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1. introduction

Evidence has been presented for the location in
liver mitochoandria of a steroid 26-hydroxylase
involved in the formation of bile acids [1-3]}. This
hydroxylation reaction is inhibited by carbon mon-
oxide [1,2] and tke inhibition can be reversed by
light of 450 nm {4] . The enzyme is thus most likely
a cytochrome P-450. So far no direct evidence has
been presented for the existence of cytochrome
B-450 in liver mitochondria.

This communication reports the identification in
liver mitochondriz of a cvtochrome 2450, Ii is shown
that this enzyme, in the presence of a previousiy
isolated ferredoxin [5] and a liver mitochondrial
NADPH-ferredoxin reductase will catalyze the con-
version of cholesterol into a more polar product,

tentatively identified as 26-hydroxycholesterol.

2. Materials and methods

Rat liver mitochondria were prepared by standard
procedure in ice cold 0.25 M sucrose containing 1 mM
EGTA and 15 mM Hepes buffer, pH 7 4. The mito-
chondrial pellet was resuspended 3 times and if not

immediately processed frozen and stored in liquid
niirogen.

Cytochrome P-450 was solubilized from the miio-
chondriz by a modificaiion of the pracedure [8] as
described [3] . The concenirations of cytochromes
P450 and P-420 in the soluble preparation were
calculated from the CO difference spectrurm of the
reduced sample [7].
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The content of cytochrame £-450 in intaci mito-
chondria was determined as described in the legend
to fig.1. This methad will reveal the reduced-CO minus
the oxidized-CQ difference spectium of the vyto-
chrome. A molar extinction difference between
450 nm and 490 mn of 104 mM ' em ™! was used for
caiculation [81.

Bovine liver ferredoxin was purified 2s describad
I51.

The isolation and purification of a mitochondrial
NADPH-ferredoxin reductase will be published else-
where (Pedersen, J. L. and Godager, H., in preparation).

The optical spectra weie recorded at room tempe-
rature on 2 Cary 118 spectrophotomeier.

The reconstitution of steroid hydroxylase activity
was essayed in an incubation medium that contained
in 1.5 ml 0.1 M Mops buffer, pli 7.4: 1 gmol glucose-
6-phosphate, 0.5 unit glucose-6-phosphate dehydro-
genase, 1 gmol MgCl,, and approx. 200 000 cpm
(1o, 20:m1)-"H] cholesterol in 10 ul acetone (spec. act.
43 Ci/mmol). No unlabeiled cholesterol was-added,
and based on the gas chromatographic determination
of the endogenous cholesterol in the soluble cyto-
chrome 2450 preparation (13 nmol/nmol P-4503 ihe
specific aciivity in the incubation mixture was
estimated to be approx. 100 000 cpm/nmol cho-

lesterol. The amounts of enzymes added are given in
table 2. The reaction was started by the addition of

50 nmoi NADP and continued for 30 min at 30°C
under oxygen. The extractior. procedure was as
described [3]. Aliquots of th» extracts were injected
into a Spectra Physics high performance liquid
chromatographic instrument fitted with a Rheodyne
injector and 2 Spherisorh 5 pm silica column (0.3 X 25
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cmi). The samples were eluted with 5% isopropanol in
#-hexane at a flow rate of 0.4 ml/min. One fraction/
min was collected in counting vials. The solvent was
evaparated, counting solution was addad and the
samples counted in a2 Tri-Carb liquid scintillation
counter. Some incubation extracis were also sub-
jected tc thin-layer chromatography [1]. The solvent
was benzene:ethyl acetate {(1:1). Zones containing

radioactivity were scraped directly into counting vials
and counted as above.

Protein was determin=d by the Lowry method [9].

26-hydroxycholesterol was the generous gifi of
Dr L. Bjérkhem, Huddinge Hospital, Sweden.
25-Hydroxycholesterol was purchased from Steraloids
Inc., Wilton, USA.

All other chemicals and biochemicals were stan-
dard cornmercial high purity materials.

3. Results

3.1. Detaction of cytochrome P430 in intact rat liver
mitochondric
The detection of cytochrome P-450 in intact mito-
chondria by the iypical CO difference spectrum is
difficult due to interference by the CO compiex of
reduced cytochrome oxidase. Using a procedure
similar to the one described [10} it is possible io
overcom:e this difficulty and a CO complex of reduced
cytochrome P450 can be detected in rat liver mito-
chondria (fig.1). - :
The experiment described in fig.1 is based on the *
following:
In the reference cuveite the terminal pari of the
mitochondrial respiratory chain is completcly
reduced by succinate. Reversal of eleciron flow is
inhkibited by roienone. Reduction of NADP by
endozenous substrates via the energy-dependent
transdehvdrogenase is inhibited by maintaining
low energy condition in the presence of valino-
mycin. In the sample cuvetite maximal reducing _
and high energy conditions are ensured by succi-
nate and malate in the presénce of ATP. After
anaerobiosis and CO addition to both mitochon-
driai suspensions a reduced cytochrome £430
specizs becomes detectable in the sample cuvette
by the A.s5, max {spectrum A).
Upon subsequent addition of dithionite to the
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Fig.i. Compietely-reduced minus partly-reduced difference
spectra of carbon monoxide treated intast rat liver mitochon-
dria. Rat liver mitochondria were suspended at & concentza-
tion of 1.16 mg protein/ml in a medinum containing 0.11 M
KCI, 30 mM Hepes buffer. pH 7.4, 1 mM EDTA, 2 mM
Mg, and 10 mM succinate. The suspension was egually
divided info a samiple and a refereace cuveite and nitsogen
was bubblad through Hoth. After anzerobiosis § mM malate
and 1 mM ATP were added to the sample cuvetie and 5 uM
roienone and 4 «M valinomycin io the reference cuvetie.
The baseline was repeatedly recorded until it became stable
as shown ir the figure (B.1.}. CQ was ther bubbled through
both cuvettes and the difference spectrum (&) was recorded.

Afier a 4, max was atizined 0.5 mM dithionite (dissolved
in anmaerobic 1 M Tris base) was dded to the sample cuvetie
and the difference specirum {(B) was recorded.

sample an insignificantly small further reduction is
seen (fig.1, spectrum B). This shows that all reducible
mitochondrial pigments are completely reduced by
the substrates odded.

The amount of cytochrome P-450 was calculated
from fig.1 to be 0.1 nmol/mg mitochondrial protein
(0.12Z nmol/mg protein when based on the reduction
by dithioniie}.

The CQO-binding pigment with an 4 4, max {(fig.1)
has not yei been identified. No hemoglobin was
detected in the preparation. It might, however.
represent contaminating methemoglobin, that
becomes more reduced by NADH in the sample
than in the reference cuvette [11].

3.2. Solubilizazior of cytochivome P-430 from rat
liver mitochondriz
By the solubilization procedure described [5] it
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Table 1

Toial

Content of cytochrome £-230 in rat liver mitochondria

Specific content Toial amount
protein cyt. P.450 cyt. P-450
(mg} (nmol/me protein) {nmai}
Mitochondria 831 0.10 83.1
Soluble
preparation 3.4 0.16 149

was possible to solubilize cytochrome P450 {from rat
liver mitechondria with a specific content of .16
mnol/mg proiein (iable 1}. This corresponds to a
purification factor of 1.6 ard 2 vield of 18%. The
reduced-CO difference specirom of this prepasation is
shown in fig.2. The peak ai 420 nm shows thai a
small fraction (at most 25%) of the total CO-binding
heme is accounted for as cytochrome P420.

3 .3. The cyiochrome P450 reductiase componenis i
rat liver mitochondria

Reduction of cytochrome P450 by NADPH in
adrenal mitochondrial 12} or chick kidasy mito-
chondrial {13] hydroxylase systems involves a ferre-
doxin type iron-sulius protsin in addition to a
NADPH-ferredoxin reductase (a FAD containing
flavoprotein} [12,14] . it was assumed that the liver
mitochondrial cytochrome P450 described here also
depended on two similar components for enzymatic
activity.

A mitochondrial ferredoxin has already been
isolated and partly purified from bovine livar and
shown to be active in a reconstituted hydroxylation
reaction [5]. A similar ferredoxin could aiso be
isolated from rat lver mitachondria {Pedersen, §. 1.,
unpublished}. Althoush enzymatjcally active, this
component was rather impure and the bovine liver
ferredoxin was tharefore used in the reconstit=ition
experiments reported below.

In the supernatant of tha rat liver mitochondrial
sonicate 2 NADPH-ferredoxin reductase could be
detected by its ability to reduce cytochrome ¢ with
NADPH in the presence of adrenal ferredoxin. This
reductase has been purified and shown to be a flavo-
protein with properties rather stmilar to the adrenal
ferredoxin reductase (Pedersen, J. 1. and Godager, H.,
in preparation}.

3.4, Reconstitution of a liver mitochondrial steroid
hydroxyletion system
That the three izolated enzyme components
function in a stercid hydroxylation system is cemon-
strated by the reconstitution experiment shown in
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Fig.2. Difference spectrum of the carbon monoxide complex
of reduced cytochuome 2450 solubilized from rat liver
mitochoudria. A cytochrome P-450 preparation containiny
1.8 mg protein/ml in 0.1 M poiassium phosphate buffer,

pH 7.4, 25% glycerol and 1 mM dithiothieitol was equally
divided into a sampic and a reference cavetie. The baseline
(B.1.} was recorded after bubbling of nitrogen and addition of
0.6 mM dithionite to both cuvettes. After bubbling CO
through the sample for 60 s the difference specirum was
racordead.
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Table 2

Hydroxylation of chiolesterol by soluble enzyme compostents froum liver mituchondria

Components present in Incubation number

incubation medjum

1 2 3 4

Rat liver mitochondrial

cytochrome 7450 (nmol) 0.162 0162 0.162 0.182
Bovine liver mitochondrial

ferredoxin {nmol) - —_ 5.18 0.18
Rat liver mitechondrial

NADPH -ferredoxin reductase (units)? - 5.12 — 5.12
Product formation (%) 0 [T 3.2 14.1

# Cne activity unit is defined as the amount of enzyme catalyzing the reduction of 1 nmel
cytachrome ¢fmin by NADPH in the presence of excess adrencdoxin under the conditions
described [5]

For incubation conditions see Materials znd methads

table 2. It is seen that Hver mitochondrial cytochrome
£.450 i1 the presence of ferredoxin, f=rredoxin
reductaie and NADPH will catalyze the conversion of
chotesterol info a mere polar product (§ig.3). On thin-
layer chromatography the product was found io co-
migrais with 23-hydroxycholesterol and 26-hydroxy-
chelesterol (not shown). Since rat liver mitachondiia
catalyz: the hydroxylation of cholestero! almost
exclusively in the 26 position {3] it is tentatively
suggesied that the product of the reaction represenis
26-hydroxycholesteral.

4. Discussion

Radioativity (per cent)

By a highly efficient solubilization procedure it
has been possible to isolate a cytochrome P450 from
rat liver mitochondria. The presence of such a heme
protein in these mitochondria was antecipated by
previous findings of a stercid hydroxylation reaction
that was inhibited by CO {1,2] and the reversal of
the inhibition by light at 430 nm [4].

It can be argued that the cytochrome £-450
described in this repost represents a microsomal
contaminant. There are two strong arguments against
such a view. First, the CO-scnsitive pigment detected

10 15

Yime{minl

Fig 3. High performance liguid chromatogrzphy of the
chloraform/methanol extract of the incubations containing
the reconstituted steroid hydroxylase componenis, The
incubation conditions as welk as the exiraction and
chiromatography are given in Materials and methods. The
results shown correspond fo incubation No. 4, table 2, ie.,

in the mitochondrial preparation was almost com-
pletely reduced by mitochondrial substrates (fig.1).
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the complete system {(e-——e), and incubation No. 2, ie.,
without ferredoxin {o— — — —oj.
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Since no significant further reduction was seen upon
addition of dithionite the microsomal contamination
must be extremely sinall. The second and most
imporiant arzumend is the absolute dependence on
ferredoxin for catalytic activity of this cytochrome
(table 2, fig.3). No such dependence has ever been
demonstrated for liver microsemal cytochrome
£450 [15]. It must thereforc be concluded that liver
cells contain two esseniially different forins of cyio-
chrome P-450 with different subcelluiar lacation and

different mechanism of reduction.
During the preparation of this manuscript addi-

tionat spectral evidence for the presence of cyto-
chrome P4350in liver mitochondria has been published
[16]. The reported content, 0.15 nmol/mg mito-
chondrial protein, is in good agresment with the
figures presenied in this paper.
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