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Oxidation-reduction Potential of Soluble and Membrane-bound
Rabbit Liver Microsomal Cytochrome P-450 LM2
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The redox midpoint potentials of rabbit liver
microsomal cytochromes P-450 and of soluble
and membrane-bound rabbit liver microsomal
cytochrome P-450 LM2 were determined using
EPR-spectroscopy and absorption difference
spectrometry with NADPH or dithionite as
reductants. Using EPR, a redox midpoint poten-
tial of —0.36 V was obtained both for the low spin
and the high spin components of microsomal
cytochrome P-450. Spectrophotometrical deter-
minations yielded very similar values: —0.37 V
and —0.34 V for the low and high spin signals,
respectively. Soluble cytochrome P-450 LM2 had
a midpoint potential of —0.32 V. This redox
potential was not significantly affected by incor-
poration of the protein into an artificial mem-
brane structure or, furthermore, by the presence
of cytochrome bs the same membrane.

The redox midpoint potentials of cytochromes
P-450 are surprisingly low. Both the bacterial
cytochrome P-450cam,! the hepatic cytochromes
P-4502> and the mitochondrial cytochrome P-
450scc* have midpoint redox potentials around
—0.30 V. In the liver microsomal hydroxylase
system cytochrome P-450 receives electrons
either from NADPH-cytochrome P-450 reduc-
tase, having midpoint potentials related to the
various reduced forms between —0.11 and —0.36
V3 or from cytochrome bs®’ with a midpoint
potential of about 0 V.® As a consequence of the
non-functionally related redox potentials be-
tween the different proteins in the hydroxylase
system, suggestions have been made that
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cytochrome P-450 exerts altered redox properties
when it interacts with cytochrome bs in the native
membrane.® In view of our results indicating
altered properties of cytochrome P-450-catalyzed
hydroxylation reactions upon incorporation of
purified components of the hydroxylase system
into a membrane structure,’ it was considered of
interest to evaluate whether the redox properties
of cytochrome P-450 LM2 were affected by the
presence of a neighbouring membrane or by
cytochrome bs incorporated into the membrane.

The results indicate that the redox midpoint
potential of cytochrome P-450 LM2 is unaffected
by the membrane or by cytochrome bs, when
measurements are performed either by EPR-
spectroscopy or absorption difference spec-
trometry using NADPH or dithionite as reduc-
tants.

MATERIALS AND METHODS

Microsomal phospholipids were prepared
according to Bligh and Dyer.!® Egg yolk phos-
phatidylcholine, type III E, was purchased from
Sigma. Electrophoretically homogeneous
cytochrome P-450 LM2 was prepared from phe-
nobarbital-treated rabbits as described previous-
ly 1. The method, based on that described by
Haugen and Coon,!? yielded preparations with
specific contents of 12.5—14.2 nmol/mg protein.
Cytochrome bs was purified as described
elsewhere.’

Unilamellar phospholipid vesicles containing
cytochrome P-450 LM2 were prepared in the
following way. Ten mg of egg yolk phosphatidyi-
choline or microsomal phospholipids in chlo-
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roform was taken to absolute dryness under
nitrogen. The residue was suspended in 0.5 ml of
50 mM potassium phosphate buffer, pH 7.4,
containing 20 % glycerol and sonicated at 22 °C
under nitrogen until clarity, using an MSE
sonifier. One ml of cytochrome P-450 LM2
(13—-15 uM) was then added and the solution was
incubated for 20 min at 37 °C. This procedure
resulted in complete incorporation of the
cytochrome into the vesicles as was evident from
Sepharose 4 B chromatography of the prepara-
tions (cf. Ingelman-Sundberg et al.'!).
Oxidation-reduction potential measurements
were carried out with EPR at low temperature,
essentially as described previously.'3 The follow-
ing modifications were made. Antraquinone 2-
sulfonate was added to the gas scrubbing bottles
and the second bottle contained 0.2 g sodium
dithionite per 100 ml of 10 mM potassium
hydroxide. The samples were withdrawn by
overpressure through the gas outlet by a bent
glass tube leading into a quartz EPR tube. The
following redox mediators in a final concentra-
tion of 50 mM were used: phenosafranine T,
benzyl viologen and methylviologen. In negative
direction the potentials were adjusted by a
solution containing 0.1 M sodium dithionite and
20 mM potassium hydroxide. The EPR spectra
were recorded with a Varian V-5402 spectro-
meter as described before.'*
Oxidation-reduction potential measurements
were also carried out at 20 °C using a dye
equilibrium technique. The samples in butyl
rubber sealed glass spectrophotometer cuvettes
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Fig. 1. Potentiometric titration of soluble
cytochrome P-450 LM2. To samples with 11 uM
cytochrome P-450 LM2 in 0.1 M potassium
phosphate buffer, pH 7,0, containing mediators
(cf. Methods) and 20 % glycerol, 0.1 M sodium
dithionite in 20 mM potassium hydroxide was
added to adjust the potential. The samples were
subsequently frozen and analyzed by EPR as
described under Methods. V indicates the results
obtained during reoxidation of the hemoprotein.

were reduced anaerobically under stirring by a
flow of argon for 1 h. The argon was cleaned by
passage over heated BASF catalyst R 3-11
followed by passage over a gas scrubbing bottle
containing water to restore the moisture to the
gas. Each sample contained one of the dyestuffs
phenosafranine, safranine T or benzylviologen.
To vary the degree of oxidation, small amounts
of sodium dithionite, NADPH or potassium
ferricyanide were added to the sample. The
difference light absorption spectra were recorded
by an Aminco DW-2 UV-VIS spectrophoto-
meter. The potentials of the solutions were then
calculted by the observed light absorption using

Table 1. Redox midpoint potentials of cytochrome P-450. Midpoint potentials were determined as
described under Methods in liver microsomes isolated from phenobarbital-treated rabbits or in
purified cytochrome P-450 LM2-preparations. When indicated, an equimolar amount of purified
rabbit liver cytochrome bs was introduced into the vesicles together with P-450 LM2.

Sample Assay Method Reductant Enq (V)
Microsomes EPR g=2.4 dithionite -0.36
Microsomes EPR g=8 dithionite -0.36
P-450 LM2 EPR g=2.25 dithionite -0.32
P-450 LM2 in vesicles EPR g=2.25 dithionite -0.32
P-450 LM2 in vesicles containing EPR g=2.25 dithionite -0.31
cytochrome bs

Microsomes AA 465 nm dithionite -0.37
Microsomes AA 648 nm dithionite -0.34
P-450 LM2 in vesicles AA 455 nm dithionite -0.33
Microsomes AA 465 nm NADPH -0.36
Microsomes AA 648 nm NADPH -0.34
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Fig. 2. Redox titration of membrane-bound
cytochrome P-450 LM2 in the presence of safra-
nine T. The cytochrome was incorporated into
vesicles prepared from microsomal phospholipids
as described under Methods. Safranine T was
added to a final concentration of 2.7 uM and the
solution was diluted with 50 mM potassium
phosphate buffer, pH 7.4, containing 20 %
glycerol to give a final concentration of the
cytochrome of 3 uM. The potential was adjusted
in negative and positive directions by small
additions of 50 mM sodium dithionite in 10 mM
potassium hydroxide and 25 mM potassium
ferricyanide, respectively. A fully reduced sam-
ple is shown by the dotted line. The system
potentials were measured at 530 nm from the
fraction of safranine T oxidized, whereas the
degree of cytochrome P-450 reduction was calcu-
lated farom the absorbance difference 455—419
nm.

the Nernst equation. At pH 7.4, the midpoint
potentials of —265 mV and —298 mV were used
for phenosafranine and  safranine T,
respectively.'®

RESULTS

Redoxmidpoint potentials detected by EPR.
The midpoint potentials of cytochrome P-450
were determined by EPR-spectroscopy at low
temperatures in frozen anaerobic samples of
rabbit liver microsomes or of purified
cytochrome P-450 LM2 either in soluble (Fig. 1)
or membrane-bound state. In microsomes, also
the high spin EPR-signal at g=8.0 was detected,
whereas with the purified protein, only the low
spin signal was taken into consideration.

From the results presented in Table 1, it is
evident that the midpoint potentials obtained
were relatively similar and not dependent upon
the presence of a surrounding membrane. A
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value of about — 0.34 V was obtained both for the
high and low spin forms of cytochrome P-450 in
microsomes and for the purified P-450 LM2
preparations in both the soluble and membrane
bound state. The presence of an equimolar
amount of cytochrome bs in the membranes did
not affect the redox potential of cytochrome
P-450 LM2.

Redoxmidpoint potentials detected by adsorp-
tion spectra. Midpoint potentials of cytochrome
P-450 were also determined by a dye equilibrium
technique at 20 °C. Difference absorption spectra
of cytochrome P-450 LM2 in the presence of
safranine T at different oxidation-reduction
states are shown in Fig. 2. Even with this
technique low midpoint potentials around —0.34
V were obtained for all cytochrome P-450 prepa-
rations and, furthermore, also for both the low
and high spin forms of the protein, as detected by
absorption difference at 465 and 648 nm, respec-
tively, using sodium dithionite as reductant (cf.
Table 1).

In microsomal samples NADPH was also used
as reductant. However, in these cases the redox
midpoint potentials of microsomal P-450 were
not significantly different from those obtained
when using dithionite either (cf. Table 1).

DISCUSSION

The results presented indicate that the mem-
brane has little influence upon the redox prop-
erties of cytochrome P-450 LM2, when measure-
ments were performed either by EPR at low
temperatures or by absorption difference spectra
at room temperature using phenosafranine, saf-
ranine T or benzylviologen as mediators. The
results obtained using microsomal samples agree
well with previous redox midpoint potentials of
hepatic cytochrome P-450 determined by Water-
man and Mason !¢, and soluble cytochrome P-450
LM2 presented by Guengerich et al.> In experi-
ments where we used NADPH as reductant, still
a very low midpoint potential was obtained
indicating that in this way an indirect reduction of
P-450 via NADPH-cytochrome P-450 reductase,
does not affect the midpoint potential obtained
when measuring the formation of ferrous
cytochrome P-450.

Recent results have more or less established
the participation of cytochrome bs in the liver



894

microsomal hydroxylase system, where it most
probably donates the second electron to
cytochrome P-450.5%181% The presence of
cytochrome bs in the membrane did not affect the
redox properties of P-450 LM2. A midpoint
potential of cytochrome bs in these reconstituted
membranes of about 0 V confirms the marked
difference in redox properties between the two
microsomal hemoproteins. It is therefore temp-
ting to speculate about altered and more similar
values of these midpoint potentials in the func-
tionally working microsomal hydroxylase system.
The results obtained by Werringloer and
Kawano,® using cytochrome b-5 as an endo-
genous microsomal mediator, suggest that this is
the case although an overestimation of the
midpoint potential of P-450 seems plausible due
to the measurement of the ferrous-carbonyl
complex (including measurement of two equili-
bria) instead of ferrous P-450. Our recent results
¥ indicate that cytochrome bs, NADPH-
cytochrome P-450 reductase and cytochrome
P-450 form a functionally active ternary complex
in the membrane. It thus seems likely that the
formation of this complex in an intact membrane
structure is a prerequisite for obtaining the native
redox properties of the enzymes.
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