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Abstract--The molecular geometries of specific substrates, lnhibltors and inducers of cytochrome P-448 
activity were determined using computer-graphic techniques for use in defining the molecular dimensions 
of the substrate binding site of this enzyme Specific substrates of cytochrome P-448 are essentially 
planar molecules characterlsed by a small depth and a large area/depth ratio In contrast, compounds 
that do not serve as substrates of cytochrome P-448 are bulky, non-planar molecules characterised by 
small area/depth ratios and greater flexlbihty in molecular conformation Specific inhibltors of cyto- 
chrome P-448 whose effect is mediated through interaction wxth the haem still meet the dimensional 
criteria for substrates indicating that they must also interact with the substrate binding-site, which ~s 
probably located in proximity to the haem Inducers of cytochrome P-448 acnvlty exhibit simtlar 
molecular geometries to the substrates from which it may be inferred that the cytosohc receptor 
assocmted with the induction of cytochrome P-448 activity is structurally related to the active site of the 
cytochrome 

The cytochrome P-450-dependent mixed-function 
oxidase system is unique, not only because of its 
biological ubiquity but also because of its capacity to 
effect the metabolism of numerous different chemi- 
cals, both endogenous and exogenous, having no 
apparent common structural or physlco-chemlcal 
characteristics. The broad-specificity of the mixed- 
function oxidase system is due to the existence of 
families of cytochrome P-450 proteins exhibiting dif- 
ferent substrate specificitIes [1]. There are at least 
four major gene famdles or classes of cytochromes 
P-450, two of which have been extensively studied 
[2,3], namely the 3-methylcholanthrene (MC)- 
inducible forms and the phenobarbitone (PB)- 
inducible forms. Because of the diverse and con- 
fusing systems of nomenclature of the cytochromes 
currently in use, we prefer to distinguish these two 
classes by their original names of "cytochrome 
P-450" for the PB-lnduclble forms, and "cytochrome 
P-448" for the MC-lnducible forms The cyto- 
chromes P-450 occur in relatively few tissues, mostly 
in the liver and metabolise non-planar, bulky, more 
hydrophilic compounds, whereas the cytochromes 
P-448 occur in almost all mammahan tissues and 
metabolise planar, aromatic, highly hpophilic chemi- 
cals [2]. The complete nucleotide sequences of rat 
liver cytochromes P-448 and cytochromes P-450 dif- 
fer greatly, although some degree of sequence hom- 
ology between the two famlhes indicate that the two 
genes have evolved from a common ancestor [4] 
The two forms of cytochromes P-448 found in all 
MC-treated animals except the DBA/2J mouse [5] 
have simdar gene organisation and homology in the 
deduced nucleotlde and amino acid sequences, indi- 
cating that these two cytochromes constitute a dif- 
ferent family from those cytochromes of the P-450 
famdy [6, 7]. The distribution of the various lsozymes 
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of the cytochrome lS genetically controlled [8], and 
can also be modified by environmental factors, such 
as diet and previous exposure to chemicals [1, 9] 
Many agents selectively induce the synthesis of prl- 
manly one form of the cytochrome which thus pre- 
dominates and confers its own substrate specificity on 
the enzyme system Drugs such as phenobarbltone 
induce cytochromes P-450, and polycychc aromatic 
hydrocarbons such as 3-methylcholanthrene induce 
cytochromes P-448 [1] 

The cytochromes P-450 and P-448 have markedly 
different substrate speclfiCities, and exhibit con- 
trasting roles in the metabolic oxygenation of chemi- 
cals [10, 11]. The difference in substrate specificity 
reflects dissimilar substrate binding sites, as has pre- 
viously been demonstrated by difference spectro- 
photometry [12]. Cytochrome P-450 possesses one 
substrate-blnding site of broad specificity which can 
accommodate a diversity of substrates, while cyto- 
chrome P-448 possesses a different kind of blndlng 
site displaying narrow specificity. This difference in 
binding site between the two classes of cytochromes 
is in agreement with the work of Dus [13] who 
demonstrated homology between the haemopeptldes 
of the various cytochrome P-450 lsozymes, but very 
little homology between the haemopept~des of the 
cytochromes P-450 and that of cytochrome P-448, 
the haemopeptides comprise the haem moiety and 
the substrate-bmdmg s~te 

The substrate 7-ethoxyresorufin provides the most 
specific means of determining cytochrome P-448 
actlwty, as demonstrated w~th purified enzyme prep- 
aratlons isolated from the rat [14] and rabbit [15] 
The specific inhibitor of cytochrome P-448 activity, 
9-hydroxyelliptlcine [15, 16], hke ethoxyresorufin, is 
a planar molecule of large dimensions. Slmdar obser- 
vations have been made w~th other groups of mh~b~- 
tors such as the benzlmldazoles [17] and antimalarial 
drugs [18] where maximal inhibition of cytochrome 

2179 



2180 D F V LEwis, C IOANNIDES and D V PARKE 

P-448 actlwty was obtained with molecules having 
three of four fused aromatic rings. Furthermore,  
potent mducers of cytochrome P-448 activity such as 
2,3,7,8-tetrachlorodibenzo-p-dloxin (TCDD) [19], 
3-methylcholanthrene, /~naphthoflavone, 2-amino- 
anthracene [10] and elhptlcine [20] are also large 
planar molecules The similarity of the confor- 
mations of substrates, lnhlNtors and reducers of 
cytochrome P-448 must therefore reflect the dimen- 
sions of the active site of this enzyme, and it was 
considered that an appropriate approach to the 
characterization of the active site would be a study 
of the molecular dimensions characteristic of the 
specific substrates and lnhlbltors. Conventional 
methods that have been used for determining the 
dimensions and conformatmn of the active site of 
relatively simple enzymes, by X-ray crystallography 
of the enzyme in the presence and absence of its 
substrate, m the sohd state, were considered to be 
highly inappropriate for studies of the active site 
of the cytochromes P-450/P-448. These membrane- 
bound enzymes require the presence of cytochrome 
P-450 reductase and phosphatldylchohne for enzymic 
activity, and are highly hydrated m v ivo ,  with a water 
molecule possibly being concerned in the sixth ligand 
to the haem For such a complex enzyme system, it 
would seem most unlikely that data on the con- 
formation and d~mens~ons of the active site obtained 
in the solid state would have any vahdity m moo.  

The cytochromes P-450 direct the oxidative metab- 
ohsm of xenobiotlc chemicals primarily to 
deactivation and detoxicatmn, whereas in contrast, 
cytochrome(s) P-448 paradoxically direct metab- 
ohsm towards the formatmn of toxic reactive rater- 
mediates [10]. As cytochrome P-448 leads to m- 
creased toxlclty It would be advisable to design drugs 
and other chemicals that act neither as substrates 
nor inducers of this form. The present study was 
therefore undertaken to determine the molecular 
dimensions of the active sites of cytochromes P-448 
and P-450 from the molecular geometry of specific 
substrates, mhlbltors and inducers of these enzymes, 
using computer-graphic techmques, m an attempt 
to define the molecular dimensions that would be 
assocmted with potential toxicity and carcmogemclty 
of chemicals 

EXPERIMENTAL 

Crystal data for benzo(a)pyrene [21], aftatoxin BI 
[22], cholesterol [23], elliptlclne [24], ethylmorphIne 
[25], hexobarNtal  [26], dlphenylhydantom [27], pro- 
pranolol [28], dlmethylammoazobenzene [29], 7,8- 
benzoftavone [30], phenothmzlne [31], trans-st i lbene 
oxide [32], DDT [33], aldrm [34], theophylhne [35], 
caffeine [36], 2-acetylaminofluorene [37], pheno- 
barbital [38], qumacrine [39], chlorpromazme [40] 
and benzo(a)pyrene-7,8-dlol [41] were used to obtain 
their molecular geometries For chemicals for which 
no crystal data was available the Modified Inter- 
medmte Neglect of Differential Overlap, 3rd version 
(MINDO/3)  method of Bmgham et al [42] was 
employed to determine the molecular orbital cal- 
culations, the program being obtained from The 
Quantum Chemistry Program Exchange at Indiana 
University, molecular orbital calculations were exe- 

cuted at the Control Data Corporation CDC 7600 at 
the Umversity of Manchester Regional Computer 
Centre, and graphics on the Prime 750 computer 
systems at the University of Surrey Molecular 
graphic plots were obtained using the PLUTO crys- 
tallographic package. Molecular graphical plots are 
viewed both in, and perpendicular to, the molecular 
plane. It is not known to what extent, if any, substrate 
molecular conformations change during binding to 
cytochromes P-450/P-448 in the biophase, but the 
conformers of the substrates obtained from crystal 
data or from MINDO/3  optimization are as accurate 
as can possibly be known with certainty. Further- 
more, many of the substrates are conformat~onally 
restricted by wrtue of their molecular structure in 
that they contain fused aromatic rings Using mol- 
ecular graphic display in the form of the space-filled 
structures by employing van der Waals radn, ~t has 
been possible to measure molecular dimensions of 
the substrates to within an accuracy of +-0 1/~ 

RESULTS 

Table 1 shows the MINDO/3  optimized dimen- 
sions of a variety of substrates, the metabolism of 
most of which is preferentially or exclusively cata- 
lysed by cytochrome P-448. Generally these sub- 
strates have large dxmenslons of width and length 
but a very small depth, i.e. exhlNt a high area/depth 
(A/D)  ratio. The specific substrate ethoxyresorufin 
has an A / D  ratio of 34.1, while that of aldrin, hexo- 
barbltone and ethylmorphine, which are metabohsed 
by cytochrome P-450 but not by cytochrome P-448, 
have A / D  ratios of 10 0, 10.9 and 14.4 respectively, 
The carcinogens, benzo(a)pyrene, 4-aminoblphenyl, 
dimethylaminoazobenzene as well as the ultimate 
carcinogen, benzo(a)pyrene-7,8-dlol, which are pref- 
erentially activated to mutagens by cytochrome P- 
448 [43-45] have a small depth and an A / D  ratio of 
over 20 The pyrolysis products of amino acids, Trp- 
P-l ,  Glu-P-1 and 2-ammo-3-methyl-ol-carbohne, 
whose activation to mutagens is also catalysed by 
cytochrome P-448 [46-48] also exhibit A / D  ratios of 
over 20. Phenacetm, the activation and N-hydroxy- 
latlon of which is catalysed exclusively by cytochrome 
P-448, has an A / D  ratio of 23 3 [49] Ethoxy- 
coumarin, whose deethylation is catalysed by both 
cytochromes P-450 and P-448 [50], has an A / D  ratio 
of 17.7, above those ratios observed for specific 
substrates of cytochrome P-450, such as aldrln and 
hexobarbitone [51, 52] and well below those specific 
for cytochrome P-448 such as ethoxyresorufin Sur- 
prisingly, benzphetamlne, a substrate whose N- 
demethylatlon Is not catalysed by cytochrome P- 
448, displays a relatively large A / D  ratio of 18 9 
However, the aromatic hydroxylatlon of benz- 
phetamme is selectively induced by 3-methylchol- 
anthrene indicating that It may also serve as a sub- 
strate for cytochromes P-448 [53]. 

A similar picture emerges when inhlbltors of cyto- 
chrome P-448 activity are considered (Table 2). 9- 
Hydroxyelhptlcine [16] has a large A /D ratio of 
29 2, In contrast to metyrapone and phenyhm~dazole 
which act as inhibitors of other forms of cytochrome 
P-450 [54, 55] but not of cytochrome P-448, and 
exhibit A / D  ratios of 13 6 and 10 7 respectively 
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Table 1. Molecular &mensmns of aromatic substrates for cytochromes P-450 and P-448 
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Length Width Depth Area/Depth Substrate for References 
Molecule (~) (A) (A) (A) cytochrome P-448 for enzyme acuvlty 

Dlbenzo(a,h)anthracene 15 9 9 3 3 2 46 2 +* 74 
Benzo(a)pyrene 13 6 9.0 3 2 38 3 + 43 
Ethoxyresorufin 14 6 9 1 3 9 34 1 + 14,15 
Dlmethylammoazobenzene 15.1 6 6 3 2 31 1 + 45 
2-Amlnoanthracene 12 9 7 3 3 2 29 5 + 75 
4-Ammoblphenyl 13 8 7.4 3 6 28.4 + 44 
Trp-P-1 12 6 9 1 4 2 27 3 + 46 
Propranolol 16 1 9 4 6 0 25 2 + 76 
Glu-P-1 12.2 8 0 4.0 24 5 + 47 
Phenacetm 14 1 8 9 5 4 23 3 + 49 
2-Acetylammofluorene 14.4 7 3 4 6 22 9 + 77 
Benzo(a)pyrene-7,8-dlol 13 6 9 0 5 5 22 3 + 43 
Cholesterol 19 0 7.5 6 4 22.3 
2-Ammo-3-methyl-o~- 12 2 7 6 4.2 22.0 + 48 

carbohne 
Zoxazolamlne 11 1 7 1 3 6 21 9 + 78 
Methoxyresorufin 12 0 7 3 4 1 21 4 + 79 
Aflatoxm 12.3 10 6 6 4 20 4 + 80 
Caffeine 10 0 8 5 4.2 20 2 + 81 
Theophylllne 10.0 8 5 4 2 20 2 + 82 
Paracetamol 11 6 7.3 4 2 20 2 + 83 
Benzphetamtne 15 5 7 1 5.8 18 9 + 67 
7-Ethoxycoumarln 11 9 7.0 4 7 17 7 + 50 
Azaprocarbazine 12 4 8 1 5.9 17 0 + 84 
Ethylmorphine 11 5 9 3 7.4 14 4 - 67 
Hexobarbltone 9 0 7 5 6 2 10 9 - 52 
Aldnn 10 0 9 0 9 0 10 0 - 51 

* These chemicals are metabohsed by cytochrome P-448 but may also serve as substrates of other forms of the 
cytochrome 

Quinacrlne,  a specific inhibitor of cytochrome P-448 
[18] has a small A / D  ratio of  16 0, largely the result 
of a very large depth.  

Table 3 shows the molecular  dimensions of mixed- 
function oxidase-lnduclng agents that induce selec- 
tively cytochrome P-448 and other  forms of cyto- 
chrome P-450. It is once again evident  that model  
inducers of  cy tochrome P-448 such as 3-methyl- 
cholanthrene,  f l-naphthoflavone and T C D D  
[19, 56, 57] have a very large A / D  ratio of over  20, 
while typical inducers of the phenobarbi ta l  form of 
the haemopro te in  such as phenobarb l tone ,  diphenyl 
hydantoin and D D T  [57-59] exhibit  very small 
A / D  ratios of less than 10. Inducers of the cyto- 
chrome P-450 form that preferential ly catalyses the 
oxidation of e thanol  and benzene such as benzene 
and lmldazole [60,61] and the model  inducer of 
cytochrome P-452, clofibrate [62] exhibit A / D  ratios 
of about  15, i .e in termedia te  to those of cytochrome 
P-448 and cy tochrome P-450 

Figure 1 shows side-views of 9-hydroxyelhpticine, 
ethoxyresorufin and dibenz(a)anthracene,  specafic 
inhibitor,  substrate and inducer  respectively of cyto- 
chrome P-448 while Fig. 2 shows side-views of metyr- 
apone,  hexobarbl tal  and phenobarbxtone which act 
as specific inhibitor,  substrate and inducer respect- 
ively of cytochrome P-450. In Fig. 3 the struc- 
tures of (a) benzo(a)pyrene  and ethoxyresorufin,  
(b) benzo(a)pyrene and paracetamol ,  and (c) 
benzo(a)pyrene and 9-hydroxyellipticlne are over- 
layed and viewed perpendicular  to the molecular  
plane 

DISCUSSION 

Four  immunologlcal ly distinct forms of mlcro- 
somal cytochrome have been purified from hvers of 
rats t reated with phenobarbl tone  (the low-spin major  
PB 1 and minor  PB2), and 3-methylcholanthrene (the 
high-spin major  MC-1 and minor  MC-2); PB-1 and 

Table 2 Molecular dimensions of mhlbators of cytochromes P-450 and P-448 

Length Width Depth Area/depth Cytochrome References 
Molecule (/k) (,~) ( • )  (~) specificity for enzyme mhlbmon 

9-Hydroxyelhptlclne 13 5 9 1 4 2 29,2 P-448 16 
Qumacrlne 14 8 12 1 11 2 16.0 P-448 18 
SKF-525 A 14 9 7 3 6 7 16 2 P-450 85 
Metyrapone 13 4 6 8 6 7 13 6 P-450 54 
Phenyhmldazole 10 5 6 7 6 6 10 7 P-450 55 
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Table 3 Molecular dlmensmns inducers of cytochromes P-450 and P-448 

Cytochrome 
Length Width Depth Area/depth P-448 

Molecule (~) (/k) (A) (4) reducer References 

Elhphcme 13 5 9 1 3 8 32 3 + * 20 
3-Methylcholanthrene 14 6 8 6 4 0 31 4 + 56 
TCDD 13 8 7 4 3 6 28 4 + 19 
3-Naphthoflavone 13 5 8 3 5 3 21 1 + 57 
Rffamplcm 18 6 13 8 14 0 18 3 10 
Phenothlazme 11 5 7 2 4 5 18 1 + S(, 
Chlorpromazme 11 4 6 2 3 9 18 1 + 86 
Benzenc 7 4 7 4 3 2 i7 l - ~0 
p-Xylene 9 0 6 8 4 2 14 6 - 87 
Trans-stflbene oxide 13 5 6 9 6 6 14 1 88 
Clofibrate 14 8 6 7 7 1 14 0 - (~2 
Chlordane 11 1 9 8 8 1 13 4 8~ 
Imldazole 6 6 6 0 3 3 12 0 61 
DDT 136 8 1 115 96 59 
Phenobarbltone 10 1 7 3 8 1 9 1 - 57 
Dlphenylhydantom 11 4 7 1 9 0 9 0 -- 58 

* Agents reduce primarily cytochrome P-448 but may also reduce other forms to a lesser extent 

PB-2 were  not  induced by methy lcho lan threne ,  and 
MC-1 and MC-2 were  not  induced by pheno-  
barbi tone  [63] Recen t  studies employing recom- 
binant  D N A  techniques  have provided  indisputable  
evidence that  cy tochrome P-448 (MC-1), al though 
related to, is a different  haemopro te in  from the 
cytochromes P-450 (PB-1 and other  forms) 
[4, 64, 67]. A p o e n z y m e  and haemopro te in  homo-  
logles be tween  cy tochrome P-448 and cy tochrome 
P-450 are low, but are very high among the forms 

Dibenz (a, h) anthracene 

9-Hydroxyelhptmme 

7-Ethoxyresorufm 

Fig 1 Space-filled models of compounds exhlbmng high 
specificity for c>tochrome P-448 Models were drawn using 
the PLUTO computer program and utlhsmg the following 
Van der Waals radu to generate computer graphical plots 
of molecular geometries, carbon 1 6 4 ,  mtrogen 1 5 ~ ,  

oxygen 1 4A and hydrogen 1 2/~ 

of cy tochromes  P-450 [6, t3] The two classes of 
enzymes possess distinctly different  substrate-bind-  
ing sites [12], are under  different  mechanisms of 
regulation,  are encoded  by distinctly different 
m - R N A s  [64], and their  deve lopment  and lndu- 
Clblhty with age follow contrast ing pat terns  [66] 

Phenobarb,taL 

Metyrapone 

Hexoborbltal. 

Fig 2 Space-filled models ol compounds exhibiting high 
specificity for c_~tochrome P-450 Legend as m Fig 1 



Molecular d~menslons 

(b) 

(c)  

Fig 3 Ball and spoke models of compounds displaying high 
specificity for cytochrome P-448 (a) , Ethoxyresorufin, 

, benzo(a)pyrene (b) - - ,  p a r a e e t a m o l , - - ,  
benzo(a)pyrene (c) ,9-hydroxyelhptlcme, , ben- 
zo(a)pyrene All models were drawn using the PLUTO 
computer program and the following atomic radn, carbon 
0 3 ~,, nitrogen 0 35 .~, oxygen 0 4/~ and hydrogen 0 2 

Substrates of cytochrome P-448 such as 7-ethoxy- 
resorufin exhibit an AID ratio two to three times 
that of substrates of cytochromes P-450 such as 
aldrln, ethylmorphine and hexobarbltone These 
observations lend support to our previous spectral 
studies where hexobarbitone failed to generate a 
type I spectral interaction with purified cytochrome 
P-448, indicative of no enzyme-substrate interaction, 
while such a spectrum was readily obtained with 
purified cytochrome P-450 [12]. It IS evident that 
cytochrome P-448 substrates are essentially planar, 
rigid molecules with large molecular dimensions and 
large AID ratios, but with small depths. This is seen 
when the side-views of ethoxyresorufin, 9-hydroxy- 
elliptlcine and dlbenz(a)anthracene are considered 
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and compared to those of phenobarbital, metyr- 
apone and hexobarbltal (Figs 1 and 2) Ethoxy- 
resorufin can be seen to have a smaller depth than 
hexobarbital, a drug substrate not metabohsed by 
cytochrome P-448 [67] One of the most striking 
features is the ability to overlay one molecule on the 
plane of another substrate, e.g benzo(a)pyrene and 
ethoxyresorufin, and benzo(a)pyrene and paracet- 
amol (Fig 3). The features similar to all cytochrome 
P-450 substrates, but not found in those of P-448. 
are molecular non-planaraty, small A/D ratios and 
greater flexlblhty in molecular conformation. 

Inhlbltors of cytochrome P-448 activity show a 
similar pattern. 9-Hydroxyelhptlcine has a large 
A/D ratio, in contrast to metyrapone and 
phenyllmldazole, which are lnhlbltors of other forms 
of cytochrome P-450 but not cytochrome P-448 
Indeed, 9-hydroxyelhptlclne can be overlayed on the 
plane of the cytochrome P-448 substrate benzo(a) 
pyrene (Fig. 3) Qulnacrlne, although a specific 
inhibitor of cytochrome P-448 exhibits a relatively 
small A /D ratio (Table 2), presumably because of 
the bulky amino substituent which results in it having 
a depth of 11 2 compared to that of 4 2 for 9-hydroxy- 
elliptlcine. However, in the absence of the bulky side 
chain the molecule has a width, length and depth of 
7.1, 14.9 and 4.3 ]~ giving it an A/D ratio of 24.6 It 
is likely that the side chain of qulnacrlne is not 
involved in its interaction with the cytochrome, 
which it presumably approaches by the pyrldlnlC 
nitrogen Inhlbitors of mixed-function oxldase 
activity may act by binding at the active site or by 
liganding to the haem moiety of the cytochrome 
preventing the binding and activation of oxygen and 
thus oxygenation of the substrate. With crude micro- 
somal preparations or purified forms of the cyto- 
chromes these hganding lnhibltors yield type II spec- 
tral changes, indicative of an interaction with the 
haem [12]. It might therefore have been expected 
that these lnhlbitors would not exhibit the molecular 
dimensions that are necessary for binding to the 
substrate active site. The observation that these 
inhibltors whose effect is mediated through inter- 
action with the haem, still meet the dimensional 
criteria for substrates, indicates that they may also 
have a second site of interaction with the cyto- 
chromes, namely the active site Indeed the inhibitor 
9-hydroxyelhptlcine interacts also with the substrate 
binding site of the cytochromes and the generated 
spectrum has a type I component indicative of such 
an interaction [68] Moreover, following its inhibi- 
tory phase, 9-hydroxyelliptlcine acts as an reducer of 
cytochrome P-448 actwlty providing further evidence 
for an interaction with the substrate binding site 
Studies with methylenedloxyphenyl compounds, 
such as safrole and isosafrole, have demonstrated 
that following metabolism, by e~ther cytochromes P- 
448 or P-450, these are converted to intermediates 
which hgand to the haem to form complexes; these 
complexes can be dissociated only by type I sub- 
strates from which it may be Inferred that an inter- 
action with the actwe site must occur for the haem 
hgand complex to dissociate [69, 70] These findings 
indicate that the active site of cytochrome P-448 Js 
probably located in proximity to the haem moiety. 
so that mhlbltOrs llgandlng to the haem must also 

~P 35 13-I 
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meet  the dimensional  reqmrements  for type I 
substrates 

With inducers of cytochromes P-450 and P-448 
similar differences are again evident.  Inducers of 
cytochrome P-448 such as 3-methylcholanthrene,  fl- 
naphthoflavone and T C D D  exhibit markedly higher 
A / D  rattos than phenobarb l tone  and D D T  Our  
findings agree with previous work [71] where 
coplanar,  m contrast  to non-coplanar  tsomers of 
hexachlorobiphenyl ,  induce cytochrome P-448 as 
measured by increased ethoxyresorufin O-deethylase 
actlvtty. Rlfamplcin,  a specific inducer of cytochrome 
P-450 has a relatively large A / D  ratio, however ,  its 
large depth of  14 0 prevents  tt f rom fitting into the 
cytochrome P-448 active site. It is interesting that 
reducers of the ethanol  form of cytochrome P-450 
such as benzene and ~mldazole, and clofibrate, an 
Inducer of cytochrome P-452, have A / D  ratio values 
be tween those of cytochromes P-450 and P-448 It 
may therefore  be possible to categorlse the various 
cytochrome P-450 lsoenzymes by computergraphlc  
studies of their  spectfic substrates, inducers and 
mhibltors 

Inducuon of cytochrome P-448 acUvity appears to 
be dependen t  on an interact ion be tween  the inducmg 
agent and a cytosohc binding protein receptor  which 
has been isolated f rom hver  and other  tissues [72]. 
An  excellent  correlat ,on extsts be tween the avidity 
with which a chemical  interacts wtth thts receptor  
and its capacity to mduce cytochrome P-448 activity 
It can therefore  be inferred that the cytosohc recep- 
tor also accepts only planar molecules  having large 
A / D  ratios and small depths,  and it is reasonable 
and attracUve to speculate that the cytosohc receptor  
may be structurally related to the haemopept lde  
(acUve stte moiety)  of cytochrome P-448 

In conclusion, the present  study confirms that the 
substrate blndmg of cytochrome P-448 is distract and 
markedly different  from that of cytochromes P-450 
It accepts only planar molecules  having large dimen- 
sions and large A / D  rattos, but with small depths. 
Smce metabohsm by cytochrome P-448 invariably 
leads to mcreased tox~ctty, and to the acttvatxon of 
carcinogens, an appreclaUon of the dimensions of its 
acUve site will enable  the design of chemicals that 
cannot act as substrates and do not Induce cyto- 
chrome P-448 actlv~ty, and therefore  are unhkely to 
be associated w~th carcmogemcity  or frank toxtc~ty 
A similar approach has been employed successfully 
m the product ion of trxazole fungicides that inhtbtt 
the cytochrome P-450-dependent  14o~-demethylatlon 
of 24-methylene-24,25-dihydrolanosterol  [73]. 
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