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We have previously reported the co-localization [Cherradi et al., Endocrinology 134 (1994) 1358-1364]
of 3f-hydroxysteroid dehydrogenase/isomerase (3-HSD) and cytochrome P450, (cyt. P450,. ) in
the inner membrane and in the intermembrane contact sites of adrenocortical mitochondria. This
observation raises the question of a possible functional association between the two proteins. Isolated
bovine adrenocortical mitochondria are able to convert cholesterol to progesterone without the need
of exogenous cofactors. An association of 3-HSD and cyt. P450, is observed during the purification
of 3-HSD from mitochondria. The behaviour of 38-HSD on a column of Heparin-Sepharose is
modified by the presence of cyt. P450,,.. Immunoprecipitations from mitochondria with either
anti-cyt. P450,.. or anti 3f-HSD antibodies result in a co-precipitation of the two proteins. Both
proteins engaged in these immunocomplexes are catalytically active. The interaction was further
demonstrated by the surface plasmon resonance method using purified components. An affinity
constant of 0.12 uM between 3-HSD and P450,,. was obtained. These observations suggest that
P450,. and 38-HSD may associate into a molecular complex in the mitochondrial compartment and
may constitute a functional steroidogenic unit, thus opening new possibilities in the regulation of the
production of progesterone and its flow in the adrenocortical cell.
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INTRODUCTION In the steroidogenic pathway, the enzyme 3f-hy-
droxysteroid dehydrogenase/isomerase (38-HSD)
catalyses the oxydative conversion of 38-hydroxy-A°-
steroids, such as pregnenolone, to 3-keto-A‘-steroids,
such as progesterone [3]. Therefore, 35-HSD plays a
crucial role in the biosynthesis of all classes of
active hormonal steroids, progesterone, mineralocorti-
coids and glucocorticoids as well as androgens and
oestrogens.

Steroidogenesis is thus characterized by an
important flow of substrates from mitochondria to
endoplasmic reticulum and back to mitochondria. The
mechanism regulating this intracellular traffic is not
well understood.

The enzyme 38-HSD is found both in endoplasmic
Proceedings of tk_e Workshop on the Molecular and‘ Cell Biology of reticulum and in mitochondria [4, 5] and it utilizes
Hydroxysteroid Dehydrogenases, Hannover, Germany, 19-22 B . .

April 1995. NAD " as the only coenzyme factor. In mitochondria,
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The biosynthesis of hormonal steroids from cholesterol
involves several hydroxylations catalysed by enzymatic
complexes of which the terminal enzyme is a specific
cytochrome P450 (cyt. P450) [1, 2]. These complexes
are localized either in mitochondria or in endoplasmic
reticulum. In mitochondria, the side chain of chole-
sterol is cleaved by cyt. P450,. giving pregnenolone
and in the same organelle are also carried out the
last steps of corticosterone, cortisol and aldosterone
formation, i.e. 11f- and 18-hydroxylations. In
the endoplasmic reticulum are found 17« and 21-
hydroxylases.
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cyt. P450,, are localized in the same mitochondrial
compartments, i.e. in the inner membrane and in the
intermembrane contact sites [5]. It has been postulated
that these contact sites are involved in the increased
transport of cholesterol to the inner mitochondrial
membrane that occurs under acute action of ACTH [6].
Sauer er al. [4], as well as Cherradi et al. [7], have
suggested that the mitochondrial isoform of the 38-
HSD is located with its active site facing the matrix
space. Since the cyt. P450, . also has its active site
facing the matrix [6], the direct transformation of
cholesterol to progesterone would be possible due to
the presence of cyt. P450,. and 3f-HSD in the same
mitochondrial compartments.

In the present study, we show that isolated mito-
chondria are able to produce progesterone from choles-
terol when substrates of the tricarboxylic acid cycle are
provided. This report also provides evidence that cyt.
P450,. is tightly associated with 38-HSD. The two
proteins copurify throughout sequential steps of chro-
matographic separation. In vitro studies using either
purified enzymes or isolated mitochondria show that
the two proteins retain their catalytic activities in the
molecular complex. This interaction has been further
confirmed by surface plasmon resonance measurements
(8, 9].

Such a molecular organization would introduce
a novel concept in the functional regulation of
adrenocortical steroidogenic functions.

MATERIALS AND METHODS
Specific reagents

Synthetic 1-24 ACTH (Synacten) and metyrapone
were provided by Ciba (Basel, Switzerland).
[*H]Pregnenolone was purchased from the Radio-
chemical Center (Amersham, England). Anti-pro-
gesterone antibodies were obtained from Biosys
(France). Specific rabbit anti-pregnenolone, anti-
P450, . and anti-3-HSD polyclonal antibodies were
raised in our laboratory. Aminogluthetimide was from
Sigma and trislostane was a generous gift from Wintrop
(France).

Preparation of bovine adrenocortical cells (BAC cells)
and subcellular fractions

BAC cells were prepared by successive digestion of
fresh adrenal glands (fasciculata-reticularis zone)
according to Duperray and Chambaz [10]. For the
preparation of subcellular fractions, the cell layer was
scraped off and homogenized in a Tris (5 mM, pH 7.4),
saccharose (250 mM) buffer. After centrifugation
(600 g, 10min), the supernatant was centrifuged
at 10,000 g for 10min. The pellet corresponds to
the mitochondrial fraction. The supernatant was
further centrifuged at 100,000 g for 30 min to yield the
microsomal fraction.
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Pregnenolone and progesterone production by adreno-
cortical mitochondria

After 5 days of culture, BAC cells were incubated
without (control) or with ACTH (3 x 1077 M) for 2 h,
in Ham’s F12 medium containing aminogluthetimide
(0.5 mM). Isolated mitochondria (150 ug of protein)
were incubated for 10 min at 37°C without or with
trilostane (10 g M) in Tris-HCI (10 mM, pH 7.4) buffer
containing MgCl, (5 mM), KCl (10 mM), saccharose
(250 mM) and metyrapone (an inhibitor of cyt.
P450,,;,) (5uM) to a final volume of 500 ul. The
reaction was started by addition of a mixture of malate
and isocitrate (10 mM final concentration of each) then
stopped by addition of dichloromethane. Pregnenolone
and progesterone, extracted by the organic solvent,
were quantified by radioimmunoassay.

Purification of mitochondrial 38-HSD and cyt. P450,,

Cyt. P450,, was partially purified from bovine
adrenocortical mitochondria following the procedure of
Suhara ez al. [11]. Mitochondria were sonicated and the
membrane proteins extracted by cholate (1%, w/v).
Solubilized proteins were recovered in the supernatant
of a 100,000 g centrifugation (45 min). Ammonium
sulfate (32-459%, of saturation) precipitation was fol-
lowed by a chromatographic purification step using
aniline-Sepharose. The cytochrome P450 concen-
tration was assayed using the CO-induced difference
spectrum as described by Omura and Sato [12].

The purification of mitochondrial 3-HSD was
assayed as previously described for the microsomal
enzyme [13]. Briefly, mitochondrial proteins
(10 mg/ml) were solubilized by cholate (0.6%, w/v) in
the presence of NAD™* (0.01 mM) then loaded on a
DEAE-cellulose column. The eluted fractions having a
high 3f-HSD specific activity were pooled. This pool
was loaded on a Heparin—cellulose column. The mito-
chondrial enzyme was eluted with the equilibration
buffer containing 1 M KCI.

N -terminal amino acid sequencing and trypric cleavage of
mitochondrial 3f-HSD

These experiments were carried out by J. Garin
(CEN-G, Grenoble) by automated Edman degradation
using an Applied Biosystem gas phase sequencer. After
SDS-PAGE and transfer on a Problott membrane, the
band corresponding to 3f-HSD was cut and Edman
degradation was performed.

Tryptic digestion was carried out on 35-HSD eluted
from the SDS-PAGE gel. The digestion was per-
formed with TPCK-treated trypsin in an enzyme/
substrate ratio of 1:20 (mol/mol).

Immunoprecipitation of 38-HSD and cyt. P450,, from
mitochondria

At day 4 of culture, BAC cells were washed with
DMEM medium without methionine containing 5%,
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(v/v) of Ham’s F-12 then incubated in the same
medium in the presence of foetal calf serum (10°,,, v/v)
and [** SJmethionine (50 £ Ci/ml) during 15 h.

Subcellular fractionation was performed. Mitochon-
drial and microsomal membrane proteins were ex-
tracted with cholate (0.6°,, w/v). After centrifugation
(100,000 g, 20 min), the supernatant was diluted
(0.1 mg/ml) in RIPA buffer and incubated with anti-
38-HSD or anti-P450,. antibodies (dilution 1/100) for
2h at 4°C, followed by incubation with Protein-A
Sepharose for 30 min. Immunoprecipitates were col-
lected and washed 4 times with the immunoprecipita-
tion buffer. The final immunocomplexes were either
analysed by SDS-PAGE [14] followed by autoradio-
graphy or assayed for 3f-HSD and cyt. P450,,
enzymatic activities.

38-HSD activity

38-HSD activity was monitored by using
[®*H]pregnenolone (20 uM) as substrate and NAD®
(200 u M) in SOmM (K)phosphate, pH 7.4 containing
0.1 mM EDTA. Incubation time was 5min at 37°C.
The steroids were separated by silica gel TLC with
chloroform/acetone (90/10 v/v) as solvent using com-
mercial samples of pregnenolone and progesterone as
standards.

Stide chain cleavage activity

Side chain cleavage activity was assayed by monitor-
ing the formation of [*H]pregnenolone from
[*H]cholesterol as described by Katagiri et al. [15]. The
reaction mixture (300 ul) contained cyt. P450,,
(20-50 pmol), adrenodoxin (1.2 nmol), adrenodoxin
reductase (0.1 nmol), NADPH (120nmol) and
[*H]cholesterol (60 nmol, 0.02 uCi) in phosphate
buffer (30 mM, pH 7.4) containing Tween 20 (0.3¢,,
w/v). The reaction was run for 3 min at 37°C and the
steroids separated by T1.C in cyclohexane/ethyl acetate
(6/4 viv).

Protein complex formation

Purified microsomal 38-HSD (1 nmol) and cyt.
P450,,. (Snmol) were incubated for 15min at room
temperature in buffer B (0.5ml). The mixture was
either loaded on to a Heparin—Sepharose column equi-
librated as for 3f-HSD purification, or immunoprecip-
itated with anti-P450,. or anti-3f-HSD antibodies.

Surface plasmon resonance analysis of 3-HSD and
P450,. interaction

The interaction between 3-HSD and cyt. P450,.
was investigated with a new Biosensor technology
called real time biospecific interaction analysis (RT
BIA), using plasmon resonance (BIACORE, Pharma-
cia). Purified microsomal 3§ -HSD was immobilized on
to the hydrogel matrix on a CMS5 sensorchip. After
activation of the matrix with a mixture of N-hydroxy-
succinimide and N -ethyl-N'-[3-(diethylamino)
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propyl]carbodiimide (EDC) to form reactive esters,
3f-HSD was diluted (1/10) in 10 mM acetate buffer
(pH 5.2) and injected in the activated sensorchip. Un-
reacted sites on the matrix were blocked with 1 M
ethanolamine hydrochloride (pH 8.5). The immobi-
lized amount obtained was about 8000 RU correspond-
ing to about 8ng of 3B-HSD/mm? Different
concentrations of cyt. P450,. (3000, 1500, 750 and
375nM) were then injected on to the immobilized
38-HSD. The sensorgrams obtained from the inter-
action of 38-HSD and cyt. P450,, provide the basis
for calculation of association and dissociation rate
constants and under saturating conditions also the
stoichiometry of the interaction.

RESULTS

Cytochrome P450,, and 3B-HSD activities in bovine
adrenocortical mitochondria

The formation of pregnenolone and progesterone by
isolated mitochondria was studied in the absence of
exogenous electron donors (NADPH and NAD?Y).
Mitochondria from ACTH-stimulated and untreated
cells were used. By treating the cells with ACTH and
aminogluthetimide, an inhibitor of cyt. P450,., the
inner mitochondrial membrane accumulates endogen-
ous cholesterol. Mitochondria were then incubated
with malate and isocitrate both being components of
the tricarboxilic cycle. Figure 1 shows the conversion
of cholesterol to pregnenolone (in the presence of

200 —
- Pregnenolone
7‘ Progesterone
=0
E
E)
=
— 100 —
£
z
)
b
a.
0 J

CTL ACTH CTL ACTH

—Trilostane +Trilostane

Fig. 1. Endogenous production of progesterone by isolated
mitochondria from BAC cells. Isolated mitochondria from
BAC cells treated without or with ACTH (10~*M), in the
presence of aminogluthetimide (0.5 mM), were incubated
during 10 min with a mixture of malate/isocitrate (1/1, v/v,
final concentration 10 mM of each). Pregnenolone and pro-
gesterone were extracted and quantified by a radioimmuno-
assay. Results are the mean + SD of three independent
experiments.
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trilostane, an inhibitor of 38-HSD activity) and
of pregnenolone to progesterone (in the absence of
trilostane), by bovine adrenal mitochondria. As
expected [6], the higher cholesterol content in the
mitochondria derived from ACTH-treated cells led to
a 4 times greater production of pregnenolone than in
mitochondria derived from untreated cells. In the
absence of trilostane, pregnenolone is transformed into
progesterone. These results show that mitochondrial
38-HSD can metabolize pregnenolone, produced by
the side chain cleavage of endogenous cholesterol to
progesterone, using endogenous NAD * available in the
matrix space.

Copurification of 3f-HSD and P450,. from adreno-
cortical mitochondria

The presence of active 3f-HSD in the mitochon-
dria raises the question of its identity with the micro-
somal enzyme in terms of catalytic properties and
amino acid sequence. The purification of mitochon-
drial 38-HSD was attempted following the procedure
previously described for the microsomal enzyme [13]
using two chromatographic steps. The mitochondrial
enzyme was eluted from a DEAE-cellulose column
with an increased concentration of detergent as the
microsomal enzyme. The 38-HSD containing frac-
tions were loaded onto a Heparin—Sepharose column
and enzymatic activity determined in the emerging
fractions. As illustrated in Fig. 2(A), only a weak
3-HSD activity was found in the filtrate of the
Heparin—Sepharose (about 10% of the total activity
loaded). In contrast, the microsomal 3f-HSD was
recovered in the filtrate of the Heparin—Sepharose
column (959, of the total activity loaded).
SDS-PAGE analysis of the fractions, corresponding
to the loaded material (lane L), the filtrate (lane F)
and the elution with KCI (1 M) (lane E) are shown in
Fig. 2(B). Small amounts of 3§-HSD (43 kDa) and
cyt. P450,. (50kDa) were recovered in the filtrate.
The isomerase was eluted together with cyt. P450,.
and cyt. P450,4. The figure also illustrates the
SDS-PAGE analysis of the microsomal 38-HSD. In
this case, the enzyme was not retained on the column
and was homogeneous after this chromatographic step.
Therefore, the Heparin—Sepharose column is not a
purification step for the mitochondrial enzyme as it
was for the microsomal one.

Other chromatographic steps, such as aniline—
Sepharose, octyl-Sepharose, ammonium sulfate pre-
cipitation, also led to a copurification of 3f-HSD
together with cyt. P450,. (data not shown). These
results indicate that the two proteins, cyt. 2450, and
38-HSD copurify throughout different sequential
chromatographic steps.

To ensure that the presence of cyt. P450, is respon-
sible for the behaviour of 3f-HSD on the Heparin-
Sepharose column, the purified microsomal enzyme
and a partially purified cyt. P450,, fraction were
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Fig. 2. Purification of 38-HSD and cyt. P450,,. on a Hep-
arin-Sepharose column. (A) 3f-HSD activities of the frac-
tions (eluates from DEAE—cellulose from mitochondrial or
microsomal 38-HSD purification) before loading on the Hep-
arin-Sepharose column (load) and recovered in the filtrate of
the column. (B) SDS-PAGE analysis of the corresponding
fractions from mitochondria (load (L); filtrate (F) and eluate
with buffer containing 1 M KCl (E)) and microsomes (load
(L); filtrate (F)). The results are representative of five inde-
pendent experiments.

Mitochondria

coincubated. The mixture was then loaded onto a
Heparin—-Sepharose column. As shown in Fig. 3(A), the
percentage of 38-HSD activity recovered in the filtrate
(~10%, of the loaded activity) was identical to that
obtained when mitochondrial proteins were loaded on
the column. By contrast, most of the purified micro-
somal enzyme activity (909%,) loaded was recovered in
the filtrate. SDS-PAGE analysis of the different
fractions shows that most of the 3f-HSD protein
was recovered in the eluate (1M KCIl) of the
column together with P450,, whereas small amounts
of 38-HSD and P450, were detected in the filtrate
[Fig. 3(B)].

N-terminal amino acid sequence and tryptic peptides
analysis of mitochondrial 3f-HSD

After SDS-PAGE analysis of the eluate from the
DEAE~-cellulose column, the band corresponding to
3B8-HSD was extracted. N-terminal sequence analysis
was performed. The first 21 amino acids obtained are
underlined in Fig. 4. Tryptic digestion of mitochon-
drial 38-HSD vyielded six peptides which were se-
quenced (Fig. 4). These peptides are identical to those
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Fig. 3. Coelution of 3-HSD and cyt. P450,. from Hep-
arin-Sepharose. (A) Microsomal 38-HSD (1 nmol) and cyt.
P450,.. (5nmol) were incubated together (15min) then
loaded on a Heparin-Sepharose column. The 38-HSD activi-
ties loaded on the column (load) or in the filtrate were
measured. 3-HSD was also loaded alone on a Hep-
arin-Sepharose. (B) SDS-PAGE analysis of the correspond-
ing fractions of the co-incubation of 3§-HSD and cyt. P450,.

previously described in 38-HSD from bovine ovary
[16] or adrenal cortex [17].

Mitochondrial 38-HSD and P450,, are assoctated in a
molecular complex

The previous results led us to investigate a possible
interaction between P450,. and 38-HSD in the mito-
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chondria. BAC cells were labelled with [* S}methionine
and immunoisolation of 3f-HSD or cyt. P450,. was
carried out using the mitochondrial protein extract and
the corresponding antibodies. SDS-PAGE analysis of
the immunoprecipitates is shown in Fig. 5. Lane 1
corresponds to the immunoprecipitation of 3-HSD
from the microsomal protein extract. Both cyt. P450,.
and 3f-HSD are detected in the immunocomplexes
obtained with 38-HSD-antibody (lane 2), as well as in
the immunoprecipitates obtained with anti-P450,
(lane 3).

Furthermore, measurement of 3§-HSD activity in
the supernatants after immunoprecipitation shows
that about 90 and 609, of the 3-HSD activity were
immunoprecipitated with 3-HSD and cyt. P450,.
antibodies, respectively. These observations prompted
us to examine in more detail the 3f-HSD and
P450,.. molecular interaction ¢n vitro using purified
components.

3B-HSD and P450,, form a stable complex in vitro

To determine whether a direct interaction can take
place between the two proteins, partially purified
P450,. was incubated with purified microsomal 3f-
HSD. At the end of the incubation, immunoprecipita-
tions were carried out with antisera against either
3f-HSD or cyt. P450,,. Figure 6 illustrates the side
chain cleavage and the 38-HSD activities of the im-
munocomplexes. After immunoprecipitation with 3f-
HSD antiserum, about 909, of the 3f-HSD and 509%,
of the side chain cleavage activities were recovered.
Similar results were obtained with anti-cyt. 2450, 50%,
of the side chain cleavage and 609%, of the 38-HSD
activities were recovered in the immunoprecipitates.

Surface plasmon resonance analysis of 3f-HSD and cyt.
P450,,. interaction

sce

In order to obtain kinetic parameters of the 3f-
HSD-P450,, interaction, we used a surface plasmon
resonance approach [8, 9].

The 38-HSD was immobilized on the dextran
surface. The variation of the resonance angle recorded
was 8000 RU (RU: resonance units) corresponding
to 8ng/mm? Association of cyt. P450,, with the
immobilized 38-HSD was followed for about 3 min

1 MAGWSCLVTG GGGFLGQRI CLLVEEKDLQ  EIRVLDKVFR PEVREEFSKL
51 QSKIKLTLLE GDILDEQCLK GACQGTSVVI  HTASVIDVRN AVPRETIMNV
101 NVKGTQLLLE ACVQASVPVF IHTSTIEVAG PNSYREIIQD GREEEHHESA
151 WSSPYPYSKK  LAEKAVLGAN GWALKNGGTL YTCALRPMYI YGEGSPFLSA
201 YMHGALNNNG  ILTNHCKFSR VNPVYVGNA  WAHILALRAL RDPKKVPNIQ
2561 GQFYYISDDT PHQSYDDLNY TLSKEWGFCL  DSRMSLPISL QYWLAFLLE!
301 VSFLLSPIYK YNPCFNRHLY ~ TLSNSVFTFS  YKKAQRDLGY EPLYTWEEAK
351 QKTKEWIGSL VKQHKETLKT KiH

Fig. 4. N-terminal amino acid and tryptic peptides sequence of mitochondrial 3§-HSD. The N-terminal and
the six peptides sequences obtained are underlined on the described sequence from bovine ovary [16].
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Fig. 5. Immunoprecipitation of 3-HSD and cyt. P450..
BAC cells were labelled with [*Slmethionine and immuno-
precipitations were performed with anti-3§-HSD or anti-
P450,.. antibodies as described in Materials and Methods.
SDS-PAGE analysis of the different immunocomplexes was
followed by autoradiography. Lane 1, immunoprecipitation
of 38-HSD from microsomes; lanes 2 and 3, immunoprecip-
itation from mitochondria of 38-HSD and cyt. P450
respectively.
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[Fig. 7(A)]. The dissociation was monitored in buffer
flow. Figure 7(B) shows the real time measurements
of the association and dissociation phases of cyt.
P450,, with immobilized 38-HSD, performed at
several concentrations of cyt. P450,, [Fig. 7(B)].

To determine whether the binding of 3-HSD to
cyt. P450,. was specific, the interactions between
3B-HSD and P450,,; as well as the interaction between
cyt. P450,. and the dextran surface were analysed. As
seen on the sensorgrams, no significant interactions
were detected in either case [Fig. 7(A)].

An analysis of the curves of the dissociation phase
gave an average of the constant K, for four different
concentrations. The constant K, was also determined
and the ratio K,/K, yielded an apparent affinity con-
stant Ky,. The values of these constants are reported in
Table 1. The binding ratio is 1/1.

DISCUSSION

In previous studies, we have shown that 3-HSD
activity is present in both mitochondria and micro-
somes isolated from bovine adrenal cortex homogenates
[4]. In the mitochondria, the enzyme has been found in
the inner membrane as well as in the intermembranes
contact sites. Immunodetection of 3f-HSD and cyt.
P450,, in these two submitochondrial compartments
revealed a co-localization of the two proteins. Further-
more, the best substrate of 3§-HSD in the mito-
chondria is pregnenolone. Taken together, these

N. Cherradi
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observations raise the question of the functional signifi-
cance of such an organization in the mitochondrial
membrane.

The data presented in this paper clearly show that
isolated adrenocortical mitochondria are able to pro-
duce sequentially pregnenolone (from cholesterol, by
the side chain cleavage activity of cyt. P450,.) then
progesterone (3f-HSD activity) when substrates of the
tricarboxylic acid cycle are added. This transformation
from cholesterol to progesterone suggests that 3f-HSD
and cyt. P450,, may constitute a functional unit in the
mitochondrial membrane.

A molecular association was suggested first by the
observation that, during purification of 3§-HSD from
mitochondria, the enzyme remains associated with cyt.
P450,... Therefore, the purification procedure giving
pure 38-HSD from microsomes failed to yield a pure
enzyme from mitochondria. The presence of cyt.
P450, is responsible of this behaviour. Indeed, when
purified microsomal 38-HSD and cyt. P450,. were
coincubated before being loaded on a Heparin--
Sepharose column, 3f-HSD was retained whereas the
isolated iomerase passed through the gel and was
recovered in the filtrate of the column.

Attempts to sequence the mitochondrial 38-HSD
revealed that its N-terminal sequence which contains
the NAD binding site is identical to that of the micro-
somal enzyme [13]. Six peptides obtained by tryptic
digestion of the enzyme show no differences with the
published sequence of the microsomal enzyme from
adrenal cortex [17] or ovaries [16].

Cyt. P450, . and 38-HSD form a molecular complex
which remains stable after immunoisolation from mito-
chondria. Immunoprecipitations with anti-cyt. P450,.

100 —

Il :5-us0
P450scc
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60

Activity (%)

40

20

—

Anti-(3B-HSD) Anti-(P450scc)

Fig. 6. Enzymatic activities of the immunocomplexes. 38 -
HSD (1nmol) and cyt. P450, (5nmol) were incubated
(10 min) together before immunoprecipitation with either
anti-cyt. P450, . or anti-3f-HSD antibodies. The 38-HSD
or side chain cleavage activities were measured in each
immunocomplex. 100% represents the total activity before
immunoprecipitation.
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Cyt. P450 binding to immobilized 38-HSD
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Fig. 7. Binding of cyt. P450, . to immuobilized 38-HSD studied by surface plasmon resonance. 3§-HSD was

immobilized on the dextran surface (8 ng/mm?). Plotted is the resonance signal (RU) as a function of time.

Association and dissociation are observed. The results correspond to four independent experiments. (A) Cyt.

P 450, was injected at a concentration of 5 pM on immobilized 38-HSD (P450,..). The same concentration of

P450,.. was injected on the dextran matrix (P450,. on dex). The same injections of cyt. P450,,, are reported

on immobilized 3§-HSD (P450,,5) and on the dextran matrix (P450,,, on dex). (B) Several concentrations of
cyt. P450 . injected into the system (3, a; 1.5, b; 0.75, ¢; and 0.375 ¢ M, d).
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or anti-3-HSD antibodies show that a stable associ-
ation takes place between the two proteins and that
these immunocomplexes possess two enzymatic activi-

Table 1. Kinetic constants for the
binding of cvt. P450,. 10 immobilized

36-HSD
Ky, 33 % 10°M IS !
K, 33x10°M - S
K, 41 %1078 ¢
Ko 0.12 M

Kinetic constants were obtained from the
results reported in Fig. 7.

ties. This observation is consistent with the result

showing the copurification of cyt. P450, and 3f-HSD
from mitochondrial extracts.
The kinetic constants of the cytochrome-—

dehydrogenase association were characterized for the
first time using the surface plasmon resonance method,
vielding an association constant of 0.12 uM. This inter-
action is specific and other mitochondrial cytochromes
such as cyt. P450,,, do not associate with 3f-HSD.

The present observations suggest that the co-local-
ization of cyt. P450,,. and 38-HSD in mitochondrial
contact sites may lead to a molecular complex which
will favour a functional cooperation between the two
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enzymes. In such a complex, pregnenolone produced
by the cleavage of cholesterol by the cytochrome will be
directly provided to the 3§-HSD to yield progesterone.
However, the site of interaction and the possible regu-
lation of the association between the two proteins
remain to be defined.

Adrenal steroid biosynthesis is characterized by in-
tricate inter-organelles transport of substrates between
mitochondria and endoplasmic reticulum. The present
finding that cyt. P450,. associates to 3f-HSD in an
active molecular complex suggests that at least part of
the pregnenolone formed does not leave mitochondria
before being transformed to progesterone. It will be of
interest to determine whether this pathway favoured by
the interaction cyt. P450,. and 38-HSD is regulated
by intracellular factors, possibly under extracellular
hormonal signals.
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