsomes from ethanol- 
treated rabbits inhibits the metabolism of ethanol, n-buta- 
nol, n-pentanol, and aniline by about 75, 70, 80, and 60%, 
respectively, while the inhibition of the activity of micro- 
somes from control animals is only about half as great. 
The rate of microsomal H202 formation is inhibited to a 
lesser extent than the formation of acetaldehyde, thus sug- 
gesting that the antibody acts to prevent the direct oxida- 
tion of ethanol by this cytochrome. Under conditions 
where purified NADPH-cytochrome P-450 reductase-cata- 
lyzed substrate oxidation is minimal, the P-450 isozymes 
other than P-450ALC have low but significant activity to- 
ward the four substrates examined. The residual activity at 
maximal concentrations of the antibody probably repre- 
sents the sum of the activities of other P-450 isozymes pres- 
ent in the microsomal preparations. The results thus sup- 
port the conclusion that the enhanced monooxygenase ac- 
tivity of liver microsomal membranes from ethanol-treated 
animals represents catalysis by P-450ALC. 

Evidence for induction of the alcohol-oxygenating cyto- 
chrome P-450 by diverse agents 
The somewhat surprising finding has been made that P- 
450ALC is induced in animals treated with agents other than 

ethanol, for example, imidazole. What might be called 
"imidazole-P-450ALC" and "ethanol-P-450ALC" were isolated 
from rabbits treated with these respective compounds and 
shown to exhibit the same chromatographic characteristics 
and to have identical electrophoretic mobilities upon sodi- 
um dodecyl sulfate-polyacrylamide gel electrophoresis 
(Koop and Coon 1984). Furthermore, the two protein pre- 
parations have the same absorbance maxima and absorp- 
tion coefficients in the oxidized, reduced, and reduced-CO 
states. A single immunoprecipitin band exhibiting com- 
plete identity was observed upon reaction of imidazole-P- 
450ALC and ethanoI-P-450ALC with the immunoglobulin G 
fraction from sheep immunized with the latter protein, as 
indicated by the Ouchterlony analysis shown in Fig. 1. The 
amino acid composition and first ten residues of  the amino 
terminus of the two protein preparations are the same, as 
are the high performance liquid chromatographic maps of 
the peptides obtained upon cleavage with trypsin, S.  a u -  

reus  V s protease, or Lys C endoproteinase. Furthermore, 
these two P-450 preparations have very similar activities in 
the oxidation of ethanol to acetaldehyde and the p-hydrox- 
ylation of aniline. As an inducer, imidazole has the advan- 
tage over ethanol of being less variable in its effects and 
requiring a shorter period of treatment. From the resulting 
liver microsomes one can readily isolate, in addition to P- 
450 isozymes 3 a (ALC) and 6, isozymes 3 c and 4 as well as 
epoxide hydrolase. 

Immunochemical evidence for the induction of P- 
450ALC by other agents, including trichloroethylene, ace- 
tone, pyrazole, and isoniazid has recently been reported 
(Koop et al. 1985). We adopted the dot-blot methodology 
described by Domin et al. (1984) to quantify P-450ALC in 

Fig. 1. Immunochemical comparison of P-450ALC purified from 
ethanol- and imidazole-treated rabbits, taken from Koop and 
Coon 1984. Ouchterlony double-diffusion analysis was carried 
out in 0.90/0 agarose gels. Microsomes were solubilized with 1 mg 
cholate per mg protein. The center well was loaded with 250 I.tg 
ahti-P-450ALC IgG. Wells 1 and 4 were loaded with 200 Ixg micro- 
somal protein from imidazole- and ethanol-treated rabbits, re- 
spectively; wells 2 and 5 were loaded with 61.tg imidazole-P- 
450ALC; and wells 3 and 6were loaded with 6 I.tg ethano1-P-450ALC. 
Diffusion was allowed to proceed at 4' for 48 h in a moist cham- 
ber, and staining was then carried out with aqueous Coomassie 
blue 
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Fig. 2A, B. Dot immunoblot analysis of purified P-450 and micro- 
somal samples, taken from Koop et al. (1985). The purified cy- 
tochrome or hepatic microsomes were directly applied to nitrocel- 
lulose and immunochemicaily stained with anti-P-450ALc IgG. The 
peak heights of soft-laser densitometer scans were measured di- 
rectly. A Peak heights vs the amount of purified cytochrome ap- 
plied. B Peak heights vs the amount of microsomal protein from 
untreated (O), ethanol-treated (@), or imidazole-treated rabbits 
(, ,)  

various microsomal  samples. The range of  l ineari ty of  the 
assay was very narrow. Therefore,  each of  the microsomal  
prepara t ions  was examined at five or more different  con- 
centrations,  and  the amount  o f  isozyme 3 a was calculated 
from the slope obta ined  in a plot  of  the amount  of  micro- 
somal  protein versus staining intensity. A typical  set of  re- 
sults for purif ied P-450ALC and for microsomes from un- 
t reated,  e thanol- t reated,  and  imidazole- t rea ted  rabbits  is 
shown in Fig. 2. 

Since t reatment  of  rabbits  with a variety of  foreign 
compounds  results in an increase in the oxida t ion  of  alco- 
hols (as well as in anil ine hydroxylat ion) ,  as shown earlier, 
we expected to f ind a correlat ion between the level of  P- 
450ALC and the rate o f  alcohol  oxida t ion  in the different  
prepara t ions  of  liver microsomes.  A series of  experiments  
designed to address this questin was under taken  with the 
results shown in Table 1. Hepat ic  microsomes were isolat- 
ed from untreated rabbits  and  from rabbits  adminis te red  
pyrazole ,  isoniazid,  ethanol ,  acetone, imidazole,  or trich- 
loroethylene.  The pyrophospha te -washed  microsomal  
prepara t ions  were examined for  their  total content  o f  cyto- 
chrome P-450, content  of  P-450ALC, and total  butanol  oxi- 
da t ion  activity, as well as butanol  oxidat ion  activity inhibi-  

Table 1. Various agents as inducers of liver microsomal P-450ALC a 

ted by anti-P-450ALc an t ibody  and therefore a t t r ibutable  to 
the action of  this par t icular  cytochrome. Butanol  was se- 
lected as the test substrate because the turnover  numbers  
are higher than with e thanol  and the zero-t ime blanks  are 
much lower for bu tyra ldehyde  than acetaldehyde.  Treat- 
ment  of  the animals  with each of  the agents resulted in an 
increase in the P-450ALC content  (expressed as n m o l / m g  
protein),  whereas an increase in total  P-450 content  was 
observed only with pyrazole  and imidazole  treatment.  P- 
450ALC represents about  5% of  the total  P-450 in the control  
animals  and  is increased to as high as about  27% by ace- 
tone treatment.  Under  the condi t ions used, isoniazid gave 
the smallest relative increase in this cytochrome (about  
2-fold), whereas imidazole  and acetone were the most ef- 
fective inducers,  giving about  4.5- and 4.9-fold increases, 
respectively. The increase in total  butanol  oxida t ion  activi- 
ty in microsomal  suspensions underes t imates  the extent  of  
induct ion of  this isozyme. For  example,  a compar ison  of  
the specific activity of  microsomes from untreated animals  
with those after isoniazid and ethanol  t reatment  (expressed 
as nmol  per  min per  mg protein)  showed increases of  1.2- 
and  1.7-fold, respectively. However,  when the P-450ALc-de- 
penden t  rates were compared ,  increases of  about  2.7- and  
4.0-fold were calculated for these two agents. This may be 
expla ined by the presence o f  other isozymes of  P-450, each 
of  which makes a small  but  significant contr ibut ion to bu- 
tanol  oxidat ion (Koop  et al. 1984). Also shown in Table 1 
is the ratio of  the increase in P-450ALC activity to the in- 
crease in the P-450ALC content.  The values are similar 
(1.1-1.3)  for the different  inducers adminis te red  with the 
exception of  acetone, which gave a ratio of  1.7. It should 
be emphasized that the effects of  the various agents on fac- 
tors other than P-450 which could influence the catalyt ic  
activity, such as the level of  N A D P H - c y t o c h r o m e  P-450 
reductase or the phosphol ip id  composi t ion  of  the mem- 
brane,  may be somewhat  different  for the various inducers  
tested. 

The molecular  mechanisms by which levels of  P-450ALC 
are elevated have not  been defined. Induct ion  of  the pro- 
tein could occur as a result of  an increase in the level of  
t ranslatable  m R N A ,  stabil izat ion of  the existing m R N A ,  
an increase in t ranslat ion of  existing m R N A ,  or  a decrease 
in the rate of  degradat ion  o f  the isozyme. Direct  analysis 
with c D N A  probes indicates that, in the rat, t reatment  
with phenobarbi ta l  or 3-methylcholanthrene increases the 

Agent administered P-450 content Butanol oxidation activity 

Total, P-450ALC, % Total, P-450ALc-dependent, 
nmol/mg nmol/mg nmol/min/mg nmol/min/mg 
of protein of protein of protein of protein 

% 

% P-450ALc 
activity/ 
% P-450ALC 
content 

None 2.80___0.22 0.15+0.01 100 1 . 4 5 _ + 0 . 1 6  0.34_+0.03 100 1.0 
Isoniazid 2.00+0.17 0.32+_0.01 213 1.80+__0.28 0.93+_0.08 274 1.3 
Trichloroethylene 2.74 ___ 0.21 0.39 _+ 0.08 260 2.21 _+ 0.30 1.03 _+ 0.23 303 1.2 
Pyrazole 3.41 _+0.17 0.41 _+0.09 273 2.21 _+0.33  0.98_+0.28 288 1.1 
Ethanol 2.45_+0.13 0.47+0.04 313 2.41_+0.16 1.38_+0.16 406 1.3 
Imidazole 3.46 _+ 0.41 0.67 _+ 0.02 447 3.02 _+ 0.28 1.95 ___ 0.20 574 1.3 
Acetone 2.71_+0.24 0.73_+0.16 487 3 . 8 8 _ + 0 . 6 1  2.74_+0.66 806 1.7 

a Hepatic microsomes were isolated from each animal, total P-450 content was determined, and P-450ALC Was quantified immunochemi- 
cally by the dot-blot method. The P-450ALc-dependent rate of butanol oxidation was obtained by subtraction of the rate of butanol oxi- 
dation obtained in the presence of optimal levels of anti-P-450ALC IgG from the rate obtained in the presence of the same concentration 
of preimmune sheep IgG. All results are given as the mean ___ SEM for each group. The data are taken from Koop et al. (1985) 
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Table 2. NDMA demethylase activity of different P-450 isozymes a 

NDMA P-450 isozymes; (nmol HCHO/min/nmol P-450) 
(mM) 

2 3a 3b 3c 4 6 

0.1 < 0.03 0.25 < 0.03 < 0.03 < 0.03 < 0.03 
4.0 0.10 5.89 0.03 0.08 < 0.03 0.31 

10 0.36 6.68 0.17 0.22 0.18 0.72 
100 2.21 6.71 1.45 0.79 2.01 4.35 

a The reaction mixture contained 0.1 nmol of a P-450 isozyme, 
0.63 unit NADPH-cytochrome P-450 reductase, 7.5 ].tg dilau- 
roylglyceryl-3-phosphorylcholine, and different concentrations 
of NDMA in a final volume of 0.25 ml. The data are taken from 
Yang et al. (1985 a) 

synthesis of specific mRNA (Adesnik et al. 1981; Morville 
et al. 1983). Whether the induction of P-450ALC involves a 
similar mechanism or a common hormonal or metabolic 
change in the animal that indirectly leads to induction re- 
mains to he determined. 

Role of P-450ALC in toxicological effects of various com- 
pounds 

Acetaminophen (Tylenol; p-hydroxyacetanilide), a widely 
used antipyretic and analgesic drug, is normally nontoxic 
but in large doses is known to produce acute hepatic ne- 
crosis, and increased hepatotoxicity of the drug has been 
reported in human alcoholics (Proudfoot and Wright 
1970; McClain et al. 1980). We have reported that iso- 
zymes 3 a (P-450ALC), 4, and 6, all of which are present in 
significant amounts in liver microsomes from rabbits 
chronically administered ethanol, exhibit the highest activ- 
ities in the reconstituted enzyme system in converting ace- 
taminophen to a reactive intermediate capable of reacting 
with glutathione whereas isozymes 3b and 3c are 10- to 
20-fold less effective, and phenobarbital-inducible iso- 
zyme 2 is essentially inactive, even in the presence of cy- 
tochrome b 5 (Morgan et al. 1983). The results obtained thus 
indicate that induction by ethanol of P-450ALC apparently 
contributes to the toxicity of acetaminophen but that other 
P-450 cytochromes also play a significant role. 

P-450ALC is also involved in the metabolism of nitrosa- 
mines, such as N-nitroso-2,6-dimethylmorpholine 
(NNDM) (Kokkinakis et al. 1985). The cis isomer of 
NNDM, a pancreatic carcinogen for the Syrian golden 
hamster, is metabolized by hamster liver microsomes to 
yield N-nitroso(2-hydroxypropyl)(2-oxopropyl)amine 

(HPOP), the proximate carcinogenic metabolite, as the 
major product. The role of rabbit liver microsomal cyto- 
chrome P-450 in the metabolism of the cis isomer of 
NNDM was studied in the reconstituted system consisting 
of NADPH-cytochrome P-450 reductase, phospholipid, 
and one of the individual P-450s. P-450 isozyme 2, which 
is induced by pretreatment with phenobarbital, exhibited 
the highest activity for the metabolism of cis-NNDM. The 
Vmax for the formation of HPOP was 1.78 nmol/min/nmol 
of the cytochrome, and the apparent KM was 360 IxM. P- 
450hLC also catalyzed the metabolism of NNDM to HPOP 
at a significant rate (0.25 nmol/min/nmol cytochrome). Of 
the four other isozymes (forms 3 b, 3 c, 4, and 6) tested in 
the reconstituted system, only isozymes 3 b and 3 c exhibi- 
ted measurable activities (approximately 0.04 nmol HPOP 
formed/min/nmol of cytochrome). 

The activation of additional nitrosamine derivatives by 
microsomal cytochrome P-450 isozymes was studied in the 
reconstituted monooxygenase system (Yang et al. 1985a). 
Of the cytochromes tested, P-450ALC had the highest N-ni- 
trosodimethylamine (NDMA) demethylase activity with a 
KM of 2.9 mM and Vma x of 9.3 nmol/min/nmol P-450. The 
other isozymes exhibited significant activity only at high 
NDMA concentrations, as shown in Table 2, thus provid- 
ing an interesting example where the family of P-450s 
shows selectivity for a xenobiotic at low substrate concen- 
tration but all forms of the enzyme contribute to its metab- 
olism at elevated substrate concentrations. This may indi- 
cate the biological advantage of having a number of such 
hepatic cytochromes with overlapping activities. The evi- 
dence presented in Table 3 indicates that the methylethyl, 
methylbutyl, methylbenzyl, and methylphenyl analogs of 
NDMA also serve as substrates for the various P-450 iso- 
zymes. The cytochromes catalyze the denitrosation of ni- 
trosamines at rates comparable to or lower than the de- 
methylation, and the ratio of these two reactions was 
found to be different with different nitrosamines. For ex- 
ample, the ratio of the rate of nitrite formation to that of 
formaldehyde formation (given in Table 3), was as follows 
for 40mM nitrosoamine substrate and P-450ALC: 0.13 
(dimethyl), 0.71 (methylethyl), 0.63 (methylbutyl), and 0.74 
(methylbenzyl); for P-450 form 2 the corresponding values 
were 0.28, 0.74, 0.53, and 0.88, respectively. 2-Phenylethyl- 
amine and 3-amino-l,2,4-triazole, which were believed 
previously to affect NDMA metabolism by mechanisms 
independent of P-450, were shown to be potent inhibitors 
of P-450-dependent NDMA demethylation. These results 
further establish the role of P-450 isozymes in the metabo- 

Table 3. Substrate specificity of P-450 isozymes in the demethylation of nitrosamines a 

Substrate P-450 isozymes; (nmol HCHO/min/nmol P-450) 

2 3a 4 

4mM 40mM 4mM 40mM 4mM 40mM 

Nitrosodimethylamine 0.13 1.43 5.01 7.89 
Nitrosomethylethylamine 0.07 1.39 0.94 1.59 
Nitrosomethylbutylamine 1.73 1.91 0.23 1.17 
Nitrosomethylbenzylamine 0.50 1.08 0.28 1.17 
Nitrosomethylaniline 5.57 7.36 2.51 3.65 

< 0.03 0.51 
0.07 0.35 
0.10 0.32 
0.08 0.22 
1.57 2.46 

a The experimental conditions were the same as those for Table 2, except that 4 and 40 mM nitrosamines 
were used as substrates. The data are taken from Yang et al. (1985 a) 
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lism of  ni t rosamines and indicate that P-450ALC is appar -  
ently responsible  for the increased N D M A  metabol ism as- 
sociated with ethanol  treatment.  

The enhanced toxici ty of  cocaine (Smith et al. 1981) 
and  carbon te t rachlor ide (Traiger and  Plaa 1972) seen fol- 
lowing chronic exposure of  animals  to ethanol  should also 
be noted. Evidence for the metabol ism of  N D M A  and car- 
bon te t rachlor ide by a common isozyme o f  cytochrome P- 
450, presumably  P-450ALC, has recently been repor ted  
(English and Anders  1985). Treatment  of  rats with pyra-  
zole resulted in an increase in the microsomal  metabol ism 
of  CC14 to give phosgene and in the conversion of  CC14 to 
chloroform. The similarit ies between the induct ion of  the 
low K M N D M A  demethylase  and the metabol ism of  car- 
bon te t rachlor ide to form phosgene suggest that  these cat- 
alytic activities represent  a common isozyme of  cytoch- 
rome P-450. Evidence that P-450ALC is a highly effective 
catalyst  of  CCI 4 metabol ism has recently been repor ted  
(Johansson and Inge lman-Sundberg  1985). 

Evidence for a protein similar to P-450AOC in other species 

The ant ibody to P-450ALC has been shown to be an effective 
inhibi tor  of  the N D M A  demethylase activity of  micro- 
somes from untreated or e thanol- t reated rats, untreated 
mice, and untreated or acetone-treated guinea pigs (Yang 
et al. 1985b). In  addi t ion,  the ant ibody inhibits the acetone 
and acetol hydroxylase  activities of  microsomes from ace- 

Fig. 3. Immunoblot analysis of hepatic microsomes from several 
species. Microsomes from human liver (kindly provided by Drs. 
F.P. Guengerich and L.M. Distlerath, Vanderbilt University) 
(lanes 2, 3, and 4; 4 I.tg protein), untreated or ethanol-treated rats 
(lanes 5 and 6, respectively; 2 Ixg protein); and purified rabbit P- 
450ALC (lane 1; 0.1 I.tg protein) were submitted to polyacrylamide 
gel electrophoresis. The proteins were then transferred to nitrocel- 
lulose sheets, and blots were developed with anti-P-450ALC IgG 

tone- t reated rats (Koop  and Casazza 1985). As shown in 
Fig. 3, anti-P-450ALc IgG crossreacts with one major  pro-  
tein band in hepat ic  microsomes from humans and rats. A 
second minor  band  was observed in some microsomal  
samples. The f inding that the staining intensity of  the ma- 
j o r  crossreactive protein  was increased by ethanol  treat- 
ment  in the case of  the rat  suggests that  the ethanol- induc-  
ible P-450 isozyme in this species corresponds  to rabbit  P- 
450ALC, but addi t ional  experiments  will be required to con- 
firm this hypothesis.  
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