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Abstract-Extraction of lyophilized hcpatic microsomes from untreated rats. once with I-hutanol and 
twice with acetone. increased benzo[a]pyrene hydroxylase and henzphetamine N-demethylase activities 
by 25 per cent: these activities were increased further by the addition of dilauroylglvceryl-3-phos- 
phorychoiine jdi-12.GPC). Marc extensive extraction with I-hutanol decreased the activities by 50 per 
cent; addition of di-12-GPC restored activity to control levels. Kinetic analysis indicated that a single 
extraction with I-butanol decreased the apparent & For benzo[a]pyrene h-fold. with no change in Vm.,X; 
addition ot’ di-12-GPC had no cffcct on the apparent K,,, or V,,,,,. In contrast. a single extraction with 
I-butanol of microsomes from 3-methycholanthrene (&MC)-treated rats had no effect on the apparent 
K,,, or Vmar for benzo[ci]pyrene. Lineweaver-Burk plots of henzphctamine N-demethylase activity in 
extracted microsomes from untreated rats and in hotb unextractcd and extracted microsomes from 3- 
MC-treated rats were non-linear with a marked increase in activity at higher benzphttamine 
concentrations 

The liver microsomal mixed-function oxidase system 
catalyzes the hydroxylation of a wide variety of sub- 
strates, including drugs, carcinogens, pesttctdes and 
endogenous substrates such as steroids and fatty 
acids [1,2]. This enzyme system has been resolved 
into three components [3-51 which are essential for 
activity: cytochrome P-450, NADPH-dependent 
cytochrome c (P-450) reductase. and phosphatidyl- 
choline 161. 

We reported previously 17) that extraction of 
Iyophilized microsomcs with I-butanol and acetone 
removed all neutral lipids and 80 per cent of the 
phospholipids with only a 20 per cent loss of cyto- 
chrome P-450 and NADPH-cytochrome c reductase. 
Benzo[a]pyrene hydroxylase and benzphetamine N- 
demethylase activities were decreased in extracted 
microsomes but could be restored to control levels 
by the addition of dilauro~~lglyceryl-3-phosph~~~r~l- 
choline (di-12-GPC), thus confirming the hptd 
requirement of the mixed-function oxidase system. 
Several lines of evidence indicated that extraction 
also removed endogenous ligands of cvtochrome P- 
450 from the microsomes. First, extra&on of micro- 
somes with acetone alone (which removed all the 
neutral lipids and trace amounts of phospholipids) 
decreased the initial fast-phase in the NADPH- 
dependent reduction of cytochrome P-450. Second, 
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addition of an aqueous suspension of the acetone 
extracts to unextracted microsomes caused Type I 
binding spectra. Third, thin-layer chromatographic 
analysis of extracted microsomes showed that cho- 
lesterol and free-fatty acids, substrates of cyto- 
chrome P-450, were removed. Fourth. extraction of 
microsomes with 1-butanol and acetone increased 
the peak-to-trough difference of the hexobarbital- 
and benzphetamine-induced Type I binding spectra, 
the ethanol- and phenacetin-induced modified Type 
II binding spectra, and the aniIine-induced Type II 
binding spectra. Finally. extraction of microsomes 
with I-butanol and acetone increased the N- 
demethylation of benzphetamine. 

Several phenomena observed with microsomes 
have been attributed to the presence of lipid-soluble 
endogenous substrates in microsomal mem- 
branes. i.e. the initial fast phase detected in the 
reduction kinetics of cytochrome P-450 [X] and a part 
of the endogenous NADPH oxidation [9,10]. These 
endogenous substrates may also inhibit the meta- 
bolism of exogenous substrates since addition of a 
variety of steroids to microsomal incubations in vitro 
has been shown to inhibit the metabolism of hexo- 
barbital, ethylmorphine and ~-nitroanisole [11,12]. 
EstradioL17P and testosterone have also been shown 
to inhibit competitively the hydroxylation of 7,12- 
dimethylbenzanthracene in mouse liver microsomes 
[ 131. 

Therefore, it was of interest to determine if solvent 
extraction of lyophilized microsomes altered the 
kinetic parameters of the metabolism of exogenous 
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drugs and ~~ir~inog~ns by the mixed fLln~ti~)n oxidase 
system. The present studies were designed to clarify 
the role of membrane lipids and endogenous ligands 
of cytochrome P-JSO in the metabolism of 
benzo[a]pyrene and benzphetamine. 

h’IATERIALS AND METHODS 

Male Sprague-Dawley rats (240-260 g) (Simon- 
sen, Gilroy, CA) were killed and the livers were 
perfused with 1.15 per cent KCI-0.1 M potassium 
phosphate buffer (pH 7.7) and then homogenized 
in 2 vol. of the buffer. The microsomes were prc- 
pared and lyophiiized as described previously [7] and 
stored under argon at -70” for a maximum of 10 
days. In some experiments, rats were treated with 
3-methyicholanthrene (3-MC) (20 mgikgiday. i.p.) 
in corn oil for 3 days prior to being killed. 

E.rtructim of ripid from rnicrm~tms. In a typical 
experiment. 250 mg of lvophilized microsomes were 
homogenized in 15 ml o? I-butanol and centrifuged, 
and the pellet was rinsed twice with 15 ml of acetone. 
The final acetone suspension was filtered. and the 
powder was dried with Nz and then placed in a 
desiccator at -20” for 30 min. In some experiments. 
as indicated, microsomes were extracted twice with 
I-butanol. foilowed by two acetone rinses. The sol- 
vents were kept at -70” in an acetone and dry-ice 
bath. and the centrifuge was kept at - 15” to -X0. 
The extracted microsomes were then homogenized 
in 15 ml of 0.1 M potassium phosphate buffer (pH 
7.7) and sonicated for three 5-see intervals. Unex- 
tracted microsomes were homogenized and soni- 
cated similarly. 

Studies using [“C]-l-butanol (51 (*Ci/mole) indi- 
cated that more than 99.9 per cent of the I-butanol 
was removed from extracted microsomes. and that 
about 0.1 mmole of l-butanol remained in the 
extracted microsomes. The approximate molar ratio 
of I-butanol to cytochrome P-450 was X011 in 
extracted microsomes. (The molar ratios of I- 
butanol to cytochrome P-450. used in studies 
designed to induce spectral changes;, are in the order 
of 10,00~~100.000 [S. 14. 151.) 

Recovery of cytochrome P-4%) was 75-85 per cent 
following extraction once with I-butanol and 65-711 
per cent following two extractions with 1-butanol. 
All activities were calculated per nmole cytochrome 
P-450 to correct for the loss due to the extraction 
procedure. 

In order to determine the effectiveness of l- 
butanol at -70” in extracting phosphatidylcholine 
from microsomes. rats were injected intraperito- 
neally with 50 FCi [3H]choline (tnrfhyf-‘H) (3.1 
Ci/mmole) (New England Nuclear, Boston. MA). 
Aliquots of unextracted and extracted microsomes 
were then assayed for a total radioactivity. Micro- 
somes which were extracted once or twice with l- 
butanol and twice with acetone, contained IX and 

respectively, 
;‘:H]ph~~~hatid~$~line in unextrncted rni:rfosornE: 
as reported previously for microsomes extracted at 
-20” 1161. 

Assay. Hydroxylation of benzo[a)pyrene was 
assayed by the method of Nebert and Gelboin [17]. 
with slight modification [IX]. Benzphetamine N- 

demethylase activity was deteril~ijle~~ by rl~~~~~Llri1~~ 
formaldehyde forrn~~ti(~n by the method\ (I( N;r~h 
[ 191, as modified bv Cochin and Axelrod I-?(l/, :\I1 
reactions were carrjed out under conriition~ ot I~II- 
earity with respect to time and protein. (‘vtochrom~ 
P-450 was measured as described b! Ornur’:~ and S;~rcr 
1211, and protein was measured hv rhc me!tiod III 
Lowry et cd. 1221. 

Kinetk WUllWi.Y. Michacli5 cc1n\tant\ IOI 
benzo[a]pyrene hydroxyla\c activity and IlcnLphel- 
amine N-demethylase activity bvcrc calculated I?!, the 
method of Wilkinson [23] with the use of ;I Fortran 
program of Cleland [24]. 

RESI LTS 

Effect ofe.Wactioti 6x2 hc,tz-_n[ it jpywrr itytlro.\vkw 
and ~~r~~~~letaF~l~~e N-d~~rnrth?irrsc, ~~ti~~itics. Ett imc‘- 

tion of microsomcs from untrcatcd rat\ onfi‘ nith 
I-butanol and twice with acctonr incrca\cd 
benzo[cr]pyrene hydroxyiase activity, (1%~. I ;Z i anti 
benzphetamine i?j-demethylasc actlvlty (Fig. I li3) to 
IX&1.70 per cent of their activitic\ in rlneutr;lctc.cl 
micrc~\omes. Addition of di- III-(iP(‘ IL) c~tl’;lL’tc~~t 
microsomes further stimulated actlvtt! to 150 ~c*I- 
cent of the activity in uncxtractcti mic‘~-o5oiiic~. 
Addition of di-I2-GPC to uncxtractetl m~cro~om~~~ 
stimulated activity less than IO per cent at to\+ con- 
centrations and inhibited activity at hiphcr COIICCII- 

trations. Extraction of microsomcs tuicc 1% ith I- 
butanol and twice with acetone Jecrea\ctf autivit! 
by appr(~xinlately 50 per cent and addition of lipid 
restored activity to control Ic\.els. Thu\. extraction 
of all neutral ti&ds and i?f SO per cent of the pito5phc+ 
lipids increased the acti\ ity of cytothrome P-450. 
whereas more extensive extraction. \vhich rcrno\cd 
YO per cent of the phospholipid. decrcasod activit!. 
This activity could be Irestored to control level\ I~> 
the ;Idtiition of phosph;ttidvlch[)line. 

Kinetics oj’ henzo[ ~~jp_vr~vw /I~Ylro.\.\~/ir.,(’ irc’r/l’Lr\‘. 
The increased benzo[fr]pyrenc hydroxylasc ;tcti\,it>. 
in microsomes which had been extracted once l\ith 
l-butanol and twice with acetone wah irn,ci;tig:ttod 
further by determining the kinetic parameters t)f the 
reaction. Nebert and Grlboin j 171 ;tnci ?fan\c~~ and 

Fouts IZS] have shown that the apparent K,. t’(~ 
benzo[u]pyrelie in rni~r(~sotl~~s dccre;i4c\ with 
decreasing enzyme ~~~~?~~ntr~~ti~)~~s. The I_incwea\er-~ 
Burk plots of benr.o[a]pwnc hydrosylase acti\ it! 
in unextracted and extractctl mIcrocomc\ tram 
untreated (control) rats are shown in Fip. 3. panel\ 
A and B. Figure 2A show4 the results oht;iined iti 
experiments using I nle rr’nil of’ micrc)5om;~l protein. 
while Fig. 7B shows those using 0.7 mg.‘ml of micro- 
somal protein, The apparent k’,,, obtained III c’ipcrl- 
ments using I mgiml of micro\omal protein i7.S p-nl) 
is in agreement with the value of 74 PM ~-cp~~rtetl I,\ 
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Fig. 1. Effect of extraction of control rat liver microsomes once or twice with I-hutanol and twice with 
acetone and of di-12-GPC on benzo[a]pyrene hydroxylase (A) and benzphetamine N-demethylase (B) 
activities. Panel A: the reaction mixture (I ml) contained 100 pmoles potassium phosphate buffer (pH 
6.8): 3 Fmoles MgCl2; I kmole EDTA; 1 Fmolc NADP; 5 pmoles glucose-6-phosphate: 0.7 units 
glucose-h-phosphate dehydrogcnase; 240 nmoles of 3.4-henzo[a]pyrene (in 20 ~1 acetone): the indicated 
amounts of di-12-GPC and 0.56 or 0.W nmole cytochrome P-450 in microsomes extracted once or twice 
with I-butanol respectively. Unextracted microsomal incubations contained 0.85 nmole cytochrome P- 
450 and l.4mg protein, and extracted microsomal incubations each contained I.1 mg protein. The 
reaction mixture was incubated at 37” for 10 min. and 3-hydroxybenzo[m]pyrenc determined [17. 181. 
Activity in unextracted microsomes (100 per cent) was 0.25 nmole of product formedinmole of cyto- 
chrome P-4SOimin. Panel B: the reaction mixture (2 ml) contained 200 +moles potassium phosphate 
buffer (pH 7.4); 7 pmoles MgClz; 7 pmoles semicarbazide; 2 pmoles EDTA; 2 pmoles NADP; 10 pmoles 
glucose-h-phosphate; 1.4 units glucose-6-phosphate dehydrogenase: 2 pmoles benzphetamine; the 
indicated amounts of di-I?-GPC and 0.70 or 0.63 nmole of cytochromc P-450 in microsomes extracted 
once or twice with 1-hutanol respectively. Unextracted microsomal incubations contained I. 1 nmoles 
cytochrome P-450 and 1.8 mg protein. and extracted microsomal incubations each contained 1.4 mg 
protein. The reaction mixture was incubated at 37” for IO min and formaldehyde measured [ 19.20]. 
Activity in unextracted microsomes (100 per cent) was 3.3 nmoles of product formednmole of cyto- 

chrome P-4SO/min. 

B 

Fig. 2. Lineweaver-Burk plots for henzo[u]pyrene hydroxylase activity in uncxtracted and extracted 
liver microsomes from control rats using high protem concentrations (1 mgiml) (A) or low protein 
concentrations (0.2 mgiml) (B). The reaction mixture and condition5 were as described in the legend 
to Fig. 1A and contained the indicated amounts of benzo[u]pyrene added in 20 ~1 acetone. The points 
represent the mean values of duplicate determinations from three (A) or five (B) separate experiments. 
Velocities were calculated as nmole\ of %hydroxybenzo[u]pyrene formed/nmole of cvtochrome P- 
4SWmin. Panel A: unextracted microsomes and microsomes extracted once with I-hutaiol and twice 
with acetone contained 0.87 and 0.54 nmole cytochrome P-450, respectively: di-12-GPC (SO Fg; 80 
nmoles) was added to extracted microsomes. Vmax values were 0.37. 0.34 and 0.52 in unextracted 
microsomes, extracted microsomes. and extracted microsomes plus di-12.GPC respectively. Panel B: 
unextracted microsomes and microsomes extracted once with I-butanol and twice with acetone contained 
0. IO and 0.06 nmole cytochrome P-4SO. respectively; di-12-GPC (5 pg: 8 nmoles) was added to extracted 
microsomes. Vmnr values were 0.23, 0.20 and 0.23 in unextracted microsomes. extracted microsomes. 

and extracted microsomes plus di-12.GPC respectively. 
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Hansen and Fouts (261. while the apparent K,,, 
obtained in experiments using 0.2 mpiml of micro- 
somai protein (12.2 PM) is in agreement with the 
value of 11.4 p&f reported by Alvarts VI (ii. [37f. 
Regardless of the protein c~~~~cc~~t~-~~t~on tt~rl. eutrac- 
tion of microsomcs caused ;I h- to 7-told decrease in 
the apparent K,,, but no change in the V,,,.,, (Fig. 2. 
panels A and B). In experiment\ using I mghl of 

microsnmal protein. :ktitlition of di-I?-GN’ (50 kg; 
80 nmoles) to extracted microsomcc had no cffcct 
on the apparent K,,, hut increased the IJ1,,:,, by 50 per 
cent. In experiments using 0.2 mgiml of microsomal 
protein, addition of di-12-GPC (5 +g: S nmoles) to 
extracted microsomes had no effect on the apparent 
k,,, and increased the I/‘,,,,, y hi 20 per cent. 

The effects of solvent cstraction on the kinetic 
parameters of henrol~rjpyrcne hydroxylasc activity 
in liver rnicr~~~[~rncs from 3-MC-treated rats wcrc 
also investigated. As shown in Fig. 3, in experiments 
using 0.1 mgiml of microsomal protein. extraction 
caused only a 35 per cent decrease in the apparent 
K,,, and no change in the V,,,.,,. Addition of di- l?- 
GPC (25 pg: 40 nmotes) had no effect on the appar- 
ent LZ and increased the Vi,,,,, by Xl per cent. These 
data are in agreement with our previous studies 
17,161 demonstr~~tin~ that extraction of mlcroxomes 
from j-MC-treated rats decreased hcnzoltrlpyrcnc 
hydroxylaae activity and that this activity was 
restored to control levels by the addition of di- I?- 
GPC. In experiments using I mg;mI of microsomal 
protein (data not sho\+n). the appat-ent K,,, m ~mt’s- 

tracted microsomcs ( 1’3.13 pM) \Y;IS ;tlw rtecrcawci 
by only 25 per cent to IS.1 1*b1 in cstracted 
mlcrosomes. 

Thus. extraction of control microsomes decreased 
the apparent K,,, h- to 7-fold to values comparable 
to those obtained in X-MC microsomea. Lvhcrens 
extraction of J-MC microcomes had esscnti:itl\ no 

E. SOi 1st N 

t!ffect on the apparent K,,,. Addition of lipId to 
extracted microsomcs from both untreated and 3- 
MC-treated animats increased the V,,,,,, hv 3&-50 per 
cent but had no effect on the apparent k-,,. 

Khwtics of hctl=(,llatrirllrtli~ ihi-tirttIc~iil~ir.,i~ midair\-, 
The Lincweaver-Burk plots of henrphctamine .V- 
demcthytasc activity in unextractcd and cstractcd 
microsomes from untreated rats are shown in Fig. 
JA. Non-linear kinetics were obtained in estractcd 
microsomal preparations with a marked increase in 
activity at benzI~het~irnir1~ c~~licet~tr~~ti(~l~s greater 
than 0.25 mM. Activity in cstractcd microsomcs uas 
less than that in uncstrxted n~icromncs at conct’n- 

trations of bcnzphetamine Ics5 than 0.75 lll%l. 

Addition of di-l7-GPC‘ (50 p.g; X0 nmoles) to 
extracted microsome\ further increasccl ;tctiGt\ at 
higfier benzphct~liliine concentrations and restc&stl 
acttvity at lower bei?zph~t~~niin~ conc‘entr~ttictti~ tct 
that in unextractcd microsomcs. 

Because of the striking similarity between the 
kinetic parameters of benzo[rr]pyrene hydroxylasc 
activity in extracted microsomes from untreated rats 
and microsomes from .3-MC-treated rats. the kinetics 
of henzphetamine !V-dcmcthytasc actiGty in i-MC 
rnicr~~s~)rnes were also investigated. As shown in Fig. 
4B, non-linear kinetics were also ohtaincd in Lint- 
weaver-Burk plots of bcnzphetamine ;V-demcthvl- 
ase activity in both unextracted and ostracted micro- 
somec. Extraction of microsome\ increased acti\,it\ 
<it alt henzphetamine concentr~~tiorls. w~i addition 

of di- l?-GPC to extracted niitwwnies fttrthcr 

increased activitv. 

The present studies show clearly that extraction 
of lyophitized hrpatic micr-osomes from untreated 
rats once with I-butanoi and twice Lvith acctonc 
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Fig. 3. Lintweaver-Hurh plots for henrtt[ajpyrene hydrox$ase activity in l~~~extr~~e~~~ and cxtractcd 
liver micr~s~~tnes from S-MC rats. The rc;tction mixture and conditions wvcrc a’i dewrilwd in the legend 
to Fig. 1A except that the reaction was incubated for 5 min. The reaction mixture con!:Gnctl 0. I I XKI 
0.07 nmolc cytochrvme P-450 in unextracted and extracted microsomc~. rcspwtivcly. and the indicatccl 
amounts of henzo[u]pyrene added in 20 ~1 acetone; di- I;?-GPC‘ (25 pg: 10 rlmoles) \vab ad&d to vxlractcd 
microsomes. The points represent the mean values of duplicate determinations in Ihrcc wparatc 
experiments. Velocities were calculated as nmoles of 3-hvdroxvbenzolalp~rene lormctl~nmolc 01 C~IO- 
chrome P-JWmin. Vm.,, values were 1.42. 1 .13 and 1 .hO‘in uncxtractetl microsome\. cxtractcd micr<>- 

wmes. nntl extr3cteil micrr>somes plus di-I?-GPC roywctivd! 
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Fig. 4. Lineweaver-Burk plots of benzphetamine N-demethylase activity in unextracted and extracted 
liver microsomes from control rats (A) and from 3-MC-treated rats (R). The reaction mixture and 
conditions were as described in the legend to Fig. 1B and contain the indicated amounts of hcnzphet- 
amine: di-l?-GPC (SO pg; 80 nmoles) was added to extracted microsomca. The points represent the 
mean values of duplicate determination from four separate experiments. Velocities wcrc calculated as 
nmoles of HCHO formed/nmole of cytochrome P-Ntimin. Panel A: uncxtracted and cxtractcd micro- 
somes contained 1, I and O.&l nmoles cytochrome P-450 respectively; L ‘,,,, in unextr~letcd microsomcs 
was 3.95. Panel B: unextracted and extracted microsomes contained 1 .i and I .2 nmoles cytochrame 

P-&Xl respectively. 

increased both benzo{a]pyrene hydroxylase and 
benzphetamine N-demethylase activity. More exten- 
sive extraction decreased enzymatic activity approxi- 
mately 50 per cent and this activity could be restored 
to the levels in unextracted mrcrosomes by the 
addition of synthetic phosphatidylcholine. These 
data are in agreement with our previous studies 
demonstrating the lipid requirement of the mixed- 
function oxidase system in microsomes from 3-MC- 
and PB-induced rats. 

Extraction of control microsomes decreased the 
apparent K,,, for benzo[a]pyrene 6- to 7-fold with no 
change in the V,,,, suggesting that extraction had 
removed a competitive inhibitor of benzo[a]pyrene 
hydroxylase from the microsomal membrane. The 
kinetic parameters of benzojmjpyrene hydroxylase 
in microsomes have been investigated extensively. 
and several laboratories have shown that the appar- 
ent K,,, in microsomes decreases with decreasing 
protein concentration [17, 25, 281. This has been 
interpreted to indicate that the microsomal mem- 
brane contains non-specific binding sites for 
benzo~~]pyrene which compete with the enzyme for 
the substrate, this nlimicking the kinetics of a com- 
petitive inhibitor and resulting in falsely high K,,, 
values at higher protein concentrations. Lu et 01. 17-91 
have shown that the apparent K,,, values of liver 
microsomal epoxide hydrase for several substrates 
are also dependent on the concentration of micro- 
somai protein used. When purified epoxide hydrase 
was examined, however. the apparent K,n fcx 
benzo]n]pyrene-I 1, 12-oxide was found to be inde- 
pendent of protein concentration but dependent on 
the concentration of lipid. such that addition of di- 
12”GPC at concentrations greater than its critical 
micelle concentration inhibited activity in a com- 
petitive manner. These data were found to be con- 

sistent with a model in which the substrate is par- 
titioning between non-specific sites in the lipid 
micelles and the aqueous medium. It is reasonable 
to suggest that a similar phenomenon is occurring 
with benzo[a]pyrene hydroxylase in control micro- 
somes and that extraction decreases the apparent KS 
by removing the lipid. 

The lack of effect of extraction on the apparent 
iy, for benzo[a]pyrene in 3-MC microsomes could. 
therefore, be interpreted to indicate a decrease in 
the non-specific binding of benzo[a/pyrene in the 
lipid in these microsomes. Decreased non-specific 
binding could be due to changes in the properties 
of the membrane lipids after 3-MC treatment, 
such that alterations in the fluidity of the phospho- 
lipid bilayer could either facilitate diffusion of 
benzo[n]pyrene to the substrate binding site of cyto- 
chrome P-450 or increase the rate of transfer of 
benzo[a]pyrene from the lipid phase to the substrate 
binding site. Davison and Wills [30] have shown a 
30 per cent decrease in the molar ratio of choles- 
terol/total phospholipid in liver microsomal mem- 
branes 5 days after a single dose of 3-MC (20 mgikg). 
Changes in the cholesterol content of membranes 
have been shown to alter membrane fluidity 131) and 
could, therefore. contribute to alterations in the 
apparent K,,,. However, these workers [30] demon- 
strated a similar decrease in the cholesterol content 
after pretreatment with phenobarbital (PB). PB 

treatment has been shown to have no effect on the 
apparent Knr for benzo[a]pyrene in rat liver micro- 
somes 1321. 

It should be pointed out, however. that the appar- 
ent K,, in 3-MC microsomes is also increased with 
increasing protein concentrations to approxl- 
mately the same extent as that in control mlcrosomes, 
suggesting that non-specific binding does occur in 3- 
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MC microsomes. In addition, the apparent K,,, in 
both 3-MC and control extracted microsomes is also 
dependent on the protein concentration. suggesting 
that non-specific binding still occurs after removal 
of the lipid. It is likely that the highly nonpolar 
bcnzo[m]pyrenc binds non-specitically to the hydro- 
phobic membrane proteins as well. Thus. a decrease 
in the non-specific binding in 3-MC microsomcs doe5 
not appear to be responsible for the lack of effect 
of extraction on the apparent K,,, for benzo[a]pyrene. 

Alternatively. the three-dimensional orientation 
of cytochrome P-448 in the microsomal membrane 
after 3-MC induction may be such that the specific 
substrate binding site is more accessible to 
benzo[a]pyrene. This could result from the increased 
synthesis of cytochrome P-44X and. therefore. an 
increased number of specific high affinity 
henzo(m]pyrene binding sites dispersed throughout 
the membrane. Recently, Thomas it rrl. 1331 have 
used monospecific antibodies to cytochrome P-44X 
to quantitatc this form of cytochrome P-45(1 in 
microsomcs. Their data demonstrate that. in micro- 
somes from 3-MC-treated rats. XY per cent of the 
cvtochromc P-450 was immunologically identical to 
cvtochrome P-J-18. whereas in microsomcs from 
u-ntrcated rats. this value was only (1 per cent of the 
total cytochrome P-350. 

A great deal of indirect evidence has accumulated 
indicating that microsomes from untreated rats [34- 
371. rabbits [3X] and mice [39.40] contain multiple 
forms of cytochrome P-450 and that at least one of 
these forms is inducible by 3-MC. As discussed 
above. Thomas er ~1. [33] have used a direct method 
to demonstrate the presence of cytochrome P-438 
in control microsomes. Finally. then, the activity of 
cytochrome P-448 which is present in small amounts 
in control microsomes and which has a high affinity 
for benzo[a]pyrene may be masked by the presence 
of competitive inhibitors which are extracted by l- 
butanol. The nature of the proposed inhibitors is not 
known. or if they are. in fact. endogenous substrates. 
It is unlikely that the inhibitors are free fatty acids 
or cholesterol. however. since extraction of micro- 
somes with acetone alone. which removes neutral 
lipids (including fret fatty acids and cholesterol) and 
only trace amounts of phospholipids 171. had no 
effect on the apparent K,,, or V,,.,, for benzo[a]- 
pyrene hydroxylase activity. This could indicatethat 
the inhibitors are either polar in nature or are tightly 
bound in the phospholipids of the microsomal 
membrane. 

The non-linear kinetics for benzphetamine N- 
demethylase activity obtained in extracted micro- 
some5 are difficult to interpret, but suggest that at 
least two forms of cytochrome P-450 with distinct 
affinities and lipid requirements are involved in 
catalvLing this reaction 1411. Similar non-linear 
kineiics were also obtained in both unextracted and 
extracted 3-MC microsomes. The5e data are con- 
sistent with the hypothesis that extraction has 
removed an inhibitor from a form of cytochrome P- 
4% present in control microsomes with an affinity 
for benzphetamine similar to that induced by treat- 
ment with 3-MC. 

Recently. several studies have provided evidence 
Tuggesting that I-butanol and other agents containing 

a sterically accessible oxygen atom. which rnducc ;I 
reverse Type 1 (modified Type II) binding xpectr:l. 
cause the formation of low-spin cytochrome l’--L9r 
by binding of the oxygen atom to fcrl-ic iron. forming 
a h-coordinated species [31.-!3]. It is pt)ssihlc that. 
in extracted microsomes. some of the cvtochromc 
P-450 is converted to the low \pin form _I\ ;I result 
of binding to I-butanol. It is not likely that tormatior 
of low spin cytochrome PISO is rcsponsihle t’cjt the 
kinetic changes observed. Addition of I-butanol to 
unextracted microsomes at tllc CoI~Cclltl-;ltlol1 

(-0.2 mM) calculated to he pr-rsent in cxtractcd 
microsomes had no effect on hen/o[ tr]p> I’cnc’ 

hydroxyla5e _ acti\,it\, l~urthermore. t~stractlo~l (11 
microsomes with acetone alone had no ettcct on 
benzo[a]pyrene hydroxylasc acti\it> Acctonc ;II\o 
has a sterically accessible oxygen atom for binding 
to the ferric ion of cytochrome P--1%) formins t hc I)- 
coordinated species and induccg the modilicd ‘I‘\ pc 
II binding spectra. It should hc noted thal .tllc 
benzo[a]pyrene hydroxylase assa) i\ rcrutincl! ~;II 
ried out in the presence of acetone (0.3 M) U\CYI ;I\ 
a solvent for benzo[a]pyrene. 

The formation of low spin cytochrome f’-A50 111 
extracted microsomes could explain the incrc;I\cd 
a absorption maximum in the hrxobarhltal- ;~nd 
benzphetamine-induced Type I binding spectra 
observed in extracted micro\omcs (71. \I~CL’ Kum;tki 
et ~1. [43] have reported that the amount ot c.1 to- 
chrome P-450 converted to the high spin form b\ 
exogenous Type I ligands is incrcascd in microsomc\ 
containing greater amounts of low spin c~tochrom~ 
P-450. In these same microsomal preparations? ho\\- 
ever, the phenacetin- and ethanol-induced motlitic~d 
Type II spectra and the aniline-induced Ty1~ II 
spectra a absorption maximum were al50 Incrca\cd 
in extracted microsomes. Ebcl CI trl. [UJ and other\ 
[45-47] have shown that a limited amount (appnlx- 
imately 35 per cent) of the c,vtochrome f’-lSlI in 
microsomes participate5 (mcasurablv) in \ub\tratc, 
binding. regardless of the concentrat/on of suh\tratc 
present. Extraction of microsomcs with I -butanc~l. 
therefore, appears to increase the amount of c‘vto- 
chrome P-450 which measurabl! hind\ to -f‘! pi, I. 
Type II and modified Type II t’xogcnou~ ligand\. 
This could be due either to the rcmo\ al of cndogen- 
ous ligands or to the removal of non-specific bindins 
sites in the membrane. 

Because of the presence of multiple tot-m\ ot c! to- 
chrome P-450 with different substrate spccilicitic\ 111 

microsomes. the K,,, values obtained in microsonic\ 
must be interpreted cautiously. since they repre\cnt 
the average K,,, of the different forms. Ne\,erthcle\\. 
the present studies show that componcnt~ 01 the 
microsomal membrane play an important role in 
regulating benzo[a]pyrene hvdroxylase ;tctivit\, 111 

control microyomes and that the interactions 
between the membrane components and c‘! tochroln<, 
P-450 are altered by induction \vith 3-MC’. 
Benzo[[l]pyrene has been shown to 1~ metaboli~cd 
by cytochrome P-330 to highly reactibc dial-epo\irlcs\ 
which are potent mutagens and carclnogcn\ j 4%i(lJ 
The low affinity of benzo(rr]pyi-cnc fol- c!,tochronlc 
P-450 in control microsomcs, whethcl due 10 the 
presence of cndogenou\ suhstratc\ \\hich ;II’C’ con- 
petitive inhibitors or to lipitl-protc’ir inrc,l-;lc,tioll\. 
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may serve as a means of protecting the hepatocyte 

from the formation of these carcinogenic 
metabolites. 
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