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SUMMARY
- The effect of variatioh in the microsomal membrane fatty
acid Composition on. Arrhenius b1ot phaée transition temperatures

for p-nitroanisole O-demethylafioh and benzo(a)pyrene hydroxyla-

tion has been investigated. In Tiver microsomes from normal-

" dieted rats, the cytochrome P450-dependent enzyme activﬁty has a

break temperature at 24§C, while that of the P448-dependent
énzyme occurs.at 29°C indicafing that these two enzymes may exist

invdiffereht patches of membrane. In microsomes having diet-

~altered fatty acid compositions, benzo(a)pyrene hydroxylase has

a break temperature at 33°C, a va1ue higher than that bbserved in

‘normal-dieted rats. This obsekvation correlates with the increase

- in saturation observed in the diet-altered fatty acid composition

and thus may correspond to a phase transition roughly dependent on-
the fatty acid melting point. Phenobarbitg]-induced levels of

p-nitroanisole 0-demethylase in normal microsomes were 6 times

“higher than those in microsomes. having diet-altered composition,

whereas 3rmethy1choTanthrene-induCed levels of benzo(a)pyrene
hydroxy1asevwere similar regard]ess.of diet. The.]OW'Ieve] of
P450-dependent enzyme activity in membranes wifh altered fatty
acid éompositions suggests that a particular type(s) of fatty

acid was-hot present in sufficient quantity to permit the induction

~ of maximal enzyme activity. Sihce the induced P448-dependent

enzyme activity was the same regardless of diet, there was pre-

sumably sufficient quahtities of thé appropriate types of fatty



}acids present in the membrane for induction of this type of
activity. Therefore, particular types of fatty acids may be
necessary fof thé'indﬁcfion of maximal activity of particu]ar
enzymes in the mixed fﬁnction monooxygenase system. Our data
tpgether_witﬁ reports in the 1iterafure indicate thatrlino]eic
aqid ihtorporatedhin phosphatidylcholine may be required.for
' P45Q-dependen£'eﬁzyme.aCtivity,‘while a more saturated acid may

.serve the.same_rolé:for P448-dependent enzyme activity.
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INTRODUCTION

- membranes from rat liver

vdepending on the enzyme assayed
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The mixed function monooxygenase system metabo]izes drugs

and carcinogens in mammalian tissue]fz. Several investigations

.have identified lipid, cytochrome P450, and NADPH cytochrome

P450 reductase as the three components required to obtain max imal
monooxygenase act1v1ty in a so]ub111zed reconstituted system3 7.
The 1ipid has been,further identified as phosphatidylcholine,
with.the typé:of d{acy1 chains influencing the amount of:re-

constituted enzyme act1v1ty3 FUrthermore dietary lipid has-

.been shown to have an effect on rat liver m1crosoma] mixed-

’functwon monooxygenase act1v1t1es8 9; rats fed a fat—free diet

had less cytochromo P450 content and 1ower levels of drug-

metabolizing enzymes than those fed a norma] diet.

Studies of the'kinetjcs of chemical hodification of the re-

]O, as well as temperature deoendent

11-13

ductase in microsomes
S . - .
measurements of microsomal and 11posoma1] membrane bound

enzyme activities showing break temperatures have supported the

'proposa1 that lateral mobility of the reductase and the cyto-

chrome prote1ns in the 11p1d is the mechanism whereby several
cytochromes can be reduced by one reductase.
- Using physfca]'techniques such as spin-label énd fluores-

scence polarization mesasurements, a succession of transition

. temperatures has been measured in the endoplasmic reticu]um

15 16

and from ce]]s grown in culture

In éddition, Arrhenius plots of rat 11ver microsomal membrane

_ bound enzyme activities have yielded various break temperatures

15,11-13.



In this papef we report the effects of diet-altered rat
liver microsomal membréne fatty acid composition on changes in
p-nitroaniso]e‘O;deméthylation and benzo(a)pyrene (BaP) hydrbxy-
lation. We also measured the Arrhenius plot break temperatures
of the enzyme activities in microsomal membranes with different
fatty acid compositions. Our results sﬁggest thatvthe>1ipid
fatty acid réquirement of each of these enzyme systems is
| different and that the P450- and P448—dependen£ enzymes may exist

in different patches of microsomal membrane.

MATERIALS AND METHODS' i

1 Animals. Malé Spfégué—Daw]ey weanling rats (Simonsén Labora-
tories, Gilroy, CA) weighing approximately 60 g were fed a
balanced diet for a_few days after arrival. Théy were then placed
in gfoups, half the group received. a norha]_balanced diet |
(Berkeley diet containing 7% fat from Foodstuffs Processing Co.,
Léboratory Animal Food Div., San Francisco, CA) throughout while
_thé other half were fasted for 2 days and then refed a fat-free
dietv(Fat—freé Diet #1127OT from U.S. Biochemical Corp.; Cleveland,
Ohio) for 5-6 days. Both diets contained supplemental vitamins
and minerals. Food and wafer were accessible ad 1ib thrdughout,
except for food during the fast.

The.gfoups of normél—dieted, and fastedFandj refed rats were

eéch subseqUent]y divided into groups of 4-6 animals. One_group
received a daily intraperitoneal injection 6f sodium phehobarbital

(PB) (80 mg PB/kgibody weight) in 0.9% saline for 3 days prior to
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~ were prepared in batthes of 4-6 ]ivefs as previously deécribed .

B0 a0 4710087

Sacrifice-whi]é.another group received a sing]é intraperitoneal

injéctioh of 3;methy1cho1anthrehe (MC) (25 mg MC/kg body weight)

iﬁ 0;5% methy]cel]u]dée in sé1ine_one day prior to sacrifice.
Contrb] groups recéived saline, méthylce]101osé, or nothing.
The anima]sawefé séckfficed by decapitation and the Iivers were
immediaté]y.feméVed'éhd chilled in ice-cold sa}ﬁne. Microsomes

17

except the final microsomal pellet was washed dnce.

Analytical Procedures. The temperature dependence of'enzyme

Vactivity was obtained by incuBating the reaction mixtures simuT-

taneous]y at'variou$ temperatures between approximatley 5°C and

50°C. This was abcomp1ished by performing thé incubation in water

'fi11ed_ho]és which were drilled into an'a]umihdm bar approximately

1.5 m long with a cross section of 7.5 cm x 10 cm. A heat source

‘at one end and a heat sink at the other provided the necessary

- temperature gradient a]ohg the bar. Incubation temperatures

were monitored along the bar in control reaction'mixtures with a
copber-constantan thermocouple and. mercury thermometers. A

1ea$f squares fit of the data to two straight Tines was done on a
Sigma 2 computer.

BaP Hydroxylase Assay. This assay was basically that of
18,19

Nebert and Gelboin and is described in detai]'e1sewherezo
except that the substrate was added in 10 u1 DMSO to give a

concentration of 4 uM. Following a 4-minute pre-incubation

' period for tempekature equilibration, the reaction was initiated



. by the addffionvof 50 ﬁg.microsomal protein in 100 ul of Tris
'buffer pH 7.5. The samples were incubated for 10 minutes at
a]i'temperatuYes and under these.conditidns the reaction was
linear with respect to time and protein. Thé reéction was |
stopped by the addition of 1.0 ml acetone. Controls. had acetdné
added at the start bf'thé reaction. The effect of temperature
on.pH'was found torbe_hegligible, |

p—nitroaniso1e'O-demethxjase assay. This assay is based_on
' 21

the procedure reportéd_by Netter and Seidel The reactiOn.
mixture consisted of 3va glucose-6-phosphate, kO units giﬁcoSe—
6-phosphate dehydrogénése,_] mM p-nitroanisole, 1 mg protein, and
1 ml of 25 MM phosphaté buffer pH 7.85. A 1.0 m1 volume was pre-
incubated for 3 minutes at the specific temperature. The ré-
action was started by:addition of 0.025 mole NADP+-in‘10 ul |
buffer and it was stopped by addition of 200 u1 of 1IN NaOH. The
controls had the NaOH added at the start of the reaction.

The NaOH also servéd to clarify the aséays presumably by dis-
sd]ving the pfotein and thus reduced one cause of the 1ight
scatféring; AThe absorbance of the reaction product, p—nitrophehd],
 was measured at 400 nm using the éonfrol as a reference in-a Cary
118 épectrophotpmeter. The absorbahce of the substrate, p-nitro-
anisole, at 400 nm was negligible. An effective molar extinction

coefficient of 1.5 x 104 (M cm)°] was determined by measuring the

change in absofbante at 400 nm upon addition of known amounts of
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p-nitrophenol after the reaction was stopped. The reaction was
generally run fof'3¥5‘minutes and was 1ineaf at'éll temperatures
used. The non-linear region usually seeﬁ at the start of the
O-demethy1ation of pf'or oeﬁitroanisoie accofding to Netter22
is not‘obsefved undek fhe conditions described above. The:reaction
~was linear in profein‘up to 1 mg at all temperatures used in this
stdy. Addition of nicotinamide to obtaih max imum rates was
- found to be unnécessary. Indeed, when 20 qunicotinamide was
.preSent in the reaction mixture thé measured velocities were

approximately 30% 1owér,,presumab1y_dﬁe to inhibition by nico-
 tinamide?®. -

Fatty acid @ompositions. Lipids were extracted from

liver microsomes équiva]ent'to 10 mg of microsomal protein in
‘Ch]broform; hethano], and water (8:4:3, V:V:V) by vortexing for
several minute524, ‘The aqueous layer was removed by suction and
the ch]oroform 1ayef evaporated to dryness under nitrogen and fhe
residue disso]vedvin 2 ml chloroform for 1oading onto a silicic
' ACid column. The‘cd1umn was 5 mm inside diameter and contained
.approximate1y~6 grams of activated silicic acid 100 mesh
(Mallinckrodt, Inc., St. Louis, MO). The column was washed with
3O ml ch]ordform before each sample was run. The sample was then
e]utéd.with 10 m1 chloroform (neutral lipid, fraction 1) and 10 mi
.methanol (complex 1ipid, fraction 2). The f]owvrate was approxi-
mate]y»0.5 m]/min. Both fraction$ were evaporated,to_dryness and

then_sapohifigg‘by heating to 100°C in.a capped tube fof 1 hour in-
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2 ml of 2N KOH in ethanol-water. (1:1). Free‘cholesteroi was ex-.
_'tracted from fraction 1 with 3 x 10 m1 petroleum ether.
The combined ether extracts were evaporated to dryness with
_nitfogen and the cholesterol wHén silylated was heated in a
capped tube to 65°C for 10 mfnutes in the presence of 1OQ Hl
_pyrfdine, 300 ul N,O-Bis(trimethy]si]y])-trif]uoroacetamide (BSTFA),
:and‘25 ul trimethyﬂch]orosilane (TMCS). The reaction mixture was
evaporated tb dryness with nitrogen and 1mmediaté1y dissolved in
0.5 m chloroform for gas chromatographic aﬁa]ysis. Some ‘samples
were run without gi]y]étidn. The aqueous phase of fraction 1 was
acidified with H,50, and the fatty acids extracted with 10 ml
petro]eum»ether.The organic phése was washed three times with water
..and evaporated to dryness with nitrogen prior to methylation.

‘The non-saponifiable Tipid was extracted from fraction 2 with
10 m1 petroleum ether. The saponified fatty acids were thén
acidified, extracted, washed, and dried as described above for
fraction 1. The fatty acids from fractions 1 and 2 were then
separétely methylated by heatihg to 100°C for 4 minutes in a
cappéd tube in the presence of 2 ml benzene and 2.5 ml BF3
(14% in methano1). The reaction was stopped by addition of
10 ml water. The methy] esters were extracted with 10 ml heptane,
eVaporated to dryness with nitrogen and disso]Qed {n 200‘u1.ethy1
acetate for gas chromatographic analysis. |

Gas-chromatographic (GC) analysis. The analyses of the

methyl esters of fatty acids were performed on a Varian Model

2700 gas chromatograph at 180°C, with helium carrier gas flowing
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at 6 ml/min. A 10- foot Tong, 0.030- 1nch 1nSide diameter giass

_ capiilary co]umn containing HI EFF 2BP (Applied Science Labs)

- on 100/120 mesh Gaschrom Q was used. Peaks were identified by

comparison with mobilities of known standards and by cOmpdterized

- gas chromatographicfmass spectrometric (C-GC-MS) ana]ysis.. The

' CQGC-MS.analysesiwere performed using a Dupont 491-2 double

focUSing mass spettrometer coupled directly to a Varian dero-

graph 204 GC eduibped with the same glass capillary column

| described above. .Cholesterol Tlevels in the microsomal

" ‘membranes were measured by extraction and GC analysis of its

silyl-derivative. A Hewlett-Packard GC model 5750 was used with

i'temperaturé programmed from 130°C to 300°C at 30°C/min. Carrier gas

waé helium flowing at 12 m1/min. A 12-foot long, 1/16 inch inside

diameter stainless steel column containing 3% OV-]? (Appiied'Science

Labs) on Chromosorb W 100/120 mesh was used. Known amounts of

~ silylated cholesterol were used as standards.

Cytochrome P450 and P448 content was measured by the method

of Omura and Sato25 using a molar extinction coefficient of

Qi(mM cm)'_ and protein was: measured by the method of Lowry26

using bov1ne serum. albumin as a standard
All so]vents used were chromatoquaiity (MC/B, Norwood, -OH).
GC standards were purchased from Sigma Chemical Co. (St. Louis, MO)

and checked for purity initiaiiy by thin 1ayer chromatography 27

RESULTS

Lipid analysis. The relative (moie percent) Comp051t10n of the

' vmaJor saponified fatty ac1ds from rat 1iver microsomes maintained on
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a normal diet and those fasted for 48 hours and then refed.a
fat-free diet is ShoWn in Table I. The fatty acid cdmpbsition

is shown for non-induced animals, as well as for those induced
with»phenobarbita] and"wifh 3-methylcholanthrene. The data in
Table I indicate that the inducing compounds do not have a
measurable effect dn the fatty acid compositibn of rat liver micro-
somes. Microsomes from the rats maintained on the twé different
diets,vh0wever, have markedly different fatty acid compositions.
Compared to the.ndrma11y fed'animals, the fasted and refed animals
have elevated levels of palmitoleic acid (16:1), oleic acid (18:1),
and_eicosétrienoic acid (2033), and decreaéed 1eve1s.of'the poly-
unsaturated acids 18:2 and 20:4, which is in agreement witH

28,29 Tpere is an overall increase in

results reported by bfhers
' saturation of the fatty acids in the animals that were fasted and
refed the fat-free diet. These diet-induced changes in fatty acid
composftion are simi]ar to those observed. in rats.fed.a diet
defiéienf-in eséehtial fétty acids 0

_When the fraction 1 free fatty acids were analyzed (data not
shoan, chaﬁgés in felative composition were observed similar to
those ﬁeasured in the fraction 2 saponified fatty acids.
Total cholesterol levels were also measured, and rats fed the
" normal diet had approxjméte]y twice that of the rats fasted and
refed fhe fat-free diet. (Normal diet: 0.030 umol cholesterol/mg

protein; fasted and reféd:>0.014 mol cholesterol/mg protein.)

Temperature dependence. In normal-dieted rats induced with

PB the break point in the Arrhenius plot of p-nitroanisole 0-

‘demethylation (Fig. 1) is at 24.2 + 2.1°C (n = 5, 95% confidence)
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wh1ch agrees with the break temperature of 23.9 + 1.6°C recent]y

]3 In contrast, the P448-dependent

_reported by Yang and coworkers
Banhydroxy]ase (F1g. 2) has a significantly different break temper-
ature at 29. 3 + 1. 2°C (N = 3, 95% confidence) in normal-dieted
f»MC induced and non- 1nduced rats ‘suggesting that these two enzymes
bmay be located in d1fferent environments within the membrane.
The temperature dependence of BaP hydroxylase act1v1ty was

‘ also measured in microsomes from animals which were fasted
and refed the fat-free diet (fig. 3). These microsomal membranes
have an overall increase in saturation in their fatty acids,
and have a significantly (99% confidence) higher break temperature
“at 33.5 +0.1°C (ﬁ'= 2, 95% confidence).' Owing to low levels of
~activity, the temperature deoendence of p-nitroanisole O—demethy]ase.
.tou1d.not be measured in PB-induced microsomes from rats fed the |
‘fat-free diet nor in non-induced microsomes regardless of diet.

| In Figs. 1-3, the calculated activation energies above and.
belon the break temperature are shown. In all cases.regard1ess
of enzymeytype or membrane fatty acid composition, the value
"ot tne activation energy above the break temperature is less
than that below it. Electron transfery the first or the second
'_electron; has been considered as the rate limiting step in_the

~overall enzyme catalyzed reaction]0"13’3]'35.

Since thewmembrane
is in a more fluid state above the phase transition temoerature
this may faei]itate electron transfer between the reductase»and the
Cytochrome resu]twng in a sma11er activation energy above the .

transition. Presumably e]ectron transfer rates would vary between
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different patches of 1ipid (or fatty acid) and thus might explain
the 1drge vafiation in metabolic rates from approximately 0.3 nmol
(min.mg)'] for BaP hydroxylafion to approximately 30 nmo](min.mg)']

13 '

for benzphetamine N-demethylation ~.

Induced enzyme activity. In rats fed a normal diet the

levels of MC-induced BaP hydroxylase activity are approxi-
mately the same ‘as those in membranes Qith altered fatty acid
compositionsf 'A]tered membrane fatfy acid éomposition apparently
‘dOes not affect»tﬁé abf]ity of the animal to synthes{ze the BaP
hydroxy]at1on énzyme 1n»the monooxygenase éystem. However, PBf_
induced 1evels.of p-niﬁfoaniso]e O-demethylation activity 1n'normaf—
 dieted rats are épproximate]y 6 times greater than in rats with
diet-altered fatty acid compositions, thus suggesting that membrane
fatty acid composition may affect the abiiity of the rat to synthe-
size certain types of enzymes in the mixed;function monooxygenase
System..

Cytochrome P450 and P448 content was measured by absorption
of the redﬁced protein-CO complex and this data is shown
in Table II. Since multiple forms of the cytochrome have

" been shown to exist36”39

» it is difficult to interpret.

For example, in rats refed the fat-free diet,'the specific
activity of p-nitroanisole O;demethy1ation increases upon
PB-ihduction while the_heasured cytdchfome content remains
essentially constant. It is bossib]e that the cytochrbme

content consists of different forms of the cytochrome before

, and'after'induction.
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DISCUSSION |

‘ Tﬁe‘fééu1ts‘réported herein suggést that the physical ;'
characteristiés-of_thé»endop]asmic'reticu]um membrane éffectv
fhe actinty of thOSe'enzymés_bound'to it. This.type of behavior
has also been observed in purified and reconstituted enéyme systems.
.Strobel and COWOrkefs3'have shown that P450-dependent benzbhetamine
;_hydrbe]atioh in alréconstituted system fequirés phosphotidylcholine,
'and the type of fatty acid chains'on thé thspho]ipid affe;ted the
' amounf of enZyme activity, th1eALu and coWorkeks4 came to the same
| conclusion for P448-dependent BaP ﬁydrqu]ation. |

With nbrma14diéfed rats, the different break temperatures
(fig. 1 and 2)"fdr.the two enzyme‘activjtjes suggests that they are
associated with different fatty acids and therefore may be
physically located in di%férent patches or areas of the membrane.
The higher phase‘tranéitfon temperature observed for BaP}hydroxy1ase'a
actiVity implies that its fatty acid environment is_mdre_saturated
g than that assocfated with the p-hitroqniso]é 0-demethylation enzyme.
‘In both control and MC induced fasted and refed rats the break
températuré fdf,BaP hydroxylation (Fig. 3)‘is approximately 4°C
higher than that observed in normal—diétéd.rats. 'This change iﬁ
phasé transition temperature suggests that the P448-dependent eniyme
is ‘in a iipid enviroﬁment that is sensitive to the overéli fatty
ACid.COmposition:of thé_membrane; A change to'mofe‘saturated fatty
acids is atéompanied by an increaseiihvtheir meltiﬁg'point tempera-
ture.  Thfs,ﬁ§pe of cdmpbsitiona] chaﬁge.Was_observéd when rats

were fasted and reféd the fat-free diét;'and there was avcorreSponding
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increase in the Arrhenius break temperatufe for BaP hydroxylase.
It is tempt1ng to postulate from this correlation that
“the fatty acid compos1tlon at or near the hydroxylase is 1nf1u-.'
encing the observed changes in phase transition temperature. The
~role of fatty acids in those enzyme systehs is unknown but they |
 may be needed for‘proper orientation between reductase and
cytochrome.

A compéfiéon of the levels of 1nducedvenzyme actiVities
| (Table II) in microsomes.having horma] fatty acid composition
| wifh those membraneé having altered fatty acid composition gives
: ahvindication df the fatty acid required for maximai enzyme |
activity. The fact that the P450-dependent enzyme act1v1ty did
- not increase upon PB 1nduct1on in the refed an1ma1s to the
v1eve] that was attained in normal-dieted anima]s suggests that a
parficu]ar type(s) of fatty acid was not pfesent in sufficient
| quantity to permit the induction of maximal.-enzyme activity.
On the other hand, the P448-dependent enzyme activity was
1nduc1b1e to a high level in the refed rats. Presumably
suff1c1ent quant1t1es of the appropriate types of fatty
acids were present in the membrane for induction of this
typeiof activity; Minimum levels of particu]ar types of
fqtty acids may, therefere, be necessary for induction of
'haXima] activity of particular enzymes in the mixed-function
monooxygenase system. It should be noted that the normal
diet and the fat-free diet were different and although both
contained vitamin and mineral supplements, the possibility

exists that the low levels of induced P450-dependent enzyme
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'-.activity might be due to some non-lipid dietary factor. _SinCe.
the induced P448~depéndent BaP hydroxy]ase activity wes'approxi-
emate]y the same regard]ess of diet, both diets are suff1c1ent to

supply the nutr1ents necessary for maximal activity of th1s enzyme

system.

In rats fasted ahd.refed the fat-free diet, we observed
'an‘apprqximately 4;fold decreese'in total (fractionFZ) saponi-
:fiéb1e 11no1eie acid-(18-2) compared to normal-dieted rats, with
an assoc1ated 1ow 1eve1 of induced P450 dependent p- n1troan1so]e
0-demethy1at1on act1v1ty Dav1son and W1lls40 found that following
PB 1n3ect1on there was an increase in the proportion of 11no]e1c
acid in phosphat1dy1cho]1ne and phosphat1dy1ethano]am1ne. Our
) ebsefvations, along with_theirs, suggests that this fatty acid is
‘ neeessary_for maximal induction of activity oflthe PA50 enzyhe v
-'system. We did not detect changes in linoleic acid levels upon
induction presumably because we were measuring the fatty acids of

all complex lipids and not those of phosphatidy1cho1ine and
phosphatidy1ethanolamine. |
| The increase in linoleic acid ebserved by Davison and
Wills’was well correlated with the fime courses of increases
in cytochrome P450 and redectase content, as weT] as with amino- |
pyrine demethylase activity It appears 11ke1y, as Dav1son and
IW11]s point out, that a selected species of phosphat1dy1cho]1ne
containing linoleic acid is essential for the induction of
‘the cytochrome P450-dependent enzyme system.
The situation is somewhat similar for the P448 enzyme

40

system in that Davison and Wills"" observed an increase in the
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proportion of oleic acid in phosphatidchho]ine andvéthanolamine
following MC injectioh. This increase in oleic acid was well
corke]ated with>the time course of increase in bipheny]l
4—hydfoxy1ase activity in their experiments, although the
correlation of oleic écid increase with cytochrome and reductase
“increase_was_hdt quite exact. Invour fasted and refed rats |
we observed. an appfdkfhately 4-fold increase in total (frac-
| tfon 2) Saponifiab]é oleic acid compared to normal-dieted rats,
with an associated high level of induced P448-dependeht BaP
hydroky]ase éctivity in both normal and refed animé]s{vThese
observations suggest that while Tinoleic acid is a neéeséary
éonstituent of the phospﬁatidy]cho1ine in the cytochrome
P450-dependent $ystem;vo1eic acid or a more safuhated fatty
acid may be a necessary component of the P448-dependent system.

| The mode]l suggested above is further supported by the |
fact that oleic acid has a melting point several degrees higher
than that éfvliho]eic acid and the Arrhénius plot break
temperature for the P448-dependent BaP hydroxylase activity
occurs at a higher temperature than that of the P450-dependent
p-nitroanisole O-demethylase activity. This mode1 implies that
the P450- and P448-dependent éﬁzymes may be associated in the
membrane with different fattyvacid compositions, and may
even be in different patches of non-uniform membrane 1lipid

distribution4],or‘on different sides of a membrane with an

42

.

asymmetric lipid distribution
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Figure 2.

Figure 3.

'Specific activity in units of nmol p-nitrophenol (min.mg

Arrhenius plot of'p-nitronaniso]e 0-demethylation activity
in liver microsomes from PB-induced rats fed a normal diet.

)-1

are plotted Qn én arbitrarily normalized log activity scale.

Activation energies above and below the break temperature

“are ‘shown in kcal/mole.

Arrhenius piot of BaP hydroxylase activity in liver microsomes
from-MC-induced (0) and non-induced (4) rats fed a normal

diet.. Spetific activity in units of nmol 3-hydroxy-BaP

_(min.mg);l'aré p1otted on an arbitrarily norma1ized log

activity scale. Activation energies above and below the

. break temperatures are shown in kca]/mo]é.

 Arrhenius p1ot of BaP hydroxylaée activity in 11ver'microsomes

from Mcfinduced“(O) and non-induced (&) rats fasted and refed
a fat-free diet. ' Specific activity in units of nmol
3-hydroxy-BaP (min.mg)'] are plotted on an arbitrarily

normalized log activity scale. Activation energies above

~and below the break temperatures are shown in kcal/mole.
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Table I: Fraction 2 Saponifiable Fatty Acids (Ré]étiveimble;Peréent)

Diet and | | - ' N - S ‘ "~ Double

- Pre-Treatment 16:0 16:1 18:0 18:1 -18:2 - 20:3 - 20:4- ~ __Bond
NC 16.2 0.8 3.6 ~ 6.3 168 - 0 284 1.5

B . . 19.6 1.9 335 7.6 162 0. . 20.8 . 1.3
wc 179 2.0 3.9 68 1.7 0 21.8 1.3
RC 4.2 6.7 203 - 29.1 4.8 9.7 7.4 1.0
RPB o 19.3 7.1 23.0 281 3.4 0.1 9.1 1.0
RMC 18.8 3.8 25.4 28.2. 43 9.9 9.5 1.1

N = normal diet

R = fasted and refed the fat-free diet.

(]
t

non-induced control

©
cI .
]

phenobarbital—induced
MC-= 3-methy1cholanthrene-induced

Double bonds = average number of doub]e‘bonds per fatty acid\mo]ecu1e.

€
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Table II: Cytochrome P450. and P448 Content and Specific Enzyme

Activity at 37 C.

Diet and

Pre-Treatment (1)
NC:
- NPB
RC.
RPB

Diet and
_Pre-Treatment

NC
NMC
RC

RMC

(1) Nomenclature is the same.as in Table.I

v nmo1_p-nitropheno1

mg min.

0.18 + 0.17
©2.41 +0.65
10.02 +0.03

0.42 +0.22

-nmo1. 3-hydroxy-BaP
mg min '

0.089 + .005
0.225 + .024

0.033 + .004

| +

1 0.197

|+

.018

CYT P450 Content

(nmo1/mg

0.38
1.47
0.34
0.36

Protein)

-+

+ .

+.

|+

+.10

01
.09
.01

. CYT P448 Content
(nmo1/mg

Protein)

0.38<
0.98
1 0.34
0.64

+

+

|+

| +

.10
.08
.09
.04
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