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The topology of cytochrome P-450 e it theinner. mitochondrial membrane of adrenal cortex has been investigated using monospecuﬁc ‘mubodxes,

1o cytochrome P-450, andits l‘rdgmems F, (Ile!-Arg2®), F, (Asn2%7-Ala*®).and F, (Asn?¥7-Arg?®). Antibodies to F, and F, were shown to effective-

ly:bind to the matrix and cytosolic sides of the'inner membrdne Antibodies to F, specnﬁcal]y interacted only with the matnx side of the membrane.

These data are consistent with a model of molecular organization which shows that cytochrome P-450, is a transmembrane protem, both N: and -
. C-terminal sequences of the cytochrome being able'to span the membrane,
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INTRODUCTION

Cytochrome P-450m is: the termmal componem of

cholesterol side chain cleavage system of adrenal cortex
mitochondria: This system contains also a flavoprotein
(adrenodoxin reductase) and an iron-sulfur protein
(adrenodoxin). These proteins are thought to be localiz-
ed in:‘the ‘inner mitochondrial = membrane [1-3].

Adrenodoxin reductase and P-450;c: seem to be typical

integral proteins whereas adrenodoxin appears tobea
penpheral one. The topology of the components of the
mitochondrial monooxygenase system is unclear.

- Recently, we succeeded i in the preparatlon of mono-
fragments  F,
(le'-Arg?*%), F; (Asn®*'- Ala*®!) and F3 (Asn®7-Arg®®) .
and showed that both: N- and C-terminal sequences.of .

specnflc ~‘antibodies t0 < P-450scc

P-450.. are involved-in monooxygenation [4]. In the
present ‘work we used these antibodies to study the
topology of P-450s. in the inner mntochondnal mem-
brane of adrenal cortex. '

2. MATERIALS AND METHODS
2.1 Chemicals

NADPH, glucose-6- phosphale, glucose-6- bhosphate déhydro- S

genase were purchased frora Boehringer (Mannheim, FRG). CNBr-

acnvated Sepharose 4B and Protein A from Streptococcus aureus. . .
" were obtained from Pharmacia’ -(Uppsala, Sweden). lodo-Gen was:

from Pierce (Rockford, IL, USA). Digitonin was from Merck (Darm-
stadt; FRG).: Other chemlcals were supplied by Serva (Heidelberg,
FRG).

2.2. ‘Purification and preparation. procedures

P-4505cc, adrenodomn and adrenodoxm reductase as well as affmxty-
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- ¢ ‘purified monospecific antibodies to P-450;.. and its frégmems_‘!?l‘; F2:

and F3 were prepared as previously described [5].. Mitoplasts were
prepared by treatment of bovine adrenal cortex mitochondria with
digitonin [4]. The mtegnty of mitoplasts was" proved by electron”
microscopy. To prepare -sonicated -mitoplasts, a suspension’. of |
mitoplasts .(1-3 mg of :protein/ml) was treated in a"Virsonic ‘cell
disrupter 181850 {Virtis Co., Gardiner, NY, USA) (inicro-tip, 30%:

- . ‘of-full intensity) twice for 1 min with a break for 2 min followed by

the incubation for 20 min at 0°C,

2.3, Enzymatic and chemical reductmn of ! membmne-bound,
cytochrome. P-450
Mitoplasts were diluted with 50 mM phosphate buffer pH 7 4 con
taining 0.3'M sucrose and 0.1 mM EDTA up to a protéin concentra-
tion of 1.4 mg/ml and an aliquot was.taken for sonication.. To the
sonicated and - unsonicated samples adrencdoxin reductase -and .

- adrenodoxin were added up to ‘1.4 and 0,35 uM, respectlvely The
~ samples were saturated with CO and reaction was started by adding’

the NADPH-regenerating system [4]. When no further increasé in the
absorbance at 450 nm became observable, solid sodium dithionite was
added: to the sample and reference cells to chemlcally r'*dnce .hc rest

- of cytochrome P-450.

" 2.4, Interaction of antibodies with Ihelhbraﬁe-boun'd P;45'0,t;" o

Mitoplasts in 0.2 ml (1.3 ug of protein) of 10 mM Tris-HC! buffer,.

‘pH 7.4, containing 0.3 M sucrose and 2% bovine serum albumin were

incubated :with increasing. amounts of monospecific’1gG for 2'h at
2°C. The mitoplasts were sedimentated by centrifugation for 20 min
at 15 000 x :g, washed with 1 ml of the same buffer and incubated
with ["®I]Protein A (0.5 ug/tube) for 10.h at 2°C. Then the samples
were centrifugated and pellets were washed twice with 1. ml of the
same buffer.. Radioactivity of the pellet was determined on a 1274

‘RIAGAMMA counter (LKB, Sweden): To détermirie non- -specific

binding of IgG with the membranes the same treatment ‘of mitoplasts
with the correspondmg amounts of 1gG from a non- lmmune l‘abbl!'
was performed.

{'2’I)Protein A with a specific radloacnvny 2 an/mg was preparcd
by using lodo-Gen as solid phiase oxidizer. Mitoplast protein was

“ determined by the miethod of Lowry et al. [6]. Spectral studies. were

conducted on a Specord M-40 (Carl Zelss, GDR).

3. RESULTS

3.1. Enzymatic’ leductzon of membrane—bound cyto-
chrome P-450
Cytochrome P-450

(1:'-4503,_-c + P-45011;3 in‘
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Fig. 1. Enzymatic (solid line) aﬁd chemical (dash line) reduction of ' : -
membrane bound cytochrome P-450 in mitoplasts (A) and somcated

mitoplasts (B).

mitoplasts was not virtually reducible by NADPH
neither in the absence (data not presented) nor in the
presence (Fig. 1A) of exogenous adrenodoxin reductase

and adrenodoxin. However, sodium dithionite was able:

to-reduce: cytochrome P-450 in mltoplasts as judged
from the carbon monoxide difference spectrum of the
reduced form of the hemeprotein. Sonication of
‘mitoplasts, however, made cytochrome P-450 reducible
by NADPH (Fig. :1B).. The inability of exogenous
adrenodoxin - reductase’ and' adrenodoxin ‘to : reduce
P-450,. - in mitoplasts indicates that neither the
adrenodoxin reductase-binding site.of adrenodoxin nor
the adrenodoxin-binding: site of P-450sc in mitoplasts
are not exposed to: the cytosolic side of the inner
mxtochondrnal membrane ‘ .

3.2, Interaction of antibodies to. P-450s.c and‘ its
Jragments with membrane-bound hemeprotein

To study the orientation of the polypeptide chain of

P-450. in the inner mitochondriat membrane, we used
monospecific antibodies to assess the accessibility of
membrane-bound  P-450,..' to these antibodies. Fig.
2A-C (lines 1) shows that incubation of antibodies to
P- 450, and its fragments F1 and F2 resulted in their
specnfxc binding to thé. cytosolic side of. the inner
mitochondrial membrane as evidenced by binding of
‘ra;hoactmty to ‘mitoplasts.. The binding of antibodies
‘to mitoplasts ‘was  highly ‘dependent .on the an-
‘tibody/membrane protem ratio and mcreased w1th the

increase of this ratio, saturation being reached at 30-40

weight excess of antibodies. The maximal bmdmg took
place wnth amn=P-4505¢c antxbodles However, an-
tibodies to’ fragment Fs representing the N-terminal
-portion ‘of fragment: F2' was ‘'unable to specifically .in-
teract with the cytosolic side of the mitochondrial mem-
brane (Fig. 2D) indicating that the ‘scquence
Asn®7-Arg?® is not accessible to antibodies in
mltoplasts This'is in agreement with our recent fmdmg
that the polypeptide hinge connecting Fy and F; is ex-
posed to the matrix side of the inner membrane [4].
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Fig. 2. Binding of mionospecific antibodies against P-450.. (A), F)
(B), F2(C) and F3 (D) with mitoplasts (line 1) and sonicated mitoplasts
(line 2). y-Axis represents radioactivity’ of pellets expressed as a
percentage of total radioactivity added into each sample, the control

radioactivity in the presence of the corresponding amounts of non-

immune rabbit 1gG (5-8.5%) being subtracted.

To investigate the éntibody\accessibility of the pep-
tide segments corresponding to fragments Fy, F> and F3

from the matrix side, binding of specific antibodies to

sonicated mitoplasts was studied. Sonication of
mitoplasts made P-450;.. accessible to all the antibodies
used (Fig. 2, lines 2). The bmdmg of anti-P-450;.. and
anti-Fy antnbodxes to sonicated mitoplasts was a little bit
less compared to that to native mitoplasts. The binding

. of anti-F» and anti-F» antibodies to: 1mtoplasts mcreased‘

after = sonication. In. ‘the latter case, the - binding
dramatically increased, indicating the appearance of

sites from the matrix side of inner mitochondrial mem-
‘brane: which are accessible to specific 1nteracnon thh

antlbodles against Fi.

4. DISCUSSION

In the present work we have shown the specific in-
teraction of antibodies to P-450s. ‘and fragments F;
and F2 (representing respectively the N- and C-terminal
sequence of P-450;.) with the cytosollc side of the inner
mitochondrial membrane. These results are consistent
with the view that P-450, is a transmembrane protein,

‘both N-and C-terminal segments being able to span the
phospholipid’ bilayer (Fig. : 3). ‘The polypeptide hinge

connecting - both N-and’ C-terminal segments - was
previously shown to be exposed to the matrix side of the
inner membrane [4]). The fact that antibodies to F3 are:
not able to interact with the native mitoplasts further in-
dicates that the sequence Trp*%°-Ala??! of fragment F,
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Fig. 3. Proposed model for the molecular organization of P-450;c in
inner membrane of adrenal cortex mitochondria. Arrows show the
hinge connecting Fy and F fragments which is accessible to trypsin.

of P-450;. is exposed to the cytosolic side of the inner
membrane. Whether the C-terminal sequence of F» is
really exposed to the cytosolic side of the inner
mitochondrial membrane or that it spans the
‘phosphohpld membrane once more to return to the
matrix side should be further clarified.

The fact that P-450, in mitoplasts is not reducible
by NADPH cither in the absence or-in the presence of
exogenously added ' adrenodoxin - reductase  and
adrenodoxin indicates that the adrenodoxin-binding
site of P-450sc. is exposed on the matrix side of the inner
‘mitochondrial membrane. It was shown that lysine
residues of both N- and C-terminal pomons of P-450scc
are involved in adrenodoxin binding {7]. This means
that both N-and C-terminal segments should be expos-
ed to.the matrix side of the inner mitochondrial mem-
brane. The.increase of the binding of antibodies to frag-
ment Fz after sonication of mitoplasts provrdes further
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evidence - ‘that:  P:450; polypeptrde
Asn**"-Arg?® is exposed to the matrix side. o
Recently, a model has been proposed ‘which shows -

fragment :

‘‘that cytochromes P-450 are bound to the endoplasmic

reticulum ‘membrane by only one or two transmem-

“brane polypeptide segments at the N-terminus and that

the active site and most of the polypeptide chain are ex- -
posed to the cytoplasm [8] The data presented herein
do not supporf such 2 model of membrane topology for -
ferredoxin-dependent
cytochromes = P-450 from bovine aclrenocortrcal
mitochondria. No evidence has been reported to 'sup-

.port or reject such a model for membrane topology of
' P-4504c.. Therefore, the major question that remains to.

be answered is to clarify whether such topology is in--
trinsic for ferredoxm—dependem enzymes or only for

: P 4505(:(;
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